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 1.0  INTRODUCTION 
Weyerhaeuser Company Ltd. has asked for a literature review and field evaluation of elk 
damage to conifer plantations in Block 1 of TFL 39 (Block 1 or the Stillwater TFL) near 
Powell River on the mainland coast of British Columbia.  Roosevelt elk (Cervus elaphus 
roosevelti) damage to plantations is high in localized areas within the range of the 
recently re- introduced herd.  Company foresters are no longer able to easily re-establish 
western redcedar (Cw) on harvested blocks within the main elk range, and are seeking 
management recommendations that will allow them to continue to meet free-growing 
criteria. 
  
2.0  STUDY AREA 
The study area consists of Block 1 of Weyerhaeuser's TFL 39, also known as the 
Stillwater Pilot Project Area, and lies in the Vancouver Forest Region and the Sunshine 
Coast forest district.  The block is located on the south coast of British Columbia between 
Toba and Jervis Inlets (Figure 1).  A number of lakes occur within the Stillwater TFL, 
including Lois, Khartoum, Horseshoe, Dodd, Haslam, Powell and Goat.  The majority of 
the Stillwater TFL is in the Coastal Western Hemlock biogeoclimatic zone, with some 
higher elevation areas in the Mountain Hemlock and Alpine Tundra zones (Table 1). 
  
Table 1.  Biogeoclimatic classification of the study area. 
Code Biogeoclimatic Zone Subzone  Variant 
ATp Alpine Tundra parkland N/a 
MHmm1 Mountain Hemlock Moist maritime Windward 
CWHdm Coastal Western Hemlock Dry maritime N/a 
CWHvm1 Coastal Western Hemlock Very wet maritime Submontane 
CWHvm2 Coastal Western Hemlock Very wet maritime Montane 
CWHxm1 Coastal Western Hemlock Very dry maritime Eastern 

  
2.2  Free Growing Standards  
  
Free Growing standards for the study area follow the principles of the Establishment to 
Free Growing Guidebook for the Vancouver Forest Region  (B.C. Ministry of Forests 
2000).  The guidelines specify that crop trees must be >150% higher than competing 
vegetation within a 1 m radius.  In order to be considered healthy, trees must ' be free 
from damage or infection from insects, disease, mammals, or abiotic agents'.  
The early free growing assessment is set at eight years for the CWHdm, with late 
assessment at 11 years.  Target Stocking Standards for preferred/acceptable species are 
900 well-spaced stems/ha for mesic sites, and Minimum Stocking Standards for preferred 
and acceptable species is 400 well-spaced stems/ha.  Height criteria for Fd (Douglas-fir) 
and Cw (western redcedar) are summarized below (Table 2).   
 
Table 2.  Free growing height criteria for Fd and Cw in the CWHdm. 
Site Series Fd height (m) Cw height (m) 
01, 04, 06 3.0 1.5 
02, 03, 11, 12, 15 2.0 1.0 
05, 07, 08, 09, 13, 14 4.0 2.0 
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Figure 1. Study area, study blocks and original elk release areas.  
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2.3  Local Elk Populations and Damage Magnitude 
Five elk were transplanted to the study area from Fanny Bay in 1994 (R. van Zwaaij, 
pers. comm.).  In 1996, 22-25 elk were captured near Kleindale and relocated to the Lois 
River area near Powell River (Quayle and Brunt 2003; R. van Zwaaij, pers. comm.).  The 
elk belong to the Lower Mainland metapopulation and are currently increasing.  MWLAP 
monitors the area's elk population through population modeling and confirmation via 
field surveys (cow: calf: bull ratios), and MWLAP staff estimate that there are about 80-
100 elk in the Powell River area (Jervis Inlet north to Theodosia River) (D. Reynolds, 
MWLAP, pers. comm.).  The elk population is continuing to grow, however, MWLAP 
plans to trap elk from this area to relocate into wilderness habitat within their former 
range, with nuisance elk in urban areas having the first priority for relocation.  Limited 
Entry hunting targets  10% of the bull population annually, and there is some predation 
by grizzly/black bears, cougars and wolves, primarily on calves.  Neither hunting nor 
predation is expected to significantly limit the population until the predators adapt to the 
new prey source.  Habitat quality and quantity is likely the primary limiting factor.   
 
Wetlands, floodplains, meadows, old burns and open riparian forests are prime habitat for 
Roosevelt elk.  Timber harvesting activities have improved elk habitat in some locales by 
opening up dense, closed forest stands (D. Reynolds, MWLAP, pers. comm.).  The study 
area has been rated as high to moderately high for winter elk habitat capability (Quayle 
and Brunt 2003).  Winter habitat suitability was rated generally low to moderate due to 
the scarcity of old-growth forest for winter thermal and snow interception cover.  
However, elk in low elevations such as the CWHdm may not require large amounts of 
old forest for snow interception, in which case the current suitability would be higher 
than indicated by the winter range model used by Quayle and Brunt.  It is not known 
whether the area's elk are migratory.  MWLAP does not intend to transplant any more elk 
into the vicinity, but plans to transplant elk from the study area out into vacant wilderness 
on the coast that is within the subspecies' former range.  Nine nuisance elk were trapped 
in the study area and relocated on Feb. 23, 2003. 
 
The level of damage to tree seedlings by elk browsing can be quite significant (Nolte and 
Dykzeul 2000).  Elk depredation has been noted as low to severe in replanted Fd 
(Douglas-fir) and Cw in cutblocks in the study area, especially those close to established 
elk trails.  Damage consists of browsing, trampling and damage to seedlings from antler 
rubbing.  On some cutblocks, alder trees that would normally have been the target of 
removal during stand tending operations have instead been left to provide both a physical 
buffer between high-use elk trails and vulnerable conifers, and alternative rubbing sites 
for elk.  Western redcedar (Cw) seedlings are particularly vulnerable to elk and on some 
blocks, the Cw component has been totally removed through elk browsing.  The resulting 
Fd monoculture and diminished stocking levels have raised concerns about meeting block 
reforestation and free-to-grow standards.  
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3.0  LITERATURE REVIEW OF ELK BIOLOGY, PLANTATION DEPREDATION 
AND DAMAGE PREVENTION OPTIONS 
  
3.1  General Elk Biology 
 
The Roosevelt elk, Cervus elaphus roosevelti, is found on Vancouver Island and in a few 
valleys at the head of mainland inlets adjacent to northern Vancouver Island (Brunt 
1990).  The current distribution is largely a result of historic market hunting and forestry 
activities, as well as of later translocation efforts to expand the species' range (Quayle and 
Brunt 2003).  There are estimated to be about 3660 Roosevelt elk in the province, 
although they are locally abundant in some areas of Vancouver Island (Quayle and Brunt 
2003).  The species is currently classified as blue- listed (vulnerable) provincially (BC 
MSRM 2001) due to fragmentation and destruction of winter range habitat 
  
Female Roosevelt elk average about 260 kg, while bulls may exceed 400 kg.  Elk are 
social animals and fo rm dynamic herds that may include more than 100 individuals.  
Herds generally consist of cows, calves and subadults.  Mature bulls often form small 
bachelor groups for most of the year, but defend small harem groups of cows during the 
breeding season (rut) in September/October (Brunt 1990).  Pregnant cows seek solitude 
to give birth in late May-early June, and new calves remain hidden by the cow during the 
first 10 days to three weeks after birth.  Once the calf is relatively mobile, the pair re-
joins the herd.   
  
Elk use a variety of forested and non-forested habitats, and are especially associated with 
edges and ecotones.  They prefer moist, alluvial sites including floodplains, wetlands, 
meadows and riparian habitats.  Coniferous forests of all ages are used by elk, as are  
deciduous stands (Brunt 1990).  Seepage sites with skunk cabbage may be heavily used 
in the spring.  Open forests (<70% canopy closure), and vegetated slides (summer) are 
preferred foraging habitats.  Most use of forest openings takes place within 200 m of the 
forested edge (Nyberg 1990).  Suitable security cover consists of dense conifers in 
patches at least 100 m wide (Nyberg 1990).  Variation in topography ('benchiness') is 
preferred over areas with uniform slope, and gentle slopes (<50%) are preferred to 
steeper areas (Dolighan and Materi 2002).  
 
Snow depths >30 cm on Vancouver Islands cause elk to move from open habitats 
(clearcuts and wetlands) to densely canopied forests and south aspect rock outcrops 
(Brunt et al.  1984, cited in Brunt 1990).  Old-growth stands on south-aspect slopes 
provide prime elk habitat for severe winters, but stands >10 m tall with canopy closure of 
60-90% may provide adequate conditions in low snowpack areas (Dolighan and Materi 
2002).  
  
Most elk on Vancouver Island are migratory to some degree (Brunt 1990) and use distinct 
ranges during the winter, spring and summer.  However, some elk herds are resident and 
occupy the same, low-elevation home range of about 5-10 km2.  Seasonal ranges are 
often within a single watershed, but can be as much as 40 km apart (Brunt 1990).  Winter 
ranges are usually at low elevations (<600 m) and are used from November through 
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March, while summer ranges are used from April-November and occur at elevations of 
400-1500 m.  Spring ranges are used between February through April, depending on the 
timing of snowmelt and green-up (Brunt 1990).   
   
Important elk forage plants include Oregon-grape, deer fern, sword fern, grasses and 
sedges, Vaccinium species, salmonberry and bunchberry.  Young skunk cabbage shoots 
are highly preferred in the spring (Dolighan and Materi 2002).  Most use of conifers takes 
place during the fall and winter (Brunt 1990; Janz 1972).  Western redcedar and hemlock 
may form up to 40% of the diet in late winter if snowpack persists (Quayle and Brunt 
2003).  In early spring, bud-burst on conifers provides succulent new growth when other 
forage is still dormant. 
  
The rate of elk population growth depends on a number of factors including the presence 
of adequate forage, hunting pressure, predation rates, diseases and parasites, with 
overwintering mortality being one of the most significant (Brunt 1990).  Juvenile 
mortality rates are high (up to 60% (Janz and Becker 1986, cited in Brunt 1990)).  Under 
good habitat conditions and with little hunting or predation, elk numbers can increase by 
as much as 30% per year (Raedeke et al.  1986, cited in Brunt 1990).  Major predators of 
elk include wolves, cougars and bears.  Younger animals and mature bulls exhausted by 
the rut are most vulnerable to predation. 
  
Limited Entry Hunts (LEH) are currently available for Roosevelt elk in BC.  Two LEH 
permits for bull elk were issued for the Powell River area for 2003.  Demand for elk 
hunting is high; over 1100 applications were made for the six elk LEH permits drawn in 
2001 in Region 2 (BCMWLAP 2002). 
 
  
3.2  Elk Depredation on Conifer Plantations 
Elk use of cutblocks has been reported as heaviest six to eight years after timber harvest, 
but severe elk damage may occur to newly-planted seedlings (Black 1994).  Browsing elk 
remove the terminal and lateral shoots from seedlings and saplings.  The browsed ends 
are ragged in appearance and squarely cut, as opposed to the clean, angled clipping 
characteristic of rodent and hare damage (Henigman et al. 2001).   
 
Repeated annual browsing of terminal shoots distorts growth, suppressing tree height and 
converting seedlings into a bushy growth form (Nolte and Dykzeul 2000).  Delayed 
growth lengthens the rotation period for timber stands.  Extensive browsing can cause 
mortality.  Additionally, stems browsed by elk are often splintered, and during the spring, 
the bark below the break may be stripped from the stem.  Most damage occurs during 
early spring when conifer buds flush and alternate forage is not yet available.  Elk tend to 
roam more widely than deer, so the occurrence of damage by elk is more widespread and 
sporadic than damage by deer (deCalesta and Witmer 1994).   
 
The major impact of browsing on trees is the loss of growth caused by loss of foliage, 
especially to the leader, but repeated heavy browsing can also deform trees or kill them 
and necessitate re-planting (Nyberg 1990).  Trees that are repeatedly browsed are less 
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able to withstand other stresses and to survive and grow (Duddles and Edge 1999; Nolte 
and Dykzeul 2000).  Elk are often drawn to fertilized plants when nutritionally stressed 
(Johnson 2001), so fertilization may both increase seedling growth rate and make 
seedlings more vulnerable to being browsed.  Browsing damage in some areas may  
appear insignificant until less-palatable brush species overtake and shade out the 
damaged conifers (Campbell 1999).  Deer browsing on over 15% of the tree seedlings in 
a plantation, during the first spring after planting, usually means there will be much 
heavier browsing during the next two or three years (Campbell 1999).  Extensive 
browsing by large numbers of elk can reduce shrub cover, species richness and diversity 
(Moser and Witmer 2000).  The palatability of the conifer species being grown is usually 
a major factor in the amount of damage that can be expected (Campbell 1999).  Tree 
species in order of preference by elk are: western yew, western redcedar, western 
hemlock, true firs, Douglas-fir, pine (bark), yellow-cedar and spruces (Nyberg 1990).   
  
Elk may damage trees in other ways besides foliage browsing (Nyberg 1990).  Small 
seedlings may be uprooted shortly after planting when elk tug at them.  Elk may also 
trample small seedlings, and may damage trees up to pole-size by thrashing them with 
their antlers as part of rut displays or to remove clinging velvet (Nyberg 1990).  During 
the winter months, bark may be stripped from pine and Douglas-fir as hungry elk target 
the cambium layer, leaving vertical toothmarks from their lower incisors.   
   
The extent of elk damage to plantations is variable and dependent on factors such as the 
local population size, its migratory patterns, the tree species present, seedling size, 
availability of alternate forage, winter weather, amount of slash, topographic position and 
habitat interspersion (Nyberg 1990).  Even where elk populations are low, areas of 
seasonal concentrations, such as winter or spring ranges, can experience heavy damage 
(Nyberg 1990).   
  
3.3  Elk Damage Prevention Options 
Options to control ungulate browsing have been grouped into four types (Nyberg 1990): 

• Protection of seedlings/trees  
• Reduction of animal populations  
• Provision of alternative foods  
• Modification of planting practices.  

More information on each of these options is presented below.  
 

Seedling Protection 
Fencing 
Physically excluding ungulates from forest plantations is probably the most effective way 
to prevent browsing damage.  Fencing areas especially at risk from elk damage will 
protect young conifers as long as the fence was properly installed and fence damage from 
snow, falling trees or vandals is promptly repaired.  The fence could be dismantled once 
the planted trees are large enough to no longer be vulnerable to elk, and some of the 
fencing materials re-used in other areas.  Woven-wire fencing 2.4 metres high is an 
effective barrier to deer and elk (although 8 feet is the minimum and 10 feet is more ideal 
as outlined in section 5.0).  Fencing is expensive to install and maintain, and for this 
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reason has rarely been used to protect forest plantations in BC.  Fencing also excludes 
large animals other than the target species, and may prevent access to high-quality 
habitat.  If large areas are fenced, there is a risk that some animals may be unintentionally 
fenced in and trapped.  Fencing should be done before hiding cover develops, for this 
reason.  Fencing off areas may also increase damage to adjacent, unfenced areas.   
 
Frightening Devices 
Frightening devices such as propane exploder cannons may be effective in the short term 
(3-5 weeks) but ungulates will eventually habituate to the noise (Nolte 1990).  Exploders 
are most effective when their locations are changed every few days.  One exploder will 
protect 2-4 ha on a temporary basis (deCalesta and Witmer 1994).   
  
Seedling and Leader Protectors 
Polypropylene rigid mesh tubes, rigid seedling shelters and cages made from galvanized 
metal wire have been used to protect entire seedlings or leaders, and are most effective if 
carefully installed and staked in place.  Mesh tubes of this type are available under 
several brand names, including Vexar.  Installing individual seedling protectors greatly 
increases the costs of reforestation (R. van Zwaaij, pers. comm.).  As the seedling grows, 
the protector may need to be moved up to protect the leader, adding additional labour 
costs (Nyberg 1990).   
 
Rigid mesh protectors may cause stunted tree growth, stem deformities and collapse of 
tube and seedling due to heavy snowpacks (Moser 2003), and tree leaders may tangle in 
flexible netting, resulting in deformities.  Some animals may also learn to remove the 
protectors or simply knock them over (W. Wall, pers. comm.).  Vexar tubes are difficult 
to install on already-planted and established seedlings (Duddles and Edge 1999).   
 
Polypropylene mesh tubes are made to degrade after several years of sunlight.  Wire 
cages should be removed when the trees outgrow them (for worker safety) and may be re-
used if their condition permits.  The costs of Vexar tubing range from $1.05 for 48" 
height down to $0.35 for 30".   
 
Tree-pro® and Tex-guard®  are brand names of tree shelters that also discourage 
browsing.  Tree shelters come in various lengths, degradation times and degrees of 
translucency, and must be staked in place.  Their use may result in spindly trees, and the 
increase in humidity inside the tubes may promote foliar diseases (Nolte 1990). 
  
Bud Caps 
Paper bud caps are an inexpensive way to protect the leaders of seedlings (Henigman 
1997).  Caps are made from folded sheets of waterproof card that are stapled to form a 
cylinder and slid over the leader bud.  Lateral buds may need to be removed from the bud 
cluster to be protected.  The caps may have to be moved annually up the bud as it grows.  
The paper caps last about 2-3 years, and may be useful in protecting seedlings of tree 
species that have erect leaders (i.e. Douglas-fir).  However, elk may learn to remove bud 
caps and browse the exposed leaders (Moser 2003).  Bud caps may also be blown off if 
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used on windy sites and may result in bent terminals if used on smaller seedlings 
(Duddles and Edge 1999). 
 
Repellents 
The function of ungulate repellents is to make plants less attractive to ungulates.  
Repellents work by either causing physical irritation (e.g. capsaicin, ammonia), or by 
inducing fear (predator odours, bloodmeal).  Repellents are generally applied as topical 
liquids or powders at the time of planting or soon after bud-burst so the repellent adheres 
to the new needles and is transported with elongating stems and branches (Campbell 
1999).   
 
Few repellents have proven suitable for use in coastal BC as they either do not 
sufficiently reduce browsing or do not persist long enough in the wet local climate 
(Nyberg 1990).  The effects of repellents last from five weeks to one year, but they 
eventually degrade and wash off (Baker et al.  1999; Nyberg 1990).  The duration of 
repellent effects varies with the degree of habituation by the animals, the amount of 
rainfall, and ultraviolet light (Baker et al.  1999).  The effectiveness of repellents as a 
long-term solution is dependent on the availability of the required budget and labour to 
reapply them as needed.  
 
Tests of Vexar bud caps and two repellents (Plantskydd® and Deer-Away BGR Liquid) 
were equally effective in reducing deer and elk browsing on conifer seedlings at low to 
moderate levels of browsing pressure in Idaho (Moser 2003).  It is possible to prevent 
damage without treating an entire block by applying repellents within a 10 m strip along 
the edges of the block adjacent to cover and trails (deCalesta and Witmer 1994).  If elk 
damage is less than 20%, application of repellents will likely not be cost-effective.  If 
damage exceeds 80%, repellents are unlikely to effectively deter ungulates (deCalesta 
and Witmer 1994).   
    
Coarse Woody Debris 
Broadcast burning facilitates access by deer and elk, and suppresses existing browse, 
which increases the attractiveness of planted seedlings to elk (Black 1994).  The release 
of nutrients from broadcast burning may also increase the palatability of the seedlings.  
The retention of slash on-site has been found to protect aspen seedlings from elk 
browsing (Ripple and Larsen 2001).  Effects on elk mobility are noted when slash is >30 
cm deep and obstructions are abundant (>25 obstacles/100 m) (Nyberg 1990).  Shade-
tolerant tree species can be planted between logs, slash piles, and stumps (obstacle 
planting).  As elk usually feed uphill on steep slopes, seedlings planted on the uphill side 
of debris and rocks will receive some protection from browsing, as well as protection 
from trampling (Black 1994).  Machinery has been used to pile slash around planting 
spots and construct a partial slash fence around some areas.  As the deterrent effect of the 
slash will vary, the effectiveness of this method can also be expected to vary greatly 
(Nyberg 1990).  Accumulations of coarse woody debris also provide habitat for small 
mammals such as voles and hares, which may damage seedlings in their turn (Nolte 
1999). 
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Modification of Planting/harvesting Practices 
  
Planting species less preferred by elk (e.g. pine, spruce) is one method to diminish elk 
browsing damage.  Delaying planting operations until late in the spring allows native 
vegetation to green up and provide highly palatable and abundant alternate forage  
(Campbell 1999).  Planting larger seedling stock is more expensive than using smaller 
trees, but the taller seedlings recover faster from browsing and take a shorter amount of 
time to grow to the point where their leaders are beyond the height that elk can reach 
(1.5-2 m).  Planting very large stock should be avoided on areas exposed to high winds or 
droughty conditions in mid- to late summer (Duddles and Edge 1999). 
 
Planting redcedar in the middle of a clump of non-preferred trees (Sitka spruce) has been 
suggested as a deterrent to deer browsing (W. Wall, pers. comm.).  The spruce could 
either be clipped out once the redcedar was established, or natural spruce pests would 
delay the growth of the spruce so that the redcedar could outcompete it.  This method has 
been tried against deer browse in the Stillwater area but has not been successful (R. van 
Zwaaij, pers. comm.). 
 
Seedlings should not be planted within 2 m of established game trails as they are likely to 
be targets for repeated browsing by a large number of individuals.  Increased stocking 
(reduced seedling spacing) for areas where elk damage is expected may be sufficient to 
compensate for browsing damage except in cases where damage is severe and repeated 
(Black 1994). 
 
As elk are attracted to the nutritious, lush nursery seedlings, use of natural regeneration 
may be more effective than planting nursery stock on some sites (W. Wall, pers. comm.).  
Reimoser and Gossow (1996) have also suggested that natural regeneration combined 
with shelterwood systems would be less susceptible to ungulate damage.  
 
  

Provision of Alternative Foods 
 Some of the worst browsing damage occurs on previously burned cutblocks with little 
alternate forage (Nyberg 1990), or where relatively small amounts of forage are available 
compared to the size of the herd in the general area (R. van Zwaaij, pers. comm.).  Forage 
can be provided by either encouraging the regeneration of native forbs and shrubs, or by 
actual planting of preferred forage species such as grasses and legumes.  Supplemental 
feeding stations may be strategically placed near sites that are vulnerable to damage.  
However, animals often continue to forage between bouts at feeding stations (Schmitz 
1990, cited in Nolte 1999), and the efficacy of supplemental feeding is thus quite 
variable.  Supplemental feeding may increase local use of an area and/or may contribute 
to ungulate population growth.  Some forage species will also compete with conifer 
seedlings, and may attract small mammals that will also damage seedlings (deCalesta and 
Witmer 1994).  Seeding of alternate forage has not been successful for reducing deer or 
elk damage in BC (Nyberg 1990). 
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Another method of providing alternate forage includes modification of brushing practices 
to retain a component of preferred browse species (e.g. Vaccinium, salmonberry).  Such 
modifications may include refraining from removing 100% of the competing vegetation, 
or brushing in only 3 of 4 quadrants (R. Brewer, pers. comm.).   
   

Reduction of Animal Population 
Reducing the population of ungulates will reduce browsing damage.  Population 
reduction may be induced through liberal hunting seasons, by direct culling of problem 
animals or by capture and translocation of animals.  Due to their herding behaviour and 
large body size, elk are susceptible to over-hunting (Nyberg 1990).  As elk damage tends 
to be localized, a general population reduction is not generally justified (Nyberg 1990).  
The MWLAP does plan to translocate elk from the Powell River area, but the actual 
numbers and  timing of elk captures will depend on the availability of personnel, budget 
and suitable release sites. 
  

Costs of Seedling Protection 
Costs of establishing seedlings on coastal forest areas with deer and elk have been 
estimated at $8/seedling (includes cages, Vexar, plastic tubes and Plantskydd repellent), 
as compared to $1/seedling in areas without significant deer and elk populations (W. 
Wall, pers. comm.).  The extra costs may be mitigated somewhat by the reduced brushing 
that is required on some sites (R. Brewer, pers. comm.). 
 

Damage Characteristics and Results of Damage Prevention Strategies on 
the Stillwater TFL 
Contrary to published reports of elk dietary preferences, the elk in the Stillwater TFL 
have shown a distinct preference for Douglas-fir as well as redcedar.  Hemlock rarely, if 
ever, shows signs of elk browse.  This apparent contradiction may be due to the 
reforestation practices on the TFL.  Hemlock is regenerated naturally, while redcedar and 
Douglas-fir are nursery-grown, fertilized and planted.  The fertilized Douglas-fir 
seedlings may provide more nutrients than the naturally regenerated hemlock. 
 
Several different types of seedling protection have been tried on the Stillwater TFL.  
Plantskydd® repellent has been used and seems to be effective.  However, the wet 
climate of the area makes it difficult to schedule its application as that requires dry 
weather (R. van Zwaaiij, pers. comm.).   
 
Sinocast cones have been installed on seedlings, but the elk knocked them over and ate or 
trampled the seedlings.  Various other types of securely installed plastic protectors were 
also tried with little success, and Weyerhaeuser staff report that the elk appeared to learn 
to knock the protectors over in order to get at the seedlings inside (R. van Zwaaiij, pers. 
comm.).  Wire cages appeared to work well in protecting the leader, though their 
installation and maintenance contributed significantly to the cost of reforestation (R. van 
Zwaaiij, pers. comm.). 
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4.0  ELK DAMAGE SURVEY 
 
An elk damage survey was conducted on the Stillwater TFL from Nov. 26-30, 2003.  The 
purpose of the reconnaissance- level survey was to document the scale and locations of 
the damage and to examine the local elk habitat conditions to estimate the potential future 
size of the herd.   
 
4.1  Methods 
A list of 12 cutblocks damaged to some degree by elk was provided by Weyerhaeuser.  
Five of these cutblocks were chosen for field visits (Table 3).  One cutblock that had not 
been damaged by elk was also visited for comparison purposes.   
 
Table 3.  Cutblocks visited during field surveys.  

Cutblock 
ID 

Size 
(ha) 

Harvested Planted Species 
planted 

Damage 
prevention 

type 

Comments 

TM-181 24.8 + 
3.1 ha 
private 
land 

1999 2001 Cw, Fd fenced  

ST-03 90.9 1989 1998 Cw, Fd, Bg, 
Ss 

cages, 
Plantskydd 

Mostly free-
growing 

ST-921 38.1 1996 1997 Cw, Fd, Act cages  
WL-922 30.9 1996 1997 Cw, Fd cages  
WL-926 10.6 2001 2002 Cw, Fd cages  
ST-198 25.3 1998 1998 Cw, Fd Seedling 

cones 
Control block 

 
All of the study blocks were within the CWHdm biogeoclimatic subzone, between Dodd 
and Lois Lakes.  Site series of the blocks varied but were mostly 01 (Hw-Flat moss), 05 
(Cw-Sword fern) and 07 (Cw-Foamflower).  All of the elk-damaged blocks had some 
type of elk damage control attempted.  All had wire cages installed over the Cw, and one 
block (TM-181) was fenced and had Plantskydd® repellent applied.  As the study 
cutblocks were different ages and had been subjected to different silvicultural regimes 
and damage control methods, it was not possible to obtain true replicates.  Therefore, the 
fieldwork focused on documenting the range and types of damage on affected cutblocks. 
 
The survey technique was based on the nearest-neighbour method recommended by 
Pepper (1998), adapted for a reconnaissance- level survey.  A 300 m transect was laid out 
on the cutblock, generally oriented along the long axis of the block.  The starting point of 
the transect was recorded in UTM co-ordinates provided by a GPS unit.  Plots were 
established every 30 m along the transect, for 10 plots per cutblock in total.  At each plot, 
the five closest Cw and Fd to the plot centre were examined.  Tree height, basal diameter 
and types of damage (browsed leader on current or past growth, browsed laterals, needle 
strip, antler rub), if any, were recorded.  Leader vs. lateral browse were recorded 
separately because lateral damage does not necessarily have the economic significance of 
leader browsing (Pepper 1998). 
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Heights of trees taller than about 2.3 m were estimated.  Diameters were measured with 
callipers, with a diameter tape used for the larger trees.  The top height and stocking 
within a 10 x 10 m plot, for each tree species, were also recorded.  Each plot was rated 
for elk habitat quality for feeding winter, security/thermal winter, feeding in the growing 
season, and security/thermal in the growing season.  Elk pellet groups within the previous 
30 m were counted. 
 
 
4.2  Results 
Damage to the blocks visited generally fell into three main categories.  Browsing of the 
leader and/or lateral branches (Figure 3) was the most frequent type of damage, seen on 
68% of the Cw and Fd trees examined (excluding the control block).  Browse damage on 
the control block was 2% (Fd + Cw).  Antler damage (Figure 4) was less frequent, and 
was recorded on 2% of the Cw and Fd trees examined (excluding the control block).  No 
antler damage was seen on the control block.  The third type of damage was stripped 
needles on Fd, which was noted particularly on Block 926.  Details of damage 
frequencies are described below. 
 

 
Figure 2. Browsed Cw leader. 
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Figure 3. Antler damage to Fd. 

 

Damage to Cw 
Leader damage to Cw ranged from 2% on the control block to 84% on Block TM-181 
(Table 4).  Trees >200 cm tall were much less likely to have leader damage (26%) than 
were trees <200 cm tall (80%).  
 
Table 4.  Rates of leader browse, lateral browse and antler damage for Cw on study 
cutblocks.  

Block 
Total 

Cw/transect 

total 
browsed 
leader 

% browsed 
leader 

total 
browsed 
laterals 

% 
browsed 
laterals 

total 
antler 

damage  
% antler 
damage  

ST-198 
(control) 50 1 2.0 0 0 0 0
ST-921 41 31 75.6 37 90.2 1 2.4
WL-922 31 21 67.7 6 19.4 0 0
WL-926 3 1 33.3* 0 0 0 0
ST-03 31 17 54.8 22 71.0 0 0

TM-181 50 42 84.0 17 34.0 0 0
Grand Total 206 108 82 1 
*Cw caged 
 

Damage to Fd 
Leader damage to Fd ranged from zero on Block ST-03 to 82.5% on Block ST-921 
(Table 5).  The highest percentage of browsed Fd lateral branches occurred on Block ST-
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921 (also the block with the highest lateral damage to Cw).  The Fd suffered higher 
incidence of antler damage than the Cw, up to 8% on Block ST-03.   
 
Table 5.  Rates of leader browse, lateral browse and antler damage for Fd on study blocks.  

Block 
total Fd 

/transect 

total 
browsed 

leader 

% 
browsed 

leader 

total 
browsed 
laterals 

% 
browsed 
laterals 

total 
needle-

strip 

% 
needle-

strip 

total 
antler 

damage 
% antler 
damage 

ST-198 
(control) 50 1 2.0 0 0 0 0.0 0 0.0
ST-921 40 33 82.5 29 72.5 0 0.0 2 5.0
WL-922 45 21 46.7 9 20.0 1 2.2 1 2.2
WL-926 50 32 64.0 4 8.0 22 44.0 0 0.0

ST-03 50 0 0.0 3 6.0 0 0.0 4 8.0
TM-181 50 22 44.0 6 12.0 0 0.0 0 0.0

Grand 
Total 285 109 51 23 7 

 
 

Observations 
The understorey of the blocks was generally composed of sword fern (Polystichum 
munitum), bracken (Pteridium aquilinum), salmonberry (Rubus spectabilis), salal 
(Gaultheria shallon), and red huckleberry (Vaccinium parvifolium).  Most of the forb 
layer had died back at the time of the surveys.  Western hemlock was present to a greater 
or lesser extent on all blocks from natural regeneration. Although hemlocks were not 
examined closely for damage, no evidence of browsing was noted on that species. 
 
No elk were actually seen during the fieldwork.  Fresh pellet groups were noted in Block 
926.  Deer pellet groups and/or tracks were recorded in Blocks 198, 921 and 926.  
Extensive hare sign (pellets and tracks in the snow) were noted in Block 921.  Hare sign 
was also recorded in Blocks ST-03 and TM-181.  Although hares can also damage 
forestry plantations, no evidence of tree damage by hares was seen.  Browsed leaders and 
stems generally had a ragged appearance characteristic of feeding by ungulates (Figure 
4), in contrast to the sheer oblique cut characteristic of hare browsing, and the damage 
was often high on the trees (>1 m) where hares could not reach unless snow was 
exceptionally deep.   
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Figure 4. Browsed Cw showing square, ragged ends typical of ungulate feeding. 
 
Evidence of past attempts at controlling elk browsing was evident on some blocks, 
including Cw in wire cages (Figure 5).  The cages seemed to work fairly well at limiting 
browsing damage to the foliage within the cage.  Twigs protruding from the cage were 
often browsed, shaping the tree into a cylinder within the cage.  The leader was often 
browsed as it grew above the cage, but the degree of protection offered to the lower 
branches was normally sufficient to allow the tree to continue to grow and maintain 
sufficient vigour to recover from browsing (R. van Zwaaij, pers. comm.).   
 
The effects of heavy elk browsing were most apparent on Block 921.  Poplar had 
originally been planted experimentally on a moist, 2.5 ha area in the centre of the block 
adjacent to a WTP.  The site proved very attractive to elk and all of the planted poplars 
were eaten.  No poplars were recorded during fieldwork.  The site was replanted with 
Cw, which were noted as heavily browsed during the field survey (Figures 6, 7). 
 
The effects of browsing on individual trees varied with its intensity.  Cw could be 
severely stunted by repeated browsing (Figure 8).  Fd seemed to be able to recover more 
easily from leader browsing, perhaps because the presence of the more palatable Cw 
limited the amount of Fd feeding.  
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Figure 5. Caged Cw.  Note browsed leader that extends out of cage. 
 

 

 
Figure 6. Heavily browsed Cw in Block 921.  Note dense, short growth of trees in the 
background and browsed leader on the Cw in the foreground (arrow). 
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Figure 7. Dense, short growth of repeatedly-browsed Cw. 
 
 

 
Figure 8. Stunted Cw showing the effects of repeated browsing. 
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Elk Habitat Suitability and Potential Elk Population 
Elk suitability ratings (RIC 1999) for winter habitat were created to run on terrestrial 
ecosystem mapping (TEM) that had been prepared for Block 1 (Shearwater Mapping 
2002).  The ratings allow the creation of a themed habitat map to spatially locate and 
quantify the highest-quality elk habitat within the study area.  The amount and quantity of 
the habitat present determine the densities of elk that the area can support. 
 
Rocky Mountain elk may reach densities of up to 9.9 animals/km2 (Demarchi et al. 
1983).  However, Roosevelt elk reach much lower maximum densities than does the 
Rocky Mountain subspecies.  Quayle and Brunt (2003) state that maximum Roosevelt elk 
densities are 0.4 animals/km2 (about 1/ 8 that of Rocky Mountain elk).  Habitat capability 
classes correlated with animal densities for Rocky Mountain elk, but not for Roosevelt 
elk, are provided in RIC (1999).  The capability classes for Roosevelt elk were therefore 
estimated to be about 1/8th (0.125 times) that of Rocky Mountain elk, which translates to 
a maximum of 1.2 animals/km2 (Demarchi et al. 1983; Quayle and Brunt 2003). The 
limiting habitat type for Block 1 is winter feeding habitat.  There is abundant mature and 
old forest to provide winter shelter on Block 1.   
 
The maximum population estimate for the entire area of Block 1, based on current habitat 
suitability, is 158 elk (4200 ha of moderate-quality elk feeding habitat; Figure 9).  The 
study area has the potential to support 399 elk based on habitat capability.  The actual 
maximum number will depend on the habitat configuration (e.g. distance of feeding areas 
to shelter) and road densities, as well as hunting and predation pressure.  The population 
estimates also do not include elk that may inhabit areas outside the TFL's boundary but 
occasionally forage within it. 
 
The highest-value elk feeding habitat at present is concentrated in the CWHdm subzone 
along lake edges and valley bottoms.  Recently planted blocks provide feeding 
opportunities to elk in the winter when abundant forage is scarce.  Concentrations of 
relatively good habitat are present in areas where the elk were originally released and 
where the depredation problems occur on plantations (Figure 9).  It is important to note 
that future timber harvest will increase the suitability of some areas currently rated low in 
Figure 9. 
 
4.3  Discussion 
Resolving conflicting land management objectives for the same area of forest land can be 
a difficult and costly process.  Foresters are charged with reducing wildlife damage to 
tree plantations, and wildlife managers must manage wildlife habitat to increase 
populations of threatened or locally rare species.  When damage by wildlife begins to 
have significant economic impacts, creative and pro-active solutions must be found.  
 
Objective estimates of economic loss from ungulate browsing and rubbing are difficult to 
obtain as little research has been done in this area.  Losses in yield or tree value may 
accumulate for many years after damage occurs and vary with other stresses inflicted on 
the trees (Dolbeer et al. 1994).  The only applicable study was done in the US Pacific 
Northwest in the 1960's (Dykzeul 2003).  The study compared the growth rates of  
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Figure 9. Current elk winter feeding suitability for TFL 39. 
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protected vs. unprotected seedlings over five years, and found that trees protected from 
animal damage were 33% taller than unprotected trees after five years.  Plantation owners 
in Germany are eligible to apply for compensation for wildlife damage to planted trees 
(Schaller 2000).  Compensation values are calculated using a net present value.  Because 
browsing results in loss of growth increment, this method estimates that if the leader of a 
plant is browsed, the diameter increment of a half to 1 year of the plant is lost.  The 
economic loss then is calculated with the help of a modified net present value method. 
 
The costs of preventing ungulate damage are somewhat easier to quantify.  The 
application of Plantskydd ® ungulate repellent costs $400/ha, with treatments needed 
twice yearly for 3-5 years (R. van Zwaaij, pers. comm.).  A wire cage costs $4.50 for 
installation, $1 for annual maintenance and $1.50 for removal ($7 total).  Cages may be 
re-used multiple times.   
 
Blocks where browsing has been sufficiently heavy to cause significant seedling 
mortality will require re-planting.  Fill planting costs $700/ha.  Weyerhaeuser records 
show that of the five study blocks, 921, 03, 926, and 181 required some degree of fill-
planting, primarily due to elk damage.  The control block did not require fill-planting.  
These costs may be offset to some degree in some blocks that require less brushing as the 
elk browse down the competing vegetation. 
 
  
5.0  RECOMMENDED STRATEGIES FOR MANAGING ELK DEPREDATION 
 
Identify sites that are likely to suffer elk depredations before planting 
Identification of blocks vulnerable to elk depredation should be done at the PSP stage.  
Elk prefer low-elevation forests away from heavily travelled roads.  Blocks on gentle 
slopes, on warm aspects, with higher proportions of moist sites (05, 06, 07) and/or 
wetlands are likely to be heavily used.  Dry, rocky or steep sites are avoided.  Specific 
areas attractive to elk include those near cover (block edges or WTPs) that have good 
visibility and are close to travel routes (trails or old railway grades).  Sites with a known 
history of elk use pre-harvest will be difficult to reforest after harvesting.  Established 
movements and behaviours are much more difficult to disrupt than are newly forming 
behavioural patterns (Nolte 1999).  Weyerhaeuser staff have good knowledge of the 
current range of the elk herd and this should be used to identify vulnerable blocks. 
 
Re-plant as soon as possible after forest harvest 
Elk in a stable population use traditional travel routes and home ranges.  The Stillwater 
elk population is expanding into new areas, but at this time, most of the animals remain 
concentrated in the general vicinity of their release.  Once they discover a new feeding 
opportunity, they are likely to change their routes and movements to incorporate the new 
area.  Planting seedlings as soon as possible after harvest before the elk become 
accustomed to foraging in that area may be an economical way to reduce damage (Nolte 
2003). 
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Select less-vulnerable planting stock/species, if available 
Planting large stock is more expensive than smaller varieties, but the larger seedlings will 
compensate for some damage and growth losses from browsing (BC MoF 1999).  
However, large stock was used for planting immediately after logging in Block 1, and 
heavy elk browsing was noted immediately (R. van Zwaaiij, pers. comm.).  Larger 
seedling stock is also more expensive.  Research is also underway in the US to develop 
Cw stock with higher concentrations of terpenes, less palatable to ungulates (Nolte 
2003a).   
 
Grand fir (Bg) should be considered as an alternate for Cw on blocks expected to have 
high elk browsing impacts.  Weyerhaeuser staff report that Bg has been planted in some 
areas but with limited success (R. van Zwaaiij, pers. comm.).  Bg should still be 
considered as a potential alternate if particular sites are especially suited for the species.    
 
Carefully select protected microsites for Cw 
Plant Cw in protected areas such as slash accumulations, or in the shelter of stumps.  
Avoid planting near block edges or near elk trails, and plant Cw on the uphill side of 
rocks and stumps on slopes.  Planters should be trained to select protected microsites for 
Cw on vulnerable blocks.  
 
Increase Cw stocking on vulnerable blocks 
Increased levels of Cw stocking should be used on blocks predicted to suffer elk damage.  
Increased stocking will distribute damage more widely and may result in more Cw 
seedlings surviving.  Planting a higher density of seedlings will increase reforestation 
costs due to increased cost of stock as well as increased labour costs for planting. 
 
Use wire cages on Cw on vulnerable blocks 
Wire cages have proven to be fairly effective at limiting damage by elk to planted Cw (R. 
van Zwaaij, pers. comm.).  Cages on newly planted Cw seedlings should be installed 
before  elk discover the new food source.  Make sure cages are securely staked as 
individual elk will learn that they can be removed and/or pushed over.  Leave the cages 
on until the trees are well established and leaders have grown out of reach.   
 
Leave alder as rub trees in high elk use areas.   
Bull elk on Block 1 of TFL 39 use young alders, when available, as rub trees to strip the 
velvet from their antlers (Figure 10).  Alder is not a preferred browse species for either 
deer or elk, but young trees are occasionally browsed, and fall and winter elk diets may 
include alder leaves as a major component (Harrington 1996).  Free-growing standards 
require that alders that compete with crop trees be removed as part of stand tending.  
Blocks with an alder component may not be accepted as free growing until they are 
brushed.   
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Figure 10. Young alder used as rub tree. 
 
Young alders pruned to remove lower limbs have proven to be quite attractive to elk as 
rub trees and, if present, may reduce the incidence of antler damage to crop trees (R. van 
Zwaaij, pers. comm.).  Leaving a few pruned alders around elk trails and in areas where 
elk damage is anticipated may result in less damage to crop trees and may also have some 
benefits for biodiversity. 
 
Red alder is the major commercial hardwood tree species in the Pacific Northwest region, 
and its value has increased substantially in recent years (Harrington 1996).  McComb 
(1994) reported that red alder stands are used by 136 species of vertebrates for 
reproduction and by 178 species for feeding, and that several species of insectivorous 
birds, mammals and amphibians are more abundant in red alder than in conifer stands.   
 
Alder rapidly invades disturbed sites, and its rapid growth can cause it to shade out 
conifer species that are shade- intolerant.  Miller et al. (1999) investigated the effects of 
variable retention of red alder with 300 Douglas-fir per acre in coastal Oregon.  Retaining 
20, 40, or 80 alder per acre reduced numbers of associated Douglas-fir by about 10, 17 
and 23%, respectively.  In mixed stands, red alder reduced yield of associated Douglas-fir 
but not yield of combined species.  Alder's nitrogen-fixing ability may make substantial 
contributions to soil nutrients on nutrient-poor sites, and it may also reduce or ameliorate 
the effects of Phellinus weirii root disease on Douglas-fir (Comeau et al.  1997).  The 
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Ministry of Forests should consider allowing the retention of a small alder component on 
blocks with potential to suffer heavy elk use. 
 
Use fencing where economically feasible 
Physically excluding ungulates from an area is the most effective way to deter browsing.  
However, fencing is an expensive solution and should only be used where the terrain, 
geographical location and very high rate of browsing make it economically feasible.  If 
costs prohibit the fencing of an entire block, a series of small, intermittent fenced 
exclosures may also be effective at limiting damage while not interfering with human or 
animal movement (Nolte 2003b).  Fences must be properly designed to effectively 
exclude ungulates.  Fences should be a minimum of eight feet high and preferably 10 
feet, constructed of woven wire or woven wire with strand wire placed immediately 
above it.  Fence material should be easily visible to the animals.  Attaching flagging will 
increase visibility.  Fences require frequent inspection and prompt repair of any damage 
that may allow access to ungulates.  The larger the area fenced, the lower the per-seedling 
cost, but as area fenced increases, the likelihood of elk getting inside is higher as damage 
by blowdown is more frequent (Dr. J. Rochelle, pers. comm.). 
 
Use larger blocks where permitted 
Browsing pressure is less on larger blocks because a) browsing animals must go further 
from cover to forage, and b) browsing damage is spread over a larger area.  Cutblock 
sizes on the Stillwater TFL are specified by MoF regulations and biodiversity objectives 
of the Forest Stewardship Plan (Weyerhaeuser 2002), but the potential of us ing larger 
blocks in areas vulnerable to elk damage should be considered. 
 
Consider altering free-to-grow criteria for heavily browsed blocks or asking the 
government to meet their commitment to protect blocks from elk damage 
Although all other appropriate measures have been tried, some parts of blocks in heavy 
elk use areas still may not meet free-growing standards.  Repeated re-planting of blocks 
is expensive to licensees.  One potential solution is for compensation to be available to 
licensees whose refo restation efforts are hampered by elk damage.  Correspondence dated 
August 17th, 1989, from the Ministry of Environment and Parks, states that 'if elk 
damage to plantations becomes a major problem, the Ministry of Environment will 
reduce the damage by either protecting the trees or controlling the elk' (Appendix 1).  
Although the letter is evidence of the government's commitment to protect the trees from 
elk depredations in exchange for the licensee's support for the reintroduction, no action 
has been taken on the part of the government towards this goal. 
 
Elk have been absent from the Sunshine Coast for many years, and older free-growing 
prescriptions do not take the presence of elk into account.  There are many silviculture 
prescriptions that were written prior to the re- introduction of elk for which the prescribed 
stocking standards may no longer be appropriate due to elk damage.  Amending of these 
prescriptions will likely be required -  e.g. minimum free growing heights may not be 
achieved due to repeated browsing.  It may not be appropriate to manage blocks that also 
serve as elk habitat to the same criteria as blocks not in elk range.    
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The Free Growing Guidebook for the Vancouver Forest Region (BC MOF 2000) states 
that 'Both tree species composition and the structure of the regenerated stand may have 
to be modified to achieve non-timber resource objectives (e.g., fisheries, wildlife, range, 
or recreation). The district manager may allow or require deviations from these 
guidelines, on a site-specific basis, to meet those objectives.'   Furthermore, ' Where there 
are forest health, special wildlife habitat, integrated resource management, range, or 
other objectives or concerns for an area, the range of well-spaced trees resulting from 
spacing may be varied.' 
 
Local MoF staff should enter into dialogue with MWLAP biologists and Weyerhaeuser 
foresters to devise more appropriate reforestation targets for blocks that function as elk 
habitat.  Some possible changes are the use of natural regeneration (Hw) to reforest, a 
reduction of the minimum stocking standards, accepting a higher component of less 
ecologically acceptable species (e.g. Hw greater than 20%), accepting mixed species 
stands (i.e. accepting a higher component of red alder), extending the late free growing 
date, or a combination of changes.  If MWLAP biologists define their objectives for the 
elk herd in terms of number and distribution, MoF staff and company foresters will be 
better equipped to devise a free growing standard for elk habitat.  A management plan for 
Roosevelt elk should be part of future updates to the Stillwater Forest Stewardship Plan 
(Weyerhaeuser 2002).   
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