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Abstract 22 

In British Columbia (B.C.), stands are considered effectively reforested once they are declared 23 

“free-growing”, and after achieving this milestone, no further monitoring is required and the 24 

stands are turned over to the Crown. Once declared free-growing, stands are assumed to remain 25 

healthy until maturity and harvest, but without any monitoring in place, how can we be sure 26 

these stands remain healthy as they age? To address this question, we surveyed 67 15-30 year old 27 

lodgepole pine plantations that were previously declared free-growing, to see if they still met this 28 

criteria, and to identify the factors preventing free-growing. We chose lodgepole pine because 29 

immature stands of it cover an extensive area of the southern interior and because there is 30 

mounting evidence that on many sites the species is not continuing to perform well as it ages 31 

beyond free-growing. The objectives of our study were: (1) Are lodgepole pine plantations that 32 

were declared free-growing when assessed operationally at age 9-20 still free-growing at age 15-33 

30? (2) What kind of shape are the stands in at age 15 to 30? (3) How are the stands described in 34 

terms of species diversity? (4) What is causing a reduction in free-growing density?  We found 35 

that 71.6 % of stands surveyed were still free-growing at age 15-30. By far, the worst 36 

performance was found in the ICH zone, where only 29.4 % of stands were still free-growing. 37 

Species other than lodgepole pine were common, especially in the ICH and ESSF zones, where 38 

58 % of the total stocking was in other species. Most of the total and free-growing pine was in 39 

the >4 m height class but most secondary species were less than 2 m tall. Tree damage and 40 

clumpy spacing were the dominant factors reducing free-growing densities, while vegetation 41 

competition and minimum height requirements were not important factors. The percentage of 42 

total lodgepole pine stems with damage was 39, 59, 63, 66, 68, and 69 % in the IDF, MS, ESSF, 43 

SBS, ICH and SBPS zones, respectively. The most common cause of damage was stem disease, 44 
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particularly western gall rust, which was found on every site and affected over 20 % of stems 45 

tallied. Atropellis canker was common in the ICH but not elsewhere and Comandra and 46 

Stalactiform rusts were common in the SBPS and SBS zones but not elsewhere. Foliar diseases 47 

were common but not serious. Root diseases and dwarf mistletoe were not common. Of the 48 

insects observed, sequoia pitch moth and lodgepole pine terminal weevil were the most common 49 

but not seriously affecting trees. Mountain pine beetle was present on 28 % of sites but attack 50 

levels were fairly low generally. Animal damage (bear, moose, deer and squirrel) was common 51 

but usually affected a fairly low proportion of stems. Abiotic damage was uncommon except for 52 

snow damage in the ESSF zone. In summary, damage is common in 15-30 year-old post-free-53 

growing lodgepole pine plantations, and it is preventing about one-third of these stands from 54 

being free-growing. Policy makers need to reconsider the practice of planting lodgepole pine 55 

across a broad range of sites, and decide whether monitoring should be extended beyond the 56 

free-growing window.  57 

58 
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Introduction 59 

In British Columbia, stands are considered effectively reforested once they are declared “free-60 

growing”, and after achieving this milestone no further monitoring is required and the stands are 61 

turned over to the Crown. Once declared free-growing, stands are assumed to remain healthy 62 

until maturity, but there is no systematic monitoring system to verify this. Lodgepole pine (Pinus 63 

contorta) is an important tree species in western North America, including British Columbia’s 64 

southern interior, where it comprises xx% of the annual harvest.  It has been extensively planted 65 

for the past four decades, representing 55% all trees planted in British Columbia annually (BC 66 

Ministry of Forests 2002-2007). It is a desirable species choice for reforestation for a number of 67 

reasons: it exhibits good initial survival, rapid early growth, and timely achievement of free-68 

growing standards; it has a wide ecological amplitude, with good long-term productivity 69 

predicted over a broad range of soil and moisture conditions (Klinka et al. 2000); it is highly 70 

resistant to drought, frost, and low soil nutrient availability (Klinka et al. 2000), which are 71 

common limitations on southern interior sites; and it is easily and cost-effectively produced in 72 

British Columbia nurseries. Despite the good early performance of lodgepole pine, there is 73 

increasing evidence that, on many sites, the species is not continuing to perform well as it ages 74 

beyond free-growing  A range of problems have been reported from various studies as well as 75 

personal observations of researchers and practitioners. These include: (1) increased incidence of 76 

hard pine rusts, including western gall rust and Comandra blister rust (Woods and Bergerud 77 

2008), (2) mortality from Warren’s root collar weevil, which may be linked to poor root form of 78 

planted lodgepole pine (Roberts 2004), (3) susceptibility to Armillaria root disease, especially on 79 

sites manually brushed to reduce broadleaf competition (Simard et al. 2005), (4) serious damage 80 
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by Atropellis canker, (5) extensive mortality from drought following extended dry summer 81 

weather (e.g., 1998 and 2002), and (6) crown deformations in heavy snowpack areas.  82 

The overall objective of this study was to assess stocking and free-growing status of 83 

lodgepole pine plantations that were previously declared free-growing.  This study builds on the 84 

work of Woods and Bergerud (2008), who examined free-growing status of a range of stand 85 

types in central British Columbia after they were declared free-growing. The specific questions 86 

we asked are: (1) Are lodgepole pine plantations that were declared free-growing when assessed 87 

operationally at age 9-20 still free-growing at age 15-30? (2) What kind of shape are the stands 88 

in at age 15 to 30? (3) How diverse and clumpy are the stands? (4) What is causing reductions in 89 

free-growing density? The hypotheses we tested are:  90 

(1) Lodgepole pine plantations remain successfully reforested after declared free-growing.  91 

(2) Damage to lodgepole pine is not widespread or serious enough to prevent stands from 92 

being free-growing at age 15 to 30.  93 

(3) There are no differences in FG status among sites with different site factors, climate 94 

factors, location factors, treatment factors and age. 95 

(4) Stands that were previously declared free-growing are in good shape at age 15-30.  96 

(5) Species other than lodgepole pine are common and healthy in lodgepole pine plantations 97 

and will make significant contributions to stocking if the lodgepole pine die.  98 

(6) Species other than lodgepole pine are smaller than the pine. 99 

(7) Species other than lodgepole pine are more common in some subzones/variants, sites, and 100 

climatic regions than others.  101 

(8) Broadleaf competition is not preventing stands from being free-growing.  102 

(9) Trees are evenly distributed across openings (not clumpy) 103 
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Methods 104 

 105 

Study areas 106 

We conducted this study on 67 sites distributed across the Southern Interior Forest Region 107 

(SIFR) of British Columbia. Forty-seven sites were visited in the summer of 2007 and 20 in 108 

2008. The sites were located in six biogeoclimatic zones (Engelmann spruce-subalpine fir 109 

(ESSF), Interior Cedar-Hemlock (ICH), Interior Douglas-fir (IDF), Montane Spruce (MS), Sub-110 

Boreal Spruce (SBS), and Sub-Boreal Pine Spruce (SBPS)) (Meidinger and Pojar 1991). The 111 

sites range in latitude from N49.0 - 52.9
o
 and longitude from W115.5 to 123.5

o
, and in elevation 112 

from 620-1690 m. The absolute soil moisture regime (ASMR) of the sites varied from very dry 113 

to wet, slopes were flat to 60%, aspects were variable, and slope positions ranged from 114 

depressional to crest. The regional climate of the study sites varied, but generally summers were 115 

mild and snow dominated precipitation in the winter. 116 

 117 

Field sampling 118 

We sampled 67 stands which were randomly selected from the RESULTS database for the SIFR, 119 

based on the criteria that they were 15-30 years old in 2007, planted with lodgepole pine, 120 

declared free-growing, ≥ 15 ha, and pine leading. If we could not access the selected site, we 121 

selected the next closest site on the same mapsheet that met our criteria.  At each site, an average of 122 

9 systematic-randomly located 3.99 m plots were established at 100 m intervals. Elevation and 123 

latitute/longitude were recorded at the start of the transect.  Slope, aspect, slope position, and absolute soil 124 

moisture regime (ASMR) (Lloyd et al. 1990) were recorded for each plot.   125 

Stocking standards were considered on a plot by plot basis, so that whenever the site 126 

series changed, the stocking standard was adjusted. Each live and dead standing tree 50 cm or 127 
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taller was numbered consecutively and assessed for insect, disease, animal and abiotic damage. 128 

We used the free-growing guidelines (BC Ministry of Forests 2000) to classify damage as being 129 

or not being a cause for rejection as free-growing. In addition to damage, we recorded species, 130 

height class (<2 m, 2-4 m, and >4 m), vigour class and whether or not the tree was well-spaced 131 

and free-growing. Diameter at breast height (dbh) was recorded for all well-spaced and free-132 

growing trees. 133 

Live conifer trees shorter than 50 cm were counted by species. Broadleaf trees (trembling 134 

aspen, paper birch, and black cottonwood) were counted by height class (0.15-1.99 m, 2-4 m and 135 

>4 m). Dead broadleaf trees of all sizes and dead conifers shorter than 50 cm were not tallied. 136 

Trees were classified as well-spaced if they met the requirements for species, condition/damage 137 

and spacing from other well-spaced trees. Using (a) the maximum number of well-spaced trees 138 

allowed in a plot (“M”) (usually 6) and (b) the maximum number of well-spaced trees we could 139 

fit in if there was no limit for “M” but WS trees were still 2 m from other WS trees, we chose the 140 

biggest, healthiest trees, giving preference to preferred species. Trees were deemed free-growing 141 

if they met the requirements for species, condition/damage and spacing for well-spaced trees as 142 

well as the requirements for free-growing. As for the well-spaced assessment, we tallied the 143 

maximum number of free-growing trees using “M” and no cap for M. 144 

Damaging agents on each tree were recorded, with up to 3 agents on some trees. When 145 

there was more than one damaging agent we did not record the damage in any special order. We 146 

noted whether rusts were present on branches or stems. Where foliar diseases were present, we 147 

estimated the percentage of dead or missing foliage according to the classes: 0-1%, 2-5%, 6-15% 148 

and >15%. For each tree, we recorded whether each damaging agent would cause the tree to be 149 

rejected as free-growing, according to the standard guidelines. This assessment does not reflect 150 
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whether or not the tree was actually classified as free-growing. For example a tree might have 151 

been assessed as not free-growing due to overtopping broadleaves, but the damage was not the 152 

cause for rejection. 153 

 154 

Results and Discussion 155 

 156 

Total stocking 157 

Mean total stocking ranged from 2278 to 4356 stems/ha across BEC zones (Table 1). Most sites 158 

were not excessively dense; only one had > 6000 stems/ha and over 75% had less than 4000 159 

stems/ha (Figure 1). Only 6.0% of sites had less than 1200 total stems/ha, of which two were in 160 

the ICHmw3, one was in the MSdm2 and one in the ESSFwk1 variant. Compared with other 161 

zones, stands in the ICH and ESSF zones had a considerably higher proportion of species other 162 

than lodgepole pine (42.5% pine in the ICH and 42.9% pine in the ESSF) (Table 2; Figure 2). 163 

This was due both to lower stocking of lodgepole pine and higher stocking of other species. 164 

Other species were also plentiful in the SBS (63.7% pine). Zones with less variety were the MS 165 

(71.5% pine), IDF (81.5% pine) and SBPS (82.4% pine) zones. 166 

Species other than pine that were present on the sites varied with BEC zone but spruce 167 

was a dominant secondary species and subalpine fir was present in all zones except the SBPS. 168 

The ICH zone stood out as having the greatest diversity of secondary species, while the SBPS 169 

had the least. The dominant secondary species were subalpine fir and Engelmann spruce in the 170 

ESSF, western red cedar, Douglas-fir, subalpine fir, hybrid spruce, western white pine, and 171 

western larch in the ICH, Douglas-fir, hybrid spruce and subalpine fir in the IDF, hybrid spruce 172 
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and subalpine fir in the MS, hybrid spruce and Douglas-fir in the SBS, and hybrid spruce in the 173 

SBPS. 174 

The majority of total, well-spaced, and free-growing lodgepole pine were in the >4 m 175 

height class (Figure 3). The majority of other species of conifers were <2 m tall and less 176 

commonly, 2-4 m tall, but most well-spaced and free-growing trees of these species were in the 177 

>4 and 2-4 m height classes. The data and our observations indicate that lodgepole pine was 178 

clearly much taller than other species, and with dominated total species stocking in all zones 179 

except the ICH and ESSF.  180 

 181 

Well-spaced and free-growing stocking 182 

Only one of the 67 sampled sites met target well-spaced and free-growing densities. This site 183 

was in the SBPSmk1 variant and was one of the densest stands, with a total of nearly 5300 184 

stems/ha. Eighty-four percent of our stands met minimum well-spaced stocking and 71.6% met 185 

minimum free-growing stocking. Having no cap for M increased well-spaced and free-growing 186 

density but did not result in any under-stocked stands exceeding minimum well-spaced stocking. 187 

However, it increased the proportion of stands that met the free-growing criteria in two of the six 188 

zones (SBPS and SBS). 189 

The ICH zone stood out as less successful than other zones in meeting well-spaced and 190 

free-growing criteria. For ICH sites, 58.8% met well-spaced and 29.4% met free-growing 191 

requirements (Table 3). Variants where on average the minimum free-growing requirement was 192 

not met were: ICHwk1, ICHwk2, ICHmk1 and ICHmw3.  By contrast, variants where the 193 

minimum free-growing density was met on average were: ICHdk3, ICHmw2, ICHmk2, and 194 

ICHmk3. 195 
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Stands with high total densities of trees were more likely to be free-growing than stands 196 

with fewer total trees (Figure 4). Nineteen of our 67 sites had less than 2000 total stems/ha, and 8 197 

of these (42.1%) were free-growing. Of the 48 sites with more than 2000 total stems/ha, 40 of 198 

them (83.3%) were free-growing. Only 10 stands (14.9% of stands surveyed) had >1000 free-199 

growing stems/ha and only three (4.5%) had >1100 free-growing stems/ha (Figure 5). Four 200 

stands (6.0 % of stands surveyed) had <500 free-growing stems/ha, indicates that the majority of 201 

stands were not drastically under-stocked. 202 

 203 

Reasons why free-growing was not met 204 

Tree damage and clumpy spacing were the dominant factors reducing free-growing densities. 205 

Vegetation competition and minimum tree height requirements played a minor role in reducing 206 

free-growing densities. Lodgepole pine had a much higher incidence of damage than other 207 

conifer species. This has a profound and positive implication for health of the stands if lodgepole 208 

pine dies or declines in condition. The percentage of total lodgepole pine stands with damage 209 

was 39, 59, 63, 66, 68 and 69 % in the IDF, MS, ESSF, SBS, ICH and SBPS zones, respectively. 210 

The most common cause of damage was stem diseases, followed by, insects, foliar diseases, 211 

animals and abiotic damage Table 4, 5; Figure 6). 212 

 213 

Stem diseases 214 

Stem diseases affected 12.7, 29.2, 6.8, 20.0, 38.0 and 28.9 percent of lodgepole pine in the ESSF, 215 

ICH, IDF, MS, SBPS, and SBS zones, respectively. Western gall rust (DSG) was the most 216 

common and widespread reason why lodgepole pine was rejected as a well-spaced tree. 217 

Infections that are considered lethal (stem galls or galls on branches within 10 cm of the stem) 218 
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were present on xx % of lodgepole pine on our sites and non-lethal infections were present on an 219 

additional xx % of the pine. It was present on every site that was surveyed but its incidence was 220 

variable, accounting for 3.3-73.6% of damage to lodgepole pine on a given site, and affecting 221 

2.0-59.3% of total lodgepole pine stocking and 25-2560 stems per hectare (data not shown). On 222 

52.2% of sites, greater than 35% of damage to lodgepole pine was due to DSG, on 46.3 percent 223 

of sites more than 20% of total pine was infected with DSG, and on 43.3% of sites there were 224 

>400 stems per ha affected by DSG. Trends in DSG incidence with BEC zone were apparent. It 225 

was most common in the SBPS and SBS zones, where it was present on 30.4 and 32.4% of all 226 

pine, respectively, accounted for 49.1 to 45.8 % of the recorded damage, and comprised 865 and 227 

1240 stems/ha, respectively (Table 1). In the ICH and MS zones it accounted for a similar 228 

percentage of pine as in the SBPS and SBS, but because total stocking was lower, it affected less 229 

than half the stocking level (413 and 373 stems per hectare, respectively). The ESSF and IDF 230 

zones had considerably less DSG than the other zones, with 22.8 and 19.4% of the recorded 231 

damage due to DSG, respectively, and 141-177 stems per hectare affected. 232 

Atropellis canker (DSA) was common in the ICH zone, where it was found on 233 

58.8% of surveyed sites, but it was not encountered as frequently in the other zones 234 

(10.0% of sites in the ESSF, 14.3% in the MS, 16.7 percent in the IDF, 20.0 percent in 235 

the SBPS, and 25.0 percent in the SBS). In the ICH, DSA was responsible for an average 236 

of 3.5% damage to lodgepole pine, 2.0 percent of total pine stems and 32 stems per 237 

hectare. Averages were slightly higher than this for the SBS zone, but this was due to one 238 

site having a much higher incidence than average. In the ESSF, IDF, MS, and SBPS 239 

zones, DSA comprised only 0.2-0.6 percent of the damaged lodgepole pine, or 2-12 240 

stems per hectare. 241 
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 242 

The incidence of Comandra blister rust (DSC) varied greatly among sites and 243 

BEC zones. DSC was encountered on all sites in the SBPS zone and 37.5% of sites in the 244 

SBS. Frequency of occurrence was much less in the other zones. It was present on 14.3% 245 

of MS sites, 11.8% of ICH sites, and 10.0% of ESSF sites. It was not encountered in the 246 

IDF zone. In the SBPS zone, 4.8% of damage on pine and 2.3% of total pine stocking 247 

was due to DSC. Percentages were similar in the SBS. In the ICH and MS zones, 1.5-248 

1.7% of damaged pine was due to DSC and in the ESSF, only 0.2% of damaged pine was 249 

due to DSC. Incidences were much higher on individual sites. The maximum density of 250 

trees with DSC on a given site was 778 stems per hectare in the MS zone, 320 stems per 251 

hectare in the SBS, 156 stems per hectare in the ICH, 140 stems per hectare in the SBPS, 252 

and 20 stems per hectare in the ESSF. 253 

The incidence of Stalactiform (DSS) varied greatly among BEC zones and sites. It 254 

was present on all sites in the SBPS zone and 75.0% of sites in the SBS. It was found on 255 

14.3% of MS sites and only 5.9% of ICH sites, and was not found at all in the ESSF or 256 

IDF. The highest incidence of DSS on a single site occurred in the SBS zone where it 257 

infected 925 stems per hectare or 18.5% of damaged pine and 14.7% of total pine 258 

stocking. The percentage of DSS infected trees out of total pine stocking was 2.9% in the 259 

SBPS, 3.8% in the SBS, and 0.5% or lower in all other zones. The average number of 260 

infected trees per hectare was 96 in the SBPS, 153 in the SBS, and 13 or less in the other 261 

zones. 262 

 263 

Foliage diseases 264 
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Foliage diseases were common, but never lethal, occurring across all BEC zones. They 265 

occurred on 80.0% of sites in the SBPS, 75.0% in the SBS, 66.7% in the IDF, 64.7% in 266 

the ICH, 52.4% in the MS, and 50.0% in the ESSF. The percentage of total recorded 267 

damage that was attributed to foliar diseases was 19.8% for the IDF, 18.5% for the MS, 268 

16.0% for the ICH, 11.4% for the SBPS, 10.9% for the SBS and 10.2% for the ESSF. 269 

This translates to a minimum of 153 affected stems per hectare (ESSF) and a maximum 270 

of 298 affected stems per hectare (MS). The most commonly identified foliage disease 271 

was Lophodermella (DFL), but often times the disease could not be identified. We 272 

categorized the severity of foliage disease by the percentage of foliage that was dead or 273 

missing.  Only xx percent of sites had at least 5% foliage affected. 274 

 275 

Root diseases 276 

Armillaria (DRA) was not encountered frequently. It did not occur in the IDF or SBPS 277 

zones and was present on only 9.5-12.5% of sites in the ESSF, ICH, MS, and SBS zones.  278 

It accounted for 0.3-1.5% of total damage recorded, with the highest  proportion of 279 

damage in the MS and ESSF zones. On an individual site in the MS zone, it comprised 280 

22.8% of the damage. 281 

Tomentosus (DRT) occurred in three of the zones sampled. It occurred on 37.5% 282 

of sites in the SBS, 20.0% in the SBPS, and 11.8% of sites in the ICH, and was absent 283 

from the ESSF, IDF and MS zones. On an individual site in the ICH zone, it comprised 284 

4.2% of the total damage, which is considerably less than the maximum occurrence for 285 

DSA. DRT comprised 1.0% of total damage in the SBS zone and 0.4% or less for the 286 

other zones. 287 
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 288 

Lodgepole pine dwarf mistletoe 289 

Lodgepole pine dwarf mistletoe (DMP) was encountered on only 6 of the 67 sites (9.0%). 290 

It was absent from the ESSF, ICH, and IDF zones but was present on one site in each of 291 

the SBPS and SBS zones and 4 out of 21 sites in the MS zone. Only one site had 292 

abundant DMP; there 25.7% of the damage to lodgepole pine was due to DMP, affecting 293 

12.5% of the total pine stocking or 375 stems per hectare. 294 

 295 

Insects 296 

Sequoia pitch moth (ISQ) was present on many sites and occurred across all BEC zones. 297 

ISQ was found on all sites in the SBS, 82.4% of ICH sites, 60.0% of SBPS sites, 50.0% 298 

of ESSF sites and 38.1% of MS sites. In the IDF zone, it was only found on one out of 6 299 

sites sampled. In general, ISQ damage was present on a higher proportion of trees per site 300 

in the ICH zone than other zones. At the extreme, on one ICH site, an average of 429 301 

stems per hectare were affected by ISQ, representing 36.3% of all damage to lodgepole 302 

pine and 30.6% of all lodgepole pine on the site.  In the ICH and SBS, about 10% of all 303 

damage was due to ISQ, affecting 6-8% of all lodgepole pine trees, or 122-168 stems per 304 

hectare. In the other zones 1.0-2.2% of damage was due to ISQ. An average of 84 stems 305 

per hectare were affected by ISQ in the SBS, and less than 27 stems per hectare in the 306 

ESSF, IDF, and MS zones. Sequoia pitch moth damage is generally not lethal. 307 

Lodgepole pine terminal weevil (IWP) was encountered on 32 of the 67 sites 308 

(47.8% sites sampled). It affected <5% of the pine on 76.1% of sites, and less than 10% 309 

of pine on 94.0% of sites. It was most common in the SBPS and SBS zones (100.0 and 310 
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87.5% of sites, respectively). It was present on 52.4% of MS sites, 33.3% of IDF sites, 311 

30.0% of ESSF sites, and 23.5% of ICH sites. The site with the greatest density of IWP 312 

was in the IDF and there, 52.0% of damage, 20.3% of total pine stocking and 583 stems 313 

per hectare were affected. The average percentage of total damage that was caused by 314 

IWP was 13.3% in the SBS, 10.9% in the SBS, 9.4% in the IDF, 6.8% in the MS and 315 

<3% in the ESSF and ICH. This represents a maximum of 8.4% of total stems (SBS) and 316 

a minimum of 1.4% of total stems (ESSF) affected. The average number of stems per 317 

hectare that were affected by IWP was 192 for the SBPS, 163 for the SBS, 125 for the 318 

IDF, 68 for the MS and 20-26 for the ESSF and ICH. 319 

Mountain pine beetle (IBM) occurred on live trees at 19 of the 67 sites (28.3 320 

percent of sites). Trees that had already died due to IBM occurred on xx percent of sites. 321 

The SBS zone had the most IBM, with affected trees on 7 of the 8 sampled sites (87.5% 322 

of sites). IBM was found on 35.3% of ICH sites, 19.0-20.0% of SBPS and MS sites, 323 

10.0% of ESSF sites, and none of the IDF sites, The site with the highest incidence of 324 

IBM was in the SBS zone, and there, 31.9% of damage was due to IBM, affecting 30.4% 325 

of total pine trees or 340 stems per hectare. This site was an extreme case; on average, 326 

only 6.7% of damage was from IBM (93 stems per hectare) in the SBS zone. In the ICH 327 

zone, 5.1% of damage was due to IBM (44 stems per hectare). The MS and SBS had 328 

similar densities of affected trees compared to the ICH, but the ESSF had an average of 329 

only 6 stems per ha affected by IBM. 330 

Warren’s root collar weevil (IWW) was not very common and its impacts on sites 331 

where it did occur were much less than some of the other damaging agents. It occurred on 332 

2 of the 5 sites sampled in the SBPS zone (40.0% of sites), 16.7% of IDF sites, 12.5% of 333 
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SBS sites, 10.0% of ESSF sites, 9.5% of MS sites, and 5.9% of ICH sites. The site with 334 

the highest incidence of IWW was in the ICH zone and there, 8.3% of the recorded 335 

damage was due to IWW, representing 2.1% of total stocking, or 33 stems per hectare. 336 

Across all BEC zones, 0.2-1.0 percent of the recorded damage, or 0.1-0.6 percent of the 337 

total pine, or a maximum of 8 trees per hectare, were affected by IWW.  338 

 339 

Animal damage 340 

Animal damage accounted for less than 3-8 % of all damage to lodgepole pine across all 341 

zones. Bear damage (AB) was observed on 16 of the 67 sites (23.9% of sites). It was 342 

most prevalent in the ESSF zone, where it occurred on 50.0% of sampled sites. In the 343 

ICH and MS zones, it occurred on 29.4 and 23.8% of sites, respectively. It occurred on 344 

one of the 8 sites sampled in the SBS (12.5% of sites) and was absent from the IDF and 345 

SBPS zones. The greatest occurrence of bear damage occurred on an ICH site, where 346 

28.3% of the total recorded damage, affecting 17.8% of pine, or 240 stems per hectare. 347 

Typically it was much less common than this, where only 6 of the 67 sites had >50 trees 348 

per hectare damaged by bears. On average for the ESSF and ICH zones, 3.2% of the 349 

damage was due to bears, representing 2.4% of total trees, or 21-29 stems per hectare. In 350 

the MS zone, 1.3% of the damage, or 14 stems per hectare, was due to bears. The 351 

incidence of bear damage was very minor in the SBS, and not seen in the IDF or SBPS 352 

zones. 353 

Squirrel damage (AS) was observed on 12 of the 67 sites (17.9%). In the MS 354 

zone, it occurred on 23.8% of sites, in the ESSF, ICH and IDF on 17-20%, in the SBS on 355 

12.5%, and was not found in the SBPS zone. The site with the most squirrel damage was 356 



 17 

in the MS zone, where 13.8% of the pine on the site, or 255 stems per hectare were 357 

damaged by squirrels. This site was unusual; otherwise, only 3 of the 67 sites (4.5%) had 358 

> 5% total trees affected by squirrels. None of the BEC zones had more than 1.1 percent 359 

of the total trees, or 20 stems per hectare affected by squirrels. 360 

Moose (AM) or deer (AD) damage were observed on 24 of the 67 sites (35.8%). 361 

This damage was most prevalent in the SBPS (60.0% of sites), ESSF (50.0%), and MS 362 

(47.6%) zones. In the ICH, IDF and SBS, moose or deer damage occurred on 17-20% of 363 

sites. The site with the most damage was in the MS zone, where 26.5% of the recorded 364 

damage was caused by deer, representing 21.1% of total pine, or 889 stems per hectare. 365 

Otherwise, only 3 of the 67 sites (4.5% of sites) were affected by deer or moose. In the 366 

MS, SBPS and SBS zones, 3.9-5.1% of damage was due to deer or moose, while in the 367 

ESSF, ICH and IDF zones, 2.4-2.9% of the damage was due to these animals. In the 368 

SBPS, 117 trees per hectare were affected by moose or deer, while in the other zones 4-369 

30 stems per hectare were impacted. 370 

Cattle damage (AC) was not a widespread problem. It was observed on 9 of the 371 

67 sampled sites (13.4% of sites). It was most common in the IDF (50.0% of sites) 372 

followed by the SBPS and MS (20.0 and 19.0% of sites, respectively). It was observed on 373 

just one site in the ICH (5.9% of sites) and was not found at all in the ESSF or SBS 374 

zones. This pattern fits with the known distribution of cattle. The site with the most cattle 375 

damage occurred in the IDF, where there was 18.4% of trees damaged, representing 7.3% 376 

of lodgepole pine, or 200 stems per hectare. Only 2 other sites had >100 trees per hectare 377 

affected by cattle. In the IDF, 4.3% of the recorded damage, or 2.5% of total pine 378 
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stocking, and 41 stems per hectare were affected by cattle. In all the other zones, <10 379 

trees per hectare were damaged. 380 

 381 

Abiotic damage 382 

Abiotic damage was uncommon except for snow damage in the ESSF zone. Snow 383 

damage (NY) resulting in stem deformities was a localized problem, with impacts most 384 

widespread in the ESSF zone (occurring on 90.0% of sites), followed by the MS (38.1% 385 

of sites) and ICH (35.3% of sites) zone. It was also found on one IDF site, but it was not 386 

present in the SBPS or SBS zones. The most extreme occurrence was on a site in the 387 

ESSFmw subzone, where 82.4% of pine, or 714 stems per hectare were affected. On 388 

average in the ESSF zone, 34.1% of the total recorded damage, or 22.4% of pine stocking 389 

( 255 stems per hectare) were damaged by snow. In the ICH zone, on average 70 stems 390 

per hectare (4.7% of pine) were damaged by snow. In the MS zone, 21 stems per hectare 391 

were affected (1.3% of pine), and in the IDF zone, 4 stems per hectare were affected. 392 

Drought (ND) was a problem on some dry plots. In addition to the drought that 393 

caused damage but not mortality, an additionalal xx stems per ha in xx zones were 394 

classified as dying of drought. ND was observed on 30.0% of ESSF sites, 20.0% of SBPS 395 

sites, 16.7% of IDF sites, 9.5% of MS sites, and was absent from the ICH and SBS zones. 396 

The greatest occurrence of drought was on one site in the ESSFdc1 variant, where 21.1% 397 

of the damage, or 12.4 percent of pine, or 473 stems per hectare, were damaged. On the 398 

rest of the sites, <6% of pine were affected by drought. 399 

Frost damage (NG) occurred on only one site that was in the IDF zone. Less than 400 

2% of pine on the site, or 25 trees per hectare, was affected. Frost cracks were observed 401 
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on 6 sites (9.0% of sites), occurring on one site each in the ICH, IDF, MS and SBPS 402 

zones,  two sites in the SBS zone, and none in the ESSF.  Frost cracks were never 403 

common, occurring on <10 stems per hectare in each zone. 404 

Damage from tree competition (VT) was common, especially in the SBPS 405 

(present on all sites), SBS (75.0% of sites), MS (61.9% of sites) and ICH (58.8% of sites) 406 

zones. It was a little less common in the ESSF (40.0% of sites) and was present on only 407 

one of six sites in the IDF. Altogether, it was found on 39 of the 67 surveyed sites (58.2% 408 

of sites). VT was most prevalent on an ICH site, where it accounted for 25.3% of 409 

recorded damage, 12.8% of total pine, and 686 stems per hectare. This site had xx 410 

broadleaves per hectare. On average, the number of trees affected by VT was highest in 411 

the SBPS (580 stems per hectare), followed by the SBS (264 stems per hectare), ICH 412 

(133 stems per hectare), ESSF (96 stems per hectare), MS (74 stems per hectare) and IDF 413 

(11 stems per hectare). 414 

Damage from shrub competition (VS) was less common than tree competition.  It 415 

occurred on 10 of the 67 sites (14.9% of sites), including 2 of 5 sites in the SBPS (40.0% 416 

of sites) and 20-25% of sites in the SBS, ESSF and ICH zones. It did not occur in the IDF 417 

or MS zones. The single site with the greatest occurrence of VS was in the ICHmk3 418 

varian,t where 5.6 percent of damage was attributed to VS, representing 5.4% of the pine 419 

or 67 stems per hectare.  The average density of pine affected by VT was 4-12 stems per 420 

hectare in the four zones where it occurred, representing <1% of damage but affecting up 421 

to 0.7% of the pine on the site. 422 

 423 

Treatment damage 424 
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Damage from silvicultural activities was uncommon. Choice of planting microsite (TPM) 425 

accounted for damage on only 3 sites (4.5% of sites). Two of these sites were in the IDF 426 

zone and one in the MS. The greatest amount of damage occurred on one of the IDF sites, 427 

where 13.3% of recorded damage was attributed to TPM, or 3.5% of total pine stocking 428 

(60 stems per hectare). Thinning damage (TL) was observed on one site, where it 429 

occurred on 18 stems per hectare (<2% of total pine). 430 

 431 

Conclusions 432 

We found that 71.6 % of stands surveyed were still free-growing at age 15-30. By far, the worst 433 

performance was found in the ICH zone, where only 29.4 % of stands remained free-growing. 434 

Species other than lodgepole pine were common, especially in the ICH and ESSF zones, 435 

comprising 58 % of the total stocking. Tree damage and clumpy spatial distribution were the 436 

dominant factors reducing free-growing densities, while vegetation competition and minimum 437 

height requirements were not important factors. The percent of lodgepole pine stems with 438 

damage ranged from 39% in the IDF zone to 69% in SBPS zone. The most common cause of 439 

damage was stem disease, particularly western gall rust, which occurred on every site and 440 

affected > 20 % of stems. Atropellis canker was common in the ICH and Comandra and 441 

Stalactiform rusts were common in the SBPS and SBS zones. Foliar diseases were common but 442 

not serious, while root diseases and dwarf mistletoe were uncommon. Of the insects observed, 443 

Sequoia pitch moth and lodgepole pine terminal weevil were the most common but not seriously 444 

affecting trees. Snow damage was prevalent in the ESSF zone. In summary, damage is common 445 

in 15-30 year-old post-free-growing lodgepole pine plantations, and is resulting in one-third of 446 
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these stands failing free-growing status. Policy makers need to consider these results in future 447 

plans for planting lodgepole pine across a broad range of sites.  448 

 449 

450 
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Table 1. Total, well-spaced, and free-growing stocking by zone 477 

 478 

BEC zone Stocking (stems/ha) 

Total conifers Well-spaced 

(using M) 

Well-spaced 

(no M) 

Free-growing 

(using M) 

Free-growing  

(no M) 

ESSF 3037 926 993 862 908 

ICH 3362 812 864 702 737 

IDF 2278 865 975 812 909 

MS 3340 927 1005 912 983 

SBPS 4356 952 1008 851 908 

SBS 3883 968 1105 850 968 

Mean 3028 889 966 807 871 

 479 

480 
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Table 2. Total stocking by species 481 

 482 

BEC 

zone 

Total stems/ha 

Pl Total 

excluding 

Pl 

Bl Se/Sx 

 

Fd Cw Pw Lw Hw Pa Py 

ESSF 1304 1747 977 661 4 8 32 38 22 4 0 

ICH 1430 1910 277 266 474 605 136 104 48 0 0 

IDF 1856 438 137 95 198 0 8 0 0 0 0 

MS 2386 929 530 323 62 0 0 12 0 0 2 

SBS 2473 1459 179 735 535 7 3 0 0 0 0 

SBPS 3588 768 0 768 0 0 0 0 0 0 0 

 483 

 484 

 485 

 486 

 487 

 488 

 489 

 490 

 491 

492 
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Table 3. Proportion of sites meeting minimum well-spaced and free-growing stocking. 493 

 494 

BEC zone No. sites 

sampled 

Proportion of sites meeting minimum requirements 

Well-spaced 

(using M) 

Well-spaced 

(no M) 

Free-growing 

(using M) 

Free-growing 

(no M) 

ESSF 10 90.0 90.0 90.0 90.0 

ICH 17 58.8 58.8 29.4 29.4 

IDF 6 100.0 100.0 100.0 100.0 

MS 21 90.5 90.5 85.7 85.7 

SBPS 5 100.0 100.0 80.0 100.0 

SBS 8 87.5 87.5 75.0 87.5 

 495 

496 
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Table 4. Proportion of sites and pine affected by individual damaging agents 497 

 498 
Type of agent Agent  Proportion of sites 

with agent (%) 

Proportion of 

pine affected (%) 

Stem disease Western gall rust Endocronarium harknessii 

(J.P. Moore) Y. Hirat. 

100 20.8 

 Stalactiform blister rust Cronartium coleosporioides 

Arthur 

22 1.3 

 Comandra blister rust Cronartium comandrae Peck 21 1.5 

 Atropellis canker Atropellis piniphila (Weir) 

Lohman & Cash 

27 0.8 

Foliar disease Pine needle cast Lophodermella concolor 

(Dearn.) Darker 

33 2.0 

 Dothistroma needle 

blight 

Mycosphaerella pini Rost. in 

Munk 

12 1.8 

Root disease Armillaria root rot Armillaria ostoyae 

(Romagnesi) Herink 

9 0.4 

 Tomentosus root rot Inonotus tomentosus (Fr.:Fr.) 

S. Teng 

9 0.2 

Mistletoe Lodgepole pine dwarf 

mistletoe 

Arceuthobium americanum 

Nutt. Ex Engelmann 

9 0.7 

Insect Sequoia pitch moth Synanthedon sequoiae (Yy. 

Edwards) 

58 3.0 

 Mountain pine beetle Dendroctonus ponderosae 

(Hopkins) 

28 1.9 

 Warren’s root collar 

weevil 

Hylobius warreni (Wood) 13 0.2 

 Pine terminal weevil Pissodes terminalis (Hopping) 48 4.0 

Animal Red squirrel Tamiasciurus hudsonicus 

(Erxleben) 

21 0.6 

 Black bear Ursus americanus (Pallas.) 25 0.7 

 Deer and moose Odocoileus spp. ; Alces alces 

(Clinton) 

need combined need combined 

Abiotic Snow and ice damage — 36 3.0 

 499 
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Table 5. Summary of all recorded damage to lodgepole pine 500 

 501 
Damaging 

agent 

ESSF ICH IDF MS SBPS SBS 
% of 

damaged 

Pl 

% 

of 

total  

Pl 

Stems 

per 

ha 

% of 

damaged 

Pl 

% 

of 

total  

Pl 

Stems 

per 

ha 

% of 

damaged 

Pl 

% 

of 

total  

Pl 

Stems 

per 

ha 

% of 

damaged 

Pl 

% 

of 

total  

Pl 

Stems 

per 

ha 

% of 

damaged 

Pl 

% 

of 

total  

Pl 

Stems 

per 

ha 

% of 

damaged 

Pl 

% 

of 

total  

Pl 

Stems 

per 

ha 

Stem diseases    

DSG 22.8 12.1 177 40.8 31.3 413 19.4 8.8 141 31.4 14 373 49.1 30.4 1240 45.8 32.4 865 

DSA 0.3 0.1 2 3.5 2.0 32 0.6 0.2 4 0.5 0.2 4 0.6 0.4 12 3.7 2.7 53 

DSC 0.2 0.1 2 1.5 1.7 10 0 0 0 1.5 1 44 4.8 2.3 80 4.1 2.4 55 

DSS 0 0 0 0.3 0.3 4 0 0 0 0.5 0.3 13 4.5 2.9 96 5.2 3.8 153 

DSB 0 0 0 0.1 0.1 3 0 0 0 0 0 0 0 0 0 0 0 0 

Foliar diseases  

Unspecified 7.1 6.2 118 11.3 8.3 107 11.4 8.1 123 10.1 7.0 211 0.4 0.3 20 1.4 1.2 24 

DFL 3.1 8.6 35 0.2 0.1 1 6.3 3.3 59 1.4 0.6 9 11.0 9.1 180 9.3 8.2 166 

DFS 0 0 0 3.9 3.8 51 2.1 2.0 29 7.0 5.0 78 0 0 0 0 0 0 

DFE 0 0 0 0.5 0.2 4 0 0 0 0 0 0 0 0 0 0 0 0 

DFM 0 0 0 0.1 0.1 1 0 0 0 0 0 0 0 0 0 0 0 0 

DFR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0.1 3 

Root diseases   

DRA 1.3 0.5 6 0.8 0.5 6 0 0 0 1.5 0.6 23 0 0 0 0.3 0.2 7 

DRT 0 0 0 0.4 0.3 5 0 0 0 0 0 0 0.2 0.1 4 1.0 0.7 17 

Other diseases 
DMP 0 0 0 0 0 0 0 0 0 2.6 1.5 50 0.3 0.1 4 0.6 0.3 3 

Insects 
ISQ 1.7 1.0 13 11.1 8.1 122 1.0 0.3 10 2.2 1.1 26 2.9 1.9 84 10.0 6.3 165 

IWP 2.6 1.4 20 2.8 2.1 26 9.4 4.3 125 6.8 2.8 68 10.9 5.4 192 13.3 8.4 163 

IBM 1.5 0.8 6 5.1 4.0 44 0 0 0 2.7 1.8 45 1.6 1.5 60 6.7 5.9 93 

IWW 0.7 0.3 6 1.0 0.6 7 0.2 0.1 3 0.4 0.1 2 0.5 0.2 8 0.2 0.1 3 

IBI 0 0 0 0.4 0.2 0 0 0 0 0 0 0 0 0 0 0.2 0.2 3 

ID 0 0 0 0 0 0 0 0 0 0.6 0.2 3 0 0 0 0.5 0.3 7 

ISG 0 0 0 0.1 0.1 1 0 0 0 0 0 0 0 0 0 0 0 0 

Animal damage  

AB 3.2 2.4 21 3.3 2.5 29 0 0 0 1.3 0.7 14 0 0 0 0.1 0.1 2.3 

AS 2.1 1.1 18 0.7 0.5 7 0.8 0.5 7 2.7 0.9 20 0 0 0 0.5 0.3 3 

AD 2.2 0.8 14 0.7 0.5 11 0 0 0 3.3 1.9 61 4.4 1.4 52 0.8 0.4 5 

AM 0.7 0.6 4 2.2 1.4 30 2.4 1.3 27 0.6 0.2 5 0.6 0.3 12 3.3 2.1 117 

AC 0 0 0 0.2 0.2 3 4.3 2.5 41 1.6 0.6 10 0.1 0.1 4 0 0 0 

AP 0 0 0 0 0 0 0 0 0 0.1 0.1 2 1.0 0.7 8 0 0 0 

AV 0 0 0 0 0 0 2.0 1.0 17 0 0 0 0.5 0.3 4 0 0 0 

AX 0 0 0 0 0 0 0.2 0.1 3 0 0 0 0 0 0 0 0 0 

AU 0.9 0.5 7 0.8 0.8 4 0.2 0.2 4 3.0 1.3 21 0 0 0 0.5 0.3 3 

Abiotic damage   

NY 34.1 22.4 255 6.4 4.7 70 1.9 0.9 4 2.3 1.3 21 0 0 0 0 9 9 
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ND 2.6 1.5 51 0 0 0 1.3 0.9 21 0.4 0.2 10 1.1 0.6 24 0 0 0 

NGC 0 0 0 0.1 0.1 3 0.2 0.1 3 0.1 0.1 1 0.2 0.2 4 0.5 0.4 9 

NG 0 0 0 0 0 0 0.3 0.3 4 0 0 0 0 0 0 0 0 0 

NH 0.2 0.2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

NWS 0.1 0.1 2 0.1 0.1 1 0 0 0 0 0 0 0 0 0 0 0 0 

Competition 
VT 3.3 2.1 96 5.7 3.5 133 0.9 0.2 11 3.3 1.4 74 14.2 8.8 580 6 4 264 

VS 0.7 0.3 4 0.9 0.7 11 0 0 0 0 0 0 0.7 0.4 12 0.3 0.2 6 

Treatment damage   

TPM 0 0 0 0 0 0 2.2 0.6 10 0.2 0.1 1 0 0 0 0 0 0 

TP 0 0 0 0 0 0 0.8 0.4 3 0 0 0 0 0 0 0 0 0 

TL 0 0 0 0 0 0 0.8 0.4 13 0 0 0 0 0 0 0.1 0.1 2 

TT 0 0 0 0 0 0 0 0 0 0.1 0.1 1 0 0 0 0 0 0 

P 0.8 0.6 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Unknown 
U 5.5 3.1 46 7.5 5.8 84 7.5 3.4 53 10.8 4.7 91 4.3 2.4 60 3.6 2.9 70 

 502 
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Figure 1. Proportion of stands in each stocking class. 505 

506 
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Total stocking by species
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Figure 2. Total stocking by species. 509 

510 
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Total conifer density by height class

0

1000

2000

3000

4000

5000

IDF ESSF MS ICH SBS SBPS

BEC zone

S
te

m
s

/h
a

<50 cm 0.5-2 m 2-4 m >4 m

 512 

Figure 3. Total conifer stocking by height class. 513 

514 
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Total stand density vs free-growing stocking
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Figure 4. Well-spaced stocking versus total stocking. 517 

518 
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Figure 5. Proportion of sites in each free-growing density class. 521 

522 
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Figure 6. Total stems per hectare damaged by each agent. 525 
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