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Abstract23

We examined the extent and severity of bark beetle (Dendroctonus sp.) attack in ponderosa pine 24

forests in southern British Columbia using stand monitoring plots and forest insect overview 25

survey data, and relate these results to vertebrate wildlife habitat conditions. Monitoring plots 26

established in ponderosa pine stands in 2007 indicate overall mortality levels of 77.8% for trees > 27

7.5 cm dbh by 2008, with lower mortality rates for small stems in the 7.6 to 15 cm dbh range 28

(53%) and very high mortality (94.9%) of large stems > 30 cm dbh. Data from insect overview 29

surveys indicated the attack was extensive and continues to expand. In the Kamloops district, 52 30

126 ha, or 36 % of the area with ponderosa pine as a component of the stand was attacked in 31

2007 alone, with many areas likely attacked in more than one year. The current bark beetle attack 32

represents a strong “thinning from above” disturbance that is extensive and will have long-term 33

consequences for canopy closure and overstory structure. These changes will have implications 34

for species dependant on mature overstory trees or large snags for foraging and nesting, with 35

effects greatest in pure stands of ponderosa pine. In mixed stands of ponderosa pine and Douglas-36

fir, ponderosa pine mortality will likely enhance habitat by increasing levels of snags, downed 37

wood and creating natural within-stand gaps and heterogeneity. In the managed forest landscape 38

of the 21st century, an extensive natural disturbance like the current bark beetle outbreak may 39

frustrate attempts to provide diverse habitat conditions for flora and fauna and other commodities 40

such as viewscapes, recreation and timber. Silvicultural interventions can facilitate the 41

development of mature conditions in some pure stands of ponderosa pine where mature trees 42

have been killed, and should be considered to reconcile current conditions with desired mid- and 43

long-term habitat requirements. 44

45
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51

Introduction52

53

In British Columbia, ponderosa pine (Pinus ponderosa Laws) forests are found only in the 54

southern part of the province, primarily in valley bottoms and lower slopes between 300 and 55

900m a.s.l. Although widely distributed in the western US, ponderosa pine has a limited 56

distribution in BC and less than 1% of the forested landbase in BC is classified as the Ponderosa 57

Pine biogeoclimatic zone (Miedinger and Pojar, 1991). The relatively warm and dry climate in 58

these forests enhances their habitat value for a wide range of flora and fauna, and because of their 59

limited distribution, they are considered to be imperilled or vulnerable in BC, supporting 10 60

species of global conservation concern and 114 of provincial conservation concern (Austin et al., 61

2008). In addition to their habitat value, the proximity of ponderosa pine forests to communities 62

makes them important viewscapes, recreation areas, rangeland for livestock and until the mid-63

1900’s, a valuable supply of timber (Klenner et al., 2008).64

65

In BC, the early management of these forests focused primarily on their timber value as they 66

were accessible to the first European settlers and provided materials for railways, buildings, and 67

containers for agricultural exports. However, as noted in Whitford and Craig (1918) and 68

Mulholland (1937), harvesting, fires and an extensive bark beetle attack were rapidly diminishing 69

the availability of stands capable of producing timber by 1920, and by 1950, harvesting had 70

largely shifted to other forest types. Prior to settlement by Europeans, ponderosa pine forests are 71

thought to have been composed of a widely-spaced mature overstory and a vigorous growth of 72

grasses and forbs in the understory, and were maintained in this condition by frequent low-73
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severity fires (Weaver, 1943; Covington et al., 1997). However, at higher elevations and more 74

northern latitudes, ponderosa pine forests or other dry forest ecosystems with species such as 75

Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) or western larch (Larix occidentalis Nutt.) 76

appear to have evolved in the context of a mixed-severity fire (Shinneman and Baker, 1997; 77

Arsenault and Klenner, 2005; Sheriff and Veblen, 2007) or more complex mixed-severity 78

disturbance regime (Klenner et al., 2008). Mixed-severity regimes include low, moderate and 79

high severity disturbances from diverse agents including wind, insect, disease, drought or fire, 80

each of which can affect forest structure at a range of spatial scales. Such disturbances either act 81

singly (e.g. an extensive windstorm) or in concert (an extended drought followed by insect attack 82

on stressed trees) to create a shifting mosaic of stand conditions and forest ages, a process that is 83

critical to maintaining biodiversity (Pickett and White, 1985). 84

85

In a managed forest landscape, maintaining diverse forest age and structural conditions that 86

reflect the diverse habitats created by a highly variable mixed-severity disturbance regime 87

remains a challenge that is made more difficult by large-scale, severe disturbances. Over the last 88

decade, there has been an extensive and severe epidemic of mountain pine beetle in lodgepole 89

pine forests (P. contorta var. latifolia Dougl.; see Westfall, 2006; Westfall and Ebata, 2007) with 90

over 10 million ha affected in 2007 alone. This attack is now affecting the much less extensive 91

ponderosa pine forests in southern British Columbia. In this manuscript, we: (1) document a 92

severe and extensive bark beetle outbreak in ponderosa pine forests in southern BC, (2) identify 93

the forest structure conditions that have been created, (3) use this information along with decay 94

and growth information to identify long-term habitat conditions that will result, and (4) suggest 95

management actions that should be initiated to diminish the consequences of this disturbance.96
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97

Study Area98

The study area was located in southern British Columbia and covers approximately 6 million ha, 99

of which 505 642 ha are the main focus of this report, supporting either pure or mixed (with 100

Douglas-fir) stands of ponderosa pine (Fig 1) in the Ponderosa Pine or Interior Douglas-fir 101

biogeoclimatic zones (Meidinger and Pojar, 1991). Pure stands of ponderosa pine generally occur 102

at low elevations under 900 m a.s.l. in the Ponderosa Pine zone, with mixed stands found as high 103

as 1200 m a.s.l. These forests are the driest and warmest forested ecosystems in BC, with mean 104

monthly temperatures above 10 ºC for 5-6 months of the year, a mean July temperature of 105

approximately 20 ºC and annual precipitation in the 280 – 500 mm range. Common understory 106

vegetation includes bluebunch wheatgrass (Pseudoroegneria spicata Pursh), rough fescue 107

(Festuca campestris Rydberg), arrow-leaved balsamroot (Balsamorhiza sagittata (Pursh.) Nutt) 108

and saskatoon berry (Amelanchier alnifolia Nutt.). Our study area included the Kamloops, 109

Cascades and Okanagan-Shuswap districts of the BC Ministry of Forests and Range which 110

contain about 90% of the ponderosa pine forest in BC.  111

112

< FIGURE 1 APPROXIMATELY HERE>113

114

Methods115

116

We used 3 approaches to identify forest structure changes associated with the pine beetle 117

outbreak in ponderosa pine stands, and to estimate the short- and long-term effects on wildlife 118

habitat: (1) field survey plots to determine stand-level impacts, (2) overview surveys to quantify 119
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extent of attack in the study area, and (3) a stand growth model to estimate the rate of large tree 120

recruitment. 121

122

Survey plots. Twelve survey transects that contained 133 plots located at 100m intervals along 123

the transect (10 - 12 per transect) were established in ponderosa pine stands within a 400 km2124

area immediately to the west of Kamloops (51o 45’ N; 120 o 20’ W; Fig. 1) and were assessed in 125

2007. Transects were established in stands dominated by ponderosa pine in six areas of the 126

Thompson River valley with 5 – 10 km separating each of the 6 transect groups. The first plot 127

along a transect was located away from roads or recently created forest edges (e.g. harvest 128

cutblocks) and transects were laid out in a straight line with plots placed systematically every 100 129

metres. Trees were sampled within nested circular fixed-area plots. The diameter at breast height 130

(dbh) and height of live trees and snags > 30 cm dbh was measured in a 25 m radius plot (0.2 ha), 131

trees between 7.51 and 30 cm dbh recorded in a were measured in an 11.28 m radius plot (0.04 132

ha) and stems between 3.0 m height and 7.5 cm dbh in a 5.64 m radius plot (0.01 ha). We 133

recorded species, dbh, height, and status with respect to recent bark beetle attack (2005 – 2007) 134

or mortality prior to 2005 (all needles off). All measured trees were individually tagged for future 135

re-measurements. Tree mortality from insect attack between 2005 and 2007 was evaluated using 136

needle color, and the presence of pitch tubes or frass. Trees were described as live with no 137

external signs of insect attack, “green attack” (signs of beetle entry holes, pitch tubes, frass), “red 138

attack” (red needles), or grey (dead for several years and all needles off). Mortality that was 139

likely to be expressed in 2008 was identified by clear signs of “green attack” including entrance 140

holes, pitch tubes and frass on the lower (0 – 3m) bole. Downed wood was tallied along two 15m 141
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transects that originated at the plot center, with the first along a randomly chosen bearing and the 142

second at right angle to this bearing (random bearing + 90°).143

144

Overview surveys. Forest health overview surveys (MacLauchlan et al., 2005, 2006, 2007, 2008) 145

are flown annually to map the extent and severity (% tree mortality) of a wide range of insect and 146

disease related tree mortality and we used the results of these surveys to estimate the extent and 147

severity of habitat changes in the study area. Attack severity ratings reflect the estimated overall 148

mortality averaged across an area with similar severity of attack but within this area, actual attack 149

rates can vary substantially in pockets of heavier or lighter attack. Although the overview survey 150

data have limitations, these surveys represent the only systematic and repeated documentation of 151

conditions over large spatial scales. Overview flights are usually flown in July and August and 152

document annual, independent estimates of the severity of insect attack during the previous year 153

which are identified using the bright red color of needles on trees that have died since the 154

previous winter. 155

156

We used annual overview survey information to identify the extent and severity of annual attack. 157

Five severity classes that estimate the proportion of trees killed are recorded in the overview 158

flights: trace (< 1%, combined with light in our analyses), light (1 – 10%), moderate (11 – 29%), 159

severe (30 – 50%) and very severe (> 50%). An estimate of the cumulative extent of attack was 160

derived by overlaying annual estimates of attack to create an overall extent of attack area using 161

ArcGIS procedures which did not double count areas attacked in more than one year. To identify 162

trends in the proportion of area attacked or the severity of attack in relation to crown closure, the 163

proportion of ponderosa pine in the stand, or age of the stand, we overlaid polygons identifying 164
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attack by mountain pine (Dendroctonus ponderosae) and western pine (D. brevicomis) beetle in 165

the Kamloops district in 2007 (the year of most extensive attack) on Ministry of Forests and 166

Range forest inventory data using ArcGIS procedures. Areas that were identified in the overview 167

surveys as beetle-related ponderosa pine mortality but for which ponderosa pine was not recorded 168

in the forest inventory database were excluded from the analysis. 169

170

Large tree recruitment. We estimated the effects of the current mountain pine beetle outbreak on 171

short (1 – 5), medium (6 – 20) and long-term (21 – 50 years) wildlife habitat conditions by 172

comparing the diameter-specific mortality rates we observed with tree recruitment rates. Our 173

objective was to evaluate changes in pure and mixed stands of 6 habitat features known to be 174

important to a wide range of wildlife species. We considered: (1) large (>30 cm dbh) live trees, 175

(2) large declining trees or fresh snags for foraging, (3) large snags for nesting, (4) downed wood,176

(5) understory (grass, forbs and shrubs) abundance, and (6) large, deep crowns for snow 177

interception, thermal or protective cover. The recruitment of large live trees was identified as a 178

key limiting factor in re-establishing the existing forest structure in pine beetle attacked forests. 179

Tree growth rates, and hence the recruitment of large trees, is strongly affected by site 180

productivity and can be estimated from site index estimates (SI; height in m at age 50; see 181

http://www.for.gov.bc.ca/hts/vri/intro/index.html). We used an index of site productivity and a 182

growth and yield model (TIPSY: see   http://www.for.gov.bc.ca/hre/gymodels/TIPSY/index.htm , 183

Mitchell et al., 2007) to estimate the time required to recruit large live trees following loss. To 184

anticipate the consequences of forest structure loss and recruitment on mid- and long-term 185

wildlife habitat conditions, we reviewed literature on vertebrate wildlife response to natural 186

http://www.for.gov.bc.ca/hts/vri/intro/index.html
http://www.for.gov.bc.ca/hre/gymodels/TIPSY/index.htm
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disturbances and used these to predict the likely consequences of mountain pine beetle attack in 187

our study.188

189

Results190

191

Ponderosa pine survey plots. A total of 6142 trees were tallied in the 133 survey plots located 192

along 12 transects, of which 2466 were between 3m height and 7.5cm dbh, 1320 were 7.6 to 15 193

cm dbh, 1421 were 15.1 to 30.0 cm dbh, and 935 were > 30.1 cm dbh. In 2007, the mortality rate 194

increased with diameter (Table 1), with the lowest mortality rates recorded for small stems 195

between 3m height and 7.5 cm dbh (22.7 %) and the highest (94.1%) for large diameter stems > 196

30 cm dbh. Average mortality rates were very similar at the plot and transect level, indicating 197

that mortality estimates were similar at these two spatial scales. Few trees that showed signs of 198

attack (entry holes, pitch tubes, frass) survived, indicating that trees affected by “green attack” in 199

2007 would die in 2008. Green attack in 2007 indicated mortality rates would increase from 2007 200

to 2008 and possibly beyond, increasing to 53, 85.6 and 94.9% for stems 7.6 – 15 cm dbh, 15.1 –201

30 cm dbh, and > 30 cm dbh respectively. These results suggest a very high level of large tree 202

mortality in ponderosa pine stands and this is consistent with qualitative observations outside the 203

survey plots within the Kamloops district where the extent of the attack appears to be declining. 204

205

<TABLE 1 APPROXIMATELY HERE>206

207
Basal area (BA) of all stems > 7.5 dbh within the 133 survey plots ranged from 0 to 23.5 m2 ha -1, 208

indicating the plots encompassed a wide range of stand densities. We examined the relationship 209
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between plot BA and % mortality and found a very significant Pearson r correlation between BA 210

and the mortality of small trees < 30 cm dbh (r = 0.40, P < 0.001, n =111), and a weak 211

relationship (r = 0.23, P = 0.06, n = 111) between overall BA and the mortality of large trees > 212

30 cm dbh.. As indicated in Table 1, small trees had a lower mortality rate than large trees. These 213

results suggest that across the range of within plot densities in our study plots, there was little 214

indication that there was consistently higher mortality in stands with high basal area (Fig. 2,3).215

216

Reliable estimates of the fall rate of snags could not be determined since it has only been two 217

years since trees began to die in 2006, but the fall rate appears to be high (Fig. 2d). Many large 218

(dbh > 30 cm) ponderosa pine snags are falling through breakage of the lower bole (0-3 m above 219

ground) and the rapid deterioration of sapwood indicates this trend will continue. 220

221

<FIG. 2  and  FIG. 3  APPROXIMATELY HERE>222

223

Aerial overview surveys. The pine beetle attack in ponderosa pine forests began in 2005, with 224

attacked area rapidly increasing in the Kamloops district and to a lesser extent in the Cascades 225

district in 2006 (Table 2). In the Kamloops district, the area affected peaked in 2007 and showed 226

a marked decline in 2008, suggesting the outbreak was diminishing. In the Cascades district, the 227

area of insect attack continued to increase in 2008, and in the Okanagan-Shuswap district, the 228

outbreak will either not reach the extent and severity recorded in the Kamloops or Cascades 229

districts, or more likely the attack is still in the initial stages. In total, approximately 175 193 ha230

have been attacked in the study area between 2005 and 2008, with further increases likely, 231

especially in the Cascades and Okanagan-Shuswap districts where the attack appears to be 232
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increasing. Within and across years, light attack always represented the greatest area affected, 233

followed by moderate, severe and very severe attack. It should be noted that in mixed stands of 234

ponderosa pine and Douglas-fir (e.g. 35% ponderosa pine, 65% Douglas-fir), several years of 235

light severity attack, or one year of moderate severity attack would virtually eliminate the mature 236

ponderosa pine in the stand. 237

238

We examined the relationship between estimates of the proportion of area attacked, the severity 239

of attack and three factors: % crown closure, stand age and the proportion of ponderosa pine in 240

the stand. We used the Kamloops and Cascades district overview survey data from 2007 and 241

2008 respectively, years with extensive attack in these districts (Table 3). We could not discern 242

any clear pattern in the proportion of area attacked or the severity of attack across the general 243

crown closure, stand age or species composition categories we examined because of high 244

variability. For example, 14.1% of the 5 – 15% crown closure stands were attacked in the 245

Kamloops district, but 56.1% were attacked in this class in the Cascades district. Across crown 246

closure, stand age and proportion of ponderosa pine in the stand, there was always a decline in 247

the proportion of area affected with increasing severity of attack.248

249

<TABLE  2 and TABLE 3 APPROXIMATELY HERE>250

251

The level of pine beetle related mortality estimated from survey plots and qualitative 252

observations in other areas of the Kamloops district suggested mortality rates that were higher 253

than recorded during aerial overview surveys. We compared the estimated 2008 transect-level 254

average mortality for trees > 7.5 dbh (Table 1) with a cumulative tally of the annual overview 255
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survey severity estimates from 2005 – 2008, using the midpoint of each severity class to derive 256

an estimate of cumulative mortality. For example, the “light” severity class, which reflects a 257

range of 1 – 10% mortality was given a midpoint of 5%, the very severe class a midpoint of 75%. 258

This procedure was used to reconcile the annually independent data collected during overview 259

surveys and our field plots where we did not differentiate between mortality that occurred in 260

2005 - 2007. The average mortality estimate for 2008 for stems > 7.5 dbh from the field transects 261

(78.6%) was consistently higher than the cumulative mortality estimates from the overview 262

surveys (39.2 %; Fig. 4). Data from overview surveys and field plots are independent, and 263

although they were collected with different objectives and levels of resolution, we expected 264

similar mean mortality estimates. The comparison was conducted in a limited geographic area, 265

but does suggest the overview surveys reflect a conservative estimate of mortality.266

267

<FIG. 4  APPROXIMATELY HERE>268

269

Large tree recruitment. The recruitment of large ponderosa pine trees > 30 cm dbh in severely 270

attacked stands is related to the amount and timing of regeneration and growth rate of seedlings 271

once established. Tree growth rates are strongly affected by site productivity which is estimated 272

for all forest stands in the study area and expressed as site index (SI; height in m at age 50). Site 273

index values for pure and mixed stands of ponderosa pine in our study area range from 4 to 27, 274

with average values of 10, 11 and 12 for stands with a species composition of >70%, 30 – 70% 275

and < 30% ponderosa pine respectively (Table 4). These relatively slow growth rates result in an 276

extended period (Table 5) before large trees can be expected on these sites. For example, on a SI 277
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15 site with low stocking (278 stems per ha), TIPSY growth projections predict 85 years before 278

the average dbh reaches 30 cm. Stocking density can also have a strong affect on the rate at 279

which large stems are recruited, with open grown stands (e.g. uniform 6m spacing) projected to 280

reach an average dbh of 30 cm in 85 years vs. 225 years for stands grown at a 2m spacing. In 281

addition, the rapid fall rate of large ponderosa pine snags and likely longer-term shortage of 282

snags is unlikely to be offset in the near future by recruitment from smaller size classes of stems 283

in the stand.  In our monitoring plots, stems in the 15.1 to 30 cm dbh range also showed high 284

mortality rates (85.6% by 2008), severely restricting recruitment from this size class. Smaller 285

trees in the 3 m height to < 7.5 dbh size class had lower mortality rates (22.7% in 2007) and this 286

advanced regeneration will facilitate the development of a mature tree cohort. In general 287

however, we anticipate a long-term deficiency of large mature trees for over 50 years, and an 288

even longer deficiency in large ponderosa pine snags on sites where the majority of large trees 289

died during the current bark beetle outbreak.290

291

<TABLE  4 and TABLE 5 APPROXIMATELY HERE>292

293

Discussion294

295

Our analyses indicate that the current mountain pine beetle outbreak has had a severe and 296

widespread impact on the mature tree component of ponderosa pine stands in southern BC. 297

Ponderosa pine mortality in our study is closely related to a severe and extensive outbreak in 298

nearby lodgepole pine stands where over 10 million ha was affected in 2007 alone (Westfall, 299

2006; Westfall and Ebata, 2007). Mountain pine beetle propagules from the attack in lodgepole 300
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pine forests likely initiated the outbreak in ponderosa pine stands, but western pine beetle was 301

either the main cause or also present in about 25% of the sample plots examined by MacLauchlan302

et al. (2006). Other bark beetles such as Ips sp. may also be contributing to mortality but in our 303

analyses, we did not distinguish between the different bark beetles that could have been involved 304

in the attack. In our monitoring plots, mortality rates of all trees > 7.5 cm dbh was 72.6% in 305

2007, and is expected to reach almost 80% by 2008. Mortality of large trees > 30cm dbh was 306

almost complete, with 94.1% of the large trees killed by 2007. Overview surveys suggest the 307

extent of the attack is diminishing in the Kamloops district after peaking in 2007 when more than 308

52 000 ha (36.1% of the area where ponderosa pine is a component of the stand) was affected in 309

that year alone. Across the study area, a total of  175 193 ha were affected between 2005 and 310

2008. 311

312

Unlike observations from other pine beetle attacks in ponderosa pine stands (McCambridge et 313

al.,1982; Larsson et al., 1983; Olsen et al., 1996; Negron and Popp, 2004; Zausen et al., 2005; 314

Fettig et al., 2007; Negron et al., 2009) that suggest lesser mortality in more open stands with 315

lower basal area (e.g. < 20 m2 ha-1), our results indicate that mortality was high across a wide 316

range of stand densities and ages in our survey plots. Although there is some consensus that host 317

susceptibility to bark beetle attack is less in open or younger stands (Fettig et al., 2007), our data 318

does not support this perspective which may be more applicable to endemic rather than the 319

epidemic conditions that affected pine stands in our study area. It is not clear whether the severe 320

and extensive mortality we observed in our study is simply an uncommon event that is likely to 321

affect many stands across the geographic range of ponderosa pine, or if it represents a unique, 322

local event related to the extensive area of mature lodgepole pine forests in southern BC (Taylor 323
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and Carroll, 2004), the extreme outbreak in adjacent lodgepole pine stands, and the proximity of 324

the two forest types in our study area. In addition, climate change over the last 50 years has 325

resulted in an expanding climatic envelope conducive to the development of mountain pine 326

beetle and which has contributed to the mountain pine beetle affecting a larger area than in the 327

early 1900’s (Carroll et al., 2004; Fauria and Johnson, 2009). Although the complex ecosystem 328

responses to climate change are still poorly understood, the increased potential for wildfire 329

(Flannigan et al., 2005), insect outbreaks (Bale et al., 2002) and drought (Allen and Breshears, 330

1998; Guarin and Taylor, 2005) appears likely and may lead to pine beetle outbreaks in other 331

areas similar to the one we have reported. 332

333

The effects of resource pulses on forest biota and in structuring food webs and community 334

dynamics are relatively well studied and indicate numeric responses often follow an increase in 335

food resources. In a review of experimental food addition studies, Boutin (1990) noted that many 336

addition experiments led to an increase in abundance and individual body weight. In natural 337

ecosystems, resource pulses are common (Yang et al., 2008) and can affect foraging behavior, 338

population dynamics through predator or nest predator interactions with prey, or change 339

population abundance. In a natural food pulse associated with dying trees and snags created 340

during a mountain pine beetle outbreak in lodgepole pine forest, Martin et al. (2006) found the 341

abundance of birds that fed on insects increased, but this effect was brief and species whose 342

abundance increased declined as prey diminished. Similarly, Drever et al. (in press) working in 343

the same area as Martin, reported that avian foraging guilds other than bark insectivores showed 344

little response to overstory mortality and that although an increase in abundance of some species 345

in response to increasing food resources can be expected, there is little evidence to indicate 346
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changes in richness are likely. In addition to increased abundance, resource pulses can affect 347

community structure through complex mechanisms such as nest predation (Schmidt and Ostfeld, 348

2003) or nest patch selection (Norris and Martin, 2008). From these studies, it is clear that 349

individual species, or in some cases, functional groups will respond numerically to increased or 350

diminished resources, but as consumers adopt novel strategies to cope with diminishing 351

resources (Yang et al., 2008), population consequences are not entirely predictable. 352

353

We used this framework to anticipate the short, mid- and long-term consequences of the current 354

pine beetle outbreak in our study area on a broad spectrum of wildlife by examining the 355

abundance of 5 habitat features known to be important to a wide range of species: (1) large live 356

trees, (2) large declining trees or snags, (3) large downed wood, (4) abundant understory, and (5) 357

within-stand heterogeneity of deep crowns and canopy gaps (Table 6). Many studies have 358

confirmed these stand-level habitat features represent either critical habitat required by a species 359

(e.g. pygmy nuthatch Sitta pygmaea and live mature ponderosa pine; Kingery and Ghalambor, 360

2001) or they play an important role in ecological processes (e.g. snags and downed wood:361

Harmon et al., 1986; Bunnell et al., 2002). Changes in the abundance of these features in the 362

ponderosa pine stands we studied are affected by five key drivers: (1) the extensive and high 363

mortality rate of large mature trees, (2) the initial rapid deterioration and high fall rate of snags 364

that is consistent with other studies of beetle-killed ponderosa pine (a reported “half-life” in the 365

range of  5–10 years; Keen, 1955; Schmid et al., 1985; Landram et al., 2002; Conner and Saenz, 366

2005), (3) vigorous understory response to increased light and moisture where mature overstory 367

has been lost, (4) uncertainty surrounding the timing and density of ponderosa pine regeneration 368
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(Savage et al., 1996), and (5) the slow growth rate of trees under the droughty conditions that 369

characterize ponderosa pine habitat.370

371

<TABLE  6 APPROXIMATELY HERE>372

373

Overstory mortality from the mountain pine beetle outbreak in ponderosa pine stands will have 374

an immediate effect on the habitat for species dependant on live mature trees. In our study area, 375

Clark's Nutcracker (Nucifraga columbiana), Pygmy Nuthatch (Sitta pygmaea) and White-headed 376

Woodpecker (Picoides albolarvatus) are strongly associated with the seed produced by mature 377

ponderosa pine (Cannings et al., 1987) and will likely decline in abundance across much of their 378

range in southern BC for an extended period until mature trees again are common. In contrast, 379

other species of concern, such as Lewis's woodpecker (Melanerpes lewis) will likely benefit from 380

the more open conditions and snags created by insect attack (Bull and Wales, 2001) or stand-381

replacing wildfire (Gentry and Vierling, 2007).382

383

The abundance of cavity-nesting birds is strongly tied to the availability of snags for foraging and 384

nesting. Several studies have demonstrated the increased abundance of cavity-nesting birds 385

following wildfire (Koplin, 1969; Murphy and Lehnhausen, 1998; Smucker et al., 2005; Gentry 386

and Vierling, 2007; Hutto 2008) or widespread insect attack (Bull, 1983; Matsuoka et al., 2001; 387

Farris et al., 2002; Zack et al., 2002; Martin et al. 2006; Norris and Martin 2008). In addition to 388

cavity-nesting birds, the overall avian community is affected by large-scale natural disturbances 389

through complex shifts in behaviour (Norris and Martin, 2008) and population dynamics 390
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(Matsuoka et al., 2001; Morissette et al., 2002; Smucker et al., 2005; Martin et al., 2006). Large 391

numbers of snags are important for a wide range of species, and although they may serve as nest 392

sites for an extended period, they provide the greatest foraging value in the first few years after 393

the tree dies (Murphy and Lehnhausen, 1998; Farris et al., 2002; Zack et al., 2002). In a study of 394

ponderosa pine snags, Shea et al. (2002) noted a preference by cavity-nesting birds for trees 395

killed by bark beetles, and Bevis and Martin (2002) found cavity-nesting birds preferred 396

ponderosa pine and Douglas-fir snags for nesting. In addition to primary cavity-nesting birds, 397

secondary cavity-nesters such as Flammulated owl (Otus flammeolus) and several species of 398

solitary bats rely on cavities created by primary excavators for nesting and roosting. In BC, 399

Fammulated owls use pure or mixed forests of ponderosa pine and Douglas-fir as foraging and 400

nesting habitat (Van Woudenberg, 1999), relying on snags with cavities for nests and relatively 401

open, patchy forest for foraging. Silver-haired (Lasionycteris noctivagans) and California bats 402

(Myotis californicus) prefer cavities or space beneath sloughing bark on ponderosa pine snags for 403

roosting (Brigham et al., 1997; Betts, 1998) and these features will be enhanced over the next 404

decade but may be in short supply for extended periods thereafter. Many species of bats forage in 405

or along the edges of forest openings (Patriquin and Barclay, 2003) and the more open conditions 406

in pure stands or gaps created in mixed ponderosa pine and Douglas-fir stands should create 407

additional foraging opportunities. Unlike species which require declining trees or snags for 408

foraging, those which use relatively few snags for nesting and which prefer openings or the edges 409

of patchy stands for foraging should benefit from the forest conditions created by the pine beetle 410

outbreak.411

412



19

The role of downed wood in forested ecosystems has been widely recognized (Harmon et al. 413

1986; Bunnell et al., 2002)) and the current pine beetle outbreak is rapidly increasing the amount 414

of downed wood in many stands (Fig 3d). We anticipate very high accumulations of downed 415

wood over the next decade and this, along with increased understory vegetation, will likely 416

enhance habitat quality for small mammals (Manning and Edge, 2004; Smith and Maquire, 2004; 417

Craig et al., 2006). Downed wood is in many ways a keystone structure in forest ecosystems as it 418

represents a long-term reserve of energy and nutrients that will be released over time (Harmon et 419

al., 1986; Bunnell et al., 2002), supporting complex predator-prey systems such as the 420

relationships between ants, pileated woodpeckers (Dryocopus pileatus) and other forest insects 421

(Torgerson and Bull, 1995). However, downed wood levels in ponderosa pine forests appear to 422

be low (Robertson and Bowser, 1999) and our surveys support this perspective. Frequent low 423

severity fires would diminish downed wood levels, alternatively, episodic disturbances which 424

occur at frequencies less than the decay rate of downed wood would promote episodes of high 425

inputs followed by a period of deterioration and finally, a period of low abundance. 426

427

Many species of vertebrate wildlife benefit from the increased abundance or nutritional quality of 428

grass, forbs and shrubs following the removal of overstory trees through harvesting or natural 429

disturbances (Pase, 1958; Halls and Schuster 1965; Dodd et al., 1972; Mitchell and Bartling, 430

1991; Knowles et al. 1999). The ponderosa pine mortality in our study area appears to be 431

increasing the vigour of the understory plant community (Fig. 3c), providing forage that can 432

support a greater abundance of small mammal herbivores (Ostfeld, 1985; Sullivan and Sullivan, 433

2001; Klenner and Sullivan, 2003) and native ungulates (Peek et al., 2002) such as mule deer 434
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(Odocoileus hemionus) or bighorn sheep (Ovis canadensis). In temperate regions that experience 435

snow accumulations greater than 40cm, a mature overstory provides several critical functions on 436

areas of ungulate winter range including snow interception and thermal or security cover 437

(Armleder et al., 1994; Poole and Mowat, 2005). Pure or mixed stands of ponderosa pine in our 438

study area are often important winter range because of their relatively low snow accumulations 439

and shorter duration of snow cover. The extensive loss of mature tree cover in pure stands of 440

ponderosa pine will virtually eliminate the snow interception role these trees currently provide, 441

and compromise thermal and security cover functions as well. The loss of large ponderosa pine 442

will have the greatest impact during winters when snow accumulations exceed 40 cm (Poole and 443

Mowat, 2005), but a future warmer and possibly drier climate in southern BC (Hamann and 444

Wang, 2006) may diminish this requirement. In mixed stands of ponderosa pine and Douglas-fir, 445

the canopy gaps created by overstory mortality will likely provide a more desirable mix of forage 446

and cover, improving ungulate winter range conditions. 447

448

In the current pine beetle epidemic, the extent of the outbreak has made practices (Fettig et al. 449

2007) that could diminish the level of mortality largely ineffective. Hence, the only approach to 450

mitigate the loss of mature live trees is to encourage rapid recruitment. Ponderosa pine stands in 451

our study area are found largely on moisture limiting sites where germination events and seedling 452

survival events are highly uncertain (Savage et al. 1996), but silvicultural interventions (e.g. 453

planting, fertilization, density control; see Smith, 1986) can be applied to promote tree 454

establishment and stand development. Our analysis (Table 5) of tree growth in relation to site 455

index and stand density indicates treatments such as density control are most likely to give 456

desired results on productive sites (e.g. site index ≥ 18) where some large stems ( ≥ 30 cm dbh) 457
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could be expected in 50 years or less if planting, density control and possibly other treatments 458

such as fertilization are applied. Given the overall low productivity of ponderosa pine stands 459

across the study area (Table 4), broadly applied planting or stand tending silvicultural 460

prescriptions would not be cost effective or likely help in achieving desired conditions in a timely 461

manner. Reconnaissance surveys are essential to identify productive sites and to develop 462

appropriate prescriptions. 463

464

A key management objective for the extensive areas severely affected by pine beetle attack is to 465

maintain heterogeneity within and between stands (Hunter, 1990; Fischer et al., 2006). 466

Silvicultural interventions can facilitate the recovery of the mature stand conditions, and 467

encourage the development of mixed species stands where ecologically appropriate. For 468

example, the inclusion of Douglas-fir in the planting mix on sites that previously had pure 469

ponderosa pine may help avoid future stand-replacing losses. As illustrated in Table 6, the loss of 470

mature ponderosa pine in mixed stands during the current outbreak may well represent an 471

enhancement versus the loss of habitat. Although pine beetle attack on ponderosa pine did not 472

appear to be lower in mixed stands, the live Douglas-fir maintain forest cover for species not 473

dependant on ponderosa pine. At a larger spatial scale, between-stand heterogeneity may be 474

accomplished by complementing planting and stand tending silvicultural treatments with 475

activities such as prescribed fire and grazing control of livestock to encourage the development 476

of diverse conditions. Although prescribed fire will reduce levels of downed wood (Stephens and 477

Moghaddas, 2005), the strategic application of prescribed fire would create heterogeneity 478

between stands and diminish the high fuel loads associated with fallen snags. Similarly, grazing 479

control would help to encourage understory heterogeneity (Zimmerman and Neuenschwander 480
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1984) in an ecosystem where livestock grazing is extensive. Salvage logging of stands affected 481

by fire or insect attack is a common practise and may have severe and long-term consequences 482

for biodiversity (Lendenmeyer et al., 2004; Lindenmeyer and Noss, 2006). In our study area, 483

salvage logging of ponderosa pine for timber has not been extensive with only 9 063, 2 969 and 5 484

466 m3 (representing an overall total of approximately 180 ha) harvested in the Kamloops, 485

Cascades and Okanagan-Shuswap districts respectively since the beginning of the pine beetle 486

outbreak. The rapid deterioration of snags, a low demand for ponderosa pine timber and a large 487

supply of pine beetle killed timber from nearby lodgepole pine forests have worked in concert to 488

diminish the role of salvage logging in ponderosa pine forests in our study area, however, other 489

forest products such as forest biofuels (e.g. http://cfs.nrcan.gc.ca/subsite/forest-490

bioproducts/bioenergy ) may become an issue as ponderosa pine forests are accessible and often 491

near urban centers. 492

493

The current episode of pine beetle attack in dry forests of the southern interior represents a 494

significant loss of habitat for many species of wildlife that will take a half-century or more to 495

replace. The impact will be greatest in pure, mature stands of ponderosa pine where high 496

mortality has led to the loss of almost all mature trees, and once snags have fallen, very open 497

early seral conditions will prevail for an extended period. In mixed stands, live mature Douglas-498

fir represent an “insurance” against stand-replacing losses of mature stems and in many respects, 499

the loss of mature ponderosa pine in these mixed stands represents an enhancement versus a loss 500

of habitat. Several insect pests that attack Douglas-fir including Douglas-fir tussock moth 501

(Orgyia pseudotsugata), western spruce budworm (Choristoneura occidentalis) and Douglas-fir 502

beetle (D. pseudotsugae) are common in the study area (MacLauchlan et al. 2007) and will create 503



23

snags on an ongoing basis. Episodic disturbances are not necessarily “unnatural” and are 504

consistent with a mixed-severity disturbance regime that has been proposed for dry forests in our 505

study area (Arsenault and Klenner, 2005; Klenner et al., 2008). In this context, insect attack and 506

tree mortality are key ecological processes that maintain the dynamic and changing nature of 507

forest ecosystems that is critical to a wide range of ecological processes and biodiversity (Pickett 508

and White, 1985).  In the largely managed forest landscape of the 21st century, insect or wildfire 509

disturbances may create conditions that are natural but not compatible with social expectations 510

for a range of values.  Under these conditions, well planned silvicultural interventions can play a 511

role in the re-establishing desired conditions following extensive and severe disturbances.512

513

Management Implications514

515

Management in ponderosa pine stands following the extensive and severe attack by mountain 516

pine beetle should focus on interventions that facilitate the rapid replacement of critical habitat 517

features, maintaining within and between stand heterogeneity across the area of attack, and 518

treatments that promote a mix of tree species where ecologically suitable. Such activities should 519

be undertaken within the context of a strategic habitat planning framework that provides the 520

context for operational applications. Key information necessary for the development of such a 521

framework includes: (1) a systematic assessment of current conditions that quantifies the extent 522

and severity of stand mortality in southern BC, (2) a clear vision for the desired future condition, 523

including the spatial scale of habitat heterogeneity, structural conditions (e.g. open vs. dense 524

stands) and tree species composition, (3) spatially explicit plans that are linked to habitat goals 525
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and objectives, and (4) monitoring treatments to evaluate the efficacy of management 526

interventions to achieve desired conditions.527

528

A key habitat feature that has been lost during the pine beetle outbreak is large mature trees.529

Silvicultural interventions such as planting, density control and fertilization can be applied to 530

accelerate stand development and develop a mature tree overstory more quickly than would occur 531

through natural regeneration alone. Similarly, prescribed fire and livestock control can be applied532

singly or in combination to facilitate the development of between stand heterogeneity, while 533

achieving other objectives such as fuel management or public safety. Habitat management 534

interventions should be applied within a co-ordinated land use planning framework to ensure 535

prescriptions are applied in appropriate areas and diverse conditions are maintained.536
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Tables881

Table 1.  The average % mortality (SE in parentheses) of ponderosa pine from mountain pine and 882

western pine beetle (Dendroctonus sp.) attack between 2005-2008. "Transect level" mortality 883

estimates use the average of the 10 - 12 plots on each of the 12 transects to calculate an average 884

mortality rate.885

886

Table 2. Hectares and proportion (in parentheses) of mixed or pure stands of ponderosa pine 887

stands affected each year by mountain pine and western pine beetle (Dendroctonus sp.) in the 888

Kamloops, Cascades and Okanagan-Shuswap districts from 2005 - 2008. Data from aerial 889

overview surveys (see Maclauchlan et al., 2005).890

891

Table 3. Summary of the area and proportion of ponderosa pine stands affected by mountain pine 892

(Dendroctonus ponderosae) and western pine (D. brevicomis) beetle in the Kamloops and 893

Cascades districts of the study area in relation to crown closure, stand age and stand species 894

composition. Attack severity and extent recorded during systematic overview surveys conducted 895

in 2007 and 2008 (left values are from Kamloops and right values are from Cascades districts, 896

respectively; source: Maclauchlan et al., 2007 and 2008).897

898

Table 4. The hectares and proportion (rounded to integer, in parentheses) of forest stands in the 899

Kamloops district in relation to estimated site index (height in m at age 50).  900

901

Table 5. Estimated growth rates for ponderosa pine in relation to site index (height in m at age 902

50) and stocking density based on 1TIPSY growth projections. For each site index – stand density 903
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combination, the left value represents the estimated years required to reach a stand-level average 904

dbh ≥ 30 cm, the right value represents the years required for the 10 largest trees ha-1 to reach ≥ 905

30 cm dbh.906

907

Table 6. Summary of predicted changes in key ponderosa pine habitat features and associated 908

wildlife resulting from death of most mature overstory trees in the current mountain pine beetle 909

epidemic in 1pure and mixed stands of ponderosa pine and Douglas-fir. The projected increases 910

or decreases in habitat structure reflect structural changes that would result from the high 911

mortality rates documented in Table 1. Less severe attack would diminish the level of habitat 912

change. Symbols (+  -  = ) refer to increases, decreases and no change from conditions prior to 913

the pine beetle outbreak.914

915

916

917

918
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Figure Captions919

Fig. 1.  Overview of the study area illustrating the distribution of stands containing ponderosa 920

pine (black, 505 682 ha) within the study area (6,020,592 ha). Star on the lower and upper left 921

left insert diagrams indicates the location of the city of Kamloops (51o 45’ N; 120 o 20’ W).  K, C 922

and O indicate the Kamloops, Cascades and Okanagan-Shuswap BC Ministry of Forests and 923

Range districts. Upper left insert indicates the location of 133 survey plots distributed across 12 924

transects.925

926

Fig. 2.  Examples of pure ponderosa pine stands affected by pine beetle (Dendroctonus sp.), 927

illustrating attack in (a) dense immature stands and (b) mature open stands.  Loss of live crowns 928

with increased vigour of the understory illustrated in (c) and early evidence of a rapid fall rate of 929

snags (d) as indicated by decomposition and stem breakage in 2008, two years following attack.930

931

Fig. 3.  Mortality rates of (a) small ponderosa pine (≤ 30 cm dbh) and (b) large trees (> 30 cm 932

dbh) in relation to stand basal area. Each symbol represents data from one field survey plot (see 933

Methods). Significant Pearson  r correlation between BA and small tree mortality (r = 0.40, P < 934

0.001, n = 111) , and a weak correlation (r = 0.23, P = 0.06, n = 111) between BA and large tree 935

mortality.936

937

Fig. 4.  Relationship between the estimated 2008 average transect-level mortality rate of 938

ponderosa pine > 7.5 cm dbh and cumulative severity estimates from aerial overview surveys 939

between 2005 and 2008.  Dashed line represents 1:1 relationship.940



Table 1.  The average % mortality (SE in parentheses) of ponderosa pine from mountain 
pine and western pine beetle (Dendroctonus sp.) attack between 2005-2008. "Transect 
level" mortality estimates use the average of the 10 - 12 plots on each of the 12 transects 
to calculate an average mortality rate.

Plot Level Transect Level

Stem 
Diameter       
(d.b.h.)

n 2007 12008 n 2007 12008 

3m ht. to <7.5 96 22.7 (2.9) n/a 12 23.6 (4.7) n/a

7.51 – 15 cm 102 42.4 (3.3) 53.0 (3.6) 12 45.7 (5.5) 55.2 (5.8)

15.1 – 30 cm 117 81.3 (2.6) 85.6 (2.4) 12 81.6 (3.4) 85.8 (3.10)

> 30 cm 119 94.1 (1.4) 94.9 (1.4) 12 94.4 (2.2) 94.7 (2.0)

12008 estimate based on red foliage in 2007 plus green attack stems tallied in 2007 
(numerous pitch tubes on bole) which would likely die by 2008. Green attack not 
recorded for stems <7.5 cm dbh, hence estimated 2008 mortality not available.

Table 1



Table 2. Hectares and proportion (in parentheses) of mixed or pure stands of ponderosa 
pine stands affected each year by mountain pine and western pine beetle (Dendroctonus 
sp.) in the Kamloops, Cascades and Okanagan-Shuswap districts from 2005 - 2008. Data 
from aerial overview surveys (see Maclauchlan et al., 2005).

1Attack Severity

District Ha of 
PIPO 
Forest

Annual Area 
of Insect 
Attack

Light                  Moderate     Severe              V. Severe     

Kamloops
2005 2558 (1.8) 1802 (1.2) 648 (0.4) 75 (0.1) 34 (<0.01)
2006 34682 (24.0) 18684 (13.1) 13025 (9.0) 2196 (1.5) 562 (0.4)
2007 52161 (36.1) 23128 (19.0) 17283 (11.9) 6722 (4.6) 925 (0.6)
2008 38514 (26.6) 19204 (21.1) 6546 (4.5) 895 (0.6) 614 (0.4)

2Total area 144681 79170 (54.7) 37410 (25.8) 30326 (21.0) 9310 (6.4) 2125 (1.5)

Cascades
2005 2052 (1.0) 1457 (0.8) 358 (0.2) 6 (<0.01) 51 (0.01)
2006 10051 (4.7) 6499 (3.4) 2485 (1.2) 187 (0.1) 43 (0.01)
2007 14079 (6.6) 7607 (3.7) 4960 (2.3) 1116 (0.5) 151 (0.1)
2008 71651 (33.7) 36575 (19.6) 24176 (11.4) 4670 (2.2) 1015 (0.5)

Total area 212760 79586 (37.4) 43289 (20.3) 29204 (13.7) 5886 (2.8) 1208 (0.6)

Okanagan
-Shuswap

2005 296 (0.2) 120 (0.1) 94 (0.1) 0 (0.0) 0 (0.0)
2006 2090 (1.4) 1308 (0.9) 337 (0.2) 340 (0.2) 104 (0.1)
2007 8567 (5.8) 6063 (4.8) 1195 (0.8) 202 (0.1) 132 (0.1)
2008 11110 (7.5) 8305 (6.5) 1288 (0.9) 27 (<0.01) 136 (0.1)

Total area 148201 16437 (11.1) 12824 (8.7) 2732 (1.8) 556 (0.4) 325 (0.2)

1 Severity Classes: Light = <1 – 10% mortality, Moderate = 11 - 29%, Severe = 30 - 50%, 
Very severe ≥ 50%
2 Total area represents the overall extent of the attack between 2005 -2008, corrected for 
overlap of areas attacked annually. 

Table 2



Table 3. Summary of the area and proportion of ponderosa pine stands affected by 
mountain pine (Dendroctonus ponderosae) and western pine (D. brevicomis) beetle in the 
Kamloops and Cascades districts of the study area in relation to crown closure, stand age 
and stand species composition. Attack severity and extent recorded during systematic 
overview surveys conducted in 2007 and 2008 (left values are from Kamloops and right 
values are from Cascades districts, respectively; source: Maclauchlan et al., 2007 and 
2008).

Total (ha) % Type
Attacked

Light Moderate   Severe   V. Severe

2 CC  5  - 15 39 179 26 720 14.1 56.1 5.5 32.0 5.3 19.6 2.9 3.8 0.4 0.7
CC  16 - 25 17 070 51 444 28.4 27.8 10.3 17.0 11.3 8.2 5.8 2.3 1.0 0.3

CC  > 25            88 432 134 596 32.9 31.5 16.9 18.2 11.4 11.0 4.2 1.8 0.4 0.5
Total 144 681 212 760

Age 0-60     1 862 12 224 25.4 93.1 15.1 55.6 8.0 30.1 2.0 6.4 0.3 1.0
Age 61-120     38 137 73 328 28.7 34.7 11.5 20.4 11.1 11.2 5.7 2.4 0.4 0.7

Age >120      104 682 127 208 29.6 27.4 10.2 15.7 11.9 9.7 6.5 1.7 1.0 0.3
Total 144 681 212 760

PIPO ≤ 30% 74 400 129 372 32.8 39.3 17.1 24.0 9.8 12.4 2.9 2.4 3.0 0.5
PIPO 30-70% 28 479  37 374 24.8 29.2 11.4 14.5 8.4 11.8 4.3 2.2 0.7 0.7

PIPO ≥ 70% 41 802 46 014 28.1 21.9 13.6 11.7 10.2 8.2 3.9 1.6 0.4 0.4
Total 144 681 212 760

1 Severity Classes: Light = <1 - 10%, Moderate = 11 - 29%, Severe = 30 - 50%, Very 
severe ≥ 50%

2 CC, Age and PIPO represent the % crown closure (vertical crown projection estimate), 
stand age and proportion of ponderosa pine of the stand as identified in forest inventory 
mapping.

Table 3



Table 4. The hectares and proportion (rounded to integer, in parentheses) of forest stands 
in the Kamloops district in relation to estimated site index (height in m at age 50).

Proportion of ponderosa pine in the stand

1Site Index       ≤ 30%           30  -  70%         ≥ 70%          Total ha

≤ 7 781 (1) 816 (2) 2 212 (6) 3 810 (3)

8 - 11 35 507 (45) 18 360 (67) 24 311 (65) 78 177 (54)
12 - 15 36 101 (46) 7 887 (29) 9 633 (26) 53 614 (37)
≥ 16 7 107 (8) 745 (2) 1 226 (3) 9 078 (6)

Total 79 495 27 804 37 382 144 681

1Source: BC Ministry of Forests and Range Vegetation Resources Inventory 

(http://www.for.gov.bc.ca/hts/vri/intro/index.html )

Table 4
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Table 5. Estimated growth rates for ponderosa pine in relation to site index (height in m 
at age 50) and stocking density based on 1TIPSY growth projections. For each site index 
– stand density combination, the left value represents the estimated years required to 
reach a stand-level average dbh ≥ 30 cm, the right value represents the years required for 
the 10 largest trees ha-1 to reach ≥ 30 cm dbh.

Site Index Number of uniformly spaced stems per hectare (m between stems)
278 (~6m) 600 (~4m) 1200 (~3m) 2400 (~2m)

9 157 113 200 119 250 131 250 145
12 111 83 145 85 250 94 250 103
15 85 65 108 67 178 73 225 80
18 68 53 86 55 134 60 162 65
21 57 44 71 46 106 50 125 54
24 48 38 59 39 86 42 100 45

1Source:  http://www.for.gov.bc.ca/hre/gymodels/TIPSY/index.htm
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Table 6. Summary of predicted changes in key ponderosa pine habitat features and associated wildlife resulting from death of most mature overstory trees in the current mountain pine beetle 
epidemic in 1pure and mixed stands of ponderosa pine and Douglas-fir. The projected increases or decreases in habitat structure reflect structural changes that would result from the high mortality 
rates documented in Table 1. Less severe attack would diminish the level of habitat change. Symbols (+  -  = ) refer to increases, decreases and no change from conditions prior to the pine beetle 
outbreak.

Years Since Current Pine Beetle Disturbance
Pure Stands                  Mixed stands

Habitat feature 1-5 6-20 21-50 1-5 6-20 21-50 Examples of species or 
functional groups

Source

Large (>30 cm dbh) live 
trees

  -  -   -  -     -    -      -     = Clark’s Nutcracker
Pygmy Nuthatch
White-headed woodpecker

- Kingery and Ghalambor, 2001;  Bull and Wales, 2001; Cannings et 
al., 1987

Large declining tree or 
recent snags - foraging

+ +     -   -  -    +    -     = Hairy woodpecker
Pileated woodpecker
Avian communities

- Bull, 1983; Matsuoka et al., 2001; Farris et al., 2002; Zack et al., 
2002; Martin et al., 2006; Norris and Martin, 2008
- Matsuoka et al., 2001; Morissette et al., 2002; Smucker et al., 
2005; Martin et al., 2006
- Murphy and Lehnhausen, 1998; Farris et al., 2002; Zack et al., 
2002

Large snags - nesting   + +    =    -  -   + +    =    = Primary cavity nesters 
(woodpeckers)
Secondary cavity nesters, 
(bats, owls)

- Bull, 1983; Matsuoka et al., 2001; Farris et al., 2002; Zack et al., 
2002; Martin et al., 2006; Norris and Martin, 2008
- Van Woudenberg, 1999; Brigham et al., 1997; Betts, 1998; 
Patriquin and Barclay, 2003

Large downed wood     + + +    +    =    +    + Small mammals, carabid 
beetles

Harmon et al., 1986; Bunnell et al., 2002

Abundant understory   + + + +    +    +    =    = Microtine rodents
Ungulates - summer

- Ostfeld, 1985; Sullivan and Sullivan, 2001; Klenner and Sullivan, 
2003
- Peek et al., 2002

Snow interception and 
mosaic of forage, thermal 
and security cover

  -  - -  -     -    +    +    = Ungulates - winter Armleder et al., 1994; Poole and Mowat, 2005

1 Pure refers to stands in the study area where > 70% of the tree species composition is classified as ponderosa pine in the BC Vegetation Resources Inventory.
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Fig. 1.  Overview of the study area illustrating the distribution of stands containing ponderosa pine (black, 
505 682 ha) within the study area (6,020,592 ha). Star on the lower and upper left left insert diagrams 
indicates the location of the city of Kamloops (51o 45’ N; 120 o 20’ W).  K, C and O indicate the Kamloops, 
Cascades and Okanagan-Shuswap BC Ministry of Forests and Range districts. Upper left insert indicates 
the location of 133 survey plots distributed across 12 transects.
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Figure 2.  Examples of pure ponderosa pine stands affected by pine beetle (Dendroctonus sp.), illustrating 
attack in (a) dense immature stands and (b) mature open stands.  Loss of live crowns with increased vigour 
of the understory illustrated in (c) and early evidence of a rapid fall rate of snags (d) as indicated by 
decomposition and stem breakage in 2008, two years following attack.

Figure 2



Fig. 3.  Mortality rates of (a) small ponderosa pine (≤ 30 cm dbh) and (b) large trees (> 30 cm dbh) in 
relation to stand basal area. Each symbol represents data from one field survey plot (see Methods). 
Significant Pearson  r correlation between BA and small tree mortality (r = 0.40, P < 0.001, n = 111) , and 
a weak correlation (r = 0.23, P = 0.06, n = 111) between BA and large tree mortality.

Figure 3



Fig. 4.  Relationship between the estimated 2008 average transect-level mortality rate of ponderosa pine > 
7.5 cm dbh and cumulative severity estimates from aerial overview surveys between 2005 and 2008.  
Dashed line represents 1:1 relationship.
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