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Introduction  134 

The Washington Department of Fish and Wildlife (hereafter the Department) is instructed to 135 
identify “at-risk” ungulate herds as defined by their 2015-2021 Game Management Plan 136 
(hereafter, GMP) and assess limiting factors to identify potential management alternatives to aid 137 
rebuild the herd .  The Blue Mountains elk herd is managed within ten percent of 5,500 (4,950-138 
6,050) animals as described in the recently adopted (2020) Blue Mountains Elk herd plan (Fig. 1). 139 
Managers annually collect and review population abundance, demographic, and harvest data to 140 
adjust hunting opportunity to maintain the Blue Mountains elk herd within this objective. When 141 
populations are 25% or more below herd objective for two consecutive years, or if harvest 142 
decreases by 25% below the ten-year average for two consecutive years, then the population is 143 
considered “at-risk” (Washington Department of Fish and Wildlife 2015). This document will 144 
determine if the Blue Mountains elk herd should be designated as “at-risk”, assess the viability of 145 
carnivore/ungulate management, and develop carnivore management alternatives.   146 

 147 

Figure 1. Blue Mountains Elk Herd with all Game Management Units (GMUs) identified and core 148 
GMUs highlighted in dark gray. Boundary of continuous habitat between Washington and Oregon 149 
illustrated within red polygon.  150 
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The Blue Mountains elk herd has a long history of annual population monitoring; therefore an “at-151 
risk” designation will be determined from population estimates and not harvest metrics. The 152 
Department conducts aerial sightability corrected abundance estimates using a stratified random 153 
sampling design. Sightability models apply group-specific correction factors to observational 154 
count data to account for groups which were likely missed during the survey (McCorquodale et al. 155 
2013). Correction covariates include group size, percent snow cover, and percent canopy cover 156 
(e.g., smaller groups in thick canopy cover are difficult to detect compared with large groups in 157 
the open). Sample units are classified a priori by expected density (high ≥ 86 elk, medium 36-85 158 
elk, low < 36) and sampling allocation focuses on a greater proportion of the high-density units to 159 
be flown in comparison to medium or low (e.g., annual survey goals are to fly 100% of high, 80% 160 
of medium, 50% of low). In-flight covariate data are recorded to inform the abundance corrections 161 
and total abundance (including un-flown units) is estimated from flown units within stratum. 162 

The elk population in the Blue Mountains is suited for sightability surveys, although variance and 163 
precision of annual population estimates are influenced by model assumptions and inherent 164 
methodological weaknesses. This elk herd ranges across 3,500 square miles (11 GMUs) and shares 165 
continuous habitat with Oregon on the herd’s southern border. Elk move freely across this political 166 
boundary and although surveys are restricted by winter conditions, the population is not 167 
geographically and demographically closed between years. Immigration and emigration from 168 
Washington and Oregon occur and may affect annual population abundance estimates. 169 
Furthermore, snowpack and weather influence elk habitat selection, their distribution on the 170 
landscape and survey conditions. Such annual variation may alter local densities at the sampling 171 
unit scale resulting in unit misclassification (e.g., a unit expected to belong to the medium density 172 
stratum can, temporarily, become low or high density during the survey). The impact of 173 
misclassification on the total estimate can be compounded by the fact annual estimates are 174 
extrapolated from a fraction of the units in the low and medium strata that were flown in any given 175 
year. 176 

Managers attempt to minimize sources of sampling error, but it is not uncommon for sightability 177 
models to have sampling uncertainty contribute largely to the variations in annual point estimates 178 
as illustrated by the associated 90% confidence intervals. This is a potential explanation for the 179 
population estimate fluctuation from 2020 to 2021. Given the shortfalls described above, data 180 
trends are more valued as compared to a single point estimate. Population trend with annual point 181 
estimates will be considered when evaluating “at-risk” status for the Blue Mountains elk herd.  182 

The “at-risk” designation prompts the Department to perform an assessment in concert with the 183 
predator-prey guidelines outlined in the GMP. This includes providing evidence of predation as 184 
the principal limiting factor inhibiting the prey population from maintaining population objectives. 185 
Population dynamics occur in complex ecological systems involving many independent and 186 
interactive factors such as age specific vital rates (e.g., survival and reproduction), climate (e.g., 187 
severe drought or winter), bottom-up (e.g., nutrition, habitat), and top-down (e.g., predation and 188 
harvest) forces which vary depending on population densities and life stage (Proffitt et al. 2015). 189 
Johnson (2019) illustrates this entanglement with an example of climate influence on ungulate 190 
survival directly through exposure (e.g., hypothermia), or indirectly from increased vulnerability 191 
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of prey to predation due to loss of mobility in deep snow (i.e., top-down), or by the varying 192 
amounts and timing of precipitation and temperature limiting nutritional resources (i.e., bottom-193 
up).  194 

Furthermore, mortality within the population due to a given factor does not necessarily provide 195 
evidence of it being additive or reducing the population’s survival rate. One mortality factor may 196 
simply off-set another resulting in compensatory mortality with survival rates remaining 197 
unchanged. For example, an elk that succumbs to predation (a top-down factor) in the winter 198 
because of poor physical condition (a result of bottom-up food limitation) and reduced mobility in 199 
deep snow (an abiotic factor) would be considered a compensatory mortality. Under these 200 
circumstances, this mortality was likely to occur independent of the predation event, resulting in 201 
no change in the population’s survival rate. Conversely, if the elk entered winter in adequate 202 
condition and was predated upon nonetheless, then this mortality would be considered additive as 203 
it is likely to reduce the survival rate of the population. Collecting data to determine additive versus 204 
compensatory mortality requires dedicated research with clear objectives over a timeframe of 205 
multiple years.  206 

Large, multi-year research projects undertaken to disentangle the relative impacts of predation, 207 
habitat quality, and abiotic factors on ungulate population dynamics have frequently produced 208 
complicated, situation-specific results that limit their direct application to other predator-prey 209 
systems. Nonetheless, there is an expansive body of knowledge of elk population dynamics within 210 
the scientific literature and our “at-risk” assessment will rely on this work along with existing Blue 211 
Mountains survey estimates, harvest data, and research to inform the assessment.  212 

Problem Statement  213 

The Blue Mountains elk herd declined by approximately 20% from 2015 to 2017. The herd has 214 
been unable to reach desired population levels despite reductions of antlerless harvest to increase 215 
adult female survival and was estimated at 25% below its population management objective in 216 
2019. The population trended modestly upward in 2020 to 4,614 with the abundance estimate 217 
being only 16% below objective, but the 2021 survey estimate of 3,600 was 35% below. 218 
Differences in abundance estimates from 2020 to 2021 are likely due to survey sampling variance 219 
as discussed in the introduction. Regardless, the Blue Mountains elk herd does not provide a 220 
consistent indication of reaching its potential and remains well below management objective (Fig. 221 
2).  222 



WDFW                                                              8                                                             July 2021 
 

 223 
Figure 2. Blue Mountains elk herds population estimates with 90% confidence intervals and 224 
LOESS* smoothing derived from spring aerial surveys from 1991-2021. Line representations are, 225 
solid line equals herd population objective, dashed lines equal +/- 10% of objective and dot-dashed 226 
line equals 25% below objective or “at-risk” threshold. Aerial surveys were not conducted in 2005 227 
and 2018. 228 
 229 
*Locally estimated scatterplot smoothing (LOESS) is a common technique applied when fitting a curve to data. This 230 
process in similar to fitting a line to data using least squares regression but applies an iterative moving window to fit 231 
lines or polynomials across a weighted subset of data. This technique will generate a curve and confidence interval 232 
which best fits the given data. The LOESS function in R version 4.0.3 has been used for all plots illustrating LOESS 233 
which applies a polynomial to generate the smoothing line (gray curve) and 95% confidence interval (gray band). A 234 
demonstration of this technique can be viewed at: https://www.youtube.com/watch?v=Vf7oJ6z2LCc 235 
 236 
While not explicitly identified as a management objective within the Blue Mountains Elk Herd 237 
Plan or assessment criteria in the GMP, persistently low numbers of juvenile elk surviving to one 238 
year of age (hereafter recruitment) since 2017 is a concern. Recruitment ratios (juveniles per 100 239 
adult females) are not established objectives because they are inherently variable year to year, 240 
however, ratio data provides a useful index to managers on the potential for an elk population to 241 
grow, remain stable, or decline (Bender, 2006). Recruitment ratios observed from 2017-2021 were 242 
22 (± 3.0) or 11% below the 30-year average of 24.7 (± 1.7) juveniles per one hundred adult 243 
females. Ratios of greater than 25-30 are generally required, dependent on adult female survival 244 
rates, to promote population growth. Therefore, population is not expected to reach its objective 245 
while recruitment remains at this level (Raithel et al. 2007; McCorquodale et al. 2011; Brodie, 246 
2013; Hatter, 2020). We have not observed indications of rebounding  and we expect a stable but 247 
below objective or declining population trend; therefore, the herd is considered “at-risk”, and an 248 
assessment has been initiated. 249 
 250 
This assessment reviews current literature and available data for each potential limiting factor 251 
independently and attempts to eliminate those which do not appear to be significant, narrowing 252 

https://www.youtube.com/watch?v=Vf7oJ6z2LCc
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focus to only those which may be inhibiting population growth. A brief overview, presentation of 253 
available data, and discussion will be presented for the following topics:  254 

• Survival 255 
• Carnivore Impacts 256 
• Habitat Condition 257 
• Human Use Impacts  258 
• Climatic Impacts 259 

The “at-risk” assessment provides documentation of the review of population limiting factors and 260 
proposed management action and monitoring to aid in rebuilding the Blue Mountains elk herd 261 
population. If carnivore management is adopted as a management strategy to aid elk reach 262 
management objectives, then management implementation will occur in the Fall of 2022 and the 263 
Department will continue for 2-4 years with continued monitoring of both elk and carnivore 264 
species to determine management effectiveness.   265 

Survival 266 

For long-lived species such as elk, adult female survival has the greatest impact on population 267 
dynamics (i.e., a force that stimulates change such as increasing or decreasing population size). 268 
For example, equivalent changes in other vital rates such as reproduction (i.e., fecundity) and 269 
recruitment will not have as large of an impact on population growth rates (i.e., change in 270 
population over a specific unit of time, often annual growth rate) as adult female survival (Morris 271 
& Doak 2002). Wildlife managers may influence population size by manipulating harvest of 272 
primarily adult female elk due to their greater impact on population dynamics relative to adult 273 
males (Morris & Doak 2002). Moreover, in a study of western elk populations, harvest was the 274 
only source of mortality that induced an absolute change in adult female survival (Brodie et al. 275 
2013). Generally, harvest tends to target prime-aged females that have a high reproductive value 276 
and subsequently greater impact on population growth rates (Evans et al. 2006; Wright et al. 2006). 277 
Whereas predation mortality is often distributed across different age and sex classes that include 278 
less reproductively valuable individuals such as the young and old (Evans et al. 2006; Wright et 279 
al. 2006). In areas where the predator community is diverse, wildlife managers were inclined to 280 
reduce harvest of adult female elk to compensate for increased predator-caused mortality (Brodie 281 
et al. 2013). However, in areas where harvest is already minimal, reducing harvest will have little 282 
to no effect on populations that are experiencing additive mortality from predators.  283 

While we recognize the potential for adult female survival to dramatically change population 284 
growth rates, this vital rate is generally robust in most elk populations (Gaillard et al. 285 
2000; Raithel et al. 2007). Juvenile survival is highly variable and thus, survival of calves to one 286 
year of age often determines population trajectories (Gaillard et al. 2000; Raithel et al. 2007). 287 
Variability in juvenile survival is a combination of multiple factors that interact to cause annual 288 
fluctuations in juvenile mortality rates. Proximate cause of mortality of juvenile elk is 289 
predominantly predation (Griffin et al. 2011). However, climate and habitat may interact with 290 
predation to influence vulnerability of juveniles to predator-caused mortality (Griffin et al. 2011). 291 
So, while predation is implicated as the leading cause of mortality, climate and habitat may 292 
ultimately drive population dynamics (Brodie et al. 2013). This interaction among climate, habitat, 293 
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and predation presents challenges to increasing juvenile survival with management strategies that 294 
only focus on a single source of mortality. Additionally, isolating each factor that affects juvenile 295 
survival requires long-term, intensive, and expensive research efforts. Without dedicated research 296 
to investigate the degree to which these factors interact and ultimately drive population dynamics, 297 
wildlife managers rely on indices such as calf-cow ratios rather than direct measures of juvenile 298 
survival and recruitment to identify populations that are at risk. Using calf-cow ratio data will 299 
only identify trends in population growth rates and are not useful for identifying specific drivers 300 
of those population trends.  301 

Blue Mountains Elk Herd Survival  302 

The severe winter of 2017 coincided with a reduction in the adult female population from a near 303 
high in 2016 (3,346) to a record low of 2,619 in 2017 which is well below the 30-year average of 304 
3,071 (Figure 3). The population is continuing a downward trend and rebuilding the adult female 305 
population is essential to bring the Blue Mountains elk herd out of “at-risk” status. The two-306 
essential components in achieving this goal involve reducing antlerless harvest to increase prime-307 
aged adult female survival and increasing recruitment.  308 

Given the severe winter conditions of 2017, adult female population reduction was not consistent 309 
throughout the core Blue Mountains elk GMUs (154, 157, 162, 166, 169, 172, 175 hereafter core 310 
GMUs: Fig. 1). Interestingly, some core GMUs (154, 172) retained much of the adult female 311 
population despite winter severity (described under climate) being consistent throughout the herd’s 312 
range. Based on survey results, all other GMUs experienced declines in cow numbers, in addition 313 
to declines in calf to cow ratios (Fig. 4). 314 

 315 

 316 
Figure 3. Adult female elk population with 90% confidence intervals and LOESS smoothing 317 
derived from spring aerial surveys from 1991-2021. Aerial surveys were not conducted in 2005 318 
and 2018. 319 

 320 

 321 

 322 
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 323 
Figure 4. GMU specific adult female elk point estimates illustrating population trend using 324 
LOESS smoothing derived from spring aerial surveys from 1991-2021. Left panel depicts GMUs 325 
with increasing or stable populations since 2017. Right panel depicts GMUs with decreasing 326 
populations since 2017. Aerial surveys were not conducted in 2005 and 2018. The low value in 327 
GMU 172, 2017, was due to 442 animals being unclassified, resulting in a much lower count of 328 
adult female elk. 329 

 330 

The Department has attempted to maintain and increase adult female population levels by reducing 331 
annual recreational and damage antlerless harvest. Initially, recreational antlerless permit 332 
reductions were conservative with 10% in 2017 (220 permits) but annual incremental decreases 333 
continued and by 2020 permits were reduced by 75% (61 permits) when compared to 2016 (244 334 
permits) within the core Blue Mountains elk GMUs. All general season archery antlerless 335 
opportunity was removed from the core GMUs in 2018.  336 

Damage permits allow for antlerless-only harvest and is regulated by Washington Administrative 337 
Code 220-440-200 (hereafter WAC 220). Damage harvest is not as flexible to management 338 
manipulation when compared to recreational harvest since it involves the variability of elk use 339 
resulting in damage to commercial crops and the social tolerance of the landowner. Once crop 340 
damage occurs, the Department and the landowner negotiate compensation which may result in 341 
antlerless permits or monetary reimbursements. The ability for the Department to completely 342 
remove antlerless harvest due to damage is not a viable option, but attempts can be made to reduce 343 
the level of damage permits issued. Damage harvest was controlled by the Department’s 344 
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Enforcement Program until 2011 when it was transitioned to the Wildlife Program’s Conflict 345 
Section, therefore harvest record systems were not consistent until 2011.  346 

The Nez Perce and Confederated Tribes of the Umatilla Indian Reservation (hereafter CTUIR) 347 
exercise their treaty hunting rights on all public lands within the Blue Mountains. Reporting of 348 
their harvest activity is not required, and data is not collected by tribal governments. The 349 
Department conducted radio-collared survival research from 1990-1995 and 2003-2006 and 350 
findings from both efforts suggests tribal harvest of adult females is relatively low. Although, it 351 
has been suggested harvest has increased over the last 3-5 years, but this cannot be quantified or 352 
verified. (WDFW, 2001; McCorquodale et al. 2011, personal communication, Paul Wik, WDFW).  353 

The Department’s antlerless harvest (recreational and damage) has decreased to its lowest levels 354 
in 20-years with the last three years being 58% less than the 2000-2016 average. (Fig. 5). Antlerless 355 
harvest that remains has been predominately in GMU 154, with minimal levels in GMUs 162, 172 356 
and 175 and no harvest in GMUs 157, 166 and 169 (Fig. 6). Most harvest in GMU 154 occurs 357 
south of Mill Creek adjacent to the border with Oregon. In this area, a large group of elk 358 
(approximately 400), cause regular crop damage and move between states depending upon 359 
pressure. The reduction of elk numbers in this small area is still a priority for both states. 360 

 361 

 362 
Figure 5. The Department’s recreational and damage core GMU antlerless elk harvest from 2000 363 
to 2020. Estimates of damage harvest are only available for 2011-2020. 364 
 365 
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 366 
Figure 6. The Department’s antlerless elk harvest by GMU from 2010 to 2020. Core GMUs not 367 
represented had zero harvest during this period.  368 

 369 

The Department does not have current estimates of adult female or juvenile survival, with the most 370 
recent documentation occurring during 2003-2006 and 1993-1997, respectively. Adult sample 371 
sizes were small (n=39) but estimates of annual survival rates for prime-aged females was 0.81 372 
(0.70 – 0.88) (McCorquodale et al. 2011). This estimate is comparable to other hunted populations 373 
with survival of adult females estimated at 0.85 (+/- 0.005) across several western U. S. 374 
populations. Moreover, Brodie (2013) established survival estimates when hunting harvest is 375 
removed but predation by cougar and wolves remains, as is the situation in the Blue Mountains, 376 
and survival rates increased to 0.934 (+/- 0.006). Myer (1999) observed an average annual juvenile 377 
survival rate of 0.47 when monitoring 240 calves between 1993 to 1997 (range .41 to .55). These 378 
values are typical with ranges of 0.17 to 0.57 being reported (Johnson et al. 2019, Barber-Meyer 379 
et al. 2008). 380 

The Department is attempting to promote population growth by reducing recreational and damage 381 
antlerless harvest throughout the core GMU’s where possible. Although, juvenile recruitment that 382 
exceeds adult female mortality is necessary to influence population growth (Raithel et al. 2007). 383 
McCorquodale (2011) and Brodie (2013) have provided informed estimates of adult female 384 
survival, which will aid in our understanding of recruitment rates required to rebuild this 385 
population. The original Hatter and Bergerud recruitment-mortality equation provides a method to 386 
illustrate these dynamics (Hatter, 2020). Where in this example, lambda will equal the female 387 
population growth rate with values of 1 representing population stability, and less than or greater 388 
than 1 illustrating population reduction or growth, respectively. For this exercise, M represents 389 
adult female mortality rates and R equals recruitment represented as a ratio (e.g., 30 juveniles/100 390 
adult females = .30) multiplied by 0.5 to account for a 50:50 sex ratio.  391 
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 392 

The Blue Mountains still maintains some antlerless elk harvest through the Department recreation 393 
and damage permits as well as unknown levels of Tribal harvest, therefore it should not be 394 
considered an unharvested population. Given the adult female survival bounds suggested by 395 
Brodie (2013), the slightly lower estimate provided by McCorquodale (2011), and reduced but 396 
continued antlerless harvest by the Department, CTUIR and the Nez Perce Tribe, an estimate of 397 
current adult female survival of 0.87-0.88 would be a reasonable approximation. If adult female 398 
survival is near these levels (e.g., 0.12-0.13 adult female mortality) then stability would be 399 
achieved if juvenile recruitment were at 25 juveniles per 100 adult females assuming a 50:50 sex 400 
ratio. Recruitment of approximately 12-13 female juveniles per 100 adults annually will 401 
compensate for the losses in the adult female population. The true survival rate is unknown, but 402 
this exercise creates a benchmark of 25 juveniles per 100 adult females as population stability. 403 
Increases or decreases from the benchmark should translate to population growth or reduction and 404 
provide an understanding of the requirements necessary for rebuilding this herd.  405 

The Blue Mountains adult female population has remained relatively stable and generally above 406 
3000 animals between 1991 to 2016, after which a decreasing trend began in 2017 that has been 407 
difficult to reverse despite significant reductions in antlerless harvest (Fig. 3-6). Recruitment has 408 
averaged 24.7 juveniles to 100 adult females over the last 30 years, and significant gains will be 409 
difficult to achieve with recruitment at this level (Fig. 7). These data are consistent with research 410 
documented in Lukas (2018) which evaluated changes in elk recruitment across 7 states and 3 411 
ecotypes between 1989-2010. They found recruitment in northern mountain ecotypes, which 412 
include Washington, Oregon, Idaho, and Montana, to be the lowest across the western United 413 
States with an average of 30.8, while also documenting the lowest ratio of 25.1 in Washington.  414 

 415 
Figure 7. Recruitment ratios with 90% confidence intervals and LOESS smoothing derived from 416 
March aerial surveys from 1991-2021. Gray horizontal line represents recruitment required to 417 
maintain adult female population stability (25 juveniles per 100 adult females) if survival rates are 418 
held near 0.87-0.88 419 
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The Blue Mountains 30-year herd wide average of 24.7 juveniles per 100 adult females provides 420 
an example of the long-term potential for recruitment. Moreover, herd wide recruitment rates 421 
during the last five years are within this range, but consistency is not observed across all core 422 
GMUs. Two core GMUs are well below the 30-year average with GMUs 162 and 166 averaging 423 
16.5 juveniles per 100 adult females from 2017-2021, with a range from 12-21 and 14-19, 424 
respectively. During this time other GMUs have remained near maintenance levels with 154 and 425 
172 averaging 24.3 and 24.5 with a range of 19-28 and 16-30, respectively (Fig. 8). Furthermore, 426 
the adult female component within these GMUs have substantially different population trends with 427 
GMUs 162 and 172 illustrating the most divergence (Fig. 9). These data indicate some portions of 428 
the Blue Mountains elk herd are maintaining stability or growth while other GMUs are declining 429 
(Table 1).  430 

Since 2017, attempts to increase adult female survival and overall population by reducing 431 
antlerless harvest has shown mixed success throughout the core GMUs. As suggested by our 432 
benchmark of adult female population stability, those GMUs with recruitment averages of 24-25 433 
since 2017 with one year greater than 28 have stable or increasing populations (Table 1, Max 434 
Recruitment). Conversely, GMUs below the benchmark recruitment average have adult female 435 
populations which illustrate a declining trend. In response to these declines, GMUs 162, 166, and 436 
175 have minimal or no Department antlerless harvest to potentially increase adult female survival. 437 
Continued management actions to support population recovery should focus on these specific 438 
GMUs and include alternatives which attempt to reduce mortality of prime-aged females and 439 
promote recruitment. 440 

 441 

  442 
Figure 8. GMU comparison of recruitment ratios and LOESS smoothing derived from March 443 
aerial surveys from 2002-2021. Gray horizontal line represents recruitment required to maintain 444 
adult female population stability if survival rates are held near 0.87-0.88  445 

  446 

 447 
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 448 
Figure 9. GMU comparison of adult female population with downwards and stable trends with 449 
LOESS smoothing derived from March aerial surveys from 2002-2021. Aerial surveys were not 450 
conducted in 2005 and 2018. A low value in GMU 172, 2017, was removed due to 442 animals 451 
being unclassified (i.e., animals were observed and counted but their age and sex were unknown), 452 
resulting in a much lower count of adult female elk.  453 

  454 
Table 1. Blue Mountains core GMU recruitment rates and adult female population trends from 455 
2017 to 2021.  456 

GMU Avg. 
Recruitment 

Min. 
Recruitment 

Max Recruit Adult Female 
Pop. Trend 

154 24.3 19 28 Increasing 
157 23.0 15 28 *Stable, BPL 
162** 16.5 12 21 Declining 
166** 16.5 14 19 Declining 
169 25.0 15 34 Stable 
172 24.5 16 30 Stable 
175** 22.3 17 27 Declining 

*SBPL = Stable, Below Previous (2017) Levels;  ** GMUs with declining adult female population 457 

 458 
Since 2017, attempts to increase adult female survival and overall population by reducing 459 
antlerless harvest has shown mixed success throughout the core GMUs. As suggested by our 460 
benchmark of adult female population stability, those GMUs with recruitment averages of 24-25 461 
since 2017 with one year greater than 28 have stable or increasing populations (Table 1, Max 462 
Recruitment). Conversely, GMUs below the benchmark recruitment average have adult female 463 
populations which illustrate a declining trend. In response to these declines, GMUs 162, 166, and 464 
175 have minimal or no Department antlerless harvest to potentially increase adult female survival. 465 
Continued management actions to support population growth should focus on these specific GMUs 466 
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and include alternatives which attempt to reduce mortality of prime-aged females and promote 467 
recruitment.  468 

Carnivores  469 

The effects of predation on elk populations in western North America are complex, dynamic, and 470 
frequently debated (Griffin et al. 2011; Brodie et al. 2013; Lukacs et al. 2018). Predation can be a 471 
proximate limiting or regulating factor for many elk populations but assessing the effects of 472 
predation can be difficult because factors acting on the population rarely act independent of each 473 
other (Hebblewhite et al. 2002; Garrott et al. 2008; Horne et al. 2019; Proffitt et al. 2020). For 474 
example, increased snow depth can increase elk vulnerability to gray wolf (Canis lupus) predation 475 
during winter months (Garrott et al. 2003, Hebblewhite et al. 2005). Predation effects on elk 476 
populations are commonly a function of elk population size relative to habitat quality and predation 477 
rate (Messier 1994). Predation on elk typically occurs within juvenile and neonate classes (Linnell 478 
et al. 1995, Griffin et al. 2011), but risks to adults can increase with increased winter precipitation 479 
and severity and increased carnivore species diversity or density (Garrott et al. 2005; Barbara-480 
Meyer et al. 2008; Garrott et al. 2009; Brodie et al. 2013; Johnson et al. 2013). Gray wolves, black 481 
bears, cougars, and grizzly bears (Ursus arctos horribilis) are the principal predators of elk in 482 
western North American and the Blue Mountains are currently inhabited by wolves, black bears, 483 
and cougars. Each species employs a different strategy for hunting elk and this in turn creates a 484 
spatio-temporal mosaic of risk and the potential for disparate impacts on various elk sex and age 485 
classes (Kohl et al. 2019).  486 
 487 

Blue Mountains Carnivores  488 

Wolves likely began recolonizing the Washington portion of the Blue Mountains in 2012 and 2013 489 
with the first pack confirmed in 2014. Currently, four packs – Butte Creek, Grouse Flats, Touchet, 490 
and Tucannon, comprised of at least 22 individuals’ range across core elk GMUs in Washington 491 
(WDFW et al. 2021; Figure 10). The number of packs has been stable since 2018, but the wolf 492 
population has steadily increased since recolonization (Figure 11). The majority of wolves (n =13) 493 
are affiliated with the Touchet pack that primarily occupies GMU 162, but also portions of GMU 494 
154, 157, 166, and 169 while also ranging south into Oregon. The remaining wolves are distributed 495 
approximately equally among the remaining wolf packs and core elk GMUs 166, 169, 172, and 496 
175, although there is no pack estimate for the Butte Creek pack within the Wenaha-Tucannon 497 
Wilderness (WDFW et al. 2021, Figure 10). Wolves are currently listed as State Endangered, so 498 
recreational harvest is prohibited. To date, management removals have been limited to a single 499 
female from the Grouse Flats pack in 2019.  500 

Wolves are social, coursing predators that are best suited to hunt elk in open, gentle terrain over 501 
an extended chase (Kunkel e al. 1999, Husseman et al. 2003). The effects of wolf predation on elk 502 
populations have received considerable attention in recent years with demonstrated impacts largely 503 
occurring during winter months and range from minor (Vucetich et al. 2005; Barbara-Meyer et al. 504 
2008; White et al. 2010; Eacker et al. 2016) to significant (Hebblewhite et al. 2002; Garrott et al. 505 
2008; Horne et al. 2019). The potential for impacts on elk stemming from recent growth in the 506 
Blue Mountains wolf population, warrants additional investigation. However, wolf population 507 
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growth alone is not sufficient evidence to demonstrate limitation and there is no information, 508 
historic or current, on the impacts of wolves on the Blue Mountains elk herd.  509 

 510 

Black bears are present throughout forested habitats within the Blue Mountains. The GMUs 511 
occupied by the Blue Mountain elk herd are located within WDFW’s identified Black Bear 512 
Management Unit (BBMU) #8. Estimates of black bear population size or density are currently 513 
unavailable for this area, but density may increase along an east-to-west gradient reflecting the 514 
effects of increased precipitation on habitat quality (Welfelt et al. 2019). 515 

 516 

 517 

 518 

 519 

Figure 10. Wolf pack territories in the Washington portion of the Blue Mountains in 2020. 520 
Irregular shapes are minimum convex polygons derived from GPS collar data while circles 521 
represent proximate territories for uncollared packs.  522 

 523 
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 524 

Figure 11. Minimum number of wolf packs and individuals present in the Blue Mountains of 525 
Washington, 2014-2020. 526 

A regulated black bear general hunting season in the fall has been in place since the 1930’s. In 527 
1980, the season dates were shortened to August through October except in areas of the Blue 528 
Mountains which started in early September. In 1997, season dates were extended from August 529 
through mid-November statewide and the big game package (a group of hunting licenses offered 530 
at a reduced rate) was established, increasing the number of black bear licenses sold from 11,000 531 
to approximately 60,000 statewide. In 2000, fall season dates were reduced in the Blue Mountains 532 
from September through mid-November. That remained in place until 2019 when the fall hunting 533 
season was extended by 30 days to include August and the bag limit was increased from 1 to 2 534 
throughout eastern Washington.  535 

A spring special permit black bear hunting season was initiated in the Blue Mountains in 1999 536 
with 70 permits issued, the first spring hunting season in Washington since the 1970s. The number 537 
of spring special hunting permits gradually increased to 100 in 2002 and to 155 in 2007 where it 538 
remained through 2010. Spring permits numbers were relatively stable 2011-2019 with 115-119 539 
permits and increased to 158 in 2020.  540 

Black bear mortality in the Blue Mountains from hunter harvest reports for spring (special permit) 541 
and fall (general season) hunting seasons averaged 99 (sd ± 18.76)  bears annually, 2002-2020. 542 
Spring permit harvest has remained relatively consistent throughout the timeframe, whereas fall 543 
general season harvest has fluctuated, peaking in 2002, and exhibiting cyclical highs and lows 544 
since that time and through 2020 (Figure 12). Tribal harvest of bears in the Blue Mountains elk 545 
herd area remains unknown.  546 
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 547 

 548 
Figure 12. Annual spring (blue), fall (orange), and total (grey) black bear harvest in the Blue 549 
Mountains, 2002-2020. 550 

 551 

Harvest density (i.e., total harvest compared to the available primary black bear habitat; Scheick 552 
and McCown 2014) in the Blue Mountains is variable between GMU’s, but collectively this 553 
BBMU has the highest harvest density in Washington when compared to other BBMUs. At 15.1 554 
(sd ± 3.45) bear harvests/100 km2, harvest density in GMU 154 is 3 times as high as it is for GMU 555 
162 at 5.3 (sd ± 1.59) bear harvests/100 km2, which is the second highest in the Blue Mountains 556 
(Figure 13 & 14). Harvest density is not simply a proxy for bear density as it is affected by 557 
numerous factors including bear density, access, and hunting pressure; each of which is likely to 558 
contribute differently depending on the area. No current estimates of black bear density are 559 
available for the Blue Mountains (monitoring is occurring summer 2021). Bear habitat in the Blue 560 
Mountains is estimated at 2,791 km2. A recent 4- year estimate of density on the east slope of the 561 
North Cascade mountains produced an average density of 19 bears/100km2 (Welfelt et al. 2019). 562 
A recent survey in Northeastern Washington resulted in a density estimate of 31 bears/100km2. 563 
While extrapolating these densities to the Blue Mountains may be helpful, it would be more 564 
appropriate to use data from the current density survey being implemented this year.   565 

 566 
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 567 

Figure 13. Annual black bear harvest in core elk Game Management Units (GMU) of the Blue 568 
Mountains, 2002-2020.  569 
 570 

 571 

 572 
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Figure 14. Harvest density of black bears within Game Management Units (GMU) of the Blue 573 
Mountains, 2002-2019; bear harvest was not permitted in GMU 157.  574 

 575 

Black bear predation is largely opportunistic and generally limited to elk calves during a 28-day 576 
period immediately following parturition (White et al. 2010). The effects of black bear predation 577 
on vital rates vary both in their significance and spatial distribution (Griffin et al. 2011, Lukacs et 578 
al. 2018). For example, black bear predation had a relatively minor impact on elk calf recruitment 579 
in western Montana (Eacker et al. 2016, Forzley 2019), but black bears were the primary proximate 580 
cause of mortality in a nearby study in Idaho (White et al. 2010). Previous investigations of cause-581 
specific mortality of elk calves in the Blue Mountains attributed 16% (Myers et al. 1999) and 14% 582 
(Johnson et al. 2019) of deaths to black bears with Johnson et al. (2019) concluding that black bear 583 
predation was largely compensatory. The significance of black bear predation can increase in the 584 
presence of wolves (Griffin et al. 2011) and may be of greater consequence now compared to 585 
previous investigations. However, the potential of high harvest rates for black bears and the lack 586 
of predator-prey research following wolf recolonization means the current impacts of black bear 587 
predation on elk calves in the Blue Mountains are unknown.   588 

 589 

Cougars are present throughout forested, riparian, steep, and rocky habitats in the Blue Mountains 590 
with seasonal distributions closely aligned with their ungulate prey base. Previous research in both 591 
Washington and Oregon portions of the Blues provide reliable density estimates for various 592 
segments of the cougar population. Specifically, Beausoleil et al. (2021) used live-captures and 593 
population reconstruction to generate annual densities of independent-aged animals (i.e., ≥ 18 594 
months of age) in GMU 162 (Dayton) and 166 (Tucannon) between 2009 and 2013 that ranged 595 
from 2.35 – 3.07 cougars/100 km2 (Table 2). Working within the Sled Springs and Wenaha 596 
Wildlife Management Areas of Oregon, Johnson et al. (2019) used live-captures and population 597 
reconstruction to generate annual densities of adult cougars and subadult females > 12 months old 598 
between 2002 and 2007. Oregon densities ranged from a low of 2.25 cougars/100 km2 in the 599 
Wenaha in 2005 to a high of 4.29 cougars/100 km2 in Sled Springs in 2006 and 2007 (Table 2). 600 
Key differences in methodologies (e.g., different segments of the population quantified, 601 
proportional vs. threshold contributions of individuals) prevent the direct comparison of 602 
Washington and Oregon estimates, but similar physiographic characteristics, prey communities, 603 
and geographic proximity suggest the total density of cougars within study areas are unlikely to 604 
differ significantly.  605 

 606 

Table 2. Annual density estimates (cougars/100 km2) for Washington and Oregon portions of the 607 
Blue Mountains. Estimates represent different segments of the cougar population and were derived 608 
using different methodologies.  609 

 Density (cougars/100 km2) 
Study Area 2002 2003 2004 2005 2006 2007 2009 2010 2011 2012 2013 
Tucannona (WA)       2.99 3.07 3.06 2.48 2.35 



WDFW                                                              23                                                             July 2021 
 

Sled Springsb (OR) 2.53 2.53 3.28 3.79 4.29 4.29      
Wenahab (OR) 4.16 3.64 3.12 2.25 2.77 3.12      

a Densities of independent-aged animals (≥ 18 months of age) derived using live-captures and population 610 
reconstruction with proportional contributions for all known individuals present in the study area (Beausoleil et al. 611 
2021).  612 
b Densities of adult cougars and subadult females ≥ 12 months of age derived using live captures and population 613 
reconstruction for all known individuals with > than 50% of their 95% kernel home range estimate overlapping the 614 
study area (Johnson et al. 2019). 615 

 616 

The length of the cougar hunting season in the Blue Mountains, fluctuated between 60 and 70 days 617 
from 1977 through 1996 with the use of hounds. In 1997 season dates were extended from August 618 
through mid-March statewide (227 days). From 2009 to the 2011-12 season, the cougar hunting 619 
dates were reduced from September through March (212 days) and weapon restrictions were put 620 
in place (i.e., archery only in September). In 2012-13 seasons were structured into an early season 621 
(Sept 01 – 31 December with no harvest guideline) and Late season (January 01-March 31 with 622 
harvest guidelines). In 2015, the late season was increased through April (242 days) where it 623 
remains through today. 624 

Cougar mortality in the Blue Mountains from mandatory inspections averaged 17 cougars 625 
annually, 2002-2020. Cougar harvest has increased under the contemporary hunting structure 626 
when compared to previous management. Hunting seasons from the 2002-03 through the 2011-12 627 
seasons were managed by season dates with no harvest limit. Currently, hunting is managed by 628 
season dates and harvest guidelines within three Population Management Units (PMUs; each made 629 
up of 4-6 GMUs) and closed on January 1 if the harvest guideline has been reached. Harvest from 630 
2002-03 through 2011-12 averaged 12 cougars annually, and 22 annually from 2012-13 through 631 
2020-21, an 83% increase.  632 

In the Blue Mountains, mortality rates regularly exceeded the 12-16% harvest guideline, primarily 633 
in the PMU with GMUs 154 and 162 (Figures 15-17). Over the past 9 seasons (since 2012), this 634 
PMU exceeded the guideline 7 times. The PMU containing GMUs 166 and 175 exceeded the 635 
harvest guideline 5 times, while harvest rates below 12% were observed in 3 seasons. The PMU 636 
containing GMUs 169 and 172 exceeded harvest guidelines 2 times, below a 12% harvest rate in 637 
3 seasons, and within the 12-16% guideline in 4 seasons (Figure 15). It is worth noting that the 638 
PMU containing GMUs 154 and 162 has exceeded the harvest guideline more drastically than the 639 
other 2 PMUs, averaging a 32% harvest rate, more than double the prescribed rate over the past 9 640 
seasons. 641 

 642 
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643 
Figure 15. Estimated cougar mortality rates by PMU for the Blue Mountains, 2002-2020. 644 

 645 

Cougars employ a stalk and pounce hunting strategy when targeting elk in densely vegetated, 646 
rugged, or structurally complex terrain (Seidensticker et al. 1973). The effects of cougar predation 647 
on elk survival and population growth have received less attention from researchers than those of 648 
wolves and bears, but recent investigations suggest impacts, particularly on elk calf survival, can 649 
exceed those of sympatric carnivores (Horne et al. 2019, Proffitt et al. 2020). Within the Blue 650 
Mountains, cougar impacts also manifest primarily as predation on elk calves (Myers et al. 1999, 651 
Johnson et al. 2019) and Clark et al. (2014) documented strong seasonal and demographic patterns 652 
of cougar predation on elk driven primarily by the selection of calves by both sexes during the 653 
summer and males during the winter. The extent to which cougar predation is limiting elk 654 
populations in the Blue Mountains is not clear, but previous investigations of the roles of top-655 
down, bottom-up, and abiotic factors on elk in the Oregon portion of the Blue Mountains indicated 656 
the population was primarily limited by cougar predation, albeit in concert with nutritional 657 
limitations that strongly influenced juvenile survival (Clark 2014, Johnson et al. 2019). This 658 
previous work suggests cougars may be limiting elk population growth following the severe winter 659 
of 2016-2017. but increases in both cougar harvest and overall mortality since 2012 are likely 660 
reducing the impacts of cougar predation on elk throughout the Blue Mountains and within some 661 
core elk GMUs with poor recruitment (e.g., GMU 162). 662 

 663 
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 664 
 665 

 666 
Figure 16. Estimated cougar mortality rates by PMU for the Blue Mountains, 2002-2020. The 667 
dark grey dashed vertical line represents the harvest management of early (without guidelines) and 668 
late (with guidelines) season structure. 669 

 670 

 671 
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Figure 17. Annual cougar harvest within core elk Game Management Units (GMU) of the Blue 672 
Mountains, 2002-2020.  673 

The effect of harvest on the cougar population in the Blue Mountains has not been monitored since 674 
population estimation efforts ended in 2013. As such, it is unknown what effect increased harvest 675 
has had on cougar densities.  If we assume the average cougar density derived from the 5-year 676 
project in the Tucannon (2.79 cougars/100 km2) is representative of current cougar densities across 677 
the Blue Mountains and immigration rates have not offset harvest mortality, then it is possible that 678 
cougar populations have declined. Comparing current harvest levels to the number of removals in 679 
west-central Montana that resulted in a 29% cougar population decline (Proffitt et al. 2020), 680 
similarly indicates a potential decline. Nonetheless, without directly monitoring cougars, we are 681 
unable to definitively state what, if any, effect increased harvest has had.  682 

Cougars employ a stalk and pounce hunting strategy when targeting elk in densely vegetated, 683 
rugged, or structurally complex terrain (Seidensticker et al. 1973). The effects of cougar predation 684 
on elk survival and population growth have received less attention from researchers than those of 685 
wolves and bears, but recent investigations suggest impacts, particularly on elk calf survival, can 686 
exceed those of sympatric carnivores (Horne et al. 2019, Proffitt et al. 2020). Within the Blue 687 
Mountains, cougar impacts also manifest primarily as predation on elk calves (Myers et al. 1999, 688 
Johnson et al. 2019) and Clark et al. (2014) documented strong seasonal and demographic patterns 689 
of cougar predation on elk driven primarily by the selection of calves by both sexes during the 690 
summer and males during the winter. The extent to which cougar predation is limiting elk 691 
populations in the Blue Mountains is not clear, but previous investigations of the roles of top-692 
down, bottom-up, and abiotic factors on elk in the Oregon portion of the Blue Mountains indicated 693 
the population was primarily limited by cougar predation, albeit in concert with nutritional 694 
limitations that strongly influenced juvenile survival (Clark 2014, Johnson et al. 2019). This 695 
previous work suggests cougars may be limiting elk population recovery following the severe 696 
winter of 2016-2017. Whether that is the case in Washington is unknown, however.  697 

While each carnivore species present in the Blue Mountains has a demonstrated ability to impact 698 
elk survival and affect elk population growth, the impacts of individual species and predation are 699 
typically mediated or mitigated by summer precipitation, winter severity, carnivore community 700 
richness, and human harvest (Griffin et al. 2011; Brodie et al. 2013; Lukacs et al. 2018). This 701 
complex interplay combined with the recent recolonization of the Blue Mountains by gray wolves 702 
and the completion of previous cougar research efforts creates additional uncertainty for wildlife 703 
managers. The addition of wolves in a predator-prey community does not universally increase 704 
predation rates for elk (Griffin et al. 2011), but often results in important changes to spatial, 705 
temporal, and demographic patterns of predation (Kohl et al. 2019). Consequently, changes in the 706 
population size or density of individual carnivore species may not translate into proportional 707 
changes in elk population size or juvenile recruitment (Garrott et al. 2005). 708 
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Elk Habitat Condition  709 

Habitat is generally considered the mechanism that regulates ungulate populations from the 710 
bottom-up, as opposed to top-down regulation by predation and hunting. Elk population 711 
performance is a function of forage quantity and quality that mediate bottom-up forces. Habitats, 712 
especially on summer range that provide high-quality and abundant forage can prevent reduced 713 
pregnancy rates, delayed breeding, and reduced overwinter survival in elk (Cook et al. 2004, 2013). 714 
Forest management practices can improve habitats to meet or exceed basic nutritional 715 
requirements, and elk are capable of finding the most nutritious forage in response to 716 
environmental change (Morrison et al. 2020). Natural and human-caused disturbances such as fire 717 
and timber harvest generally transition forests back to early or mid-seral stages providing abundant 718 
palatable forage for elk. Elk generally increase their use of recently burned areas within their home 719 
range to take advantage of the abundant new forage (Biggs et al. 2010). However, elk distribution 720 
may vary depending on fire type (e.g., wild vs. prescribed burns), terrain, and forest cover types 721 
burned (Proffitt et al. 2019). Additionally, after a fire, ecological succession (i.e., forest recovery) 722 
dictates elk use spatially and temporarily (Proffitt et al. 2019). Thus, elk distribution and 723 
productivity are dynamic, and population management must adapt to changes in landscapes over 724 
time.  725 

 726 

While areas burned by wildfire annually have increased in the United States (Dennison et al. 2014), 727 
timber harvest on public lands has declined (U.S. Department of Agriculture, Forest Service 2016). 728 
Timber harvest can provide many benefits to elk by promoting growth of early-seral vegetation 729 
and creating forest-edge. Conversely, timber harvest increases human disturbance associated with 730 
timber management activities and elk vulnerability to hunter harvest with increased road 731 
accessibility (Wisdom et al. 2004) and increased sight distances. Increased road access and 732 
declining early seral vegetation on public lands have shifted elk use to privately-owned lands with 733 
fewer disturbances and food resources in the form of crops (Conner et al. 2001, Proffitt et al. 2010). 734 
In turn, elk use of agricultural lands increases conflict with people due to increases in crop-damage 735 
and food competition with livestock (Heydlauff et al. 2006). To mitigate these issues, managers 736 
benefit from examining the availability and quality of habitats across landscapes owned and 737 
managed by different entities and how those habitats affect elk distribution. Shifts in elk 738 
distribution and utilization of different landscapes in response to land management activities do 739 
not always reflect equal changes to individual fitness and population performance (Wisdom et al. 740 
2004). Therefore, understanding how the use of different habitats affects elk survival and 741 
productivity is essential for managers.  742 

Blue Mountains Habitat Conditions 743 

Elk habitat within the Blue Mountains has experienced substantial changes over the past 20-years 744 
from wildfire, prescribed fire, noxious weed invasions and treatments, and forest management 745 
activities (Table 3). In the past 20 years, wildfires have affected the largest amount of acreage, 746 
with the majority being associated with the School Complex fire that predominately occurred in 747 
GMU 166 (2005) and the Columbia Complex fire that predominately occurred in GMUs 162 and 748 
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166 (2006). Collectively, these two wildfires accounted for more than 100,000 acres being burned. 749 
It is unknown to what extent the School and Columbia Complex fires benefited elk, but it is 750 
unlikely these events are benefitting the Blue Mountains elk herd today. Profitt (2019) found that 751 
in Montana, fire affected summer more than winter forage and benefits peaked 6-15 years post fire 752 
in dry forests, and 5 years post fire in mesic forests. Similarly, Spitz et al. (2018) reported in 753 
northeast Oregon that the probability of elk using habitats altered by prescribed fire peaked 5 years 754 
post burn and returned to pre-treatment levels after 15 years.   755 

Table 3. USFS management activities by acre and GMU (2000-2020). Wildfire acreage is across 756 
all ownerships at the GMU scale. Private land forest management activities are not available. 757 

GMU 162  166 172 175 
Total GMU Acres 134,400  83,840 69,120 101,120 
Prescribed Fire 4,694  5,545 5,453 15,572 
Commercial Thin 483  226 0 1,128 
Precommercial 807  1,213 198 5,915 
Salvage Cut 474  2,945 202 1,326 
Harvest 313  1,496 4 4,271 
Wildfire 73,191  64,439 1,950 8,474 
Percent of GMU  59.4%  90.4% 11.3% 36.3% 

The Umatilla National Forest (UNF) actively manages portions of the National Forest lands to 758 
generate economic opportunity and maintain healthy forests. Within the Washington portion of the 759 
UNF, most of this activity in the past 20 years has occurred in GMU 175. During this time, forestry 760 
practices shifted from clear-cuts being the predominant harvesting method to thinning. The current 761 
goals for USFS are to manage for the Historical Range of Variation on the landscape, which 762 
focuses on healthy forests and species, and structural compositions that were present prior to fire 763 
suppression efforts beginning in the early portion of the 20th century.  764 

 765 

Managed forests change the canopy coverage, which affects forage growth within the stand. Cook 766 
et al. (2013) found that digestible energy intake decreased significantly when canopy coverage 767 
exceeded 60%, resulting in a nutritional landscape that can reduce the lactation and body fat 768 
condition of female elk during late summer and early fall. We examined canopy coverage trends 769 
from 2001-2016 (Landfire.com) in GMUs 162, 166, and 175 as surrogate for late-summer, early-770 
fall nutrition (Figure 18). Tree canopy coverage from 20-50% has generally increased across the 771 
3 GMUs, which could indicate an increase in the availability of forage over time. 772 

 773 

Rangelands are lands dominated by grasses, grass-like plants, forbs, and sometimes shrubs or 774 
dispersed trees. Existing plant communities may include both native and introduced plants. 775 
Management of rangeland occurs primarily through indirect processes, rather than direct 776 
agronomic applications. Rangeland habitats can consist of one or several ecological systems. 777 
Rangelands comprise more than 600,000 acres, or about 27% of the entire land cover in the Blue 778 
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Mountains elk herd area (Figure 19). Much of this rangeland contributes little to the support of 779 
Blue Mountains elk, because it is well outside the core use areas. However, when rangeland is 780 
within the winter range of elk, it plays an important part in the distribution of some sub-populations 781 
(Wisdom & Thomas, 1996). While only 15% (90,500 acres) of the total rangeland in the Blue 782 
Mountains Herd area is publicly or tribally owned, most (66%) of this rangeland occurs within 783 
important elk use areas. The USFS rangeland is a minor component within forested lands, whereas 784 
the Department-owned wildlife areas can be classified as rangelands with interspersion of trees, 785 
especially along riparian areas.  786 

 787 

 788 

 789 



WDFW                                                              30                                                             July 2021 
 

 790 
Figure 18. Tree canopy coverage in GMUs 162, 166, 175 defined in acres for years 2001, 2010, 791 
and 2016. Derived from Landfire.com data. GMUs 162 and 166 show the decline in canopy 792 
coverage following the large landscape fires of 2005 and 2006. 793 

 794 
Figure 19. Forest, cropland, and rangeland (e.g., steppe and grassland) of the Blue Mountains 795 
Herd area. 796 

 797 

Grazing by wildlife, fire, and weather extremes are important ecological factors affecting 798 
rangelands (Brown & McDonald, 1995). Grazing by domestic livestock is the most common use 799 
of managed rangelands and will alter current ecologic site conditions (Krausman et al. 2009). The 800 
effects of grazing by elk and cattle in the Blue Mountains have been investigated by several authors 801 
(Westenskow-Wall et al. 1994, Clark et al. 1998a, 1998b, 2000), and Anderson and Scherzinger 802 
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(1974) reported a relevant case study. In general, their findings indicated that careful management 803 
of livestock grazing may increase the number of elk using winter range and improve forage. 804 
Anderson and Scherzinger (1974) reported that their cattle grazing system, designed to reduce 805 
dietary overlap between cattle and elk, resulted in improved vegetation, more elk using the range 806 
and increased cattle Animal Unit Months. Other studies have also suggested that livestock can 807 
have a positive effect on condition (crude protein, digestibility) of forage for elk (Grover and 808 
Thompson 1986, Yeo et al 1993, Danvir and Kearl 1996, Ganskopp et al. 2004, Taylor et al. 2004) 809 
when the timing, intensity, and duration of livestock grazing are controlled. Clark et al. (1998a, 810 
1998b) reported that both the timing and level of grazing was important to quality and quantity of 811 
forage in a bluebunch wheatgrass (Pseudoroegneria spicatum) rangeland.  812 

When both elk and cattle forage on the same rangeland, conflicts often arise concerning forage 813 
allocation. Holechek (1980) states that through proper management, degrees of dietary overlap 814 
between elk and cattle may be reduced, but consideration should be given to maintenance and 815 
improvement of the forage resource. Strategies such as the reduction of wild or domestic animals, 816 
acquiring parcels of private land to expand elk wintering areas, and brush control, seeding, and 817 
burning are ways to reduce dietary overlap and improve habitat (Holechek 1980). Sheehy 818 
and Vavra (1996) found that in their Blue Mountains study area there was little direct temporal 819 
overlap between cattle and elk. Cattle used shared areas in late spring-early summer and fall, while 820 
elk exhibited greatest use in shared areas during the winter and spring seasons. They also reported 821 
that elk in their study area preferred bluebunch wheatgrass-annual grass and Idaho fescue-822 
bluebunch wheatgrass communities that occurred at higher elevations near the forest edge, 823 
whereas cattle selected Idaho fescue-annual grass communities on higher elevations at moderate 824 
distances from the forest edge. Although reporting some spatial and temporal separation between 825 
elk and cattle, they stated that dietary overlap will occur, and interactions will likely increase with 826 
an increase in ungulate grazing intensity.  827 

The grazing of livestock on public lands, even with the objective of improving habitat for 828 
wildlife, is a complicated issue. A review of literature by Edge and Marcum (1990) found that the 829 
compatibility of elk and livestock is questionable because of biological, economic, and societal 830 
factors. They further report that research findings investigating this uncertainty have been 831 
complicated by contradictory observations suggesting both compatibility and interference between 832 
elk and cattle. Grazing on conservation areas, such as Department wildlife areas, also requires 833 
consideration of the well-being of sensitive habitats and species beyond just elk (WDFW, 2009).  834 

Grazing on public lands has remained relatively stable over the past 10 years (pers. comm., USFS), 835 
with utilization changes being dependent upon climatic variables between years. There is no data 836 
available for changes in domestic grazing on public lands. How grazing has affected elk is not 837 
clearly understood at the herd level. 838 

Blue Mountains Habitat Enhancement  839 

From 2002 through 2018, more than 32,000 acres of habitat projects costing more than $1.3 million 840 
have been completed in the Blue Mountains herd area (Blue Mountains Elk Plan, 2020).  These 841 
projects were developed by the Department, USFS, RMEF, and Blue Mountains Elk Initiative 842 
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(BMEI) to improve habitat for elk on National Forest and Department lands, and to reduce elk 843 
damage on private lands. The project activities included prescribed fire, weed control, forage 844 
seeding, fertilization, and water development. The Department will continue to develop habitat 845 
improvement projects through partnerships with the RMEF, USFS, and the BMEI. The BMEI is a 846 
consortium of the Department, ODFW, USFS, tribes, and private landowners whose main 847 
objective is to initiate projects to improve elk habitat and maintain, or change, elk distribution onto 848 
public lands in southeast Washington and northeast Oregon. 849 

Human Use Impacts 850 

Managing elk in areas subject to human activity is becoming increasingly challenging. Human 851 
activity resulting from recreation, resource extraction and urbanization can alter the behavior of 852 
elk and have negative consequences. When human activity is frequent the cumulative effects may 853 
impact elk fitness by causing shifts in distribution, increasing flight responses, increasing 854 
vigilance, decreasing forage time, increasing stress and reducing reproductive success. Most elk 855 
in Washington, including those in the Blue Mountains, spend a portion of their time on a landscape 856 
where humans will influence their behavior and abundance. 857 

Recreation  858 

Recreation comes in many forms, whether driving on roads, using motorized or non-motorized 859 
trail systems, or recreating off trail. In general, elk respond to recreation by taking flight 860 
and increasing distance between themselves and human activity or by becoming more vigilant 861 
(Johnson et al. 2000; Wisdom et al. 2005: Ciuti et al. 2012). This response is scaled by the type, 862 
proximity, and frequency of the recreational disturbance. Activities such as hiking, or horseback 863 
riding will elicit a lesser response when compared to off-road vehicle riding or automobile traffic 864 
(Gaines et al. 2003; Wisdom et al. 2018). Flight response distances may range from 0.06 to well 865 
over 0.62 miles depending on the recreational type and intensity (Johnson et al. 2000; Wisdom et 866 
al. 2005; Naylor et al. 2009; Wisdom et al. 2018). Johnson et al. (2000) found road use (high use 867 
>4 vehicles per 12 hours, medium use 2-4 per hour) was a valuable predictor in modeling elk use. 868 
When elk do not or are unable to move away, they become more vigilant and reduce their normal 869 
daily behaviors such as feeding or grooming (Ciuti et al. 2012). Topographic complexity and dense 870 
forests may allow elk to screen themselves from recreation without drastically increasing their 871 
distance, although the lack of these two landscape features will cause elk to substantially 872 
increase distances in open habitats (Montgomery et al. 2012; Sawyer et al. 2007). In addition to 873 
energy loss due to the flight response and increased vigilance, displacement from preferred 874 
habitats may increase an elk’s vulnerability to other, more lethal disturbances such as predation 875 
and harvest.  876 

 877 

Less obvious effects have been given some attention by researchers, but these topics are more 878 
difficult to quantify and interpret. Elk residing in areas with well used road systems illustrate an 879 
increased stress response measured in fecal glucocorticoids levels as compared to animals found 880 
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away from roads. This suggests these animals are experiencing more stress, possible alterations in 881 
normal behavior, reduced resistance to disease, and the potential for impacted population 882 
performance (Millspaugh et al. 2001). Human disturbance during the calving period can also 883 
reduce reproductive success (Phillips & Alldredge, 2000, Shivley et al. 2005). Both topics 884 
illustrate much more is occurring when elk are disturbed by humans but is difficult to make 885 
conclusive findings when attempting to control all the confounding factors within these complex 886 
systems (Millspaugh & Washburn, 2004).  887 

Blue Mountains Recreation 888 

Forms of recreation within the Blue Mountains that may be negatively affecting the elk population 889 
are motorized travel (e.g., off-road vehicles (ORVs), vehicles), shed antler hunting, hunting (spring 890 
turkey, spring special permit hunts April 15 – June 15, fall bear seasons starting in August, big 891 
game seasons through November, etc.) and winter travel (snowmobiles, skiers, etc.). 892 
Unfortunately, little to no quantifiable information is available on these activities that allow us to 893 
understand their trends over time except hunter numbers and harvest effort. Hunter numbers have 894 
shown a consistent decline since 2010 in the Blue Mountains (Figure 20). With fewer hunters, 895 
presumably there is less overall disturbance during hunting season but there is no information on 896 
hunter distribution and overlap with elk home ranges. Harvest effort, which is the number of days 897 
to harvest an elk, increased in 2016 and peaked in 2017 (Figure 20), suggesting protracted 898 
disturbance as it took hunters more days afield to harvest an elk.  899 

 900 

 901 
Figure 20. General season, modern firearm hunter numbers 2010-2020. Harvest effort (red line) 902 
shows the sudden increase in the number of days required per elk harvested. 903 
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 904 

Other forms of recreational activities are not monitored or formally documented, preventing 905 
evaluation of their long-term impacts. Anecdotally, spring bear special permit hunts, activities like 906 
shed antler hunting, ORV use, and winter travel are thought to be increasing over time. 907 
Observations by Department staff indicate that shed antler hunting has been increasing 908 
substantially over the past 5-8 years. The popularity of shed antler hunting has created greater 909 
competition among shed hunters, and now involves the use of small commercial aircrafts (e.g., 910 
planes and helicopters) to fly over elk winter ranges in February and March to locate antlers prior 911 
to ground access, increasing the temporal disturbance due to this activity. Over the snow travel 912 
near elk winter ranges has increased due to the advancements in motorized equipment allowing 913 
people to access areas once considered unreachable. Observations of tracked ATVs have been 914 
increasing annually, predominantly near the upper elevations of elk winter range where bull elk 915 
are more common. 916 

 917 

Little research has been conducted on the effects of shed hunting on elk, but research has been 918 
conducted on other species or the effects of motorized and nonmotorized access with elk. Bates et 919 
al. (2021) found large increases in movement of mule deer when exposed to shed antler hunting. 920 
Naylor et al. (2009) found that travel time increased and feeding time decreased when exposed to 921 
ATVs, hikers, and horseback travel, all of these travel methods are employed by shed hunters in 922 
the Blue Mountains. While elk are typically at a low nutritional state during the peak of shed antler 923 
hunting (March-April), it is unknown whether this disturbance causes direct mortality or reduced 924 
recruitment. 925 

 926 

Internal department discussions regarding restrictions during the peak of shed antler drop have 927 
occurred but no restrictions have been adopted. The states of Colorado, Wyoming, Montana, and 928 
Nevada have implemented landscape level restrictions that limit the collection of antlers during 929 
the winter and early-spring. If the landscape is failing to provide adequate nutrition and escape 930 
cover for elk, this would be one tool that may mitigate the risks of direct and indirect mortality 931 
associated with human disturbance. 932 

Development & Land Modifications 933 

The expanding footprint of human activity within Washington’s elk habitat is occurring 934 
with increased development of urban areas and energy generation facilities such as solar or 935 
wind. Human activities in these areas are a driving force for elk habitat selection patterns in space 936 
and time (Dzialak et al. 2011). Elk residing in these areas alter their behavior, similarly as when 937 
dealing with human recreation, by moving away from roads and human activities 938 
and selecting habitats that provide security (Harju et al. 2011, Buchanan et al. 2014). Parturient 939 
elk exhibited this behavior more strongly and calves born in proximity to developed 940 
areas will move greater distances, make greater elevational changes, and use a larger area when 941 
compared to elk in less developed areas (Dzialak et al. 2011; Kuck et al. 1985).  942 
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 943 

Long term predictable exposure to human activity may allow elk to habituate to disturbances but 944 
clear answers are difficult to obtain and there is not consensus within the current 945 
research. Elk selecting for more secure habitats within a gas field energy development during the 946 
day resumed normal activity patterns at night when human presence was reduced (Dzialak et al. 947 
2011). Walter and Leslie (2012) suggested elk remained onsite with consistent home range sizes 948 
during a wind-power development in southwestern Oklahoma. This information is contrary to a 949 
robust study which suggests significant summer and winter habitat loss during the development 950 
of a natural gas field in northeastern Wyoming (Buchanan et al. 2014). A single long-951 
term effort investigated mule deer habitat selection prior to, during and 15 years post 952 
development of a natural gas field found ungulates do not habituate and regain habitat lost once the 953 
landscape is developed, thus leading to reduced population abundance (Sawyer et al. 2006; 954 
Sawyer et al. 2017).  955 

Blue Mountains Development & Land Modifications  956 

There are about 44,000 acres of developed land in the Blue Mountain elk herd area (Blue 957 
Mountains Elk Herd Plan, 2020). This is a bit misleading, however, because the amount of elk 958 
habitat affected by development is actually greater, as human presence influences a larger footprint 959 
than the developed area alone would indicate. Division of large tracts of land has contributed to 960 
the loss of elk habitat in some areas. Beginning in the early 1990s many acres of industrial timber 961 
land and rangeland in the four counties of the Blue Mountains herd area were converted to 962 
residential parcels. Habitat conditions in GMU 154 are a concern due to the large amount of land 963 
that has been sub-divided, especially in the Lewis Peak-Jasper Mountain area. Some development 964 
has also occurred in GMU 172, which is directly impacting year-round elk habitat.  965 

 Climatic Impacts 966 

The performance of an elk population is strongly influenced by the climate in which it resides. The 967 
common thought is to consider periodic severe winter or drought events as the primary limiting 968 
factor, but less obvious changes in temperature and precipitation which affects summer nutrition 969 
contributing to successful pregnancy and calf survival have a greater effect on population 970 
productivity (Parker et al. 2009; Griffin et al. 2011; Cook et al. 2013). Abundant high-quality 971 
forage during the growing season is essential for providing nourishment during critical periods. It 972 
is linked to a female’s reproductive potential and increased fall calf body weight which translates 973 
to higher survival. (Cook et al. 2004). Spring forage abundance tends to be relatively stable, 974 
although forage production resulting from summer and fall precipitation has shown to be highly 975 
variable and extremely important. These rains allow for additional forage growth and delays 976 
senescence providing ungulates extended access to high quality forage (Griffin et al. 2011, Hurley 977 
et al. 2014, Cook et al. 2004, Rickbeil et al. 2019). Nutritional resources on summer range are a 978 
vital component for population performance by generating subtle but cumulative effects on 979 
reproduction and survival (Cook et al. 2013).  980 

 981 



WDFW                                                              36                                                             July 2021 
 

Nutritional increases provided by summer and fall precipitation will affect cow and calf 982 
performance. Increased forage quality during these months will allow prime-aged adult females to 983 
gain adequate body fat levels required for successful pregnancy and winter survival. Prime-age 984 
female fall body fat levels ≥12 % and pregnancy rates of near 90% are observed in 985 
populations which are not nutritionally limited. Moreover, fall body fat levels < 9% reduces 986 
successful breeding and when below 8%, survival over an average winter decline (Cook et al. 987 
2004). Calf elk tend to be more vulnerable to overwinter starvation and their ability to survive is 988 
directly related to their fall body mass (Loison et al. 1999, Cook et al. 2004, Kautz et al. 989 
2018, Johnson et al. 2019). Calves that weigh <85kg in the fall are highly susceptible to overwinter 990 
starvation, while those weighing >110 kg have an increased probability of survival (Cook et al. 991 
2004).  992 

 993 

As wildlife professionals manage elk populations, they are doing so during unprecedented climate 994 
change which is altering habitat conditions. Investigations of elk range conditions across the west 995 
suggest most populations are experiencing some level of nutritional limitation and additional 996 
stress due to climate change that may have negative effects on population performance (Cook et 997 
al. 2013, Johnson et al. 2019) Climate-induced changes with increased temperature 998 
and altered precipitation patterns may create difficulties for elk. For example, resource availability 999 
during critical times such as parturition and while females are lactating could become mismatched 1000 
with peak spring green-up (Post & Forchhammer, 2007). Snow accumulation, snow melt, green-1001 
up magnitude and duration is changing but not consistently across all western herds. In some cases, 1002 
elk can match their need with the available resources by interpreting environmental 1003 
cues (Rickbeil et al. 2019), and by altering their site fidelity based on experience with resource 1004 
tracking the previous spring (Morrison et al 2020). Although, examples of additional stress from 1005 
climate change resulting in poor population performance have been documented. Investigations of 1006 
a migratory elk herd in the Greater Yellowstone Ecosystem revealed a shift of green-up duration 1007 
by 27 days over the last two decades. The shift was linked to increases in April-August temperature 1008 
concurring with April-May precipitation declines. These climatic changes facilitate a rapid, but 1009 
short green-up period and reduced forage availability for migrating elk which was a contributing 1010 
factor to poor annual reproductive success (Middleton et al. 2013).   1011 

Blue Mountains Climatic Impacts  1012 

Climate is one factor which drives bottom-up regulation by influencing forage and subsequently 1013 
an elk’s nutritional condition. The ideal measure of climates impact involves direct sampling of 1014 
forage plant communities to determine dietary digestible energy (hereafter DDE), although this is 1015 
rarely conducted since it is time consuming and difficult due to temporal and spatial variability. 1016 
Therefore, researchers directly assess elk nutritional condition with measures of Ingesta-Free Body 1017 
Fat (hereafter IFBF) and pregnancy rate of prime-aged females. IFBF is not a direct measure of 1018 
climates influence on forage, but instead the balance of energy expenditure and the nutritional 1019 
value of summer and fall forage (Cook et al. 2004, 2013; Johnson et al. 2019). Energy expenditure 1020 
of lactation is substantial; therefore, they are separated from non-lactating individuals in analyses. 1021 
IFBF and pregnancy data with well supported nutritional thresholds provides managers tools to 1022 
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evaluate herd condition. Thresholds for autumn IFBF and pregnancy are (Cook et al. 2004, 2013; 1023 
Johnson et al. 2019):  1024 

• >17% IFBF indicates excellent nutrition without limitation, 1025 
• 12-16% IFBF indicates good nutrition but with reduced growth rates of juveniles and 1026 

yearlings and low pregnancy rate of yearlings.  1027 
• 7-11% IFBF indicates reduced pregnancy rates of adults, reduced growth of juveniles and 1028 

yearlings, delayed breeding, and loss of resilience to winter.  1029 
• <6% IFBF suggests reproductive pauses, depressed rates of growth in sub-adults and 1030 

increased risk of winter mortality.  1031 
• ≥ 90% pregnancy is excellent to good summer-autumn nutrition. 1032 
• 70-90% pregnancy is marginal summer-autumn nutrition. 1033 
• 40-70% pregnancy is poor summer-autumn nutrition. 1034 

 1035 

WDFW does not have DDE, IFBF or pregnancy data for the Blue Mountains elk herd, but research 1036 
proximal to this area published by Cook (2013) investigated two populations in Oregon’s Blue 1037 
Mountains, Wenaha, and Sled Springs, which provides insight to the potential nutritional condition 1038 
of elk in Washington (Table 4). These results indicate evidence of nutritional limitation with the 1039 
consequences of reduced pregnancy rates for lactating females, delayed breeding which can 1040 
indirectly influence juvenile survival, and poor pre-winter condition which may influence survival 1041 
of adults and juveniles (Johnson et al. 2019). These data are consistent with findings throughout 1042 
the west where 11 of the 17 herds assessed averaged ≤8% autumn IFBF (Cook et al. 2013). The 1043 
Washington Blue Mountains elk herd is likely in a similar situation, and it should be evaluated as 1044 
having nutritional limitations.  1045 

 1046 
Table 4. Autumn Ingesta-Free Body Fat and Pregnancy rates from two populations in the Oregon 1047 
Blue Mountains between 2002-2007 (Cook et al. 2013, Johnson et al. 2019). 1048 

Elk Herd 

%IFBF Pregnancy Rate 
Not Pregnant Pregnant    

Non-lactating Lactating Non-lactating Lactating All Non-lactating Lactating 

Wenaha 7.9 5.1 12.2 7.5 87.5 88.5 86.0 
Sled Springs 6.7 7.8 12.8 9.4 84.0 89.7 76.2 

  1049 

Late summer precipitation, especially in drier ecosystems, have illustrated significant positive 1050 
effects on body fat accretion of lactating elk and body mass of juveniles prior to winter and may 1051 
indirectly influence population performance (Johnson et al. 2019). August precipitation data from 1052 
Parameter-elevation Regression on Independent Slope Model (hereafter PRISM), as described in 1053 
Johnson (2019) for the Blue Mountains was collected by GMU from 1991 to 2020 and indicate an 1054 
overall mean of .697 inches (+/- 0.200) (Fig. 21). Identification of specific precipitation values 1055 
necessary for individual or population benefits are not defined, but literature suggests using a 1056 
comparison to the long-term mean. Years with values equal to or above the 75th percentile could 1057 
be suggested as better than average precipitation. This would equal 0.9 inches of precipitation, and 1058 
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when plotted with the Blue Mountains population data identifies no precipitation events greater or 1059 
equal to the 75th percentile occurring in one or more GMU since 2014 (Fig. 21). Furthermore, 1060 
events where ≥ 2 inches precipitation (94th percentile) coincide with a time of substantial elk 1061 
population growth between 1999 and 2009 (Fig. 22). A correlation analysis of adult cow and 1062 
juvenile recruitment with August precipitation was conducted at the GMU and herd-wide levels 1063 
and all results indicated no correlation, therefore the observation of precipitation and population is 1064 
a qualitative assessment only. Using August precipitation as an indicator of climatic effects on 1065 
bottom-up regulation suggests the last four years have not been as good as previous years with a 1066 
mean of only 0.4 inches (+/- 0.34).  1067 

Winter can have a dramatic impact on elk populations with juvenile survival being the most 1068 
susceptible, although winter conditions within the long-term mean should not reduce survival 1069 
(Johnson et al. 2019). December through February PRISM precipitation and temperature data was 1070 
standardized to generate a winter severity index, where increasing precipitation and decreasing 1071 
temperature result in higher values to indicate severe winter conditions (Johnson et al. 2019) (Fig. 1072 
23). Winters of 1996, 1997 and 2017 were events beyond the 95th percentile and significant elk 1073 
winterkills were documented. Since 2017, index values were within the normal range with 2019 1074 
being slightly above average and winter mortality was minimal.  1075 

  1076 

 1077 
Figure 21. PRISM, August precipitation data from 1991 to 2020 collected and summarized by 1078 
GMU. The dashed blue line represents the 29-year mean 0.697 inches.  1079 
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 1080 
Figure 22. Blue Mountains elk herd population point estimates from aerials surveys with 1081 
precipitation events of ≥ the 75th (0.9 inches) and 95th percentile, represented with hollow and 1082 
solid triangles, respectively.  1083 

 1084 
Figure 23. Blue Mountains averaged winter severity index using December through February 1085 
PRISM precipitation and temperature data. Higher values document increased winter severity. 1086 
Standardized with a mean = 0 and standard deviation = 1 and with gray band representing winter 1087 
severities within the 75th percentile.   1088 

 1089 

Climate change is an ongoing global issue which is impacting the western United States more than 1090 
the east (Saunders et al. 2006, Diaz and Eischeid 2007, Knowles et al. 2006, Pederson et al. 2010). 1091 
Reports for the Columbia River Basin, in which the Blue Mountains resides, suggest this area has 1092 
a mean-annual temperature increase of approximately 2° F (Knowles et al. 2006, Regonda et al. 1093 
2004). Trends of overall precipitation have not changed but are increasingly falling as rain instead 1094 
of snow (Knowles et al. 2006, Regonda et al. 2004). This decreases the amount of snowpack and 1095 
commonly brings an earlier snow melt-off. In an analysis between 1948 to 2006 of streamflow, 1096 
Luce and Holden, (2009) documented dry years are becoming increasingly drier for the area. The 1097 
trend over the next 60 years predicts continued rises in temperature during warm and cool seasons 1098 
with increases in cool season rain and reduced precipitation during the warm months (Reclamation, 1099 
2016).  1100 
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Changes in precipitation type and timing as well as increases in temperature present many 1101 
challenges for elk (Post & Forchhammer, 2007; Rickbeil et al. 2019; Middleton et al. 2013). The 1102 
common methodology for monitoring precipitation and temperature changes as related to elk 1103 
employs the use of remote sensed satellite data. Using these data, calculations can be applied to 1104 
estimate forage quantity and quality and allowing for reconstruction of vegetation pattern from the 1105 
1980’s to the present (Pettorelli et al. 2011). Ideally, sampling will take place in locations of adult 1106 
female elk without significant canopy cover (Brodie et al. 2013; Middleton et al. 2013; Hurley et 1107 
al. 2014). These data will allow for an annual comparison of duration and magnitude of forage 1108 
production. Washington does not currently have adequate spatial data of adult female use for the 1109 
Blue Mountains to conduct a refined analysis of this type.  1110 

Discussion  1111 

Concerns surrounding elk recruitment have been persistent in the Blue Mountains for more than 1112 
three decades, with investigations focusing on conception timing, pregnancy rates and predation. 1113 
During the 1980’s and early 1990’s the Department identified asynchronous conception timing 1114 
and low pregnancy rates (65% in 1987) which were attributed to the low bull to cow ratios (Zahn, 1115 
1993; Myers et al. 1999). Management actions to increase bull to cow ratios were successful and 1116 
this led to synchronized conception timing. Pregnancy rates appeared to rise (89% in 1992) 1117 
although during this time recruitment remained depressed at only 18 and 19 juveniles per 100 adult 1118 
females in 1992 and 1993, respectively. In response, the Department conducted a juvenile survival 1119 
and cause-specific mortality study from 1993-1997. They identified an average annual juvenile 1120 
survival rate of 0.47 (0.44 – 0.55) and when combined with high pregnancy rates, as documented 1121 
in 1992, should have resulted in recruitment levels that would allow for population growth, but 1122 
that did not occur. It is believed these contradictory findings may have been related to the fact that 1123 
researchers were unable to capture a significant number of newborn calves, less than 24 hours old, 1124 
which has been shown to potentially increase survival estimates if uncorrected over shorter 1125 
timeframes of less than 70 days (Gilbert et al. 2014; Chitwood et al. 2017). Regardless, this earlier 1126 
study determined that predation events primarily occurred during the summer season and therefore 1127 
were compensatory.  1128 

Currently, three core GMU’s in the northern portion of the Blue Mountain elk herd’s range are 1129 
struggling to reach objective due to poor recruitment (162, 166, 175; hereafter northern core). This 1130 
assessment attempted to disentangle climate, bottom-up and top-down effects to identify which 1131 
factors were inhibiting population growth, but this approach is a simplification of a complex 1132 
ecological system. As such our limited data did not allow for a clear determination of which factors 1133 
were limiting this herd and additional work is needed to collect information that can be used to 1134 
inform the development of management alternatives.  1135 

Human use and development data for the area are limited but the literature has not provided an 1136 
indication of population level impacts. Moreover, other Washington herds have stable or 1137 
increasing population trends despite substantial recreational activities occurring within their 1138 
respective herd areas. Although these activities are additional stressors, they are unlikely to be a 1139 
principal limiting factor. As such, collecting additional information regarding these factors is likely 1140 
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to provide minimal insights. Alternatively, nutrition and predation have been identified as limiting 1141 
elk populations throughout the west and are likely to be the two primary factors limiting the Blue 1142 
Mountains elk herd.  1143 

The information the Department has available regarding the nutritional condition of elk in the Blue 1144 
Mountains is limited, but a qualitative comparison of trends in climatic conditions before and after 1145 
the Blue Mountains elk herd declined provides at least some insight. The 2005 School and 2006 1146 
Columbia Complex fires converted large, forested stands in the northern core to an earlier seral 1147 
stage. Additionally, precipitation during the month of August was near average in most years 1148 
following these wildfire events (2005-2016 average = 0.65 inches; 30-year average = 0.697 1149 
inches), with some years being well above average (ranging from 1.5 -2.17 inches in 2008, 2009 1150 
and 2014; Figure 22). Collectively, these conditions likely created advantageous environments for 1151 
elk and contributed to the population growth that was documented during this period (Figure 22). 1152 
Nutritional benefits from the complex fires have continued to diminish as forests continue to move 1153 
towards pre-fire conditions and precipitation has been less than average since 2017 (0.415 inches), 1154 
without any exceptional precipitation events (Fig. 24). The lack of specific August precipitation 1155 
requirements for elk makes it difficult to determine the effect below average precipitation has had 1156 
on elk, but it seems likely that forage quality has been reduced in recent years, or at least limited 1157 
due to below average precipitation. Myers (1999) was also concerned with the effect of drought 1158 
on calf survival in the Blue Mountains and documented reduced survival in years when drought 1159 
conditions persisted. Nonetheless, it remains difficult to conclude that nutrition is the primary 1160 
limiting factor in the northern core because elk populations in the southern core (GMUs 154, 157, 1161 
169, 172; hereafter southern core) have remained stable, with the exception of 2017, despite the 1162 
fact that habitat and climatic conditions are currently perceived to be similar between the two areas. 1163 
More in-depth investigations of nutritional limitations in the Blue Mountains would be beneficial 1164 
but would also require a multi-year effort to capture adult female elk during autumn months to 1165 
assess pregnancy and nutritional status. 1166 
 1167 

 1168 
Figure 24. PRISM, August precipitation data from 2017 to 2020 collected and summarized by 1169 
GMU. The dashed blue line represents the 4-year mean 0.415 inches.  1170 
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It is similarly difficult to conclude that predation is the primary limiting factor for the Blue 1171 
Mountains elk herd because cause-specific mortality rates for juvenile elk are unknown. In 1172 
addition, cougars and black bears are currently being harvested at increased rates. The 1173 
Department’s cougar management guidelines adopted in 2012 and subsequent changes since have 1174 
resulted in a doubling of historic cougar harvest in the Blue Mountains with a significant portion 1175 
of the annual harvest consistently occurring in GMU 162. Harvest rates derived in this assessment 1176 
using cougar density estimates from GMU 166, for 2009-2013, are equal to cougar population 1177 
reduction treatments implemented by Proffitt (2020) in Montana to promote elk population growth. 1178 
Clark (2014) also suggests these rates should result in a reduction of cougar populations if 1179 
continued for 3 years, even when maximum immigration is considered. The Department also 1180 
amended the cougar harvest guidelines in 2020 to potentially allow for the harvest of more cougars. 1181 
The Department does not have contemporary cougar density estimates in the northern core to 1182 
validate our assumed harvest rates and reductions of cougar populations, but given current harvest 1183 
levels, it is unlikely they haven’t declined at least somewhat. Deriving contemporary estimates of 1184 
cougar density would increase the Department’s understanding of current cougar population status 1185 
but would require an intensive multi-year effort to capture and mark individuals. 1186 

In 2020, the Department also increased the number of spring bear special permits and increased 1187 
the bag limit to two bears during the fall general season, which may allow for an increase in bear 1188 
harvest. Whether increased bear harvest would benefit the Blue Mountains elk herd is unknown, 1189 
but any benefit is likely to be more strongly associated with increasing harvest during special 1190 
permit seasons in the spring since harvest rates tend to be higher and occur prior to or during the 1191 
calving season (White 2010). Although using harvest density estimates as was done in this 1192 
assessment would allow the Department to continue to monitor harvest rates, formal estimates of 1193 
black bear density would be a superior metric for assessing the status of populations.  1194 

Wolves are not currently hunted in the Blue Mountains and there has only been one management 1195 
removal since they began recolonizing the area in 2009. Wolf predation rates of juvenile elk have 1196 
not been assessed, but wolf numbers have steadily increased over the past 10 years, so it is likely 1197 
predation rates have also increased. However, population level impacts usually only occur when 1198 
the correct combination of abiotic, bottom-up and top-down conditions are present. For example, 1199 
Horne (2019) determined that as pack size and snow depth increases so does adult elk mortality 1200 
risk and under these conditions, smaller elk calves become more vulnerable. If wolves are a 1201 
limiting factor in the northern core it is most likely to be associated with the Touchet Pack, which 1202 
most recent estimates indicate is comprised of 13 wolves and resides predominately in GMU 162.  1203 

Proposed Actions and Timeline 1204 

The GMP requires that all proposed carnivore management alternatives be evaluated prior to 1205 
implementation. That evaluation would include an assessment of each alternative’s scientific 1206 
validity, appropriateness of geographic extent, proposed methods of carnivore removal, the 1207 
potential for ungulate population growth, and societal and legal considerations. It would also 1208 
include a proposed plan for monitoring both ungulate and carnivore populations and a timeline of 1209 
action. Given the inconclusive findings of this assessment the Department does not feel it is 1210 
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appropriate to develop specific carnivore management alternatives until more information is 1211 
available. 1212 

The Department initiated a juvenile elk mortality investigation in May 2021, using both ground 1213 
and aerially based techniques to capture and mark 125 elk calves with radio-collars equipped with 1214 
Geographical Positioning Systems (GPS). This monitoring effort will assess cause specific 1215 
mortality of juvenile elk from birth to recruitment (through March 2022) in the northern core area, 1216 
predominately in GMU’s 162 and 175. Calves may also be captured in GMU 166 to bolster sample 1217 
sizes. Given the Department is only collecting one year of cause specific mortality data, we will 1218 
consult the literature and other researchers to determine if our findings align with other studies 1219 
where predation was determined to be additive. 1220 

Although the information would be informative, the Department will not initiate efforts to evaluate 1221 
the nutritional status of adult female elk because it would require several years of field intensive 1222 
work before adequate sample sizes could be obtained. We may consider this in the future if the 1223 
juvenile elk mortality investigation does not indicate predation is a limiting factor or if carnivore 1224 
reductions (if implemented) are not successful in increasing calf survival.  1225 

Additional monitoring of carnivores will be limited to estimating black bear densities in GMUs 1226 
162 and 166, using spatially explicit capture-recapture techniques (Welfelt et al. 2019). These 1227 
efforts will be initiated in June 2021 and density estimates will be available by spring 2022. The 1228 
Department will continue to monitor wolves using our current protocols and will not attempt to 1229 
estimate current cougar densities because it would require an intensive multi-year investigation. If 1230 
considered, we will use cougar density estimates derived from GMUs 162 and 166 between 2009 1231 
and 2013 to inform the development of alternative management actions for cougars. 1232 

After monitoring calf survival and causes of mortality for one year, we will use those findings to 1233 
assess if additional information is needed or if there is a clear indication that predation is a limiting 1234 
factor. If we determine predation is a limiting factor, we will implement the guidelines stated in 1235 
the 2015-2021 Game Management Plan. This will include the development of specific carnivore 1236 
management options. The options will undergo internal and external review . The external review 1237 
process would include outreach with the public through the State Environmental Policy Act 1238 
(SEPA) assessment. Although specific carnivore management actions have not been identified in 1239 
this assessment, they may include targeted removals and liberalizing recreational hunting seasons 1240 
for the identified species. Implementation could begin immediately after completing the SEPA 1241 
review and may require an emergency rule process or something similar, to liberalize hunting 1242 
seasons, and use targeted removals. 1243 
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