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ABSTRACT 

 

This study was designed to 1) address the impact of vole feeding damage to red alder 

plantations within the Sunshine Coast, 2) recommend strategies for minimizing vole 

damage, 3) suggest objectives for future investigations, and 4) summarize the scientific 

literature on the topic of minimizing vole feeding damage to forest plantations (see 

attached lit review).  Suspected vole damage was confirmed by performing an inventory 

(live trapping) to determine the presence/not detected of small mammals within four 

young alder plantations.  In addition to other small mammals, both southern red-backed 

voles (Clethrionomys gapperi) and long-tailed voles (Microtus longicaudus) were 

confirmed to inhabit these plantations.  Damage surveys indicated that vole damage was, 

in general, quite low throughout these plantations (~10% of trees damaged), however, 

could be quite severe in localized areas.  The damage was, therefore, described as having 

a patchy distribution throughout these plantations.  Tree measurements indicated that 

voles may be selecting for larger and more vigorous trees, presumably due to the 

increased palatability of these stems compared with suppressed stems.  In addition, 

because all of the observed damage was classified as old, alders appear to be able to 

survive sub-lethal injuries caused by vole feeding, although height growth may be 

compromised.  Habitat assessments indicated that cover, and in particular, shrub cover, 

appeared to be well correlated with incidence of feeding damage.  As a result, 

management recommendations focus on reducing cover throughout plantations and 

several alternative vegetation management strategies are suggested.  In addition, 

supplemental feeding is briefly discussed as a management strategy if damage is 

suspected to occur primarily during the overwinter period.  Hypotheses to be addressed 

by future investigations are also discussed. 

 

---------------------------------------------------------------------------- 

---------------------------------------- 
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INTRODUCTION 

 

Several young plantations (1 to 6 years of age) of red alder (Alnus rubra) within the 

operating area of Weyerhaeuser Ltd. (Sunshine Coast Forest District) were observed to 

have suffered significant wildlife feeding damage.  This damage was initially diagnosed 

by staff during reconnaissance surveys and was suspected to include both ungulate and 

vole damage.  As a result, this study was initiated to improve our knowledge of vole 

impacts to red alder plantations.  In addition to the field data collection and related data 

analysis, this project also provides a review of scientific literature related to minimizing 

vole feeding damage to forestry plantations (attached). 

 

One of the initial objectives of this study was to determine whether or not there exists a 

correlation between the degree of vole feeding damage and the geographic location and 

biophysical attributes of the alder plantations (i.e., subzone and variant designations).  

However, limited resources and small sample size precluded any meaningful 

stratification among such classes.  Alternatively, this study was designed to investigate 

relationships among damage severity with vole abundance and habitat attributes.  This 

was to be accomplished by sampling a range of plantations suspected of having suffered 

high, medium, and low levels of vole damage.  Unfortunately, all four plantations 

sampled during this study had only low levels of vole damage (<20% of trees damaged), 

therefore, comparisons among differing levels of damage was not possible.  This study 

was able to address the following objectives: 

1) inventory (presence/not detected survey) small mammals within four young 

alder plantations through live trapping, 

2) describe the distribution and severity of vole feeding damage through damage 

surveys, and  

3) describe the habitat associated with damaged and undamaged tree plots 

(abundance of vegetation and CWD). 

 

Our goals for this study was to improve our knowledge of the impacts that feeding 

damage by vole had to alder plantations, to better understand the conditions that lead to 
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vole damage, to suggest adaptive management options for minimizing vole damage, and 

to stimulate further research into red alder silviculture. 

 

STUDY AREAS 

 

All four plantations surveyed during this study were located within the Sunshine Coast 

Forest District and were within the CWHdm biogeoclimatic unit.  All plantations were 

within Forest License A-47297.  Plantations #1 and #2 were located near Theodosia 

River (Blocks 569-7 and 569-16), plantation #3 was located near Haslam Lake (Block 

579-1B), and plantation #4 was located near Okeover (Block 581-1). 

 

EXPERIMENTAL DESIGN 

 

Small mammal trapping 

Small mammals were sampled using Longworth livetraps baited with whole oats, carrot 

(for moisture), and coarse brown cotton for bedding.  Trap covers were placed on top of 

traps to shield trapped animals from direct sunlight and/or rain.  Traps were spaced 14.3 

m apart along four transects, each with 8 traps (total of 32 traps per plantation).  Traps 

were placed within a 2-m radius of plot center in a manner which would maximize the 

chance of capture (e.g., within existing small mammal runways, near logs or other natural 

cover, facing downhill to facilitate closing mechanism of the trap door, etc.).  Following a 

one-week prebait period (traps supplied with oats but with doors locked open) to enhance 

trappability of animals, traps were set on the evening of day 1, checked on the morning of 

day 2, and checked and removed on the morning of day 3.  After species had been 

identified, all captured animals were released at point of capture.  Trapping took place on 

October 16, 17 and 18, 2003. 

 

Damage surveys 

Thirteen to 16 variable-radius damage plots were systematically located every 50 m 

within each of the four plantations.  Plot centers were marked with a piece of flagging 

and labeled to accommodate future relocation.  The 10 closest alder trees to plot centers 
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were inspected for vole damage.  When vole damage was detected, the damage was 

described as either fresh or old, and was classified into one of four damage severity 

classes (1 = 0-25%, 2 = 26-50%, 3 = 51-75%, and 4 = 76-100% of stem girdled).  

Diameter at breast height (dbh = 1.3 m) and top height of all damaged trees, and a 

minimum of 5 undamaged trees, were measured within each plot.  All sampling took 

place during October 2003. 

 

Habitat assessments 

A fixed-radius plot (r = 1.7m, A = 9m2) was used to describe the habitat associated with 

each of the damage plots described above.  All dominant understory plants (ground cover 

of at least 5%) were recorded and ground cover for each species was estimated.  In 

addition to vegetation, ground cover of coarse woody debris (CWD) was also estimated.  

All sampling took place during October 2003. 

 

Statistical analysis 

The low numbers of small mammals captured during this study precluded any meaningful 

analysis being conducted on the small mammal data.  As a result, the trapping data can 

only be used to indicate the small mammal species detected during trapping (i.e., 

presence/not detected survey). 

 

Low sample size (n=4 replicate plantations) also precluded any rigorous statistical 

analysis on the damage and habitat data.  However, because all four plantations were 1) 

young, 2) located within the same biogeoclimatic unit (CWHdm), and 3) all experienced 

only low levels of vole damage (<20% of sampled stems were damaged), the decision 

was made to pool the data from all plantations into one data set and to analyze as though 

all plots were sampled within the same plantation. 

 

For comparative purposes, trees were classified as either damaged or undamaged and 

habitat plots were classified as either being associated with vole damage or no vole 

damage.  Damaged and undamaged means could then be compared using simple t-tests 

and represented graphically with 95% confidence intervals. 
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RESULTS 

 

Small mammal trapping 

Too few voles were captured to accommodate any meaningful comparisons of abundance 

among the four plantations (i.e., relative abundance).  Although several deer mice 

(Peromyscus maniculatus) were captured, the generalized habitat preference of this small 

mammal and its feeding habits (does not feed on the bark of trees), makes the deer mouse 

data inconsequential to this study.  Therefore, the small mammal live trapping data was 

only used to indicate the species of small mammals that were detected within the four 

plantations during this study – specifically, deer mice, long-tailed vole (Microtus 

longicaudus), and southern red-backed vole (Clethrionomys gapperi). 

 

At the very least, this data confirmed the presence of the two species of vole that are 

suspected of having caused the feeding damage observed within the alder plantations.  

 

Damage surveys 

A total of 56 damage plots were surveyed, which included a total of 573 trees.  Of these 

573 trees, only 61 were observed to have feeding damage cause by voles (10.6%) and all 

of this damage was classified as old.  Because of the small number of trees that were 

observed to have vole feeding damage, severity of damage was not considered, rather, 

trees were simply classified as damaged or not.  The mean dbh and top height of 

damaged trees (3.9 cm and 5.6 m, respectively) was significantly greater (t-test, P=0.02 

and 0.01, respectively) than that of undamaged trees (3.6 cm and 5.2 m).  In addition, the 

mean height-to-diameter ratio was significantly less (t-test, P=0.05) for damaged trees 

(1.5) than for undamaged trees (1.6)  (Figure 1).   
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Figure 1.  Mean dbh (cm), height (m), and height-to-diameter ratio (m/cm) for young red 
alder trees observed to be undamaged (n=282) and damaged (n=61) by the feeding 
activities of voles.  95% confidence limits are provided for each mean.  Both the dbh and 
height of damaged trees were found to be significantly greater (P=0.02 and 0.01, 
respectively) than that of undamaged trees.  In addition, the mean height-to-diameter ratio 
for the damaged trees was found to be significantly less (P=0.05) than that of undamaged 
trees.  
 

Habitat assessments 

Within each sample plot, habitat was described by the following 5 attributes: 

1) % total understory cover – sum total of all cover estimates, 

2) % herb cover, 

3) % fern cover, 

4) % shrub cover, 

5) % CWD cover.  

 

Habitat plots were classified as damage habitat if associated with a tree plot that 

experienced vole feeding damage.  Conversely, if no damage was observed, then the 

associated habitat plot was classified as undamaged habitat.  There were a total of 39 

undamaged and 17 damaged habitat plots sampled.  Of the 5 habitat attributes analyzed, 

two means were statistically different among the damage and undamaged plots.  Total 
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understory cover was significantly greater (t-test, P=0.01) within the damage plots than 

within the undamaged plots (1361 and 109%, respectively).  In addition, shrub cover was 

significantly greater (t-test, P<0.01) within the damage plots than within the undamaged 

plots (84 and 53%, respectively) (Figure 2). 
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Figure 2.  Mean percent cover of five habitat attributes (total cover represents the sum 
total of all of the vegetation sampled) associated with either undamaged tree plots (n=39), 
or tree plots that experienced vole feeding damage (n=17).  95% confidence limits are 
provided for each mean.  Habitat plots associated with vole damage had significantly 
higher mean total cover (P=0.01) and shrub cover (P<0.01) than plots associated with no 
damage.   
 

DISCUSSION 

 

Live trapping data confirmed the presence of at least two species of vole capable of 

causing significant damage to forestry plantations.  Both the red-backed vole and long-

tailed vole will feed on the stems of trees, especially when preferred foods are not 

available.  The long-tailed vole, in particular, is of special concern to alder silviculture, 

because this vole can undergo dramatic fluctuations in population density.  During 

                                                 
1 Total understory cover can be greater than 100% due to overlapping species.  For example, 50% ground 
cover of a low growing herb with a 75% ground cover of a taller shrub would result in a total understory 
cover of 125%. 
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periods of high abundance, which occurs on average every 3 to 4 years, preferred forage 

plants may become exhausted (especially during overwinter periods) which may result in 

increased feeding pressures on the planted alder trees.  Although population fluctuations 

occur at the regional scale and cannot be controlled, stand-level management should 

attempt to discourage high vole densities within plantations by removing natural cover 

(e.g., vegetation management).  A monitoring program (e.g., periodic live trapping) 

should also be implemented in order to detect population fluctuations of this, and other 

voles that undergo regular population cycles.  Information on when vole numbers are 

increasing can help focus management efforts at the best time to minimize feeding 

damage.  For example, in addition to vegetation management to detract voles from 

inhabiting plantations, an effective management strategy during a suspected peak year in 

vole abundance may include supplemental feeding during the overwinter period (often a 

critical time of damage).  

 

Our damage surveys indicated that only 10.6% of all trees sampled had vole damage, 

however, a few individual plots experienced up to 100% damage.  Therefore, damage 

surveys revealed that feeding damage by voles within these plantations had a very patchy 

distribution and is less extensive than originally thought.  The significantly larger dbh and 

taller top heights of damaged alder trees, indicates that voles appeared to be selecting for 

the more vigorous stems within the plantations.  This is not surprising as herbivores are 

known to select for healthier, and presumably more palatable, plants. 

 

Because all of the observed damage was classified as old, and none of the damaged trees 

died unless girdled completely, it appears as though alders can likely recover from most 

vole damage.  However, this assessment is based on damage surveys conducted two years 

after the damage period; mortality from vole damage may increase with time or increase 

their susceptible to other stresses (drought, wind throw, pathogens, etc.).  The slightly 

smaller height-to-diameter ratio for damaged trees compared to undamaged trees 

indicated that although alder can likely recover from sub-lethal feeding damage, growth, 

and in particular height growth, may be compromised.  Whether or not this reduced 
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growth would be significant to the overall yield of a plantation cannot be addressed by 

this short-term study.   

 

Security and escape cover are very important habitat attributes for most small mammals 

as they are prey to many avian, mammalian, and reptilian predators.  Therefore, it is not 

surprising that voles tend to be attracted to habitat that has an abundant understory 

community due to the security that this vegetation offers from predators.  In addition, an 

advanced understory community will often provide the herbivorous vole with an 

abundant food supply.  This study suggests that a greater cover of understory vegetation 

is likely associated with vole feeding damage.  In particular, shrub cover appeared to be 

positively correlated with vole damage as damaged plots had nearly two-thirds more 

shrub cover than undamaged plots.  Although other forms of cover were found to be 

statistically similar among damaged and undamaged habitat plots (e.g., herb, grass, fern, 

and CWD cover), it is suspected that large amounts of cover provided by any vegetation 

form could facilitate vole damage. 

 

MANAGEMENT RECOMMENDATIONS 

 

Research on managing voles in forest plantations is extremely limited and few treatments 

designed to minimize feeding damage have been tested (see attached lit review); none of 

this research has been conducted within red alder plantations.  As a result, an adaptive 

management approach needs to be adopted for addressing vole damage within alder 

plantations.  Restated, management prescriptions should be set up as an experiment 

(replicated with controls) and updated as improved information becomes available. 

 

The foremost management recommendation that can be made is to control the hiding and 

escape cover that is provided by the understory vegetation, which is typically very 

vigorous in the CWH biogeclimatic zone.  Herbicides have been very effective at 

reducing both cover of non-crop vegetation and vole feeding damage within coniferous 

plantations and within orchard settings.  However, herbicides, and in particular, broadcast 

applications of herbicide may prove very difficult within alder plantations on the 
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Sunshine Coast.  Damage to the hardwood crop itself is a serious concern as herbicides 

are normally employed to remove alders, not protect them.  In addition, the rough terrain 

and irregular spacing of planted alders would not allow for herbicides to be applied 

between rows of trees (as is possible within agroforestry and orchard settings).  A 

potential opportunity to employ a broadcast application of herbicide may exist if seedling 

protectors, such as tree cones, are used to protect alders from ungulate feeding damage.  

If a semi-solid protector is used (i.e., not Vexar tubing), then applying herbicides such as 

glyphosate before bud burst may control competing vegetation while alders remain 

relatively protected within the seedling protector. 

 

A second, and likely more suitable approach for using herbicides, would be to employ 

spot treatments.  Backpack spraying would still have to be carried out carefully, and 

seedling protectors may again serve to further protect alders from accidental herbicide 

treatments. 

 

Mechanical brushing is also recommended as a means of reducing cover within alder 

plantations and does not have the negative public perception associated with herbicides.  

However, since the fallen vegetation would provide cover and food for voles, brushing 

must be done when vole populations are very low.   

 

Some anecdotal observations suggest that feeding damage may be occurring during the 

overwinter period.  Although these observations need to be confirmed by research, 

supplemental feeding during the overwinter period has been shown to be an effective 

approach for reducing vole feeding damage, if damage is occurring primarily during a set 

period of time and not year-round (see attached lit review).  At this time, there are no 

commercially available supplemental feeding products, however, one is currently being 

developed and studied within the interior of B.C. and could be made available.  Contact 

the authors of this report for information on obtaining an alternative food source for 

voles. 
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FUTURE INVESTIGATIONS  

 

While providing some insight into vole feeding damage within young alder plantations, 

this preliminary study has also revealed several additional question that need to be 

addressed in order to develop an effective management strategy for dealing with vole 

damage to alder plantations.  The following three questions emerged as particularly 

important information gaps that need to be address during future investigations. 

1) What is the effect of decreasing the ground cover of understory vegetation on 

incidence of vole feeding damage?  This is a particularly important question 

as the majority of literature (see attached lit review) suggests that reducing 

cover is the best method of reducing vole damage to crop trees.  To answer 

this question, a manipulative study must be designed that compares the vole 

feeding within areas treated to reduce cover (e.g., prescribed burning, manual 

brushing, spot herbicide treatments, etc.) with control areas that receive no 

treatment.  Treatment and control sites should be no less than 5 ha in size 

(preferably larger) and should be replicated a minimum of three times.  One 

possible example of such a design might be the following: 

 -Three 20-ha plantations of similar age, ecology, site prep, and 

most importantly, brush cover. 

 -Half of each plantation (10 ha) would receive some sort of 

vegetation management treatment while the other half remained as 

an untreated control (split-plot design).  This would result in three 

control and treatment pairs and would allow for a useful evaluation 

of effectiveness of vegetation management for reducing vole 

feeding damage. 

2) When is the damage occurring?  This is a fundamental question that needs to 

be answered before effective management strategies can be developed.  If, for 

example, damage is only occurring during the overwinter period, then 

management efforts should be focused during this time.  If damage is 

occurring primarily during periodic peaks in vole abundance, then 

management needs to concentrate efforts during these peaks, which occur, on 
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average, every three to four years.  To address this question, damage surveys 

must be performed periodically throughout the year, and for several years in a 

row (at least four years), and should include a vole monitoring program in 

order to determine possible correlation with damage and vole density. 

3) How is the growth and yield of red alder impacted by vole feeding damage?  

While this study suggests that alders are likely able to recover from sub-lethal 

feeding damage, the effect on the overall growth and yield of the plantation 

could not be addressed by this short-term study.  This can only be answered 

by longer-term studies which measure the growth of alder over time and 

compares the growth between damaged and undamaged stems.  It is important 

to understand the specific effects that feeding damage has on plantation 

performance, as it will determine the importance of vole damage management.  

Perhaps the impacts of vole damage over the course of an entire rotation are 

minor and do not warrant any management strategies.  Of course, the opposite 

is also possible. 
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Introduction: 
Through their feeding activities, herbivorous animals are responsible for inflicting 

significant damage to both coniferous and deciduous trees, and have been a serious 

concern to silviculturalists since the dawn of forestry.  Of the mammalian herbivores 

most relevant to silviculture in the Pacific Northwest, both ungulates (e.g., deer and elk) 

and small mammals (particularly voles) are well documented as having potential to 

negatively impact growth of crop trees (Harestad 1983).  This review summarizes the 

research conducted on voles and the feeding damage they cause.  Full article reprints of 

over 30 scientific papers are also included. 

 

Because of the relevance of ungulate damage to forest plantations (particularly on the 

Sunshine Coast), a compendium document entitled “Reducing ungulate damage to 

forest plantations” is also included, which summarizes the applicable research that has 

been conducted on both deer and elk. 

Voles: 
Voles (also called field mice) belong to a genus of rodents called Microtus and have 

caused serious damage to crop plantations in both forestry and agriculture (Sartz, 1970; 

Radvanyi, 1980; Bergeron and Jodoin, 1989; Askham, 1992).  Damage to plantations by 

voles has been documented in coastal regions for the Townsend’s vole (M. townsendii) 

and in interior regions for the meadow vole (M. pennsylvanicus), long-tailed vole (M. 

longicaudus), and red-back vole (Clethrionomys gapperi).  Both the long-tailed vole and 

southern red-backed vole were found within the red alder (Alnus rubra) plantations 

managed by GFC Forest Management Ltd. and Weyerhaeuser Ltd.  Because of 

similarities among all species of this genera, the following review will summarize 

research that has been conducted on all species of Microtus (e.g., M. townsendii, M. 

longicaudus, M. pennsylvanicus, M. montanus, M. ochragaster, etc.), which, hereafter, 

will collectively be referred to as “voles”.   

 

Under normal habitat conditions, population densities may range from 20 to 50 

individuals per hectare.  During peak years (every 3-5 year) the population may exceed 

400 individuals/ha (M. townsendii: Krebs, 1996).  In monoculture environments, such as 

forest plantations and agricultural settings where ground cover often is heavy, 

populations have been recorded as exceeding 2000 individuals/ha (Askham, 1992).  
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Nearly all green vegetation is consumed during such periods and the population 

collapses with few survivors.  The cause of the increase and decrease phase of the 

cycle is poorly understood.  Spacing behaviour is a key component of population 

regulation in voles and lemmings, and this is illustrated most dramatically by the fence 

effect.  Vole populations in southwestern B.C., when enclosed in a fence, increased in 

density to 2- to 3-times normal density, overgrazing the grassland and decline from 

starvation (reviewed in Krebs, 1996).  However, food shortage alone does not seem a 

necessary factor for cycles nor does predation.  We currently do not understand the 

causal factors influencing vole populations. 

 

Preferred habitats vary with the species; however, most productive vole habitats in 

general, have a diversity of plant species and a predominance of grasses and forbs.  

The continued production of new plant biomass and appropriate shelter provides 

relatively undisturbed conditions for both reproduction and winter survival.  Many 

clearcuts and burned areas reseeded with grasses fit into the category (Askham, 1992).  

Their preferred diet is lush, green vegetation.  Long-tailed voles are often associated 

with wet areas and can be found among logs, brush piles and talus slopes as long as 

such cover is near water (Askham, 1992).   

Why do voles feed on trees? 
Voles are well known for their feeding activities on crop trees.  In general, trees are not a 

preferred forage item for voles, although planted stock and fertilization will make trees 

more attractive to herbivores (Sullivan and Sullivan, 1982a; Sullivan and Martin, 1991).  

This is because of the low palatability and low nutritional value of most tissues found in 

trees.  So, why do outbreaks of serious damage occur as a result of the feeding activity 

of this animal?  The answer most often depends on the situation.  For example, in 

northern ecosystems, where many species of voles undergo significant population 

fluctuation every 3 or 4 years (Krebs and Myers, 1974), damage can be predicted to 

occur during population peaks, and more specifically during the overwinter period.  

During this time, high numbers of voles deplete the limited quantity of preferred forage 

items (herbs and forbs), which increases feeding pressure on less preferred items, such 

as trees.  In more temperate ecosystems, such as those found along the Sunshine 

Coast, population fluctuations are less dramatic than in boreal zones, however, damage 

to crop trees is still likely related to population density – damage being most serious 
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within, or near, preferred habitats where vole numbers are high enough to deplete 

preferred forage items. 

 

It should be noted that majority of field research conducted on voles has been conducted 

within coniferous, and in particular lodgepole pine (Pinus contorta), forests.  Therefore, 

the damage observed within red alder plantations on the Sunshine Coast may present a 

potentially unique situation.  One potentially significant difference could be the 

attractiveness of red alder as a food item for voles.  It is assumed that alder, like most 

hardwoods, would be more palatable than conifers to herbivores such as voles, 

however, no research has addressed this specifically.  Large volumes of research have 

been conducted on voles within the agricultural setting of apple orchards and provide 

useful management implications for alder plantations.  Regardless of the palatability of 

alder to voles, management principles for minimizing feeding damage can likely be 

extrapolated from coniferous or agricultural study areas to red alder plantations of 

interest to GFC Forest Management Ltd. and Weyerhaeuser Ltd.  

Damage: 
Voles can seriously impede crop establishment by causing significant mortality of newly 

planted seedlings.  Seedling mortality is caused by clipping of stems near the ground.  

Often no sign of planted seedling remains, making it difficult to diagnose as vole damage 

during survival surveys.  At the very least, this type of damage reduces stocking of a 

planted site (reduced yields), and when severe, can lead to plantation failures that 

require entire plantation to be re-planted.  As a seedling grows larger, feeding damage 

may take the form of clipped shoots, both laterals and terminals.  Once the sapling or 

tree has grown large enough that voles no longer chew through the shoots, feeding 

damage takes the form of basal barking.  Bark is gnawed off of the stem and branches 

leaving the sapwood exposed with a fuzzy and rough surface covered with tiny (1.5 mm 

wide), angled toothmarks.  Basal barking may girdle the tree or it can cause sublethal 

injuries that cause deformities, and reduce growth.  Damage such as clipped shoots or 

patches of removed bark, although not initially lethal, may provide a point of entry for 

pathogens, such as fungi, that may, in turn, further stress or kill the tree.  Voles will also 

feed on belowground roots.  They consume the cambium tissue along roots to just below 

the litter layer where they are protected from predators and weather while they girdle the 

tree.   
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Research: 
Research on managing voles in forest plantations is extremely limited (Askham, 1992).  

The approach for minimizing the feeding damage caused by voles can be organized into 

five main areas; (1) habitat manipulations, (2) alternative feeding, (3) repellents, (4) 

seedling protectors, and (5) rodenticides.  Although rodenticides are commonly used to 

reduce vole numbers within intensively managed agricultural crops, their use within the 

semi-natural areas of GFC and Weyerhaeuser’s alder plantations would not be 

appropriate.  In addition to the impacts to non-target small mammals and the predators 

that feed on them, the resiliency of small mammals often result in rodenticides having 

very limited success (Sullivan, 1986).  As a result, rodenticides are not covered in this 

review. 

Habitat manipulations: 
As mentioned above, damage is often positively correlated with vole density.  Although it 

is difficult to predict exactly when and where vole numbers and damage will be high, it is 

understood that the driving force behind vole abundance is favorable habitat (Hansson, 

2002).  Therefore, the fundamental approach for minimizing vole damage is to manage 

for habitat that is not preferred by voles. 

Voles, like all small mammals, are very low on the food-chain and are an important 

source of food for a wide variety of avian, reptilian, and mammalian predators (Martin, 

1994; Carey and Johnson, 1995).  Vole survival, therefore, depends to large extent on 

access to hiding and escape cover.  Not surprisingly, voles appear to prefer habitat with 

an abundant herb and/or shrub layer (Banfield, 1974).  Cadenasso and Pickett (2000) 

found that vole damage to seedlings was significantly greater within unmanaged habitat 

than thinned habitats, and that voles only damaged seedlings within 30-40 m of cover 

habitat.  During an investigation within apple orchards, Sullivan et al. (1998a) found that 

a single application of herbicide (glyphosate) reduced vole abundance by as much as 

73% and that vole numbers were up to 28-fold higher on control sites compared to sites 

treated with herbicides.  Sullivan and Hogue (1987) also reported that vole feeding 

damage to apple trees was reduced from 40.6% to 9.6% by controlling ground cover 

with herbicides.  Sullivan et al. (1998b) determined that application of herbicides to 

young stands within sub-boreal spruce forests significantly decreased populations of 

red-backed voles (Clethrionomys gapperi).  When prey animals do venture into less 

preferred habitats (i.e., higher risk of predation), studies have shown that more time is 

DBR Forestry-Wildlife Integrated Management 



Vole Damage to Alder Plantations 6

spent looking for predators, and less time is spent feeding (Otter, 1994), potentially 

resulting in less damage. 

 

Broadcast burning has historically been the most common site preparation method in the 

Pacific Northwest.  Burning usually alters the composition and quality of vegetation.  

Woody debris, an important source of cover for voles, is removed or reduced on burned 

sites.  A broadcast burning study was conducted in the south coastal B.C. (CWH Zone) 

and west-central B.C (ESSF Zone).  The deer mouse (Peromyscus maniculatus) 

population showed a short-term (1-2 month) decline after burning at the coastal study; 

while the chipmunk population (Tamias spp.) was unaffected.  Long-tailed voles 

disappeared from the burned block at the coastal area and the red-back vole was absent 

as well (Sullivan, 1996).  In another study, long-tailed and red-back voles were more 

abundant on clear-cut sites (14.0 and 0.6 individuals/ha, respectively) than clear-cut and 

burned sites (2.7 and 0.2 individuals/ha, respectively) in a northern spruce forest 

(Sullivan et al., 1999).  These results are similar to others reported in the literature 

(Sullivan, 1996).  In general, seed-eating small mammals (deer mice and chipmunks) 

showed a rapid reinvasion of burned blocks after treatment; however, reinvasion by 

herbivorous species (e.g., voles) was strongly retarded by broadcast burning.   

 

Minimizing cover creates a habitat that is less preferred by voles because of the 

perceived increased risk to predation within open habitat.  Although reducing cover may 

attract predators to an area because of improved hunting conditions, some studies have 

actively sought to attract prey in order to minimize feeding damage by voles.  Examples 

of this include Wolff et al. (1999) and Sheffield et al. (2001), where raptor visitations 

were significantly increased within areas supplemented with artificial perches.  This 

increase in raptor visitation, in turn, resulted in smaller home range sizes and decreased 

activity of male voles, which may been an avoidance response to predation risk 

associated with educed cover. 

 

It is likely that habitat manipulation could be used as a tool to reduce the population of a 

target problem animal such as voles in the genus Microtus with minimal disruption of 

other species in the community (Sullivan, 1996) 
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Alternative food: 
Another approach which may significantly decrease feeding damage by voles to crop 

trees involves providing an alternative food supply during periods of anticipated damage.  

The purpose of supplying alternative foods (often called diversionary or supplemental 

food) is to divert feeding activities from crop trees to an artificial food supply that is more 

palatable than the crop being protected, and of similar or lower nutritive value than 

natural foods so that the vole population is not enhanced.  This technique has been 

demonstrated to be both effective and economically viable for reducing the feeding 

damage caused by red squirrels (Tamiasciurus hudsonicus) to lodgepole pine 

plantations with the use of sunflower seeds (Sullivan, 1990; Sullivan, 1992; Sullivan and 

Klenner, 1993).  When broadcast seeding (as opposed to planting) was used to 

regenerate cutblocks, alternative food (sunflower seed) was found to successfully 

decrease seed predation by deer mice on lodgepole pine seeds (Sullivan and Sullivan, 

1982b). 

 

Sullivan and Sullivan (1988) demonstrated that voles within apple orchards would switch 

their feeding to an artificial food source (plywood sticks impregnated with soybean oil), 

thereby reducing damage to crop trees.  This study also showed that vole numbers do 

not necessarily have to decrease in order to observe a decrease in crop damage 

(Sullivan and Sullivan, 1988).  More recently, Sullivan et al. (2001) demonstrated the 

potential for an alternative food source (using alfalfa or bark mulch logs) to deter feeding 

damage to crop trees, as mean percentage of seedlings eaten per vole was significantly 

reduced within old field habitats.  In addition, this study also found that feeding damage 

was 2.6- to 2.8-times higher within untreated forest plantations compared with 

plantations that received an alternative food source (Sullivan et al., 2001). 

 

Operational trials are currently being conducted to refine an alternative food source for 

minimizing feeding damage caused by voles to planted seedlings with the goal of having 

a commercial product available in the near future (T.P. Sullivan pers. comm.). 

Repellents: 
Because nearly all commercially available repellents were designed for ungulates, the 

reader is referred to the compendium document entitled “Reducing ungulate damage to 

forest plantations” where a more complete discussion of repellents is provided. 

 

DBR Forestry-Wildlife Integrated Management 



Vole Damage to Alder Plantations 8

Repellents can be classified into two main groups; (1) area repellents and (2) contact 

repellents.  Area repellents are based on smell and are intended to make a treated area 

less attractive to a target herbivore, thereby reducing damage.  Unfortunately, many 

commercially available area repellents were originally chosen because of the offensive 

odour to humans – the assumption being that herbivores will be similarly repelled.  If 

effective at all, many of these commercial repellents often loose their efficacy with time, 

as animals habituate to the odour (see “Reducing ungulate damage to forest plantations” 

for a more complete discussion on area repellents). 

 

Another family of area repellents is called semiochemicals (also called predator odours).  

Semiochemicals are synthetically produced components of predator odours originating 

from natural odours (urine, feces, and anal scent glands) from weasels, fox, wolves, and 

cougars (Lindgren et al., 1997).  The hypothesis is that prey species, such as voles, 

have an avoidance response to certain predator odours that minimize their chance of 

being preyed upon.  Because such an avoidance behavior would enhance survival, it is 

believed that this behavior may be genetically controlled, or innate (Muller-Schwarze, 

1972; Gorman, 1984).  Depending on the situation, a prey species in the presence of a 

semiochemical may respond by leaving the treated area, or by reducing activity.  Both of 

these predator avoidance responses would result in fewer seedlings being damaged by 

voles.  Merkens et al. (1991) found that efficacy of predator-based repellents for M. 

townsendii was inversely related to amount of available cover.  Restated, predator odour 

repellents appear to loose their efficacy within habitats with abundant hiding and escape 

cover.  Many studies have demonstrated the clear potential for predator odours and 

semiochemicals to function as repellents for minimizing vole feeding damage (Sullivan et 

al., 1988a; 1988b; Sullivan et al., 1990; Borowski, 1998a; 1998b; Perrot-Sinal et al., 

1999; Vanderwolf et al., 2002).  However, there are currently no commercial 

semiochemical repellents available. 

 

Contact repellents are applied directly to the plant being protected.  In general, they are 

intended to mask the natural taste of the plant and reduce their appeal enough that 

animals feed on other food items.  Many contact repellents were originally chosen 

because of their distasteful flavour to humans.  For example, many repellents currently 

available for commercial application are based on bitter or hot tasting substances  (see 

“Reducing ungulate damage to forest plantations” for a more complete discussion of 
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contact repellents).  Not surprisingly, herbivores have different taste tolerances than 

humans and, therefore, many of these repellents have been shown to be effective for 

only very limited periods of time (Nolte et al., 1994; Wagner and Nolte, 2000).  Curtis et 

al. (2002) states that none of the commercially available taste repellents registered for 

use on voles provide satisfactory protection from feeding damage.   

 

Another family of taste repellents is called plant secondary compounds.  These 

compounds are produced by many plant species as part of their natural defense against 

herbivory, and deter herbivores because they cause irritation, hinder digestion, or are 

toxic (Harborne, 1991).  Research continues to identify potential repellents from plant 

secondary compounds (e.g., Curtis et al., 2002), however, none are commercially 

available. 

Seedling protectors: 
Seedling protectors were designed to protect seedlings from damage caused by 

ungulates and medium-sized herbivores such as rabbits.  However, these same 

protectors have been used with limited success for voles (see “Reducing ungulate 

damage to forest plantations” for a complete discussion of seedling protectors).  Voles 

will often feed on roots which are not protected by physical barriers.  Seedling protectors 

can sometimes cause unfavorable growth forms and serious abrasion damage.  In 

addition, if voles are able to tunnel under the seedling protector, the physical barrier can 

provide excellent hiding cover for voles; thereby, concentrate feeding pressures on crop 

trees (Askham, 1992; pers. obs.). 

Summary: 
After 90 years of research, an enormous controversy still exists in ecology over the 

cause of population cycles.  Since damage is often positively correlated with vole 

density, our poor understanding of the causal factors for vole cycles makes it difficult to 

prevent high vole abundance and the damage they cause.  Consequently, research on 

managing voles in forest plantations is extremely limited (Askham, 1992).  Four main 

approaches have been suggested to reduce the feeding damage caused by voles: 

habitat manipulations, alternative feeding, repellents, and seedling protectors.   

 

The efficacy of using alternative foods to reduce vole damage in forest plantations has 

only recently been examined.  Operational trials are currently being conducted to 
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evaluate this method and current results appear promising.  The use of repellents has 

been examined in more detail than alternative foods; however, many of the trials have 

yielded inconsistent or unsatisfactory results in the protection they provided to seedlings.  

Semiochemicals, although more effective in reducing vole damage than other repellents, 

are not commercially available.  Seedling protectors may improve cover for voles; 

thereby, concentrate feeding pressure on crop trees.  Below-ground structures are not 

protected by seedling protectors.   

 

Habitat manipulation appears to be the best method available to reduce vole 

populations.  Habitat modification can significantly limit habitat carrying capacity for voles 

in older successional stages (reviewed by Askham, 1992).  Removal of ground cover by 

chemical, physical, or through controlled burns removes both the food source and cover 

required by voles.  Habitat manipulations should be conduced prior to planting to prevent 

sites from being colonized by voles.  Removal of vegetation after sites have been 

colonized may redirect feeding to crop trees.  In areas where habitat modification is not 

possible (or to complement habitat modification), alternative feeding may be feasible.   

Alternative feeding may only be required during periods of high vole abundance.  

Consequently, vole populations should be monitored to indicate timing of high vole 

abundance.  Alternative food then can be applied when it would be most effective in 

reducing damage.  However, the effectiveness of alternative to reduce vole damage is 

still being examined. 
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Appendix:  Reducing ungulate damage to forest plantations 
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BACKGROUND 
 
This review of ungulate management techniques is provided as a compendium 
document to the report entitled “A summary of management options for minimizing 
feeding damage by voles to crop trees: scientific literature review”. 
  
This document was originally prepared as part of the curriculum for a wildlife 
management course at UBC (Faculty of Forestry).  While the focus of this document was 
on deer and elk management within boreal ecosystems (e.g., aspen and mixedwood 
forests) the principles of ungulate management are very relevant to the situation faced 
by GFC and Weyerhaeuser within their red alder plantations.  
 
 

INTRODUCTION  
 
The aspen ecosystem is rich in number and species of animals, especially in 
comparison to associated coniferous forest types.  This natural species diversity and 
richness has been both increased and influenced by the introduction of domestic 
livestock.  The high value of the aspen ecosystem as a forage resource for livestock and 
as forage and cover for wildlife makes the subject of animal impacts important to 
understanding and management of this ecosystem (DeByle, 1985). 
 
Although sapling and pole-sized aspen stands are susceptible to damage resulting from 
bark removal by elk, moose and porcupines, and from cutting by beavers, control is 
seldom necessary.  However, where elk are concentrated in winter, especially because 
of artificial feeding, extensive browsing and bark damage may become common, and 
can contribute to stand deterioration (Hinds and Krebill, 1975; Krebill, 1972).  Under 
these circumstances, damage-reduction techniques are needed to retain the aspen. 
 
Browsing has a direct impact on aspen in the early sapling stage, reducing growth, vigor, 
and numbers.  Sucker regeneration can be drastically reduced or even eliminated by 
heavy browsing by sheep (Houston, 1954; Sampson, 1919; Smith et al. 1972), deer 
(Mueggler and Bartos, 1977), and big game on their winter range (Graham et al., 1963; 
Krebill, 1972; Packard, 1942), particularly elk on winter ranges near feed grounds 
(Krebill, 1972; Packard, 1942), where they can effectively prevent successful aspen 
regeneration and may eventually eliminate aspen from the landscape. 
 
While moose may retard conifer succession by browsing on conifers (Peek, 1974), they 
can also do substantial damage to aspen stands, having a higher reach than other 
herbivores, and bending and breaking saplings down to secure browse even beyond 
their reach (2.4 m).  Telfer and Cairns (1978) documented breakage of aspen and other 
trees up to 10 cm d.b.h. by moose in Alberta and cited similar moose behavior in 
Minnesota and Sweden. 
 
Deer predominantly browse through much of the year, except in summer, when the main 
constituent of their diet is herbaceous materials (Collins and Urness, 1983; McCaffrey et 
al., 1974; Smith 1952).  Broad averages for the diets of mule deer in the West are 60%, 
74%, and 49% composed of trees and shrubs in fall, winter, and spring, respectively 
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(Kufeld et al., 1973).  Since elk are larger, the can have more impact an aspen plantation 
than deer by damaging taller trees, consuming more browse, and by remaining in the 
aspen zone through much of the winter. 
 
Browsing during the dormant season may have some growth impact but is not generally 
serious, whereas continual repeated browsing just after full leaf growth, when 
carbohydrate reserves are lowest (Schier and Zasada, 1973), and through the growing 
season, can deplete carbohydrate reserves as aspen continues to grow without 
photosynthate production.  Fortunately, because of the abundance of forage, browsing 
often occurs the least during the growing season, when it would have the greatest 
impact. 
 
The impacts of browsing are greatest on shrubs and on trees within reach of animals, 
less than approximately 4 m tall.  Dense even-aged stands of aspen can withstand 
considerable tree loss during these early years, as long as approximately 1,000 well-
formed stems per hectare remain when they reach the 4 m height.  Sampson (1919) 
recommended a density of 6,200 sprouts per hectare at 3 years (about 1 m tall). 
 
Advanced regeneration in uneven-aged stands is generally sparse and slow and can be 
severely affected by continual browsing pressure, more so than dense even-aged 
stands.  Such stands rely on this slow growth to maintain their presence, and browsing 
can ultimately eliminate aspen from a site by preventing regeneration. 
 
Snowshoe hares and cottontail rabbits also browse and may have a significant impact 
when cyclic population highs exceed available food.  During such a high in Alberta, over 
50% of the available browse was removed by hares in winter (Pease et al., 1979).  
Beaver, pocket gophers, and porcupines may also have a browsing impact.  Pocket 
gophers may feed on young aspen sprouts and may be destructive locally, especially if 
their populations increase after clearcutting (Marston and Julander, 1961). 
 
Aspen is particularly sensitive to gnawing or stripping of its bark.  Elk are the primary 
barkers of mature aspen stems.  The damage is usually restricted to winter ranges and 
may be detrimental to aspen growth where concentrated populations cause serious 
damage.  Moose may also chew bark and deer may remove bark by rubbing velvet from 
their antlers, but, in general, severe damage is usually limited to individual trees and 
does not have an effect on stand health. 
 
Usually when populations are high, rabbits and hares may remove bark for food in 
winter, and may girdle small trees.  Mice and voles may eat large patches of surface 
bark during winter.  They can kill small sprouts and saplings but not usually larger trees, 
although damage to the bark can allow the entry of pathogens.  Where they are 
particularly numerous, porcupines may feed on aspen bark in winter, removing the 
periderm and exposing the inner bark and cambium to desiccation and possible death. 
 
The best way to reduce this damage is through integrated pest management (IPM, or 
active adaptive management), which is the process of integrating and applying practical 
prevention and management techniques to keep the damage, and the cost of damage 
reduction, as low as possible.  An IPM approach would include careful monitoring 
coupled with one or more damage reduction techniques.  Monitoring is essential.  
Conover and Kania (1995) found that deer damage could be predicted with some 
accuracy when two or more years of data were available for specific areas.  
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Consequently, periods of low damage may not warrant action, thereby reserving 
resources for periods when damage is greatest.  However, since deer have proven to be 
very adaptable a regular monitoring program will indicate the success of techniques 
examined or implemented.  In addition, using several strategies would not only provide 
comprehensive coverage, it also helps to prevent the deer from becoming accustomed 
and unresponsive to a single deterrent.  The combination of damage-reduction 
techniques one should consider depends upon accurate assessment of the problem and 
the desired outcome.  For example, it is important to calculate the annual losses 
resulting from deer damage.  This information will be required to evaluate the cost and 
benefit of the various techniques.  Often, the financial and human resources available to 
deal with the problem will dictate the options available.  The key to an effective IPM 
program is monitoring on a regular basis to see if the program is working (Bonar, 1991). 
It is difficult to change seasonal deer feeding habits after they have begun. Therefore, it 
is important to try to monitor whatever techniques are being used to anticipate problems. 
 

Life History Information 

Mule deer 
Mule deer are common throughout the range of aspen in western North America and are 
currently distributed in four Canadian provinces and 16 of the western United States 
(Mackie et al., 1982).  Characteristic habitat includes broken and timbered or non-
timbered breaks along water courses and adjacent draws (Hamlin, 1978; Severson and 
Carter, 1978).  Some mule deer are migratory; they spend summers at high elevations 
within the aspen zone and winters at lower elevations (DeByle, 1985).  They are 
primarily browsers and consume woody forge throughout the year.  In the fall and early 
spring, however, grasses make a significant part of their diet.  Forbs are used 
extensively during late spring and summer.  They are classed as intermediate feeders by 
Hofmann and Stewart (1972) because of their adaptability to a wide range of forage 
types and phenological conditions.  Kufeld et al. (1973) listed 673 species of plants 
including 202 shrubs and trees eaten by Rocky Mountain mule deer.  They reported 
aspen to be among the top eight preferred browse species, and when available, it was 
used moderately in winter, spring, and summer.  Heavy use of aspen leaf litter in the 
autumn and early winter has been reported by Julander (1952).   Mule deer also 
consume a variety of understory shrubs and forbs (Collins, 1979; Kufeld et al., 1973) and 
use aspen stands as resting areas throughout summer (Collins and Urness, 1983). 
 
Daily movements are from 1 ½ to 3 km. on summer range.  On winter range, daily 
movement is much more restricted, generally about ½ km., if undisturbed.  Deer are 
primarily edge species with reduced travel away from the security cover of adjacent 
wood lots and forests.  Most feeding is done in the late evening and early morning; 
however, in winter it takes place throughout the day.  Mule deer tend to be gregarious in 
winter forming groups of 10 or more. 
The following information is primarily aimed at improving habitat for mule deer.  It has 
been included to identify how some land-management techniques can enhance deer 
populations.  This information then can be used to create deer habitat away from 
plantations to lure deer away from seedlings or reduce deer habitat within plantations. 
 
Mule deer are more selective of plant species than elk and cannot digest some forages 
as efficiently (Collins and Urness, 1983).  Several methods have been proposed to 
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manage aspen stands to enhance western mule deer habitat (Patton and Avant, 1970; 
Hooven, 1973; Gruell and Loope, 1974; Hilton and Bailey, 1974; Jones, 1975).  Most 
authors advocate occasional use of cutting, fire, or herbicides to create openings (12-24 
ha) in late successional or climax stands.  More conservative approaches (Alexander, 
1974) suggest clearcutting one sixth of the management unit every 20 years in openings 
100-150 m wide, averaging 2 ha.  Collins and Urness (1983) cautioned that clearcutting 
of aspen may only be beneficial when range conditions are more restrictive.  They found 
aspen cuts were used at about the same level as uncut aspen, and mule deer preferred 
resting in aspen more than elk. 

White-tailed deer 
White-tail deer, although not as common as the mule deer, are the most widely 
distributed wild ungulate.  They are present in 8 of 10 Canadian provinces and 45 of 49 
continental states.  White-tailed deer use various habitat types.  Topography does not 
appear to be a constraint to use; however, preference for mesic sites, such as flood 
plains, marshes, and streams bottoms, does exist.  Similar to mule deer, white-tailed 
deer show a preference for habitat adjacent to woodlots and forests which supply 
security cover, food, and reduced snow pack.  Browse is the primary source of food, and 
aspen is considered important, particularly from the lake states and Ontario west to the 
Rocky Mountains (Blouch, 1984; Hesselton and Hesselton, 1982).  Byelich et al. (1972) 
considers aspen to be the Lake States' leading deer-producing forest type.  In western 
Canada, both the aspen parklands and aspen-dominated boreal forest provide prime 
deer habitat (Cairns and Telfer, 1980; Wishart, 1984).  In northern climates, daily 
movements are from 1 ½ to 3 km. on summer ranges.  On winter ranges, daily 
movements are much more restricted, generally ¼ mile, if undisturbed.  Most feeding 
activity is in the late evening and early morning; however, it may take place throughout 
the day in winter. 
 
White tailed deer habitat guidelines in aspen include providing for an array of aspen age 
classes by cutting or burning in 4- to 16-hectare patches in a 40- to 80-year rotation 
(Rutske, 1969; Bartos and Mueggler, 1982; Manitoba Natural Resources, 1989).  Voigt 
(1990) recommends a maximum distance to shelter of 100 m.  Early spring burning is 
best according to Gullion (1984), one or two seasons after cutting to promote suckering 
and reduce slash.  Byelich et al. (1972) recommends cutting an area of ca.100 ha on a 
10-year rotation, removing 25% each time.  Telfer (1974) suggests small patches and 
strips are more beneficial than large openings.  Graham et al. (1963) believed that high 
deer densities could cause total destruction of sucker stands due to the ability of deer to 
browse over 1.5 m (Mueggler and Bartos, 1977).  Cuttings near known deer yards can 
benefit deer during winter, but no more than 50% cover should be removed (Rutske, 
1969; Manitoba Natural Resources, 1989).  In Saskatchewan, TAEM (1988) 
recommended cuts less than 50 hectares close to mature forest stands to provide 
accessible thermal and escape cover.  Michigan improved 55,603 ha of deer habitat 
between 1972 and 1987.  Treatments in aspen stands included prescribed burning after 
cutting, clearcutting upland brush, and the manual removal of residual aspen.  During 
this 15-year period, Michigan deer numbers tripled. 

Rocky mountain elk 
Rocky mountain elk, once the most widely distributed members of the deer family (Hall 
and Kelson, 1959), are now largely confined to mountainous areas of the west.  Rounds 
(1981) reported a preference for grasslands or shrublands adjacent to recently disturbed 
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aspen or mixed forest.  Areas disturbed by fire or logging usually support a diversity of 
vegetation and are attractive to elk.  A good distribution of escape cover is needed to 
make these areas more attractive.  Kufeld (1973) listed 159 forbs, 59 grasses, and 95 
shrubs and trees eaten.  Grasses and sedges are the primary summer forage, making 
up 75% or more of the elk's annual diet according to Boyd (1978) and Gates and 
Hudson (1981).  Aspen is considered a highly valuable browse species in winter, spring, 
and autumn (Boyd, 1970; Stevens, 1974; Nelson and Leege, 1982), and aspen 
communities are preferred over coniferous communities.  The aspen understory often 
provides large quantities of forbs and grasses regarded as high-quality summer and 
early fall elk food.  Kufeld (1973) reported woody species, including aspen, averaged 
nearly 27% of the annual diet; whereas in winter, browse may include more than 60% of 
forage eaten (Gates and Hudson, 1983; Nietfeld 1983), including leaf litter (Hobbs et al., 
1981).  The two daily feeding periods are in the morning, from just before to several 
hours after daylight, and in the early evening.  Wintering feeding periods are more 
frequent and erratic.  Elk normally cover several kilometers in a day as they feed during 
spring, summer, and fall.  In winter, they are more sedentary and feed heavily in one 
area before moving to another.  Elk commonly concentrate in high numbers on winter 
ranges, where they may heavily browse and damage aspen by barking resulting in 
suppressed growth (Krebill, 1972).  Migration from summer to winter ranges usually take 
place in late November and December.  Elk are gregarious and travel in herds most of 
the year.  Herd size is greatest from late summer through winter.  Older bulls are more 
solitary, are often found alone, and tend to winter at higher elevations.  Elk make well-
defined trails.  They usually bed on gentle slopes, benches or ridgetops. 
 
Optimal elk habitat recommended by Thomas (1979) is a mix of 60% of the land area in 
forage production and the remainder in cover.  He suggests patches of 10-26 ha will 
provide adequate security of hiding cover.  Cut blocks should have irregular edges.  
Blocks should be designed to provide cover within 200 m of any location and limit line of 
sight to under 400 m (Alberta Forest Service, 1986; Manitoba Natural Resources, 1989).  
Lyon and Ward (1982) suggested that openings, forage areas, and cover areas in the 
range of 12-32 ha satisfy the biological needs of elk on summer range.  Heavy aspen 
browsing (>50%), according to Patton and Jones (1977), can lead to a decrease in stand 
density and the complete elimination of aspen from some sites.  Olmstead (1977) 
recommends a 20- to 30-year rotation for browse production. 
 
 

Characteristics of Damage 
Plantations which are susceptible to ungulate damage have one or more of the following 
characteristics (Sullivan, 1990): 
 
• Small area (< 20 ha), 
• Improved access for deer because of broadcast burning and mechanical site 

preparation, 
• Contain preferred food items, 
• Small stock type, 
• Particular combination of site quality, aspect, slope, and elevation (e.g., south-facing, 

low elevation slopes near winter ranges), 
• Location in the landscape (i.e., proximity to security cover). 
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There are primarily two types of damage: (1) feeding (browsing & barking) and (2) 
rubbing.  Browsing could be confused with that conducted by rodents, especially if the 
damage is old.  Deer lack upper incisors.  Consequently, they tear vegetation from the 
plant by pinching it between their lower incisors and the hard upper palate.  As they tear 
the vegetation from the plant, a ragged end is left (Figure 1).  In contrast, rodents have 
both upper and lower incisors leaving a clean oblique cut.  Deer browse on woody plant 
leaves, stems, and buds, as well as non-woody plants (forbs), grasses, and fungi.  In 
orchards and nurseries, they particularly like fertilized, highly nutritious seedlings.  In 
general, moderate browsing reduces height growth of seedlings, without resulting in 
mortality.  Repeated browsing injuries on conifers and other woody vegetation produces 
a low, shrub-like growth form with multiple shoots.  Eventually, one of these shoots may 
escape browsing and show a tremendous increase in height growth.  On winter ranges 
where concentrations of deer are large, browsing has proved a limiting factor in natural 
regeneration of ponderosa pine stands (Neils et al., 1956). 
 
 

 

 
     Rodent Clipping 

 

 
   Ungulate Browsing 

 

Figure 1. Browse damage by rodents and 
ungulates, (from Lawrence et al. (1961)). 

Deer will ‘bark’ young shrubs and young deciduous trees – bark of willows and 
cottonwoods preferred foods.  This injury is produced by successive upward sweeps of 
the lower incisors, along the bole of the tree, leaving close-spaced shallow grooves in 
the exposed sapwood (Figure 2).  Deer will strip bark from the terminals and laterals that 
are two big for browsing. 
 
Rubbing damage occurs in the fall when deer polish their antlers to remove the velvet.  
This behaviour abrades the upper bole of large seedlings and saplings.  Broken 
branches and strips of bark hanging from the bole are characteristic of this injury.   
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    Ungulate Barking Damage 
 

 

 
Fresh Damage (front) and Older Damage 

(back) to Aspen Trees 
 

 

Figure 2 Barking of aspen by ungulates 
 
 
Annual patterns of deer damage change from year to year depending upon weather, 
availability of food, deer density, among other factors.  Many fruit growers have planted 
young trees, successfully used repellents for two to three years, and then lost their entire 
investment as a result of deer grazing after a single severe summer or winter.  It is 
important to monitor the damage in relationship to the local conditions.  When extreme 
condition are expected then additional control methods (for example supplemental 
feeding) may be required. 
 
Seasonal patterns of damage must also be evaluated over a period of years.  Deer have 
definite food preferences that vary seasonally.  In general, summer damage is less 
extensive than winter damage, because other sources of preferred foods are often 
available.  Fruit growers, foresters, nursery operators and Christmas tree growers 
commonly lose dormant buds and annual growth to deer during winter when other foods 
are not available.   
 
 

DAMAGE-REDUCTION TECHNIQUES 
 
The following is a summary of methods used to reduce deer damage to conifer 
plantations, orchards, and nurseries.  This document was originally prepared with the 
objective of providing an overall summary of ungulate management principles, with a 
focus on agro-forestry settings.  As a result, not all techniques discussed herein will be 
applicable to the alder plantations of interest to GFC Forest Management Ltd., and 
Weyerhaeuser Ltd., however, have been included in this summery for completeness.  All 
quoted costs are in US funds, unless otherwise stated, as most products are 
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manufactured in the United States.  Costs are provided for a relative comparison of 
various techniques.  Actual costs will depend on local supplier.  We are unaware of any 
studies comparing the responses of different ungulate species to certain damage 
reduction techniques.  However, Andelt et al. (1991, 1992) used similar experimental 
designs to test treatments on mule deer and elk, respectively.  They found little 
differences in how these two species responded to the treatments.  Hani and Conover 
(1995), in their review of the literature, reported that mule deer and white-tailed deer 
responded in a similar manner to various treatments.  These studies would indicate that 
different damage-reduction strategies may not be required for the different damaging 
agents. 
 

Vegetation & Site Management 
Habitat for all wildlife species incorporate food, cover, water, and space.  These 
resources are often supplied in adequate amounts within the home range of the 
individual.  The home range of a deer is about 2.5 km2 for does and up to 10 km2 for 
bucks.  Deer prefer to stay near the edge of woodlands and brush areas, which provide 
good cover.  Adjacent wood lots and forests provide high-protein sources such as 
understory vegetation, browse, and seedlings.  Thus, growers and homeowners usually 
experience the greatest amount of damage to crops and forests near these edges.  
Consider the following solutions: 

 Leave as much open area as possible between field edges and planted 
material.  Clear underbrush from plantation edges to a width of approximately 
17 m to reduce cover for deer.  Brush this area a few times a year.  However, 
growers must consider that destroying deer habitat means destroying the 
habitat of other wildlife as well. 

 Plant landscape trees and shrubs that are not highly preferred by deer. 
 Use repellents and fencing near field edges. 
 Placate deer by planting a "nurse crop," a crop deer favor and may eat 

instead of your main crop.  This technique can be prohibitively expensive, 
however, and it can backfire by actually attracting more deer to the area. 

 Implement a forest management plan for your woodland that includes 
harvesting to promote an abundant source of young browse.  In many cases, 
this strategy can provide additional income as well. 

 Use herbicides for plantation maintenance to enhance tree growth beyond 
the critical 5-year size threshold.  These may also make the habitat less 
attractive to ungulates.  However, this would reduce alternative forage and 
may increase the susceptibility of the crop trees.  Results depend upon the 
specific conditions of the area. 

 During site preparation, push debris to edge of the plantation to reduce 
accessibility of the plantation to deer.  Used often on poplar plantations. 

 Plant larger stock to enhance tree growth beyond the critical 5-year size 
threshold. 

 Since deer are primarily edge species, larger plantations would reduce the 
total area susceptible to deer damage. 
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Scare Devices 

Gas Exploders 
Loud noises, scarecrows, and dogs may deter deer over a short period (a few days to 
weeks), but these strategies generally lose their effectiveness as time passes.  Deer 
have a great ability for adapting to their environment.  However, scare devices may be 
quite effective if damage is minimal, the crop will be harvested shortly, or when used in 
combination with other control techniques.  Gas exploders set to detonate at regular 
intervals are the most common scare devices.  Newer devices are available that emit 
short, irregularly spaced blasts of sound.  They can be purchased from commercial 
sources or borrowed from equipment-rental establishments.  To maximize their 
effectiveness, exploders should be moved every few days.  If this is not done, deer will 
quickly become accustomed to the noise.  Fireworks and gunfire may provide quick, 
temporary solutions, but this method is labor intensive.  A portable radio tuned to a 
station with an all night talk show is a good idea.  Again, the radio must be moved 
frequently to remain effective. 
 
The disturbance caused by hunters (vehicle traffic, noise) will also reduce the attraction 
to the plantation by deer.  For example Churchill, (1982) examined the response of elk 
feeding or resting in clearcuts to vehicles driving on logging roads in the east Kootenays.  
He found that with over 1,400 observation 86% of the elk fled to adjacent stands.  
Providing access to plantations for hunters or other outdoor enthusiasts would increase 
human-induce disturbance, thus reduce occupation of plantations by deer and elk. 

Dogs contained by invisible fences 
Free-ranging dogs contained by buried electric fencing ("invisible fencing") around a 
protected area can be an effective deterrent.  House pets are usually not effective 
because deer feed in the evening when house pets are less likely to be roaming.  A 
commercial company has taken the invisible fence technology used in home systems 
and developed a commercial system for large areas.  Initial research in commercial 
orchards and nurseries has found that areas of 8-16 ha can be protected from deer 
damage.  The actual area depends on topography, visibility, snow cover, and other 
factors.  The dogs are acquired from shelters, trained, and fitted with an electronic collar 
that will sound off and finally give a slight shock if the animal comes too close to the 
buried fence wire.  Each dog must be carefully selected to get a suitable breed that is 
independent but good with people.  Automatic feeding and water stations are positioned 
in the protected area, and owners agree to follow a rigorous dog maintenance protocol.  
Dogs chase deer away from inside the fenced area.  There are successful applications 
of this technology to deter geese and groundhogs as well.   
 
 
In one demonstration study in a commercial nursery, the initial cost of the control box, 
fence wire for a 1,800-m perimeter (14 ha) installed by the company, automatic feeders, 
dog food, veterinary care, batteries for collar, and dog shelters was approximately 
$4,000, or $2.1/m.  Dog care costs of about $300 per year ($600 per pair) require an 
annual long-term cost.  As with any system, growers need to compare the long-term cost 
with that of high-tensile fencing.  The control box is capable of protecting three zones, so 
additional areas could be protected at lower cost, but dog costs would be similar. 
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Results of a two-year Cornell University study in three apple orchards in New York 
protected by Off Limits Crop Protection System found significant reductions in bud loss, 
more bloom density, and higher yields.  Over the two years, protected orchards 
averaged 124 bushels per acre, with an additional return of $2,000.00/ha.  While the 
economic data appears favorable, it is important to realize the system functions more as 
a repellent or scare device than a physical barrier.  While the technology is relatively 
new and more research is needed, it does appear to provide a cost-effective option for 
commercial fruit growers, nurseries and others with high-value crops to investigate.  
However, long-term dog expense must be considered when comparing this system with 
high-tensile fencing.  There may be applications for other crops as well.  Timm and 
Schmidt (1989) reported a number of studies that documented guard dogs expelling 
ungulates from fields with livestock.  They also reported that guard dogs often inflicted 
mortality on young deer within the grazing areas. 
 
Although this may not be a practical solution for forestry situations, it emphasis the 
influence dogs can have on evicting deer from plantations.  While work is being 
conducted in the plantations, clients should encourage workers and technicians to have 
their dogs accompany them to the plantations.  The presence of dogs, or recent signs, 
may scare deer from a plantation or reduce their visitation to the plantation. 

Ultrasonic Deer Devises 
The development of ultrasonic devices to repel deer has increased, and many products 
for small landscapes are available commercially.  These devices produce high-
frequency, short-wave ultrasonic sounds that are inaudible to people, although some 
animals, such as deer, dogs, and cats can hear well in the ultrasonic range.  Devices are 
sold that are triggered by an infrared detector that turns on the ultrasonic device and a 
floodlight to further startle the deer.  Much anecdotal evidence exists that suggests these 
devices may be effective in some applications.  However, in many cases the deer will 
become used to the noise.  Research is ongoing, but none of these products has, to 
date, been proven effective. 
 

Repellents 
Repellents disrupt and reduce instances of deer feeding on plants.  Repellents are most 
effective when used in orchards, nurseries, gardens, and on ornamental plants.  Their 
value for row crops, forages, and other large acreage crops is limited because of their 
expense, application restrictions, and variable results.  Repellents are most effective 
when used as part of an integrated management program that includes other repellents, 
scare devices, fencing, vegetation management, and population control. 
 
Repellents fall into two categories: contact and area.  Contact repellents are applied 
directly to plants and repel deer because of their foul taste.  They are most effective on 
dormant trees and shrubs.  New growth that occurs after treatment is unprotected.  
Contact repellents may reduce the palatability of forage crops and should not be used on 
plant parts that are intended for human consumption. 
 
Area repellents repel deer by odor.  Apply area repellents near plants you want to 
protect. Border applications of area repellents may protect large areas at a relatively low 
cost.  Crops grown for human consumption can be protected because area repellents 
are not applied directly to plants. 
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Growers who use repellents should understand some basic principles: 
 

 Repellents do not eliminate browsing, only reduce it (most references in this 
section); therefore, repellent success is measured by the reduction, not 
elimination, of damage.  If even minimal damage is intolerable, 2 ½-m fencing 
is the best option. 

 Rainfall will wash off many repellents, so they will need to be reapplied.  
Some repellents weather better than others (Sullivan et al., 1995). 

 Repellents work by altering deer behavior; therefore, they work best if used 
before feeding habits become established in a certain area.  Deer establish 
their feeding habits in the late fall and spring. 

 The availability of other, more palatable deer food dictates the effectiveness 
of repellents.  When food is scarce, deer may ignore both taste and odor 
repellents. 

 If you use repellents, do not overlook new preparations, products, or creative 
ways to use old ones.  New products are constantly appearing on the market. 

 A repellent that works in one area may not work elsewhere, even if the crop 
and conditions are similar to the first site. 

 Efficiency depends upon whether the species protected is preferred by deer.  
For example Dietz and Tigner (1968) found that repellents were more 
effective on aspen (Populus tremuloides) than chokecherry (Prunus 
virginiana) since the later was more palatable.  Studies by Angradi and 
Tzilkowski (1987), Swihart et al. (1991), and Conover and Kania (1988) 
reported similar trends with the different repellents having different 
effectiveness on different test crops. 

 Size of the treated area will also influence the effectiveness of the repellent.  
Conover (1984) found that BGR, Hinder®, and thiram were effective at 
protecting small plots of Japanese yew from browsing by free ranging white-
tailed deer - but not larger plots. 

 Before selecting a repellent, consider both its effectiveness, longevity, and cost. 
Studies of nursery plant species highly preferred by deer suggest that there are 
large differences in cost and longevity.  Repellents can be quite effective for 
short-term forestry applications on seedlings.  However, repellents are not 
usually cost-effective in controlling deer damage over a long period of time.  
Studies of orchards in New York have shown that the cost of a repellent spray 
program for reducing deer damage exceeds the cost of high-tensile deer fencing 
after only a few years.  Money spent on repellent applications could be wasted if 
unusual weather conditions force deer to eat crops as a result of the loss of 
alternative foods. 

Although certain products are deemed effective as repellents under experimental 
conditions, this does not necessarily mean that the products will be effective in all 
field applications or that deer will vacate the area.   
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Applying commercial repellents 
Application methods for commercial repellents range from machine sprayers to manual 
backpack sprayers.  Remember, as labor intensifies, costs rise.  Therefore, use 
manually applied materials only in small (½- to 2- ha) areas. 
 
For large farms and commercial operations, machine sprayers are the most 
economically efficient.  The number of applications can be reduced by using compatible 
repellents in regularly scheduled pesticide programs.  Apply contact repellents on dry 
days when temperatures are above freezing.  Whereas young trees should be 
completely treated, the cost of treating older trees can be reduced by limiting repellent 
application to the terminal growth within reach of deer (2 m above the deepest snow). 
 
Repellent applications are divided into two general classes based on the time of the 
damage: (1) winter or dormant season, and (2) summer or growing season.  Dormant 
season damage is most common in nurseries, orchards, forest seedlings, and Christmas 
tree crops.  Growing season damage is most common in field and row crops.  Apply 
repellents before anticipated periods of deer browsing.  The objective is to make planted 
material unattractive to deer so that they feed elsewhere.  Once a feeding pattern has 
been established, repellents are usually less effective.  It is important to note that, if no 
alternative food source is available or if deer pressure is too high, even the best planned 
repellent program may fail.  It is essential to monitor each situation. 
 
As a preventative measure, the first repellent application of a summer control program 
should take place within two weeks of budbreak.  During the growing season, repellents 
should be applied as necessary to protect new growth, usually every 3 to 4 weeks.  For 
some crops, it may be possible to disrupt deer feeding simply by spraying a wide strip on 
the border of the planting.  For dormant season protection, mid-fall and early-winter 
applications are recommended.  Fall applications may also prevent antler rubbing. 
 
Regardless of the type of application program used, every program should be planned in 
advance and implemented on schedule.  Periodic monitoring is essential for determining 
the necessity and timing of subsequent applications. 

Available commercial repellents 
The following list of available commercial repellents is not exhaustive, but it shows the 
range of types of available repellents.  Some of the following information appears as it 
was presented within advertisements for the product.  All repellents may not be 
registered for use in Canada.  The active ingredients are given in parentheses after the 
trade names.  Refer to the product labels for application information.  Instructions on the 
label must be strictly followed to meet legal requirements and to ensure maximum 
effectiveness. 
 
Deer Away (37 percent putrescent whole egg solid & 63% inert ingredient) was 
developed by researchers at Weyerhaeuser during the 1970s.  It was later renamed Big 
Game Repellent (BGR).  This contact (odor/taste) repellent has been used in conifer and 
hardwood plantations and is reported to be 85- to 100-percent effective in field studies.  
Apply it to all susceptible new growth and leaders.  Applications weather well and are 
effective for 2 to 6 months.  Latex polymer base provides lasting protection for conifer 
seedlings, ornamentals and fruit trees.  Use on bearing trees before flowering and 
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leafing out, and after harvest.  Lasts for a minimum of two months when applied 
properly. 
 
Furnished in a two-part kit consisting of a concentrate and an activator. Mix equal parts 
of concentrate and activator with warm water. Unmixed, it has a shelf-life in excess of 
one year. Red dye is also available for identification of treated areas.  It should not be 
used on edible crops.  A 75-litre kit protects 10,000 1-m trees and cost approx. $264.00.  
Distributors include: Margo Supplies Ltd.: (Deer Away Big Game Repellent), McLaughlin, 
Gormley, King: (MGK Big Game Repellent), and Win Chemicals and Equipment Ltd.: 
(MGK Big Game Repellent).  Big Game Repellent has been found to reduce deer 
browsing to Japanese Yews by 50% relative to untreated bushes (Conover 1987).  
Sullivan et al. (1995) found that BGR worked well for 20 days but was rendered 
ineffective after 1 day of rain.  Similarly, Andelt et al. (1991) reported that chicken eggs 
and BGR were effective until sprayed with water to simulate a light rain. 
 
Hinder® (15% ammonium soaps of higher fatty acids) is an area repellent and can be 
used on edible crops.  You can apply it directly to vegetable and field crops, forages, 
ornamentals, and fruit trees.  Its effectiveness is usually limited to 2 to 4 weeks but 
varies because of weather and application technique.  Reapplication may be necessary 
after heavy rains.  Adhesives, such as Latex 202-A, Vapor Guard, or Weathershield, can 
be added to the mixture to increase its resistance to weathering.  For fields with fewer 
than 12 ha, you can treat the entire field; for fields larger than 12 ha, apply an 2 ½- to 5-
m strip around the perimeter of the field.  Apply at temperatures above 0 C.  Fifteen litres 
of liquid costs about $88.00, and when mixed with 380 litres of water, will cover ½ ha.  
Hinder® can be used with most pesticides.  Distributors include Pace International LP 
(Hinder®).  Hinder® has been found to reduce deer browsing damage by 50% in 
comparison to untreated areas (Conover 1984, 1987; Conover and Kania, 1988; Deyoe 
and Schaaps, 1987). 
 
Thiram (11 to 42 percent tetramethylthiuram disulfide) was developed for fungicidal use 
in 1931 by E. I. DuPont de Nemours and Company.  Thiram acts as a contact (taste) 
deer repellent and is sold under several trade names: Bonide, Rabbit-Deer Repellent, 
Nott’s Chew-Nott, Gustafson 42-S, and Wilbur-Ellis Scram 42-S, among others.  It is 
most often used on dormant trees and shrubs.  A liquid formulation is sprayed or painted 
on individual trees.  Since Thiram is a fungicide, continued application and dripping from 
plant surfaces will result in accumulation in the soil.  Some professionals are concerned 
that this long-term presence may affect beneficial fungi in the soil that are responsible for 
nutrient uptake in plants.  Although Thiram itself does not weather well, adhesives such 
as Latex 202-A, Vapor Guard, or Weathershield can be added to the mixture to increase 
its resistance to weathering.  Thiram-based repellents also protect trees against rabbit 
and mouse damage.  Four litres of 11 percent Thiram costs about $42.00.  Distributors 
include Chipman Inc.: C-I-L Rodent Repellent and Plant Products Co. Ltd.: Skoot. 
 
Miller’s Hot Sauce® Animal Repellent (0.62 – 6.2% capsaicin) is a contact (taste) 
repellent used on ornamental, Christmas, and fruit trees.  Apply it with a backpack or 
trigger sprayer to all susceptible new growth, such as leaders and young leaves.  Do not 
apply to fruit-bearing plants after fruit set.  Vegetable crops also can be protected if 
sprayed prior to the development of edible parts.  Weatherability can be improved by 
adding an antitranspirant, such as WiltPruf or Vapor Guard.  Hot Sauce® and Vapor 
Guard cost about $65.00 and $50.00 per gallon, respectively.  A quarter-litre of Hot 
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Sauce® and 1 litre of antitranspirant mixed with 400 litres of total mix volume will cover ½ 
ha.  Miller’s hot Sauce reduced browsing damage by 15% (Conover 1984). 
 
Tree Guard (0.2% denatonium benzoate) repels deer with the extremely bitter taste of its 
active ingredient, Bitrex™.  It is premixed and has a latex base that resists wash off from 
rain and snow, improving longevity.  It also has an agent that allows deer to detect the 
treatment.  The formulation is applied full strength; it sprays on milky and dries clear.  
This product has performed exceptionally well in winter and summer field trials.  It can 
last from 4 weeks to 4 months, depending on the application and weather conditions.  
Apply to all susceptible new growth.  Four litres of liquid costs $31.00 and will treat 30 ½-
m broadleaf shrubs or 17 large arborvitaes.  
 
DEER-OFF is made from natural, biodegradable food products, non-toxic chemicals, 
and is safe for children, animals and the environment.  It is a patented dual deterrent 
system that leaves both an odor and taste that deer, rabbits and squirrels find offensive.  
A single application lasts up to three months and will not wash away in rain and snow, 
nor will it change the color and texture of plants or leave a filmy residue.  It is the only 
deer repellent to guarantee that it will solve deer damage problems.  It’s effectiveness 
has been studied by a Rutgers University study that found that DEER-OFF repelled deer 
up to three times longer than the next most effective product and it can be sprayed on 
edible crops safely.  The new 16 ounce bottle is available either as a ready-to-use spray 
that costs less than 10 dollars or as a concentrate (one bottle makes one gallon of 
ready-to-use spray). 
 
Plantskydd Animal Repellent is a blood-meal based repellent.  Four years of field testing 
by the forest industry are behind this highly effective, non-toxic animal repellent. Use to 
prevent browsing by deer, moose, elk, rabbits, hares, and opossum.  All-natural, it repels 
by odor and is effective for up to 6 months in winter, 3-4 months in summer.  One-kg. 
package mixed with 6 litres of water treats approx. 500-600 seedlings when dipping, and 
350-450 plants when spraying. 
 
Deer Repellent control deer by taste, odor, and sensation.  Contains four highly tested 
ingredients of egg, garlic, pepper, & Bitrex™ that are blended together to form a long 
lasting, year round foliar spray for shrubbery, trees, flowers and ornamentals.  Our all 
natural ingredients will not leave an offensive odor or residue, and our DEER 
REPELLENT can be applied without fear of discoloration on flowers and other delicate 
plants.  A special rain resistant formula allows for up to 3 months of residual on all plant 
types.  This Deer Repellent Spray has also been used to repel rabbits.  Deer Repellent 
Concentrate (½ kg.) makes 4 litres of repellent.  The list price is $24.95. 
 
Ro-Pel® Animal Repellent  (0.065% benzyldiethyl ammonium saccharide and 0.035% 
thymol (dentonium saccharide)) is a non-toxic formula that repels animals, rodents and 
birds.  It is classified as extremely bitter and vile tasting.  It is chemically related to 
denatonium benzoate (trade name: Bitrex™).  Ro-Pel® is an environmentally safe and 
proven effective method of preventing foliage destruction from deer, beavers, rodents 
and other mammals.  A valuable tool for nurseries, gardens, forests, golf courses, parks 
and farms.  Ro-Pel® has no offensive smell or lingering odor, but an awful bitter taste 
that penetrates objects and will remain effective despite rain or snow.  May be applied 
with a brush or sprayer, but should not be mixed with other chemicals.  Apply once a 
season, reapply if it rains within the first 24 hours after initial application.  Not 
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recommended for use on edible plants and crops (may affect the taste).  Should not be 
used on diseased plants or trees. 

Semiochemicals 
Preparation of predator odors (semiochemicals) have been used successfully to reduce 
feeding damage by black-tailed deer (Muller-Schwarze, 1972; Melchiors and Leslie, 
1984; Sullivan et al., 1985).  Muller-Schwarze (1972) found the most consistent 
avoidance response was elicited by the odors of the coyote and the mountain lion; both 
of which occur sympatically with the black-tailed deer.  A review of the literature by 
Lindgren et al. (1995) reported that an initial screening of several raw predator odors 
(feces and urine) as repellents for reducing feeding damage caused by black-tailed deer 
was carried out by Sullivan et al. (1985).  This study reported that all predator odors 
reduced deer feeding on salal (Gualtheria shallon) leaves and planted coniferous 
seedlings when compared with controls.  Cougar, coyote, and wolf odors provided the 
most effective and consistent results.  In keeping with the results from Sullivan et al. 
(1985), Burwash and Sullivan (unpublished) carried out field trials using synthetic 
predator odors from cougar and red fox, dispensed in capillary tubes and attached to the 
base of coniferous seedlings with a twist-tie.  Unfortunately, several of the control-
treatment blocks did not have sufficient feeding pressure to warrant any meaningful 
statistical evaluation.  Nevertheless, significantly less damage was observed on one of 
the control-treatment pairs.  Although the results from these field trials lacked 
consistency, the synthetic cougar odor appeared to be more effective than that of the red 
fox. 
 
The potential for synthetic predator odors as repellents for ungulates is clear as several 
other studies have reported on the efficacy of various raw predator odors and extracts as 
feeding repellents for deer (Abbott et al., 1990; Frank, 1992; Lutz and Swanson, 1995; 
Melchiors and Leslie, 1985; Muller-Schwarze, 1972, 1983; Nolte, 1998; Swihart et al., 
1991; Witmer et al., 1995; Van Haaften, 1963), elk (Andelt et al., 1992), and sheep (Ovis 
aries) (Arnould and Signoret, 1993). 

Noncommercial repellents 
All noncommercial repellents are odor-based repellents that are applied to trees, shrubs, 
and vines.  To effectively deter deer in an urban or suburban environment, use scents 
that are not naturally found in those areas.  Three noncommercial repellents are human 
hair, tankage, and soap.   
 
Human hair is a repellent that costs very little, but does not consistently repel deer.  
Obtain hair from local beauty salons and barbershops and store it in plastic bags before 
use.  When using hair as a control method, bag it in 3-mm or smaller mesh bags (Vexar 
[Dupont] material used in fruit and vegetable packaging) or nylon stockings.  The bags 
should contain at least two large fistfuls of hair and be attached to plants at a height of 
71 to 81 cm.  On older trees and vines, place bags no more than 1 m apart on outer 
branches. Attach them in early spring and redistribute fresh bags of hair monthly.  Some 
users have reported increased success by periodically spraying the bags with cologne or 
aftershave.  One study found human hair to reduce damage 35% over controls in a 
nursery (Conover 1984). 
 
Soap bars have been found to be an effective deterrent.  Several recent studies and 
numerous testimonials have shown that ordinary bars of soap applied like hair bags can 
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reduce deer damage.  Hang bars of soap every 1 m on vulnerable trees and shrubs.  
Leaving the wrapper in place, drill a hole in each bar and suspend it with a twist tie or 
string. As the bars weather away, they must be replaced.  This method is labor intensive, 
but many fruit growers claim it is an effective and economical control, especially on very 
young trees.  An inexpensive brand of soap will work.  Some vendors sell ready-to-use 
bars. 
 
Tankage (putrefied meat scraps) is a slaughterhouse byproduct traditionally used as a 
deer repellent in orchards. It repels deer by smell, which is readily apparent.  To prepare 
containers for tankage, remove the tops from aluminum pop cans, puncture the sides in 
the middle of the cans to allow for drainage, and attach cans to the ends of 1.2-m 
stakes.  Drive the stakes into the ground 30 cm. from every tree you want to protect or at 
2-m intervals around the perimeter of a block.  Place 250 ml of tankage in each can.  
You can use cloth bags instead of cans.  You may have to replace the containers 
periodically because fox or other animals sometimes pull them down. 

Summary of Repellents 
Most testing on the effectiveness of repellents have been conducted in experimental 
situations (orchards and nurseries) with captive deer.  Consequently, results may vary 
when applied to operational conditions involving free ranging ungulates.  The number of 
repellents that claim to successfully deter deer and elk damage is diverse.  However, a 
few repellents continually appear in the literature and can claim some effectiveness in 
reducing damage (Table 1).  Active ingredients that have been found to be effective in 
reducing deer damage include, putrescent egg solids, high concentrations of capsaicin, 
ammonium soaps, and predator urine and feces.  Active ingredients of intermediate 
effectiveness include feather meal, blood meal, high concentrations of thiram, and 
tankage.  Products that are not effective repellents include bone tar oil, denatonium 
products, human sweat, human hair, creosote, mothballs, and low concentration of 
thiram and capsaicin.  Numerous studies have indicate that fecal odors of deer predators 
are effective repellents.  However, commercial formulation of such odors are in their 
preliminary development. 
 
 
 



 

Table 1.  Effectiveness of Various Repellents, as cited in the literature.  Compounds were rated according to their effectiveness: E = 
effective, M = medium, and I = ineffective.   

Active Ingredient Repellent Effectiveness of Various Repellents (Source are from studies A - N) 
  A        B C D E F G/H/I J K L/M/N 
Putrescent Egg 
Solids Deer Away/ BGR E E E E  E EGHI E  E ELMN

Ammonium Soaps 
of Higher Fatty 
Acids 

Hinder® E         M M M M E (hc) MN

Thiram            0.062%
 0.62% E (?) M (?)         
           6.2% M EM

       other I 
20%  M 

20%  I- M 
 

Feather Meal            E M E

Blood Blood Meal M M I M E   I - M  EL

Plantskydd 
Tankage Meat Meal E M E     I – M   

Capsaicin Millar’sHot 
Sauce® E     I M E (hc) E 

(hc) 
E 

(hc)HI
I – 

M(rc) 
Bone Tar Oil Magic Circle® M          I I
Human Hair   I M I        
Napthalene            Moth Balls I I
Denatonium 
saccharide/benzoat
e 

Ro-Pel®/Bitrex™/ 
Tree Guard         II I I IGI LMN

Predator 
Urine/feces           E E EMN

Soap           M E/M I - MG

Others        E 
Fish 

M 
Eggs

I 
Sulfer

IL
Deer 
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  Oil Stopper

Others          
I 

Swea
t 

E - EggsM 

I - 
Milorganite

N

Codes: ?:  Concentration was not stated, hc = ‘high concentrations’, rc = ‘regular concentrations’.  A:  Dr. Thomas Eveland, Ecology 
Consultant.  Interpreted: E = > 80% effectiveness, P = 60 – 70 % effectiveness, and I = < 60 % effectiveness; B: Hani and Conover 
(1995); C:  Harris and Palmer (1983); D: Byers et al. (1989); E: Bergquist and Örlander (1996).  Note; high concentrations of Anipel 
(Bitrex™) was moderately effective but caused high needle and bud damage; F: Andelt et al. (1992); G:  Swihart and Conover 
(1990); H:  Baker et al. (1999);  I:  Andelt et al. (1994);  J:  Palmer et al. (1983); K:  Milunas et al.  (1994), Deer-X netting was also an 
effective deterrent;  L: Nolte (1998);  M:  Lutz and Swanson (1995);  N:  Witmer et al. (1995) 
 



  

Fencing 
In situations in which deer pressure is moderate to high, or if the growing stock is very 
valuable, using fencing to physically exclude or deter deer from growing areas is a 
necessity.  An 2.5-m fence is needed to physically exclude deer.  Many designs of 
electric and nonelectric fence are available.  They range in cost from pennies per meter 
to as much as $18.00 per meter.  
 
Consider fencing as a long-term investment.  A well-maintained fence should last 
between 5 to 20 years, depending on the type.  Most fences pay for themselves within a 
few years by reducing losses caused by deer damage.  For example, it is not uncommon 
for a high-tensile type fence around an orchard, nursery, or other high-value crop to pay 
for itself within 2 to 3 years. 

Electrified fencing 
Electric deer fences are the most common and effective type of fencing used.  They are 
effective because deer, unless chased, prefer to go through or under a fence rather than 
attempt to jump over it.  Electric fences are powered by high-voltage, low impedance 
chargers, which provide timed pulses (45 to 65 per minute) of short duration (0.0003 per 
second).  How well a charger will perform depends on its power output measured in 
joules under load.  Deer hair is hollow and well-insulated, and their hooves are small and 
pointed, which lessens the impact of an electric shock.  Therefore, conventional fence 
chargers that will deter cattle may lack sufficient output to deter deer.  The charger also 
must be matched to the fence design.  Suppliers can provide more information.  A good 
rule of thumb when selecting a charger is that 1 joule of output from a charger will 
adequately power 900 m of fence wire.  By determining the perimeter of your fenced 
area and the number of wires that will be charged, you can get a rough idea of your 
charger needs.  All electric fences should be marked with signs. 
 
Chargers can be either AC-, battery-, or solar-powered and maintain a charge greater 
than 5,000 volts on several km of fence.  It is best to use AC-powered chargers because 
they have a lower cost per joule of output and are most reliable.  A power wire can be 
run to the fence location, or aluminum fence wire can be run considerable distances on 
posts from an AC-powered charger to the remote fence location.  The cost of running a 
well-maintained electric fence with a 4-joule energizer for one year is equivalent to the 
cost of running a 40-watt light bulb for one year.  Battery chargers are adequate but 
must be maintained properly.  Solar chargers have a solar panel that keeps a battery 
charged, but they are very expensive and high-joule units must be custom-made. 
 
One of the recent developments in deer fencing has been the discovery that baiting 
fences with peanut butter or other attractants can greatly increase the effectiveness of 
an electric fence.  The smell of the peanut butter attracts the curious deer so that they 
touch the fence with their nose.  The shock the deer gets in its head area has a much 
greater impact than a shock to a leg or other body part.  This better conditions the deer 
to stay away from the fence. 

Fence maintenance and effectiveness 
Many landowners experience problems with deer penetrating fences after the first year 
due to lack of maintenance.  Fences must be maintained to remain effective.  Vegetation 
must be kept off of the lower fence wires using herbicides or mechanical means to 
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reduce grounding and voltage loss.  The voltage must be checked regularly and broken 
strands quickly repaired.  Deer constantly test the fence, and if they find they can 
penetrate it because the power is off or for some other reason, the fence will lose its 
effectiveness.  Another common mistake is not electrifying the fence strands before 
leaving the area during construction or afterward.  Some people have made the mistake 
of leaving a fence in place for weeks or months, but they turn off the power during the off 
season.  This renders the fence ineffective even after it is re-electrified, because the 
deer have learned that they can penetrate it.  It is important to understand that most 
fences are not true physical barriers but behavioral barriers.  The electric shock 
conditions the deer to stay away.  Once deer know they can penetrate this fence, its 
effectiveness is seriously reduced. 
 
Another problem experienced with fences is not providing a minimum 3- to 5-m cleared 
buffer on the outside of the fence to allow deer to see the fence.  Otherwise, they will run 
into the fence and break it or go through it.  On steep slopes this buffer must be wider. 
 
The following discussion presents some general information on various types of fencing 
that differ in cost (US) and have differing applications. 

Permanent non-electric deer fences 
Wire mesh fencing.  This fence is best suited to protecting high-value crops under 
severe deer pressure.  This nonelectric fence is expensive and difficult to construct, but 
easy to maintain and very effective.  Although a fence may last for 20 years or more, its 
initial cost of 2 to 4 dollars per ½ m, excluding labor, has resulted in reduced use over 
the years.  It is assembled from two tiers of 1.2-m woven wire strung together to form a 
2.5-m barrier.  The fence should be close to the ground so deer do not crawl under.  The 
tiers of wire are tied together at the seam to prevent penetration.  Other designs include 
2-m woven wire with strands of high-tensile wire above that to a height of 2.5 to 3 m.  
Little maintenance is required. 
 
Plastic mesh fencing.  The use of nonelectric plastic mesh fencing has some residential 
and landscape applications.  The fencing is lightweight, high-strength, and virtually 
invisible, so it does not detract from the appearance of the property.  The product 
available is a 2.3-m black plastic mesh fence with an expected life of 10 years.  This type 
of fence can be attached to existing trees or hung on pressure-treated posts.  The light 
weight of the material minimizes the need for many posts.  White streamers 30 cm. long 
are attached 1.2 m off of the ground every 3.5 m to warn the deer of the barrier.  
Galvanized 30 cm. stakes can be purchased to secure the fencing to ground every 3.5 
m.  The cost of the fencing material, excluding posts, is approximately $2.00 per meter. 

Permanent and semi-permanent electric fencing 
Slanted seven-wire fence.  This fence differs from the vertical fence in its post alignment 
and wire barrier, which are constructed at a 30-degree angle to the ground.  Its three-
dimensional design, which measures 1.5 m high and 2.5 m wide, and electric shock 
present a formidable barrier.  The fence is constructed using 12-gauge wire.  The wires 
are attached to slanted fence battens at 15-m intervals to attain the three-dimensional 
effect.  One drawback to this fence is that it requires 2.5 m of space along its entire 
length, which increases maintenance cost and removes a larger area from production.  
Cost, excluding labor, is $4.50 to $6.00 per meter. 
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Figure 3.  Slanted seven-wire deer fence. 
 
Vertical electric deer fencing.  This is a permanent fence originally developed by 
Pennsylvania State University and has since been modified and improved and is now 
widely used.  It has proven highly effective on up to 8 to 10 ha.  There is a wide variety 
of fence materials and specific designs, including the number of wires (5, 7, 9, or more) 
and fence height (1.5 to 3 m), that you can use.  Posts are usually driven into the ground 
with a mechanical device and high-tensile wires (12-gauge) applied and maintained 
under very high tension, hence the need for good support.  The fence is powered by a 
high-voltage, low-impedance, New Zealand style charger.  Properly maintained, this 
fence has a life expectancy of at least 20 years.  Cost, excluding labor, ranges from $1.5 
to $4.50 per meter. 

 
 

 
Figure 4.  Vertical electrical deer fence 
 

Electric Spider fence.  This is a relatively new fencing concept that combines multi-wire 
electric fencing technology with medium cost and good exclusion capability.  This 5-wire 
fence is 481.2 m tall and uses a lighter 17-gauge wire that is not under high tension.  
The only driven posts are the corners, and intermediate fiberglass posts are used 
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periodically to maintain wire spacing and height.  The minimal wire tension is increased 
or decreased by wrappings on the Spider G-Spring at the gate opening system.  
Because there are few driven posts and low tension, the fence is only semi-permanent 
and much cheaper to construct than conventional high-tension systems.  Baiting with 
peanut butter flags, described later, is essential to make this fence effective. 

 

 
Figure 5.  Spider electric fence. 

 
The finer gauge wire can break more easily than conventional 12-gauge wire if hit by 
deer or falling branches.  However, this has not proven to be a large problem because 
the fence will lean under force and then straighten.  Also, an adequately cleared buffer 
around the outside of the fence can minimize these problems.  Properly maintained, this 
fence has a life expectancy of about 10 to 12 years.  Cost, excluding labor, ranges from 
$1.00 to $1.20 per meter. 

Temporary electric deer fences 
There are types of temporary electric fences that provide inexpensive protection for 
many crops on small and large areas.  They are easy to construct, do not require rigid 
corners, and materials are readily available.  The fences are designed to attract the 
animal’s attention and encourage them to touch the fence with their nose, whereupon 
they receive a strong but harmless electrical shock (high voltage, low amperage).  
Similar to the strategy behind many farm livestock fences, deer are conditioned to avoid 
the fence and the food source that lies behind it.  Another advantage of these fences is 
their ability to be easily removed and installed.  The major cost of the this fence is the 
fence charger. 
 
Peanut butter fence.  Developed in Minnesota in the late 1970s, this fence (also known 
as visible grazing fence) has been shown to be effective and inexpensive in a number of 
field conditions.  It is best used for gardens, nurseries, orchards, and field crops subject 
to moderate deer pressure.  A single strand of 17-gauge wire is suspended about 76 cm. 
above the ground by 1.2-m fiberglass rods at 9- to 18-m intervals.  Wood corner posts 
provide stable support.  Aluminum foil "flags" (foil squares 10 X 10 cm. folded over the 
wire) are attached to the wire at 6- to 15-m intervals using tape or paper clips to hold 
them in place.  Aluminum flashing can also be used and has the advantage of not being 
damaged or blown off.  Closer spacing may be necessary near existing deer trails and 
during the first few months the fence is used when deer behavior is being modified.  The 
underside of the flags are baited with a 1:1 mixture of peanut butter and vegetable oil.  
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The smell encourages deer to touch or sniff the flags, leaving a vivid reminder of why 
they should avoid the fence.  The flags should be rebaited every 4 to 8 weeks, 
depending on weather conditions. 

 

 
Figure 6.  Peanut Butter Fence. 

 
For fields larger than ½ ha, it may be more practical to apply the peanut butter mixture 
directly to the wire.  A simple applicator can be made by mounting a free-spinning, 10-
cm. pulley on a shaft inside a plastic ice cream pail.  Fill the pail with a peanut butter-
vegetable oil mixture that has the consistency of very thick paint.  Coat the entire wire 
with peanut butter by drawing it along the pulley.  Apply the peanut butter once a month.  
Attach foil flags near runways or areas of high deer pressure. This baiting strategy can 
also be used with polytape fences.  Check the fence weekly for damage by deer and 
grounding vegetation.  Porter (1983) tested a single-strand electric fence baited with 
peanut butter and found it highly effective in reducing deer depredation on apple 
seedlings in summer.  Porter (1983) indicated that the fence would remain effective for 3 
growing seasons on an area less than 5 ha.  However, the influence of relatively high 
densities of deer on the effectiveness of the fence is unknown.  Cost were $0.15/m for all 
materials excluding the energizer, and construction time was approximately 
100m/person-hour.  Hygnstrom and Craven (1988) reported that single-strand baited 
electric fence was more effective than repellents (hinder & Magic Circle®) in reducing 
deer damage to cornfields.  
 
Other baits can also be effective.  Some commercial distributors are marketing liquid 
scents that are easier to apply. 
 
Polywire and polytape fences.  The effectiveness and use of the original peanut butter 
fence has been greatly enhanced by using polywire or polytape, rather than the 17-
gauge wire.  It has the advantage of being more visible to the deer, especially at night, 
thereby reducing breakage problems.  It is also easier to roll up and remove.  Polywire 
has a life expectancy of 5 to 7 years. 
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Figure 7.  Polytape fence. 

 
Polywire is composed of three, six, or nine strands of metal filament braided with strands 
of brightly colored polyethylene.  A wider polytape is also available and has the 
advantage of being stronger and more visible, but is also more expensive.  Both polywire 
and polytape come in a wide variety of colors; however, many users claim that white 
provides the greatest contrast to most backgrounds and is easier for the deer to see, 
especially at night.  Loss of voltage over long distances of polywire/polytape can be a 
problem.  Purchase materials with the least electrical resistance (ohms/1000 ft) for these 
applications. 
 
There have been many applications of polywire and polytape in deer fencing.  In its 
simplest application, an electrified single strand of polywire is suspended approximately 
75 cm. above the ground by 1.2-m fiberglass rods at 6- to 15-m intervals and baited the 
same way as described in preceding paragraphs.  This basic design can be adapted.  A 
second wire can be added to increase effectiveness: one wire placed 45 cm. from the 
ground and the top wire at 1 m above the ground.  This prevents fawns from walking 
under the fence and also increases the chances that one wire will remain electrified if 
deer should knock the fence over.  Usually only the top wire is baited.  In smaller areas, 
such as home gardens, more wires can be added on taller poles if desired, and closely 
spaced bottom wires can keep out rabbits and groundhogs. It is important that 
vegetation be mowed or removed under the fence so it does not short out. 
 
The use of fiberglass posts for corner posts results in high tension and usually requires 
the use of stakes and ropes to hold them up.  An improvement is the use of 4-foot metal 
fence stakes that have a flat plate on the bottom that is pushed in the ground.  A piece of 
thin-walled 2.5-cm PVC pipe can be slipped over the metal stake to act as an insulator 
with the polywire or polytape wrapped around it a few times.  This allows stringing of the 
wire with sufficient tension to hold the flags.  A variety of wooden posts with plastic 
insulators will also work well. 
 
Proper maintenance of the fences is essential for long-term effectiveness.  It is likely the 
deer will knock the fence over until they are trained to stay clear.  This is common near 
well-used travel paths.  It is important that the fence be located at least 4.5 m from any 
forest edge or brush so the deer have a chance to see it.  The user must check the 
fence every day for the first month to make sure it is charged and upright, in case it was 
knocked down.  The easiest and safest way to check fence voltage is with a digital or 
color meter. 

 



Vole Damage to Alder Plantations 42

 
The use of electric fences in and around home sites can cause concern for children and 
other visitors.  One option is to put the fence charger on a timer so that it only comes on 
from dusk to dawn.  This is very workable in areas where deer are not a problem during 

e daytime hours. 
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Most materials required for these fences can be purchased from fence suppliers and 
local farm stores.  The metal fence stakes and PVC can be found in local farm stores.  
Some fence suppliers now offer ready-made kit

Effectiveness of temporary electric fences 
Temporary deer fences have been used in Maryland and other states to protect c
soybeans, fruit trees, forest plantations, Christmas trees, vegetable crops, home 
gardens, nurseries, and other crops.  The effectiveness of the applications and the 
that can be protected is highly dependent on the season, presence of snow cover, 
proper fence maintenance, location of existing deer trails, alternative habita
pressure.  Based on past expe
g

• If protection is only needed during the growing season when othe
are available to deer, large acreage may be effectively protected. 
• Protection of areas ½ ha and smaller may not be possible during the dormant 
season since other food sources are usually lacking.  Presence of snow cover is
an important factor that will greatly reduce effective dormant season protection. 
Snow cover insulates the ground and makes most temporary fences ineffective
• The maintenance associated with temporary fences during the dormant and 
growing season
many growers. 
• If fenced areas cut across existing deer trails, it will be very dif
these behavioral patterns.  Fences will likely be compromised. 
• If deer pressure is severe, possibly no temporary fence will be effective. 
• If a temporary fence 
retrain the deer later. 
• If protection is needed for multiple years and the effectiveness of tem
fencing is questionable, consider multi-strand steel fencing designs. 

The use of temporary fences to protect young pine and hardwood plantations of small 
size is a promising forestry application.  Currently, tree shelters and repellents are used 
in many cases, but their expense can be prohibitive.  The use of temporary fences
to 5 years to allow seedlings to establish themselves can be a very cost-effective 
application when compared with the use of tree shelters and repellents.  There is the 
added advantage that the fence can then be moved for other applications.  However, to 
date, results of studies on the use of temporary fences in areas with winter snow co
have been discouraging, even for small areas.  Palmer et al.  (1985) evaluates the 
effectiveness of various fence designs in reducing de
c
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Tree Shelters 
Tree shelters are transparent, corrugated polypropylene tubes that are placed around 
seedlings at the time of planting.  Each tube is supported by a 2.5 cm. by 2.5 cm. 
wooden stake located next to the shelter.  An ultraviolet inhibitor is added to the 
polypropylene to prevent it from breaking down too rapidly when exposed to sunlight.  
The shelter disintegrates after about 7 to 10 years. 

 

 
Figure 8.  Tree Shelter. 

 
A 1.2-m shelter is commonly used and will prevent deer browsing on tree seedlings.  A 
1.5-m shelter may be needed in areas with excessive browsing or heavy winter snowfall.  
The tube has the added benefit of promoting rapid height growth of the seedling by 
acting like a "mini-greenhouse."  After the seedling emerges from the tube, it will 
increase rapidly in diameter to become a tree that can stand alone after a few years.  It 
is important that the shelter not be removed after installation. 
 
The shelter is used mostly in forestry applications to protect hardwood tree seedlings.  
Manufacturers now have larger-diameter shelters available, which they claim are better 
suited to pine seedlings.  The shelters make it easy to apply herbicides for weed control. 
Although they are very effective, the shelters are costly.  However, prices continue to 
come down as competition has increased.  Prices for shelters with stakes average about 
$1.00CAN per shelter. 
 

Diversionary Food 
Diversionary food has been used to successfully to reduce squirrel damage and hare 
damage.  Diversionary food is placed  throughout the plantation during the primary 
damaging period (season and year).  Damaging agents consume the diversionary food 
instead of the crop trees.  Food is supplied until the damage period is over, which occurs 
when a natural food sources become available.  Cost can be minimal relative to other 
techniques.  For example, the cost of an aerial application of sunflower seeds to reduce 
squirrel damage to lodgepole pine plantations averaged $50.00CAN/ha.  This cost is 
quite low relative to the $2,000.00CAN/ha invested in these stands (thinning, 
fertilization).  The cost to distribute hay/alfalfa ($35.00/round bale) would be much lower 
than that to distribute sunflower seeds.  If deer damage is limited to a short period of 
time, or only during extreme winter conditions (deep snow), then this technique could be 
used quite successfully to reduce a significant portion of the damage.  Alternatively, 
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diversionary food maybe seeded or placed in adjacent areas to lure deer away from the 
crop trees (Doenier et al., 1997).  An added advantage to the diversionary food is the 
positive public relations which is associated with feeding deer during extreme winter 
conditions. 
 

Population Management 
Deer populations are capable of doubling within a few years if they are not controlled.  
With diminished populations of natural predators, the most efficient type of population 
control is hunting.  Although other types of population control, such as infertility 
treatments, are being researched, it is unlikely they can or will be economical or 
biologically effective in free-roaming deer populations. 
 
Deer herds are often hunted to maintain populations that are compatible with human 
land use (Hygnstrom and Craven, 1988).  This is called the cultural carrying capacity.  
This contrasts with biological carrying capacity, which is the deer population that the 
available habitat can support.  

Hunting 
Hunting may be an effective way to temporarily reduce the population of deer within and 
adjacent to plantations.  However, Erickson and Giessman (1989) reported out some 
short-comings with initiating a hunting program.  Given the concerns presented by 
Erickson and Giessman (1989), a hunting program may provide an effective secondary 
strargey to supplement one of the above primary deterrent strategies. 

Recruiting effective hunters 
 Invite hunters who are safe, dependable, and capable.  Hunters can be family, 

friends, or reliable acquaintances.  Remember that their efforts will determine the 
success or failure of the hunting program. 

 Require hunters to apply for a doe permit if necessary.  Remind hunters of 
the application dates to secure doe permits for firearms season. 

 Specify that hunters must harvest a doe before killing a buck. 
 Consider leasing your land to a local hunt club and develop a contract with 

clearly defined responsibilities and actions.  Although many landowners use 
leases (contracts) only when hunters pay for leasing rights, leases are 
appropriate if no fee is charged. 

 Maintain accessibility to plantations during hunting season or for other winter 
activities (cross-country skiing, snowmobiling, etc.). 

Hunting strategies 
 Minimize scouting the week before opening day.  Scouting immediately 

before the season may reduce hunter success.  Deer are alerted by the 
unfamiliar odors, sounds, and sight of people and move to less disturbed 
areas.  Scouting is essential but should be done several weeks before the 
hunt. 

 Concentrate hunting efforts during the opening weekend.  Deer are most 
vulnerable on opening day, before they become aware of hunter activity and 
alter their behavior. 
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 Hunt from stands.  This increases success and lessens chances for detection 
by deer. Safety is very important.  Make sure stands are sturdy and located 
far enough apart to avoid the chance of an accident. 

 Encourage hunters to use the most productive stands. 
 Encourage hunters to remain on their stands throughout the day.  Many deer 

are killed after noon when other hunters on the move disturb the deer and 
cause them to flee. 

 Maintain the pressure after opening weekend and during other seasons.  
Deer become more difficult to bag as the season progresses.  Driving deer 
from thickets toward pre-positioned hunters can be very effective.  
Remember that archery season precedes the firearms seasons and archers 
can be very effective in bagging deer from stands. 

 Work with your neighbors to encourage them to allow deer hunting. 
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