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Abstract 32 

 33 

This study examined the development and fate of mature Douglas-fir leave-tree cohorts > 10 34 

years following timber harvesting on sub-boreal sites in central British Columbia. Leave-trees 35 

were reassessed in summer 2007 in 7 cutblocks in three geographically-separate study areas 36 

established between 1995 and 1998. Study parameters included post-harvest leave-tree survival, 37 

rates and modes of mortality, diameter and height growth, structural attributes, and indicators of 38 

potential wildlife use. 793 Douglas-fir leave-trees were systematically re-visited and re-assessed. 39 

Overall, the 10- to 13-year survival and mortality rates of Douglas-fir leave-trees were 73.8% 40 

survival and 26.2% mortality respectively; average leave-tree mortality rates by study area ranged 41 

from 7.8 to 33.9%. Over the entire monitoring period, mean modes and incidences of  leave-tree 42 

mortality were windthrow (18.2%); windsnap (6.3%); and standing mortality (1.8%).  Annual 43 

rates of wind damage declined from an overall mean of 4.2% per year in the first three-year 44 

period, to 1.4% in the latter (4 or more) years following harvest treatments. Distribution of wind 45 

mortality by diameter class differed between the early and later monitoring periods. Surviving fir 46 

trees generally showed strong diameter growth ranging from 1 to 14 cm diameter increments 47 

during the > 10-year monitoring period, and resulted in a mean 10% increase in stem basal area. 48 

Height growth response was variable; average height of surviving leave-trees remained relatively 49 

constant. 50 

Live, intact fir leave-trees had lower incidence of decay or related Wildlife Tree attributes than 51 

dead standing trees, either intact or broken. Dead fir were observed to have a very high frequency 52 

of multiple Wildlife Tree types and abundant cavity nester and related users. Observations of 53 

carpenter ants (Camponotus spp.) and frass were frequently noted on live Douglas-fir leave-trees, 54 

including 10 to 55% of leave-trees examined; these were often accompanied by evidence of 55 

feeding excavations by woodpeckers, concentrated in the lowest 1 metre of leave-tree boles.56 
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Introduction and Literature Review 57 

 58 

Increasingly, in both coastal and continental (or “Interior”) forest types of British Columbia, as 59 

well as elsewhere in North America, forest managers are managing for biodiversity and stand 60 

structural complexity using retention silvicultural systems including post-harvest retention of 61 

uncut individual leave-trees (Kohm and Franklin, 1997; Mitchell and Beese, 2002). However, 62 

mortality and changes in the populations of retained leave-trees after partial-cut retention of 63 

leave-trees – i.e. – due to wind, pests, and other biotic and abiotic factors - is a significant 64 

uncertainty in the planning, use, and longer-term outcomes of such retention systems. In British 65 

Columbia, this topic has been examined in some detail in replicated trials in spruce-subalpine fir 66 

forest types (Huggard et al 1999), and Interior cedar hemlock forests (Coates, 1997). Other 67 

studies of leave-tree mortality and dynamics after application of partial cutting and retention 68 

systems in western North America include temperate Douglas-fir forests in the central Oregon 69 

Cascades range (Busby et al, 2006); boreal spruce-deciduous mixedwoods in Alberta (Bladon et 70 

al, 2008); and California redwoods and Douglas-fir (Jameson et al, 2005).  71 

 72 

 73 

Interior Douglas-fir (Pseudotsuga menziesii var. glauca) plays a unique ecological role in the sub-74 

boreal forests of Central British Columbia. Douglas-fir in this region typically occurs as a 75 

secondary or minor component of mixed-species even- or two-aged stands of pine, spruce, and/or 76 

hardwoods. The thick-barked Douglas-fir is more fire-resistant than other sub-boreal tree species, 77 

and can grow to very large sizes (40-50 m and 100-300 cm dbh) and great ages (300 to 500+ 78 

years). It is an important and distinctive element of stand-level biodiversity in the Sub-boreal 79 

Spruce (SBS) zone (Rogers and Hawkins, 2003; Lousier and Kessler, 1999). The importance of 80 

Douglas-fir retention in SBS ecosystems has been recognized in government policy for the last 81 

decade (BC Ministry of Forests, 1999). In Central Interior SBS forest types where Douglas-fir (or 82 
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“fir”) occurs naturally, post-harvest retention of dispersed mature fir leave-trees is now a common 83 

element of operational planning and harvesting in industrial forest operations. 84 

 85 

In central British Columbia, a pilot study of mortality trends in retained Douglas-fir leave-trees 86 

(Rogers, 2006) focussed primarily on standing leave-tree mortality, and the potential role of 87 

various factors, including water stress. Rogers (2006) surveyed a large number of recent SBS 88 

cutblocks with fir retention 1 to 5 years following harvesting, finding highly variable rates of 89 

standing tree mortality (ranging from about 10 to 20%), but found that there was a lack of 90 

conclusive evidence linking any readily-identifiable site factors to rates of leave-tree mortality. 91 

Rogers also found physiological evidence that  leave-trees showed distinct signs of water 92 

(drought) stress in the first year or so following harvest of the surrounding stand, at levels that are 93 

felt induce tree mortality; but leave-trees showed significantly lower levels of water stress after 5 94 

years, suggesting adaptation over time. Rogers could not examine trends in fir leave-tree response 95 

after harvest beyond about 5 years following harvest treatment. 96 

 97 

This current study in some ways pre-dates but complements the work of Rogers (2006), by 98 

broadening the scope of investigations of Douglas-fir leave-tree dynamics through longer-term 99 

monitoring. This study examines longer-term outcomes of these Douglas-fir retention treatments, 100 

and the fate of fir leave-tree cohorts retained after timber harvesting. More specifically, we focus 101 

on the 10- to 14-year development of mature Douglas-fir leave-tree cohorts retained following 102 

timber harvesting in several sub-boreal study areas in Central Interior British Columbia. We used 103 

direct, ground-based, repeated-measures observations of leave-trees over time, in study 104 

populations that have been tracked and monitored since shortly after the initial harvest treatment. 105 

 106 

Overall goals of the study were to: 107 
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1. To enhance understanding of the long-term dynamics, development, and emerging 108 

characteristics of the Douglas-fir mature leave-trees retained after harvest on Central 109 

Interior sub-boreal sites. 110 

2. To enhance knowledge of the processes by which Douglas-fir leave-trees persist, and are 111 

maintained in stands, and contribute to the maintenance of desired stand structural 112 

characteristics. And; 113 

3. To examine longer-term temporal and cumulative trends in Douglas-fir leave-tree 114 

dynamics and characteristics after post-harvest retention, including: 115 

a. Survival of live trees relative to initial post-harvest populations; 116 

b. Mortality processes and resulting dead-tree characteristics; 117 

c. Growth responses and morphological characteristics of surviving live trees, and; 118 

d. Potential habitat values of live and dead standing leave-trees. 119 

 120 

The current study (this manuscript) examines the medium-term (one decade or more) 121 

development of mature Douglas-fir leave-tree cohorts retained following timber harvesting in 122 

sub-boreal study areas in Central Interior British Columbia. This study approach is conceptually 123 

similar to that of Busby et al (2006) who examined the fates of live trees retained 9 to 18 years 124 

after logging in cutblocks in western Oregon. However, our methodologies differ; unlike the 125 

Busby et al study which examined changes in leave-tree population totals and means across 126 

different cutblocks as an indirect measure of change in leave-tree cohorts, our study  used direct 127 

ground-based repeated-measures observations of individual leave-trees and tree cohorts over 128 

time, for individuals and  populations that have been tracked and monitored since shortly after the 129 

initial harvest treatment. 130 

 131 

Study Area Descriptions 132 

 133 
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Table 1 provides a summary of study areas and stands examined in this study, by geographic 134 

location, administrative identifiers, biogeoclimatic subzone, elevation, slope range, aspect, range 135 

of initial leave-tree densities, harvest and monitoring history, and sample sizes. The geographic 136 

range of the study is focused on three study areas in the SBSdw2, SBSdw3, and SBSmk1 137 

biogeoclimatic subzones (DeLong et al, 1993). 138 

 139 

Methods 140 

 141 

Leave-tree sampling used the analytical sampling surveys approach described by Schwarz (1998), 142 

following a two-stage sampling design. The first stage of sampling described the original post-143 

harvest population of leave-trees following the initial harvest treatment. The second stage 144 

(repeated-measures monitoring) consisted of additional, repeated examinations of the same 145 

permanent transects over time to examine changes in the population. 146 

 147 

In the 2007 field season, a total of 793 Douglas-fir leave-trees were re-located and re-assessed on 148 

systematic belt sampling transects at the three primary long-term monitoring areas (Baldy 149 

Hughes, Pinchi, and Tako sites) originally established by the primary author between 1995 and 150 

1998.  Study parameters examined include trends in post-harvest leave-tree survival, rates and 151 

modes of mortality, growth, live crown ratios, structural attributes, and indicators of wildlife 152 

habitat suitability (Keisker, 2000).  153 

 154 

Original monitoring of leave-trees commenced within approximately a year of harvest in each 155 

cutblock, and any post-harvest wind damage or standing mortality since the harvest treatment was 156 

recorded at that time. 20-metre wide belt transects were established at 100 metre intervals across 157 

the contour (20% sampling intensity), and all fir leave-trees were tagged. Transect centre-lines 158 

were marked to aid in re-location for future site visits. Data recorded for each leave-tree on the 159 
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transect included: species, diameter at breast height, total height, live crown length, and presence 160 

of logging injuries or physical defects. Trees were affixed with numbered tags at dbh for future 161 

reference. For wind damage or standing mortality, we recorded the type of mortality or wind 162 

damage (windthrow or windsnap as per Stathers et al, 1994), height of wind snap, direction of 163 

tree fall (top to roots), and live crown length..  164 

 165 

Tree data remeasurement data were organized and summarized in MS Excel spreadsheets. The 166 

cumulative sample size (number of trees) at establishment was 1017 trees, of which 793 were 167 

Douglas-fir. The 2007 remeasurement relocated all transects and tagged Douglas-fir sample trees 168 

within the study areas. Tree status (live or dead) was assessed and verified for all sample trees. 169 

Mode of mortality was assessed for trees that died between the 2000 and 2007 measurement 170 

periods. For all live or standing sample trees, the following mensurational data was collected: (a) 171 

total height; (b) diameter at breast height (live trees); (c) live crown length; (d) crown vigour 172 

(good, medium, poor, moribund); (e) wind damage if any, and type and orientation of wind 173 

damage; (f) visible logging damage, if any. For all live or dead standing trees, the following data 174 

was collected: (g) Wildlife Tree Type (Keisker, 2000); (h) Decay Class; and (i) evidence and type 175 

of wildlife use. 176 

 177 

Table 2 provides a summary of the standard categorization of Douglas-fir leave-tree status used in 178 

the collection, organization and analyses of the data; a detailed description and explanation of 179 

each category is provided. Table 3 provides a description of time period categories for the 180 

monitoring and analysis of leave-tree data from the 3 main study areas. Table 4 provides a 181 

summary of the Wildlife Tree Types used in this study, as per Keisker (2000). 182 

 183 

184 
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Data Analyses 185 

 186 

Data analyses focused on the sampling population of 793 Douglas-fir leave-trees assessed both in 187 

the mid- to late-1990’s, and in 2007, at the Baldy Hughes, Pinchi Ridge, and Tako Creek study 188 

areas. Tree species on the transects other than Douglas-fir were excluded from this analysis. In 189 

addition, some portions of study areas disturbed by subsequent salvage logging of adjacent 190 

lodgepole pine (Pinus contorta var. latifolia) killed by mountain pine beetle (Dendrotonus spp.) 191 

where also excluded from the analysis. 192 

 193 

Parametric Data (Mensurational / Tree Growth Data): 194 

Tree growth response data (diameter and basal area increments) were analysed using linear 195 

regression and a natural log transformation. Individual-tree growth responses were expressed on 196 

an annual basis based on comparison of 2007 and initial measurement, divided by the years since 197 

initial measurement. 198 

 199 

Non Parametric Data (e.g. – Comparison of Expected vs Actual frequency distributions): 200 

For initial data analyses of mortality and survival data, data were pooled and combined for each 201 

cutblock and geographic area. Frequency of leave-tree survival or mortality was summarized and 202 

examined by tree size classes (e.g. – dbh class and height class), percent live crown classes, and 203 

height-to-diameter ratio classes, and measurement period, to identify (i) within-population 204 

differences in leave-tree response in a measurement period, and (ii) temporal differences in leave-205 

tree responses between measurement periods. Mortality and survival rates were expressed in all 206 

cases, as a proportion or percent of the cohort of Douglas-fir leave-trees in a given class at the 207 

beginning of the monitoring period. These analyses were also used to examine the relative 208 

frequency of different types of leave-tree mortality (standing mortality or wind damage) over 209 

time since the initial harvest. For some analyses and data presentations, total wind damage 210 
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mortality during a monitoring period was converted to a mean annual rate by dividing the total 211 

proportion of leave-trees with wind-induced mortality by the number of years within the 212 

monitoring period. 213 

 214 

Statistical analyses of non-parametric data (frequency data and comparison of frequency 215 

distributions) used Chi-squared tests (Conover, 1999) to a 95% confidence level. The null 216 

hypothesis for this test will be that the frequency of the observed phenomenon is random – or 217 

equally probable - across a population, and in the case of Douglas-fir leave-tree populations, is 218 

unrelated to tree size or other physical characteristics. For example: If the frequency of mortality 219 

or any other phenomenon occurs randomly, then the observed frequency of tree mortality in a 220 

given tree class (e.g. – tree size) will not be significantly different than the observed frequency of 221 

all live trees in that class at the initial (post-harvest) measurement period. 222 

 223 

Frequency of Wildlife Tree Types and observed use were also described, relative to (i) whether 224 

the tree is live or dead, (ii) if dead, time since harvest, and (iii) occurrence of physical damage to 225 

live or dead trees (e.g. – windsnap). 226 

 227 

 228 

Results and Discussion 229 

 230 

Tables 5 and 6 summarize the numbers and condition of Douglas-fir leave-trees at each stand and 231 

study area, after 3 years of monitoring and 10+ years of monitoring, respectively.  232 

 233 

Figures 1 compares and contrasts mortality and survivorship of fir leave-trees, and frequency of 234 

each mode of mortality, in each of the three sample populations. Over > 10-year period for the the 235 

3 sites examined in the analysis, overall Douglas-fir survival and mortality was 73.8% and 26.2% 236 
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respectively. By study area, the range of cumulative leave-tree mortality for the period were 237 

similar for the rolling, hilly terrain of the Baldy Hughes and Pinchi sites (33.9 and 26.7% 238 

respectively) but lower rates (7.8%) for the less exposed and relatively level Tako site. The 239 

leading mode of Douglas-fir leave-tree mortality across 6 out of 7 sites examined is windthrow 240 

(uprooting) by high-wind events, with an average of 18.2% of fir leave-trees windthrown since 241 

the start of monitoring at all sites. Windthrow rates since harvest ranged from 25.3% at Baldy 242 

Hughes, 16.4% at Pinchi, and 5.2%% at the Tako site. A somewhat less important but significant 243 

mode of wind mortality is windsnap (Dead Standing Broken and Stem Snapped at Base 244 

categories) with an average of 6.3% of the total sample trees succumbing to this type of damage. 245 

In only 1 of the 7 stands examined did the rate of windsnap exceed the rate of windthrow.  246 

 247 

Comparatively, in a study of the fate of Douglas-fir leave-trees in the Central Cascade mountain 248 

range in Oregon, Busby et al (2006) found that, 1 to 10 years after cutting, 65% of the initially 249 

retained trees were alive and standing, and 12% had been toppled or topped by wind; 9 to 18 250 

years after cutting, 54% of the original retained trees remained alive and standing, and 10 to 21% 251 

had been toppled or topped by wind.  252 

 253 

Standing mortality of Douglas-fir leave-trees (Dead Standing Intact category) averaged 1.8% of 254 

the total sample population overall, ranging from 1.4 to 3.5% across the three study areas after 10 255 

to 13 years. Rates of standing leave-tree mortality in this study are  lower than rates for standing 256 

Douglas-fir leave-tree mortality of 10 to 20% observed by Rogers (2006), in his pilot study the 257 

SBSdw3 and SBSmk1 subzones of the BC central Interior and Busby et al (2006) who found that 258 

13% had become “snags by natural processes” (equivalent to standing dead trees) 1 to 10 years 259 

after cutting, and by 9 to 18 years after cutting, 11 to 22% had become standing snags. Possible 260 

explanations for differences in standing-dead mortality rates between the studies may include: (a) 261 

geographic or climatic variation between sampling sites; (b) geographic differences in leave-tree 262 
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response between different Douglas-fir sub-populations, (c) differences in sampling techniques;  263 

(c) and possible differences in site selection techniques between the studies.  264 

 265 

Trends in mortality due to wind damage (uprooting and windsnap) were examined broken down 266 

by diameter class (Figure 2). Data from the first three years of leave-tree monitoring suggest that 267 

windthrow mortality rates decreased more or less inversely with tree diameter during this early 268 

post-harvest period. However, conversely, longer-term trends (Years 4 to > 10 years post-harvest) 269 

is the reverse, suggesting that wind damage is actually lowest in smaller diameter classes during 270 

this period, and highest in larger diameter classes. For the entire 10- to 13-year monitoring period, 271 

Chi-squared tests of the distribution of tree windthrow and wind mortality mortality rates by 272 

diameter class indicate that there is no significant difference between the observed distribution of 273 

and the null distribution (equal probability by dbh class) for all 3 study areas individually, and for 274 

pooled data from all sites (p=0.05). However, this apparent lack of trend of wind damage by 275 

diameter class over the whole monitoring period appears to mask major differences in wind 276 

damage trends by diameter in the “early” (0 to 3 year) post-harvest period versus the “later” 277 

period (Years 4 to > 10 years post-harvest). 278 

 279 

Examination of trends in annualized wind mortality rates for the two monitoring periods indicates 280 

that rates of wind mortality are highest in the early post-harvest period for all 3 study areas, 281 

declining substantially in the later post-harvest monitoring period (Figure 3). Mean wind 282 

mortality rates over all study areas declined from 4.2% per year for the first 3 years, to 1.4% for 283 

the later monitoring period. This observation supports the hypothesis that residual leave-trees will 284 

acclimatize to increased wind exposure over time by reallocation of growth resources to enhance 285 

windfirmness of individual trees (e.g. – Mitchell, 2000). 286 

 287 
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Windthrow rates were also examined in relation to Height to Diameter Ratios (HDR) classes (a 288 

measure of the relative degree of taper of tree stems). Figure 4 suggests a general trend that tree 289 

classes with lower HDR (the most tapered or conical tree stems with HDR < 55) have the lowest 290 

wind mortality rates, and wind mortality rates tend to increase with increasing HDR. However 291 

there are few apparent differences in windthrow rates for intermediate HDR’s between 55 and 85, 292 

suggesting that other environmental or site-specific factors may also play a strong role in 293 

influencing wind damage rates. Similar to the tests based on diameter class,  Chi-squared tests of 294 

the distribution of tree windthrow and wind mortality mortality rates by HDR over the whole 295 

monitoring period indicate that there is no significant difference between the observed 296 

distribution of wind damage by HDR class, and the null distribution (equal probability by dbh 297 

class) for all 3 study areas, and for pooled data from all sites (p=0.05). 298 

 299 

Rates of standing mortality of Douglas-fir leave-trees were also examined as a function of tree 300 

diameter class (Figure 5). There appears to be a generally increasing trend towards higher 301 

standing mortality of leave-trees with increasing diameter, suggesting that larger-diameter trees 302 

may be stressed by retention in harvested cutblocks, to a greater degree than smaller trees. Chi-303 

squared tests of the distribution of standing mortality by diameter class indicate that there is a 304 

significant difference (p<0.01) between the observed distribution of and the null distribution 305 

(equal probability by dbh class) for two of the three study areas, and for pooled data from all 306 

three sites (p=0.0025). This suggests that larger leave-trees are significantly more susceptible to 307 

standing mortality processes, including water stress (Rogers, 2003). 308 

 309 

Surviving Douglas-fir leave-trees showed strong diameter growth typically ranging from 1 to 14 310 

cm total diameter increase during the monitoring period up to 2007 (Figure 6). Post-harvest 311 

leave-tree basal area increment growth of Douglas-fir leave-trees is positively correlated with 312 

initial tree basal area (r2= 0.3286; Figure 7). This relationship supports general field observations 313 
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by the authors that the cohort of Douglas-fir leave-trees that survive the initial physiological and 314 

wind stresses associated with timber  harvesting treatments rapidly adapt to more open conditions 315 

after timber harvesting. These leave-trees consistently and vigorously respond to more open 316 

conditions and less surrounding tree competition, and that this basal area growth response is 317 

positively related to initial tree size. In addition, general visual observations by the authors of the 318 

tree crown and epicormic branch development on some trees support the assertion that the crown 319 

development of leave-trees tend to respond well overall (with individual exceptions) to more 320 

open conditions in the decade or more following the initial harvest treatment. Part of this diameter 321 

growth is probably related to reallocation of primary wood production to the lower bole of the 322 

tree stem in response to increased wind loading and mechanical stresses on potentially stable or 323 

expanding tree crowns (Mitchell, 2000). 324 

 325 

There is no apparent general trend in tree height over the whole monitoring period (Figure 8). In 326 

general, the majority of surviving green leave-trees increased in height to some degree, but top 327 

damage due to wind and in some cases, minor crown die-back, resulted in reductions in the height 328 

of some surviving leave-trees.  329 

 330 

An intriguing and unexpected finding of this study was consistent observations of evidence of 331 

carpenter ant (Camponotus spp.) activity within the lower bole of what otherwise appear to be 332 

live, undamaged, and thrifty Douglas-fir leave-trees. In many cases, evidence of this activity 333 

(including direct observations of the ants and frass at the bottom of tree boles) is accompanied by 334 

abundant evidence of exploratory and sometimes feeding excavations by woodpeckers, possibly 335 

pileated woodpeckers (Dryocopus pileatus). Most of this activity is concentrated in the lowest 1 336 

metre of the tree boles. Figure 9 provides a comparison of the percent frequency of observations 337 

of carpenter ant boring frass on Douglas-fir leave-trees at each of the 3 study areas. Incidence is 338 

at least 9 to 10% for all stands and > 50% at all Pinchi Ridge stands. This data indicates that 339 
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carpenter ants are actively colonizing live Douglas-fir leave-trees, resulting in additional habitat 340 

structures and feeding opportunities for wildlife in these leave-tree populations over time. These 341 

observations are consistent with an study by Bull et al (1992) who found that carpenter ants make 342 

up 68% of the arthropod diet of pileated woodpeckers, and are a primary food source for these 343 

woodpeckers during all seasons of the year, and. 344 

 345 

Detailed analyses of Decay Class and Wildlife Tree Type (WTT) frequency in the Douglas-fir 346 

leave-tree populations (Figure 10) indicates that mature, live, intact and thrifty Douglas-fir leave-347 

trees have a low incidence of apparent decay or related Wildlife Tree attributes in the first 10 to 348 

13 years after harvest treatment, other than acting as hunting perch trees for raptors (WTT 10). 349 

Arthropod activity (WTT 9) in live undamaged Douglas-fir leave-trees appears to be confined 350 

primary to carpenter ants. Dead standing trees and windsnapped standing stems (whether dead or 351 

surviving with live residual branches) have a very high frequency of multiple Wildlife Tree types 352 

and abundant indicators of cavity nesting birds and related users. 353 

 354 

It appears that, for Douglas-fir, low but consistent mortality and damage processes acting on the 355 

mature live component of the leave-tree population are, in fact, very important for creating the 356 

dead trees that produce much more habitat-rich Douglas-fir stand elements. Study results suggest 357 

that a robust population of thrifty Douglas-fir leave-trees in second-growth stands is important as 358 

an ongoing source of recruitment for dead trees and snags over the rotation.  359 

 360 

361 
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Implications for Forest Management and Future Research 362 

 363 

The results of this long-term study appear to allay or mitigate many of the initial concerns among 364 

forest managers about apparent rates of loss of Douglas-fir leave-trees after harvest on sub-boreal 365 

forest sites in the BC Central Interior. Overall mortality has been moderate overall, and more 366 

importantly, a large majority (> 70%) of residual leave-trees overall remain in good if not 367 

improved vigor and condition after 10 to 13 years following treatment. Initially-higher rates of 368 

wind damage and mortality in the first 3 years following harvest treatments has very much 369 

declined in latter years of monitoring (4 to > 10 years post-harvest) across all three study areas. 370 

 371 

The Douglas-fir leave-trees that died standing, or were wind-snapped, created vertical dead stems 372 

(or “snags”) with a much higher frequency of multiple wildlife habitat features than standing live, 373 

undamaged Douglas-fir alone. In addition, however, the study noted a high affinity of carpenter 374 

ants for colonizing the basal stem of live fir leave-trees, and corresponding frequent evidence of 375 

feeding or exploratory activity by woodpeckers apparently utilizing this food source.  376 

 377 

Unexpected aspects of the study results are the dramatically different trends in wind damage rates 378 

by diameter class relative to time since harvest. Early wind mortality rates and patterns by 379 

diameter class in the first three years support the commonly-held assertion that smaller-diameter 380 

trees (which are generally more slender, with higher HDR’s) were more prone to wind mortalilty 381 

than large-diameter trees (which are generally more tapered, with lower HDR’s). However, this 382 

trend is apparently reversed in later post-harvest periods, 4 to 13 years post-harvest.  383 

 384 

Such results suggest that simple indicators of wind mortality risk such as tree diameter and 385 

height:diameter ratio are useful for shorter-term estimation of such risk, but may not necessarily 386 

be effective indicators of longer-term risks of wind damage. Also, the relative risk of windthrow 387 
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and mortality of different leave-tree cohorts will actually change substantially over time. 388 

Therefore, projections of future leave-tree populations and size class structure must go beyond 389 

simple linear extrapolation of early wind damage and tree mortality rates. Instead, such 390 

projections need to factor in observed or expected changes in mortality rates over as leave-trees 391 

acclimatize to new post-harvest conditions, and are differentially affected other biotic and abiotic 392 

factors within the leave-tree population over time. 393 

 394 
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Table 1: Description of study areas and stands examined in this study, by geographic location. 
 
 
Study Area Stand 

Identifier 

Latitude Longitude BEC 

Subzone 

Elevation 

(metres 

a.s.l) 

Slope 

(%)  

Aspect Date of 

Harvest 

Treatment 

Leave-tree 

Density 

(mean sph) 

Leave-tree 

Monitoring 

Start Date 

Sample size 

of Douglas-fir 

leave-trees (n) 

            

Mt. Baldy 

Hughes 

BH371 53036’40” 122056’00” SBSdw3 950-1050 20-50% E-SE Winter 1997 21 – 48 Oct. 1998 146 

            

 BH065 53037’32” 122056’26” SBSdw3 920-980 15-40% E-NE Winter 1997 14 – 26 Oct. 1998 111 

            

 BH066 53038’07” 122057’06” SBSdw3 910-990 15-45% E-NE Winter 1997 28 - 48 Oct. 1998 91 

            

Pinchi Ridge PI42 54040’16” 124031’49” SBSmk1/dw3 900-1000 20-60% SW Winter 1993 3 – 34 Sept. 1995 57 

            

 PI46 54039’37” 124030’53” SBSmk1/dw3 920-1000 10-35% SW Winter 1994 21 – 63 Sept. 1995 151 

            

 PI47 54039’09” 124030’14” SBSmk1/dw3 900-1000 20-45% SW Winter 1995 22 – 40 Sept. 1995 84 

            

Tako Creek TK 53018’59” 123005’39” SBSdw2 780-790 2-5% Neutral Winter 1997 35 – 71 Aug. 1998 153 

            

Total 

sample size 

          

 

793 

trees 
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Table 2 : Standard Coding and Description and Coding of Leave-tree Status (8 classes) 

 
Description of Tree Status   

   

Live-tree Intact Live tree, standing, no stem breakage. 

 
 

Live-tree with Dead top Live tree, unbroken stem, but with dead top > 1 m in length 

 
 

Live-tree Standing Broken Broken stem > 1.5 m height, surviving green residual crown 

 
 

Dead-tree Intact (Standing) Dead tree, standing, no stem breakage. 

 
 

Dead-tree Standing Broken > 1.5 m height, no surviving residual crown 

 
 

Uprooted Uprooted at roots (root-wad tipped up out of ground. Becomes horizontal woody 

structure (CWD). No longer part of standing tree leave-tree population after uprooting 

occurs. 

 

 

Snapped at Base Tree stem snapped or broken off at “base” of tree (< 1.5 metres above point of 

germination. Becomes horizontal woody structure (CWD). No longer part of standing 

tree leave-tree population after mortality occurs. 

 

 

Salvaged or Cut Down Tree stem cut by chainsaw at normal stump height. Stem may or may not be salvaged or 

removed for wood utilization. Tree is no longer part of standing tree leave-tree 

population after salvage or cutting. 
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Table 3 : Description and Coding of Time Period categories since disturbance for 3 study areas (March 2008) 

 

 
Time Period since Disturbance 

(years since disturbance) 

Applicable monitoring years 

(for Pinchi Sites) 

Applicable monitoring years 

(for Baldy Hughes, 

Tako sites) 

   

“0 to 3” 1995, 1996, 1997 

 

1998, 1999, 2000 

“4 to >10” 1998, 1999, 2000, 2007 

 

2000, 2007 

   

   

 

 



Table 4. Types of Wildlife Trees required by wildlife of north-central British Columbia 

(Keisker 2000) 

 
Main function  Type Main users 

Reproduction/resting: 
Substrates for cavity excavation 

WT-1 Hard outer wood 

surrounding decay-

softened inner wood 

Woodpeckers  (stronger excavators) 

 WT-2 Outer and inner wood 

softened by decay 

Woodpeckers  (weaker excavators), 

chickadees, nuthatches 

Existing cavities WT-3 Small, excavated or natural 

cavities 

Chickadees, nuthatches, swallows, 

bats 

 WT-4 Large, excavated or natural 

cavities 

Ducks, owls, bluebirds, swallows, 

bats, squirrels, mustelids 

 WT-5 Very large natural cavities 

or hollow trees 

Swifts, owls, bats, mustelids 

 WT-6 Cracks, loose bark, or 

deeply furrowed bark 

Creepers, bats 

Large open-nest supports and 

other non-cavity sites 

WT-7 Witches’ brooms Diurnal raptors, owls, squirrels, 

mustelids 

 

 

WT-8 Large branches, multiple 

leaders, or large-diameter 

broken tops 

Herons, diurnal raptors, owls 

Foraging: 

Feeding substrates 

WT-9 Arthropods in wood or 

under bark 

Woodpeckers 

Hunting perches WT-10 Open-structured trees in or 

adjacent to open areas 

Diurnal raptors, owls 

 

 



Table 5 : Numbers and condition of Douglas-fir leave-trees in 7 stands across 3 study areas, following Year 3 of post-harvest 

monitoring. 

 
 Baldy Hughes 

 

    Pinchi 

Ridge 

    Tako  All 

Sites 

 BH371 BH065 BH066 Total 

BH 

 PI42 PI046 PI047 Total 

PI 

 TAKO  Grand 

Total 

              

Live Tree Intact 98 103 80 281  53 137 73 263  141  685 

Live Tree Dead Top 0 0 0 0  0 0 0 0  0  0 

Live Standing Broken 

Stem 

0 0 1 1  0 0 0 0  0  1 

Dead Standing Intact 0 4 1 5  3 0 3 6  1  11 

Dead Standing Broken 

Stem 

1 0 2 3  1 2 2 5  0  8 

Uprooted (root tip) 46 5 8 59  0 12 6 18  8  86 

Stem snapped at base 0 1 0 1  0 0 0 0  1  2 

              

Total 145 113 92 350  57 151 84 292  151  793 
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Table 6 : Numbers and condition of Douglas-fir leave-trees in 7 stands across 3 study areas, by Fall 2007, 10 to 13 Years 

following commencement of post-harvest monitoring. 

 
 Baldy Hughes 

 

    Pinchi 

Ridge 

    Tako  All 

Sites 

 BH371 BH065 BH066 Total 

BH 

 PI42 PI046 PI047 Total 

PI 

 TAKO  Grand 

Total 

              

Live Tree Intact 83 72 75 230  46 110 58 214  141  585 

Live Tree Dead Top 0 1 0 1  0 0 0 0  0  2 

Live Standing Broken 

Stem 

1 4 1 6  1 0 0 1  0  7 

Dead Standing Intact 2 6 0 8  1 1 2 4  2  16 

Dead Standing Broken 

Stem 

7 4 2 13  5 9 9 23  1  37 

Uprooted (root tip) 52 23 13 88  3 30 15 48  8  144 

Stem snapped at base 1 1 0 2  1 1 0 2  1  5 

              

Total 146 111 91 348  57 151 84 292  153  793 

 

 



 

 

 

 

Survivors (Intact Live)

73.6%

Windsnap

6.3%

Uprooted

18.3%

Dead Standing

1.8%

 
 

Figure 1 : Percent Douglas-fir leave trees by condition, all study  

areas, > 10 years after harvest treatment. 
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Figure 2 : Comparison of periodic totals of wind-induced mortality of Douglas-fir leave-

trees (a) zero to 3 years and (b) 4 to 10 or 13 years following retention in 

harvested areas, as a function of initial tree diameter class. Wind-induced 

mortality includes both uprooting (windthrow) and stem breakage (wind snap). 
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Figure 3 : Comparison of mean annual rates (% per year) of wind-induced mortality of 

Douglas-fir leave-trees (a) zero to 3 years and (b) 4 to 10 years following 

retention in harvested areas, as a function of initial diameter class. Wind-induced 

mortality includes both uprooting (windthrow) and stem breakage (wind snap). 
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Figure 4 : Cumulative rates of wind-induced mortality of Douglas-fir leave-trees 10 to 13 

years following retention in harvested areas, as a function of initial tree Height-to-

Diameter Ratio (HDR). Wind-induced mortality includes both uprooting 

(windthrow) and stem breakage (wind snap). 
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Figure 5 : Cumulative rates of standing mortality of Douglas-fir leave-trees (Dead Standing 

Intact) as a function of initial diameter class, 10 to 13 years following retention in 

harvested areas. 
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Figure 6 : Scatter-plot of post-release diameter growth (at breast height) of sampled 

Douglas-fir leave-trees, relative to initial diameter, 10 to 13 years following 

release. Data pooled for all study areas. 
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Figure7 : Relationship of individual Douglas-fir leave-tree basal area growth (10-13 years 

after harvest release, up to 2007) to initial leave-tree basal area. Data pooled for 

all samples. 
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Figure 8 : Relationship of individual Douglas-fir leave-tree height changes (10-13 years 

after harvest release, up to 2007) to initial leave-tree height. Data pooled for all 

samples. Negative values indicate reductions in tree height due to top damage. 
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Figure 9 : Percent frequency of observations of carpenter ant boring frass on the bark or at 

the base of Douglas-fir leave-trees within the study areas. 
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Figure 10 : Percent frequency of observations of single and multiple Wildlife Tree Types on 

live Douglas-fir leave-trees (top pie chart) and dead standing Douglas-fir leave-

trees (bottom pie chart) within the study areas. 


