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ABSTRACT 

We examined the effects of the timing of mechanical brushing on the nutritionai 

value of Scouler's willow (Salir scouleriana) for moose (Alces alces) in winter. 

Brushing at different times during the growing season differentially altered 

morphological, chernical and phenological attributes of willows that are considered to be 

important deterrninants of the nutritional value of browse for rnwse. Willows brushed in 

July produced browse of higher value for moose (increased current annual shoot size with 

increased digestible protein, decreased tannin and lignh content and longer autumn leaf 

retention) in the first and second winter after brushing than willows bnished at other 

times during the growing season or unbrushed willows. We also investigated the effects 

of brushing (without a timing component) on the value of willow browse for moose for 2 

to 5 winters post-brushing in relation to willows growing in unbrushed strïps retained for 

wildlife food and cover. Many of the effects of brushing on the value of willows for 

moose were apparent for several years after brushing, although the degree to which 

brushing affected willows depended on site, year of brushing and sarnpling year. The 

winter shoots of brushed willows were larger for 5 years, lower in tannin for 2 years, 

lower in lignin for 3 years, and lower in digestible energy and digestible protein for 5 

years post-brushing. Willows also delayed leaf senescence for 3 to 4 years after 

brushing. Additionally, we examined the effects of browsing and clipping on the value of 

willow shoots produced in the year afler shoot removal. Shoots produced by sorne 

willows in the year &er browsing/clipping were unaffected by the previous year's 

browsing/clipping intensity, but others increased in size when measured in the third to 

fifih winter afier brushing. As the previous year's clipping/browsing intensity increased, 



willows often produced smaller shoots mat were higher in Lignin and tannin when 

analyzed in the second winter afler brushing and produced shoots that were lower in 

digestible energy and digestible protein when analyzed in the third to fiAh and fifth 

winter after brushing, respectively. Based on the results of a browse survey conducted in 

the third sprïng following brushing, moose browsed the shoots of brushed and unbrushed 

willows at sirnilar diameters. Moose browsed past current-annual shoots and into older, 

less nlrt~itious stem materials more ofien when browsing the shoots of unbrushed when 

compared to brushed willows. In areas being managed for the production of conifers and 

where concems for the value of browse for moose exist, willows should be brushed in 

July. Because the effects of brushing alter the nutritional vaiue of browse for moose for 

at least 5 years after brushing such changes should be considered in relation to managing 

wildlife strips and adjacent forest stands in moose wintering areas. 
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PREFACE 

Quickly transforming early sera1 forests into productive forest plantations is a 

primary goal of the forest vegetation manager. To meet this objective, managers often 

employ stand-tending measures, that although they may be advantageous to conifer 

crops, reduce the growth and maturation of other plant species. Brushing and weeding 

operations, for instance, are often used to etiminate or reduce the competitive effects of 

eariy-successional trees and shmbs on conifers such as pine (Pinus spp.) and spruce 

(Picea spp.) in the early stages of  forest succession (Smith 1986). 

Brushing and weeding operations in North Amenca are typically accomplished 

through aerial applications of  forest herbicides such as glyphosate ( ~ o u n d u ~ @ ,  Monsanto 

Chernical Co. St. Louis, Mo.) and 2,4-D formulations (Biggs and Waimsley 1988). in 

areas where social objections relative to herbicide use exist, or where forest-worker 

unemployment is hïgh, however, other means such as sheep (Ovis aries) grazing and 

motor/rnanual (mechanical) brushing operations may supplant the application of 

herbicides to reduce brush. Mechanical brushing operations, which employ crews of 

forest workers with handheld brushsaws, are particularly popular in some parts of British 

Columbia. Several forest-worker crews, for example, brush and weed an average of 1500 

ha of regenerating forests each growing season in the Vanderhoof district of the British 

Columbia Forest Service (R-V. Rea, unpublished data) 

By altering the vegetative composition of regenerating forests, mechanical 

brushing also alters the habitat suitability of these areas for a variety of animals in the 

years fo liowing treatment (Goodnun and Reid 1956). For example, such treatments 

reduce the abundance of important winter browses for moose (Alces alces) such as 

willow (Salix spp.) and birch (Berula spp.; Harkonen et al. 1998). Such compositional 



changes rnay be short-lived due to intense vegetative or  compensatory sprouting 

following mechanical damage (Coates and Haeussler 1986). The value of compensatory 

growth for herbivores such as moose (Alces alces), however, is not completely 

understood because plants often respond to mechanical injury by altering their 

morphological and chemical composition (Rhoades 1985; Danell and Bergstrom 1989). 

Plants may also alter patterns of leaf senescence and leaf flush when damage is severe 

due tc! changes in plant physiochemistry (Millington 1963; Kindschy 1989). 

How plants specifically respond to darnage depends to a large extent on the 

timing of darnage (Whîtham et al. 1991 ; Oueliet et al. 1994). Because mechanical 

brushing operations are performed thtoughout the growing season, the morphology and 

chemistry of shoots in winter and/or the fail and spring leafing phenology of recently 

bnished plants could depend on when plants are brushed. Because moose tend to select 

browse based on shoot morphology and chemistry as well as leafing phenology (Danell et 

al. 1994), such changes will likely affect the value of browse for moose. 

Although mechanical brushing affects browse production in the years following 

treatment (Hjeljord and Granvold 1988), the effects of the timing of brushing on the 

overall value of browse for moose and how long these effects last are poorly understood. 

My thesis research, therefore, was designed to determine the effects of the timing of 

brushing on the value of browse for moose and to determine how long such effects last. 1 

focused my investigation on the response of Scouler's willow because this upland species 

of willow is commonly eaten by moose in winter and is regularly brushed throughout 

central BC. 

In chapter 1,1 describe the results of an experiment designed to detennine the 

effects of brushing time on the nutritional value of Scouler's willow for moose. 1 



compared nutritional value of willows (in terms of the morphology and chemistry of 

winter shoots and leafphenology) fkom brushed willows for 1 to 2 years following 

brushing, with unbrushed willows, and compared the value of plants brushed at different 

times, 

In chapter 2,1 examine the effects of mechanical brushing on these same plant 

attributes for 2 to 5 years post-brushing. Unlike chapter 1, however, my analysis did not 

include a time-of-brushing within season- Instead, 1 determùied the effects of brushing 

arnong 6 sites that were brushed at more of an operational level throughout the growing 

season pnor to the commencement of my study (3 in 1993 and 3 in 1995). 1 also 

examined the effects of clipping and browsing on the nutritional value of shoots produced 

during the following year and compared the shoot diameter at the point of browsing from 

shoots on brushed and unbrushed willows. 

In Chapter 3,1 s m a r i z e  my findings from Chapters 1 and 2 and discuss the 

implications of these findings for managing brush in areas where concems for the quality 

of browse for moose exist. 1 make specific recommendations on when to brush willows 

for moose whiIe maintaining vegetation management objectives and discuss the long 

term effects of brushing on browse quality with respect to managing adjacent forest 

stands and unbrushed wildlife strips. 



CHAPTER 1. EFFECTS OF THE TIMING OF MECHANICAL BRUSHING ON 

THE NUTRITIONAL VALUE OF SCOUCER'S WILLOW (ScrlCr scouleriana): 

IMPLICATIONS FOR 'WINTER BROWSING BY MOOSE (Alces alces). 

Abstract 

w e l  examhed the effects of the timing of mechanical brushing on determinants 

of nutritional value of Scoulerys willow (Saiix scouleriana) for moose (Alces alces) in the 

first 2 winters after brushing. Brushing at different times in the growing season 

differentially altered morphological, chernical and phenological attributes b o w n  to affect 

the value of browse for moose. We determined nutritional value of browse on the basis 

of the size, digestible energy, digestible protein, tannin and lignin content of willow 

shoots in w-inter. Additionally, we included the phenology of plant leafing in our 

estimate of nutritional value. Willows brushed in July were of higher value for moose in 

the first 2 winters following brushing than willows brushed in June, August or September 

or unbrushed willows. Ln the first winter &er brushing, plants that were brushed in early 

Juiy had shoots that were lower in lignin content, higher in digestible protein, and lower 

or not different in tannin content than shoots from either earlier-brushed or unbrushed 

wilIows (al1 P < 0.001). Willows brushed in early July also had shoots that were large (in 

terms of basai diameter, length and mass), high in digestible energy, and displayed a 

longer delay in leaf senescence when compared to shoots fiom either earlier-brushed or 

unbrushed willows in the first winter after brushing. Willows brushed in late Juiy, 

however, were not available in the first winter afier brushing. In the second winter after 

' The first person plural is used in the context of the individual chapters of  the thesis which have been written in 
mmusctipt format and prepared forjournal submission. The first person plural indicates and acknowledges the 
contributions of my supervisor Mike Gillingham as CO-author of these manuscripts and of those involved with the 
technical assistance required for field and Iab work. 



bmshing, willows that were bnished in July had shoots that were lower in digestible 

energy and digestible protein but larger, and lower in tannin and lignin content and 

displayed a longer deIay in leaf senescence when compared to shoots of either earlier- 

brushed or unbrushed willows. Willows brushed f i e r  July also produced nutritious 

shoots in the second post-treatrnent year, but did not regenerate sufficient growth to be 

available for moose in the first winter after brushing. In addition, willows brushed in 

September displayed a delay in leaf flush in the first pcst-brushing spring. We 

recornmend that willows should be brushed in July in areas that are managed for conifer 

production and that are also important to moose in winter. 

Introduction 

Early-successional plants such as birch (Betula spp.) and willow ( S a h  spp.) 

comprise the rnajority of the diet of moose in fa11 and *ter (Pierce 1983; Regelin et al. 

1987; Hiirkonen et al. 1998). These deciduous shmbs and trees are highly palatable and 

nutritious for moose and other herbivores in relation to other plants that are available 

during winter (Chapin 1980; Salonen 1982; Pastor and Naiman 1992). Despite the 

importance of willows and other deciduous plants to moose, these species are ofien 

considered weedy cornpetitors by foresters managing early sera1 forests for the 

production of conifers such as pine (Pitzzrs spp.) and spruce (Picea spp.). Consequently, 

the growth of these plants in conifer plantations is suppressed through the application of 

herbicides andior mechanical brushing. Although both herbicide applications and 

mechanical brushing affect browse production (Hjeljord and Grmvold 1988), most 

research has focused on detemiining the impacts of herbicides on the quality and 

abundance of browse for moose (Soper et al. 1993; Hjeljord 1994; Raymond et al. 1996). 



Mechanical brushing, is used extensively in parts of northem Europe (S. 

Harkonen, South Savo Garne Management District, Juva, Finland, persona1 

communication) and in many parts of North Arnerica where the use of herbicides is 

unpopular (Bernstein 1978; Conard 1984). Mechanical brushing is extremely labour 

intensive and time consuming when compared to herbicide applications at comparable 

landscape scales. Consequently, plants growing in areas targeted for brushing treatrnents 

are not brushed simultaneously, but rather throughout the growing season. This 

constraint results in plants being brushed during different stages of phenological 

development and growth (Coates and Haeussler 1986) and likely influences the overall 

quality and availability of browse for moose. 

Deciduous browse species such as willow and oak (Quercus spp.) respond to 

severe forrns of mechanical damage through vegetative regeneration (Gysel 1957; Kauppi 

et al. 1988; Tschaplinski and Blake 1994; Sennerby-Forsse and Zsuffa 1995). The timing 

of darnage and the ratio of retained nutrients to lost nutrients, however, often influence 

such responses (Kays and Canham 199 1 ; Whitham et al. 1991; Ouellet et al. 1994). If 

current-annual-shoot (measured Erom the previous year's growth scar to the shoot tip and 

hereafter termed "shoot") loss occurs when nutrients are concentrated in the above- 

ground structures being removed, the ability of plants to respond in a compensatory 
- 

manner (compensate for lost tissues through shoot regeneration; sensu Belsky 1986) may 

be weaker than if darnage occurs when the majority of nutrients have been translocated to 

below-ground storage structures (Kays and Canham 1991). Yellowpoplar (Liviodendrotz 

tztlipz~era) and flowering dogwood (Cornusflorida), for example, produce more shoot 

biomass when heavily pruned during plant dormancy than when pruned during summer 

(Harlow and Halls 1972). Birch produces larger, more fibrous compensatory shoots that 



are lower in nutrients following winter rather than swnmer browsing by moose (Danel1 et 

al. 1 994). The nutritive quality of red stem ceanothus (Ceanothus sanguineus), ninebark 

(Physocarpia mahcezrs), rose (Rosa spp.) and snowberry (Symphoricarpus spp-) for 

wild ungulates increases after simulated earty swnmer browsing by sheep but decreases if 

browsing occurs late in surnmer (Alpe et al. 1999). 

Nutrient losses that are associated with surnrner tissue damage may lead to fine- 

root mortality, which further decreases nutrient uptake fiom soils and alters plant 

carbonhutrient ratios (Henns and Mattson 1992)- Changes in carbonhutrient ratios can 

alter the production of chernical deterrents and structural compounds such as tannins and 

Iignin (Bryant and Kuropat 1980; Belovsky 1981; Herrns and Mattson 1992) and rnay 

affect the digestibility of plant tissues for herbivores (Bryant and Kuropat 1980; Hanley 

et al. 1992). Changes in the production and distribution of plant hormones following 

damage at different times also accompany changing carbodnutrient ratios (Wenger 1953; 

Phillips 1975). Such changes, acting alone or in concert, can affect the nutritional value 

of browse tissues for herbivores such as moose. 

Because the phenology of plant leafing depends largely on hormonal activity and 

plant nutritional status (Millington 1 363; and Kramer and Kozlowski 1979), changes to 

plant chemistry following mechanical damage are likely to alter patterns of leaf 

senescence and leaf flush in accordance with the timing of damage- For example, birch 

trees display a delay in spring leaf flush when defoliated early in the previous growing 

season, but trees defoliated later in the year are typically less affected (Tuomi et al. 1989; 

Raitio et al. 1994). Defoliating willows in early summer also stimulates the production of 

leaves later in the growing season that are higher in nitrogen, phosphorus and potassium 

(Chapin 1980). Late-surnmer and winter shoot removal may cause browse plants to 



display premature leaf flush in the spring (Larson 1975; Kindschy 1989) and delayed leaf 

senescence in faII (Willard and McKell 1978; Kindschy 1989; Smith 1986); how the 

timing of shoot removal may affect such patterns is less clear. 

Moose select browse shoots based on shoot morphology and chemistry (Danell et 

al. 19856; Risenhoover 19876). Moose select the largest available shoots when browsing 

and select compensatory growth originating fkom previously damaged versus undarnaged 

plants (Pemer 1978; Machida 1979; Danell et al. 19856; Risenhoover 1987a). This 

selection is presumably due to rnorphological changes that aliow for increased bite sizes 

and intake rates (Gross et al. 1993; Shipley et al. 1994) and/or chemical changes that 

make the shoots of damaged plants more palatable and easy to browse (Danel1 et al. 

19856; Suter 1993). Because the ratio of bark and buds (where most nutrients and 

chemical deterrents are stored) to woody cortex is relatively reduced in large shoots 

(Danell and Bergstrom 1985; Radwan and DeBell 1988; Schwartz 1992), moose may 

seiect shoots based on a trade-off between theu nutritional requirements and chemical 

tolerance (Palo et al. 1992). 

Although moose do not select forages based exclusively on palatability or 

nutritive quality (Risenhoover et al. 1985; Risenhoover 19876: Jia et al. 1997), they tend 

to select forages that are relatively high in digestible energy and protein (Regelin et al. 

1987; Schwartz et al. 1987). Moose also avoid a variety of phenolic compounds such as 

lignin (Risenhoover 19876) and tannins (Bryant and Kuropat 1980; Bryant et al. 1983; 

Singer et al. 1994), which can contribute significantly to reductions in dry matter 

digestibility (Bryant and Kuropat 1980; Hanley et al. 1992). Selecting browses low in 

tannin and lignin content is particularly important to ruminants because tannins can 

chemically inhibit the proper fùnctioning of m e n  microbes (Risenhoover et al. 1985) 



and lignin can reduce cropping and processing rates that regulate energy intake 

(Spalinger et al. 1986)- 

Although the selection of winter shoots by moose depends to a large extent on 

shoot morphology and chernistry, the selection of browse in the early spring and late fa11 

is influenced by the presence or absence of leaves (Renecker and Hudson 1986; Danell et 

al. 1994). Moose tend to select early-greening forages and late-senescing plants during 

spring and fall, respectively (Schwartz et al. 1988a; Daneli et al- 1994). Such plants are 

important to moose because they provide a readily accessible pool of nutrients during 

times of the year when nutritious foods are reduced (Blair et al. 1980; Chapin 1980). 

Understanding how the timing of brushing affects the phenology of leafing as well as the 

morphology and chernistry of shoots will hetp resource managers better understand and 

manage for the effects of brushing on forage quality and availability in important 

wintering areas for moose. 

In this chapter, we investigate how the timing of mechanical brushing affects the 

nutritional value of Scouler's willow for rnoose in the first 2 years following brushing 

We deterrnined the nutritional value of willow shoots on the basis of size, digestible 

energy, digestible protein, tannin and lignin content of dormant shoots. Willows that 

displayed delays in leaf senescence in the fa11 or premature leaf flush in the spring were 

considered to be of better quality than those that did not. We chose Scouler's willow for 

our study because it is a predominant upland willow on clearcuts in central British 

Columbia and because of its local importance as winter browse for moose (Roberts 1986; 

Porter 1990). Specifically, we examined whether the timing of brushing affected: (1) the 

morphology and chernistry of regenerating or compensatory shoots for moose in the first 

2 winters following treaûnent; (2) leaf senescence and the amount of t h e  that willow 



leaves were available to moose in the frrst 2 falls following treatment; and (3) the timing 

of the emergence of willow leaves for moose in the spring following brushing. 

Methods 

The study area 

Our study area was located 20 km north-east of Vanderhoof, British Columbia, 

Canada (54OOS'N' 123O55'W) in the sub-boreal spruce forest ecotype (Meidinger and 

Pojar 199 1). The topography is rolling and the site elevation is - 800 m. Soils are sandy 

loam (D. Sommerville, Vanderhoof Forest District, Vanderhoof, B.C., Canada, persona1 

communication). The climate is continental and characterïzed by seasonal extremes with 

cold winters and warm, moist summers. Mean annual precipitation is - 46 cm; snow fa11 

averages - 200 cm and mean annual temperatures range Erom 1.7 to 5 OC (from 1961- 

1990; Atmospheric Environment SeMce 1993). The landscape is dominated by 

coniferous forests of hybnd white spruce (Picea engelmannii x glauca) and subalpine fi 

(Abies lasiocarpa). Lodgepole pine (Pinus contorta var* latifoliu) and trembling aspen 

(Popzrlus trernuloides) pioneer secondary successional sites (Meidinger and Pojar 199 l), 

as do several species of upland willows (Porter 1990). 

Our experiments were conducted on a IO-year-old regenerating pine clearcut 

replanted in pine and - 14 ha in size. We selected this site because of the abundance of 

Scouler's willow saplings of similar size (2.0 to 2.5 m) and structure and because of the 

proximity of the site to an active ranching operation and recreational trailhead. Locating 

the site in an area of moderate human activity minimized site utilization and browsing by 

moose. Moose density in the surrounding area at the tirne of the study was - 0.5 animals 

per km' @. Heard, Ministry of Environment Lands and Parks, Prince George, B.C., 

Canada, persona1 communication). 



Experimerrtal Design 

We selected individuai willows for our experhnent on the basis of size (2 to 2.5 rn 

tall) and form and identified them accordïng to leaf characters, shoot morphology and 

catkin anatomy followulg Argus (1 992). Each willow contained - 10 to 15 CO-dominant 

main stems; willows were easy to delineate fiom one another because groups of main 

stems were well spaced. We selected, numbered and tagged 120 willows in the spring of 

1996 and another 150 willows in the spring of 1997. In the spring of 1996, 30 willows 

were randomly assigned to 1 of 4 brushing treatments spaced at 6-week intervals: 14 

June, 30 July, 15 September and a control. In the spring of 1997, an additional 30 

willows were randomly assigned to each of 5 brushing treatments: 1 June, 1 July, 1 

August, 1 September and an unbrushed control. A swing saw was used to bmsh willows 

- 10 to 15 cm above the ground- Disk samples were collected fiom the 5 largest main 

stems on al1 1996-brushed willows. We then assessed the age of each willow fiom disk 

samples by counting the m u l i  to determine whether or not the age of willow affected the 

morphological and chernical response of plants to brushing. The growth response of each 

willow within each brushing treatment was determined 6 weeks d e r  brushing by 

measuring the length of 5 randomly selected cornpensatory shoots and calculating their 

mean length. 

Shoot Collections and Artalysis 

During the winter of 1996-97 we collected shoots fiom 15 randomly selected 

willows of the 14 June 1996 treatment and corresponding unbrushed controls. We also 

collected shoots from al1 30 of the 1 June, 1 July, and 1997 control willows during the 

winter of 1997-98 to detennine the effect of brushing on willow shoots in the first winter 

following brushing. Shoots £?om the 30 July 1996, 15 September 1996, 1 August 1997, 



and 1 Septembe;. 1997 treatments did not grow suficiently following treatment to be 

visible above mid-December snows and were not collected. 

Ln the second winter afier brushing, we collected shoots frorn the 15 previously 

unanalyzed 14 June and 1996 controls as well as shoots fiom al1 30 of the 30 July and 15 

September 1996-brushed willows. We sarnpled by selecting every third shoot from a 

tree. If we did not obtain at least 150 g of matenal, we repeated the sarnpling procedure 

until we had - 150 g for analysis. To inhibit shoot metabolic activities following 

clipping, shoots were collected during the first 2 weeks of December of both years, in 

sub-zero weather. We separated collections fiom each willow in the field into 1 plastic 

freezer bag for tannin analysis and 1 bag for al1 other analyses. Bags were then sealed 

and al1 materials were stored at -20 OC until analysis. 

Morphometric measures of mass, length, basal and tip diameters were taken for 

al1 shoots collected f?om willows- If more than 30 shoots were collected fkom a 

particular willow, we randomly sub-sarnpied 30 shoots for morphometric measures. 

Following morphometric measurements, al1 shoot material for each plant was combined, 

cut to - 10-cm lengths and dried to a constant mass (*O. 1 g) at 39 OC in a forced-draft 

drying ovtn (Despatch LAD series2-24-3 Minneapolis, MN). We then milled the dried 

material with a Thomas-Wiley (Swedesboro, NJ) mil1 using a 0.5-mm sieve screen and 

hand mixed the sarnples to homogenize them. Gross energy was detemined with a bomb 

calorimeter (Parr mode1 1341, Moline, IL) using 0.75 to 1 .O g of material and procedures 

outlined by the manufacturer. Gross energy values were corrected to dry mass by 

desiccating with anhydrous Cas04 (WA Harnmond Drierite Co., Xenia, OH.) for 24 h. 

Elemental nitrogen (EN) was determined with an elemental CHN analyzer (Car10 

Erba, Na Series 2, Milano, Italy) following procedures outlined by the manufacturer and 



Pella and Colombo (1973)- The elemental analyzer was calibrated using atropine (4.84 

%N) and the National Institute of Standards and Technology (NIST) standard #1573a 

(3 .O3 %N). Because elemental nitrogen approximates the nitrogen content of a sample 

with the sarne accuracy and precision as total Kjeldahl nitrogen (TKN; Hellinga et al. 

1998), we substituted elemental nitrogen for TKN in equations outiined in Hanley et al- 

(1 992) for estimating digestible protein. Digestible dry mattet (the fraction of plant dry 

rnatter that is digestible by ruminants such as moose d e r  accounting for the content of 

structural compounds, e-g., cellulose, hemicellulose and lignin) was determined for use in 

computing in vilro digestible energy (gross energy x digestible dry matter). Digestible 

dry rnatter was computed using equatioris outlined in Hanley et al. (1992). Although 

equations for digestible protein and digestible dry matter were originally developed for 

deer (Odocoileus spp.), these equations can be used to provide useful approximations for 

large-sized cervids that secrete salivary tannin-binding proteins, such as moose (Hanley 

et al, 1992). 

To estimate the fibre fiactions in our samples for use in detennining digestible dry 

matter, we used a fibre refiuxing/distillation apparatus (Labconco mode1 30006, Kansas 

City, MO). We used the neutral detergent procedure to determine total plant fibre 

(neutral detergent fibre or NDF), the acid detergent procedure to determine cellulose-and 

Iignin content (acid detergent fibre or ADF), and the acid detergent lignin procedure to 

determine the lignin content (acid detergent lignin or ADL; including cutin) of our 

samples (Goering and Van Soest 1970). Sodium sulfite was omitted fiom the NDF 

procedure as recommended by Hanley et al. (1992) for the detemination of NDF from 

browse stems. Because the filtrate did not congeal, we also omitted the optional wash 

with hexane from the ADF procedure (Goering and Van Soest 1970). Because there 



were no problems with filtration, asbestos was not used in the determination ofacid 

detergent lisgin (Goering and Van Soest 1970). We standardized NDF and ADF 

protocols by using standard forage mix samples fiom Norwest Labs (Lethbridge, 

Alberta). 

Although acid detergent lignin is used to calculate digestible dry matter, we also 

separated out and reported this fraction alone because lignin is the main ce11 wall 

component lirniting digestion (Robbins 1993) and moose are known to select forages 

lower in lignin (Risenhoover 19876). Because donnant twigs contain relatively smalf 

arnounts of tannin (Pa10 1984; Robbins et al. l987b), we followed the recomendation of 

Hanley et al. (1992) and did not apply the tannin correction factor in calculations for 

either digestible protein or digestible dry matter. Although crude tannin content was not 

quantified for use in digestibility determinations, we did determine the relative 

differences in tannin content between brushing treatments in order to help understand 

chanses to one of the chemical characteristics known to influence winter browse 

selection by moose. 

Tannin content was assessed using a radial diffusion protein precipitation assay 

that we modified £tom Hagennan (1987). We altered the procedure to reduce chemical 

usage and concentrate the extract, because winter twigs are known to contain relatively 

little tannin (Hanley et al. 1992). Frozen samples were submersed in liquid nitrogen, and 

then ground with a Thomas-Wiley mil1 and a 1 -mm sieve screen that had been cooled 

with liquid nitrogen to avoid gumrning. We homogenized the material by hand mixing 

and dispensed 200 pg into a 1 -5-ml centritùge tube. After the addition of 500 pl of 70% 

acetone, the sarnple was vortexed for 1 min and centrifuged at 7500 g for 5 min. 

Subsequently, we pipetted 60 pl of supernatant into a collection tube. We then 



resuspended the sample pellet in an additional 100 pl of acetone, vortexed, centrifuged 

again and collected 100 pl of supernatant in the collection tube. This last step was 

repeated 2 additional times resulting in a 360-pl sample that was 2.5 times more 

concentrated than extracts obtained usuig Hagerman's (1987) original procedures. 

Finally, 4, 8-pl aliquots of extract were dispensed h to  agarose plates containing bovine 

serurn albumin fraction V powder (BDH Chernical Co., Toronto, Ont.) following 

procedures outlined by Hagerman (1987). We prepared 3 replicate sarnples of 200 pg for 

each plant. Each replicate sample of extract was dispensed into 9 sepaate wells 

distributed across 3 separate plates. M e r  incubating the plates for 96 h at 30 OC, we 

deterrnined the diarneter of the precipitation ring; to allow for non-circula rings, 3 ring 

measurements were made - 120" apart with a digital calliper on each ring. The 3 

replicate ring diameters were then averaged first across plates, then arnong the 3 replicate 

samples Corn each plant to deterxnine the mean diameter for a plant. Because the square 

of the ring diarneter is proportional to the amount of tannin in the sample (Hagerman 

1987), we use the mean ring diameter squared as an index of the amount of tannin 

(hereafter referred to as "tannin content") contained in the shoots sampled tiom each 

willow. Because this modified technique uses plant extract 2.5 times more concentrated 

than extracts derived using the original technique, however, tannin content reported here 

cannot be directly compared to values reported by others using extracts that were not 

concentrated. 

Meamring Lea f Serrescence 

Differences in fall-leaf senescence were estimated by deterrnining the 

predominant leaf colour of each willow within each brushing treatment on a given date, 

in both the falls of 1996 and 1997. We classified plants as having predominantly green, 



yellow, brown or no leaves. We then compared the proportion of plants having 

predominantly green leaves among brushing treatments. To assess stage of leaf 

senescence in the fa11 of 1996 for willows brushed in 1996, the predorninant leaf colour 

of each willow was estimated on a single day in mid-fall(8 October). We estimated 

stage of senescence in the fa11 of 1997 for willows brushed in 1996 and 1997 by 

estimating the predominant leaf colour of each willow on a weekly basis fiom 5 

September to 2 7 October, before fa11 fiosts. 

Measriring Leaf Flush 

To examine differences in spring-leaf flush for ail willows fiom the 1996- 

treatment year, we monitored plants every 3 days in the spring of 1997 and compared the 

proportion of willows in each brushing treatment bearing newly flushed leaves on each 

day. Willows were scored as leaf bearing when the bud scales of at least 1 bud had 

separated and the expanding foliage was visible (Suzuki et al. 1988). We collected data 

fi-om 1 1 May, at the first signs of bud break, through 28 May when ail willows within 

each brushing treatment had flushed the majority of their leaves. Most of the shoots were 

removed korn al1 willows in the final winter (1997-98) of the study for analysis so no 

measurements were made in spring 1998. 

Statistical A tr a lyses 

We used linear regression (Sokal and Rohlf 1995) to test the effect of age of 

wiliows brushed in 1996 on shoot Iength 6 weeks afier brushing, as well as shoot 

morphological and chernical attributes in the first 2 winters following brushing 

treatrnents. To test the differences in shoot length 6 weeks afier brushing, as well as the 

differences in shoot morphology and chemistry in the first 2 winters post-brushing arnong 

treatrnents, we used an analysis of variance (ANOVA; Sokal and Rohlf 1995) with 



treatment time as a fked factor. When appropriate, square root, log or inverse transforms 

(Tabachnick and Fidell 1996) were applied to normalize andor homogenize the variance 

of the shoot attribute being tested between treatments. If the marginal distributions were 

negatively skewed (as was the case for digestible protein), we reflected the variable 

before applying the appropriate transform (Tabachnick and Fidell 1996). To reflect the 

variable, we took the iargest value in the distribution and added 1 to it to forrn a constant; 

a new variable was then created by subtracting each value from this constant (Tabachnick 

and Fidell 1996). 

Homogeneity of variances were tested using a Levene's test (Milliken and 

Johnson 1984); a Kolmogorov-Smirnov test (Zar 1984) was used to test for nonnality. 

Tukey's HSD test (Zar 1984) was used for post-hoc cornparisons for ANOVA's. We 

used a z test (Zar 7984) to analyze the differences in the proportions of willows bearing 

predominantly green leaves on specific dates in the falls of 1996 and 1997. We also used 

a z test to analyze the differences in the proportions of willows leafing within each 

brushing treatment every third day during the spnng of 1997. Al1 analyses were 

conducted using Statistica (StatSofi Inc. 1997). 

Results 

S/r oo t mo rp/z ology 

WilIows brushed during the summer of 1996 had longer and heavier shoots with 

thicker basal diameters, but thinner shoot tips than unbrushed willows in the first winter 

after brushing (Table 1.1). Willows brushed during the summer of 1997 also had longer, 

heavier and thicker shoots with thuiner tip diameters than unbrushed willows in the first 

post-treatment winter (Table 1.2). Ln the second winter following brushing, willows 

brushed in 1996 continued to have shoots that were longer, heavier and thicker with 



Table 1.1. Cornparison of morphological and chernical attributes of shoots from 

Scouler's willow brushed on 14 June 1996 (n = 15) and unbrushed controls (n = 1 1) 

measxed in the first d e r  followïng brushing. %DM indicates that values are 

expressed as a percent o f  dry matter. 

Shoot Anribute Brushed Unbrushed 

Mean SE Mean SE F P 

Length (cm) 

Mass (g)  

Basal Diameter (mm) 

Tip Diameter (mm) 

Lignin (%DM) 

Tannin contentt 

Digestible Energy (kcaVg) 

Digestible Protein (%DM) 

t Content o f  tannin is the square of the diameter (in mm) of the precipitation ring (see 

text) . 



Table 1.2. Cornparison of morphological and chemical attributes of shoots of Scouler's 

wiliow brushed in June or July of 1997 as well zs unbrushed controls measured in the first 

winter after brushing (n = 30 for al1 morphological attributes and n = 15 for al1 chemical 

attributes). P < 0.001 for overall comparisons between brushed and unbrushed willows for 

al1 attributes. Means sharing a comrnon superscript are not significantly different fkom 

each other as determined by Tukey's HSD post-hoc comparisons. 

Shoot Attribute Brushed Unbnished 

1 June 1 July 

Mean SE Mean SE Mean SE F 

Length (cm) 54.4 2.2 25.5 1.6 9.9 0-8 211.1 

Mass (g) 4.59 0.38 1.31 0.15 0.42 0-06 IO3 -3 

Basal Diam. (mm) 4.1 O. 1 2.8 0.1 2.2 0-1 128.8 

Tip Diam. (mm) 1.3" 0.04 1.2" 0.02 1.6 0-04 26.9 

Lignin (%DM) 0.12 0.01 0.10 0.01 0.16 0.01 84.7 

Tannin Content 78.gb 4.8 80.8~ 6.8 130.7 10.2 44.3 

Digestible Energy (kcaVg) 2.82 1 0.009 3.168 0.052 3.254 0.105 39.4 

Digestible Protein (%DM) 1.37 0.57 2.78 0.25 1.74' 0.58 20.5 



thinner tips than unbrushed willows (Table 1.3). Although the shoot morphology of 

brushed and unbrushed plants differed in the f b t  2 winters after brushing, the magnitude 

of difference in shoot morphology between brushed and unbrushed plants depended on 

the timing of brushing (Fig. 1.1 and Table 1.3). In the year following brushing, willows 

brushed earliest in the growùig season produced the longest shoots as indicated by data 

collected 6 weeks following brushing (Fig. 1.1 ; 1996: Ft js = 180.67; P c 0.001 ; 1997: 

F7,90 = 252.20; P c 0.00 1). Measurements taken from dormant shoots in the winter 

following the 1997 brushing treatments showed similar trends: willows brushed earliest 

in the previous growing season had the largest shoots in winter (Table 1.2). Following a 

full season of post-treatment growth, willows brushed earliest in the summer of 1996 no 

longer had the largest browse shoots in the second winter afier brushing. Instead, 

willows brushed later in the 1996 season had larger shoots in the winter of 1997 (Table 

1.3). 

Shoot Chemistry 

Lipin,  tannin, digestible energy and digestible protein content were lower in the 

shoots of brushed when comparecl to unbrushed willows in the first winter after brushing 

in 1996 (Table 1.1). Plants brushed during the 1997 growing season also had shoots in 

the winter after brushing that were lower in lignin, tannin and digestible energy content, 

but higher or not significantly different in digestible protein than the shoots of unbrushed 

controls (Table 1 2 ) .  Plants brushed in July 1997 had shoots that were lower in lignin, 

but higher in digestible energy and digestible protein than the shoots of plants bmshed in 

June of the same year (Table 1 -2). Although plants brushed in July 1997 had shoots with 



Table 1.3. Co~iiparisoii of iiioi-pliological alid clieniical attribictes of shoots of Scoaler's willow bruslied in Juiic, Jiily or 

Septeinber 1996, ineasiired 2 wiiitcrs afler briisliiiig, aiid uiibriislied coiitrols. 11 = 15, 28, 28 and 18 for inorplioiiieiric 

attributes of June, Jiily, Sepieniber-brushed and iinbruslied willows, respectively; n = 15 for al1 other attributes. 

P < 0.001 for overall co~iiparisons between briislied and unbrushed willows for al1 attributes. Means sharing a cominon 

superscript are not significantly different from each other as deteniiined by Tukey's HSD post-hoc comparisons. 

Shoot Attribute Brushed Unbrushed 

14 June 30 July 15 Sep 
- 

Mean SE Mean SE Meaii SE Mean SE F 

Length (cm) 20.6 1,9 54.8 2,6 80.5 2.9 13.8 1.6 165.1 

Mass (g) 1.17 0.19 6.70 0.54 12.82 0.84 0.63 0,lO 164.6 

Basal Diam. (miii) 2.7" 0.2 4.5 0.2 6.0 0.2 2.5" 0,l 1 12.5 

Tip Diani. (mm) 1.4" 0.1 1.5" 0.1 1 0.03 1.7" 0.1 6.2 

Lignin (%DM) 



Table 1.3 (continued) 

Shoot Attribiitc Briislicd Unbruslicd 

14 Jiine 30 July 15 Sep 

Mean SE Mean SE Mean SE Mean SE F 

Tannin Con teil t 92.8 2.4 80.4" 2,5 78.3" 2 3  107.1 4-1 19,3 

Digestible Energy (kcal/g) 2.962 0.035 2.796" 0.030 2.726" 0.028 3,178 0,033 40.5 

Digestible Protein (%DM) 1.87"" 1.36 0.68' O, 1 O 0.lobC 0.34 2.00" 0.32 5.5 





significantly lower tannin content than the shoots of unbrushed willows, the tannin 

content of these shoots was not significantly different than that found in the shoots of 

June-brushed plants (Table 1.2) 

In the second winter after brushing, the shoots of plants brushed at different times 

during 1996 were lower in tannin content and digestible energy than the shoots of 

unbrushed controls, although July and September brushing treatments had shoots lowest 

in these chemical attributes (Table 1.3). Shoots produced following Juiy and September 

brushing treatments had significantly lower concentrations of lignin and digestible 

protein than the shoots of unbrushed willows in the second winter after brushing. There 

were, however, no signïficant differences between shoots fiom the June-brushing and 

unbrushed willow-s with respect to Lignin and digestible protein (Table 1.3). 

Lea f Seri escerr ce 

A higher proportion of plants brushed during the 1996 treatment year had greener, 

younger leaves than the unbrushed controls on 8 October, in the first fa11 after brushing 

(Fig. 1.2). Sirnilarly, a higher proportion of plants brushed during the 1997 treatment 

year had greener leaves than unbrushed willows from 19 September through 10 October 

in the first post-treatment year (Table 1.4). Brushing treatrnents applied later in the 

growing season, during both years, retained the highest proportion of plants with - 

predominantly green leaves in the first October following brushing (Table 1.4). Although 

brushing treatments applied later in the 1997 treatrnent year had increasingly higher 

proportions of plants with green leaves on 17 October 1997, plants brushed in July and 

August of the same year showed no significant differences in patterns of  leaf senescence 



14 JUNE 30 JULY CONTROLS 

Fig. 1.2. Proportion of Scouler's willow within each brushing treatment bearing 

predominantly green leaves on 8 October 1996. Error ban represent 1 SE. Because 

al1 willows in the 30 July treatment retained predominantly green leaves, there is no 

SE associated with this proportion. 



Table 1.4. Proportion of Scouler's willow in each brushing treatment, in the 1996 and 1997 

treatment years, bearing predominantly green leaves during fa11 1997. Proportions sharing 

comrnon superscripts are not significantly different !Ïom each othet- 

Measurement Date of Brushing 

Da te 
1997 1996 

1 June 1 July 1 Aug Control 14 June 30 July 15 Sep Control 

5 Sep 1-00" 1.00" 

12 Sep 1.00" 1 .0Oa 

19 Sep 0.9 1" 1 .Oob 

28 Sep 0.9 1" 1 .Oob 

3 Oct 0.82 0.97" 

10 Oct 0.50 0.9 la 

17 Oct 0.32" 0.88 



£tom 5 September through 10 October (Table 1.4)- Plants brushed in July and August 

i 997, however, did show signs of delayed leaf senescence when compared to June 

brushing treatments from 3 October through 10 October (Table 1.4)- 

In the second fa11 afier treatment, brushed plants displayed delays in leaf 

senescence longer than unbrushed plants from 5 to 19 September 1997 and plants 

brushed in July and September displayed delays in leaf senescence longer than plants 

brushed in June (measured on 19 September 1997; Table 1.4)- Ln the second fa11 afier 

brushing, willows brushed in July and September of 1996 displayed delays in leaf 

senescence longer than June-brushed and unbrushed willows from 28 September to 17 

October- Willows brushed in July and September of 1996, however, did not show any 

differences in leaf senescence fiom 28 Septernber to 17 October 1997; neither did June- 

brushed and control willows (Table 1.4). 

Leaf Flush 

The timing of mechanical brushing affected patterns of leaf flush in the spring 

following treatment as evidenced by a delay in leaf flushing when brushing was 

perfonned late in the previous growing season (Table 1.5). h contrast, there was no 

effect on spring-leaf flush when brushing was carried out earlier in the year (Table 1.5). 

On 14 May 1997, willows brushed during the previous September had a smaller 

proportion of plants that displayed a break in dormancy than unbrushed controls or plants 

brushed earlier in the year. This late break in donnancy for September-brushed plants 

was different fi-om al1 other brushing treatments and was apparent on 14 May ( j = 0.6, z 

= -4.172, P 4 0.001), 17 May ( j = 0.7, r = -3.586, P 4 0.001), and 20 May 1997 ( j = 



Table 1 S. Proportion of willows in each of the 1996 brushing 

treatrnents flushing new leaves as observed on 4 different days in the 

spring of 1997. Proportions sharing a cornmon superscript are not 

significantly different fiom each other- 

Proportion Date of Brushing 

calculâted on 
14 June 30 July 15 Sep Controls 

n=15 n = 3 0  n = 3 0  n=17 

1 1  May O. 13" 0.13a 0.00" 0.00" 

14 May 1 .OOa t .OOa 0.20 1-00" 

17 May 1 .OOa 1 -00" 0.40 1 .OOa 

20 May 1 .OOa 1.00" 0.80 1 .OO" 



0.9, z = -1 -826, P c 0.034)- No other plants fiom any other brushing treatments 

displayed siadficant differences in the timing of leaf flush due to brushing time. During 

the spring of 1996 willows on this site flushed leaves between 21 May and 25 May. 

Age Regressions 

Based on our examination of disk annuii taken from plants brushed d u k g  the 

summer of 1996, we determined that the average age of willows in our study was 7.3 * 
1.2 1 years (range: 4 to 9 years). The age of willows in the summer of 1996 did not 

predict the length of 6-week cornpensatory growth following brushing for the 24 June 

1996 or 30 July 1996 brushing treatments (al1 P 2 0.069). In addition, age did not 

predict any morphological or chernical attributes of shoots Efom these brushing 

treatinents in either the first or second winter following brushing (al1 P 2 0.135). 

Discussion 

Shoot morphology 

Brushing affected the morphology of Scouler's willow shoots in the first 2 winters 

following brushing. Although we did not measure the effect of brushing tirne on the 

production of overall above-ground biomass, the most obvious effect of mechanical 

brushing was a complete lack of avdable browse immediately following treatment. The 

duration of this effect, when measured in terms of compensatory shoot size, appeared to 

ciepend on when brushing occurred within the growing season. Willows brushed in June 

produced compensatory shoots that averaged 38 cm in length by the sixth week following 

brushing and 50 (1996) to 54 (1997) cm by the onset ofdorrnancy- In the first winter 

after brushing, the shoots of willows brushed in early July averaged 26 cm long while 

plants fiom later treatments produced relatively smaller (cl0 cm), thinner shoots that 

were not visible above December snow packs. Therefore, depending on the timing of 



brushing, willows rnay produce shoots that are significantly longer than the average shoot 

size of unbrushed willows (9 cm; 1997 to 13 cm; 1996), or may have shoots too short to 

protnide above mid-wïnter snows to be accessible to moose in the first winter after 

brushing. 

Al1 brushed willows, regardless of when they were brushed, produced shoots in 

the second gowing season after brushing that were larger (as measured in the second 

winter after brushing) than shoots produced by unbrushed willows during the same 

growing season. Plants brushed earliest in the previous year, however, produced the 

smallest of shoots fiom al1 brushing treatments; those brushed latest in the previous year 

produced increasirgly larger shoots (>80 cm long). Similar responses to the timing of 

cuttins occur in other early-successional trees and shrubs (DeBell and Alford 1972; Kays 

and Canharn 199 1) and are related to the concentration of root reserves at the time of 

darnage and the nurnber of remaining growing points to which those reserves can be 

allocated (Stafford 1990; Kays and Canharn 1991). Changes in active meristem nurnbers 

and root reserves even appear to outweigh any changes in post-damage plant response 

due to the age at time of brushing (Kays and Canham 1991). uideed, willow age at t h e  

of brushing (4 to 9 years) was not related to any of the morphological or chernical 

attributes altered by the timing of brushing in the present study. 

Plants darnaged Iater in the growing season have relatively higher concentrations 

of root reserves through fa11 and winter when compared to plants damaged earlier in the 

year (Gregory and Wargo 1986). Such plants will have less time to compensate for 

damage be fore dormancy onset, and will have fewer growing points in the following 

spnng to which those resources may be allocated (Se~erby-Forsse and Zsuffa 1995). 

The allocation of resources to relatively few growing points leads to the production of 



shoots in the year following damage that are larger than those of earlier-brushed and 

unbrushed plants (Harrington 1984; Kays and Canham 2991). Plants brushed early in the 

growing season, on the other hand, tend to exhaust remaining reserves in the treatment 

year attempting to compensate for earlier damage (Kays and Canharn 1991), which rnay 

heIp explain differences in willow compensatory responses between the first and second 

post-treatment growing season. 

As shoot Iength, mass and basal diameter increased in shoots following brushing, 

the diameter of the shoot tip (apical bud) decreased- Because large shoots have 

proportionately more woody cortex to bud material (Daneil and Bergstrom 1985): the 

small shoot tips of large shoots rnay result fiom an ailocation of plant resources to shoot 

cortex rather than meristem. This difference in morphology rnay be advantageous to 

moose browsing large shoots arising fiom brushed plants because many of the chemical 

deterrents produced by plants are concentrated in buds (Clausen et al. 1986; Herms and 

Mattson 1992) and a smaller bud at the shoot tip rnay have relatively smaller 

concentrations of these chemicals. Although plants rnay produce t h i ~ e r  apical buds due 

to the reailocation of resources to stem materiah, the significance of a thimer apical bud 

for moose remains unclear. 

Shoot size is one of the most important determinants of food selection by moose 

(Danell et al. l985b; Risenhoover 1987a) because it influences bite size and consequently 

affects intake rates (Gross et al. 1993; Danell et al- 1994; Shipley et al. 1994). Cropping 

smaller bites requires more frequent interruptions of chewing to refill the mouth than 

consurning larger bites and requires moose to spend more time and energy on cropping 

than processing their bites (Shipley and Spalinger 1992; Gross et al. 1993). Minimizing 

cropping time by selecting larger shoots rnay allow moose to maximize energy intake and 



fitness while minimizing the amount of time spent foraging away from mature forest 

cover. Reducing tirne spent away f?om cover is important to moose in areas where the 

threat from predators is high; minimizing the amount of time required minimizes the 

vulnerability to predation (Weixeiman et al. 1998)- 

Reducing the time required to prehend forage may help explain why moose 

typically choose the largest stems (Danell et al. 19856; Schwartz 1992; Bowyer and 

Bowyer 1997) with the thickest basal diameters available (Haukioja and Lehtila 1992; 

Bowyer and Bowyer 1997) and select large compensatory shoots, such as lower stump or 

basal shoots originating from mechanically-damaged trees (Wolff 1 978; DanelI et al. 

19856; Bergstrom and Danell 1987~;  Bergstr6m and Hjeljord 1987; Bevins 1989; Suter 

1993). The prehension of large bites appears to be of such oveniding importance that 

moose will select larger shoots even if such shoots are relatively high in fibre and low in 

protein (Jia et al. 1997). Moose in north-central British Coiurnbia even browse past 

current-annual shoots into less digestible 2- and 3-year old stem materials when browsing 

the smaller shoots of unbrushed willows (see this study: Chapter 2), presumably in an 

effort to maintain larger bite diameters and higher intake rates (Shipley et al. 1994). 

Compromises between larger bite sizes and reductions in the protein and energy 

digestibility of large shoots become key to understanding how the overall nutritional 
- 

value of browse for moose may change following brushing at different times during the 

growing season. 

S ~ I  oot Chemistry 

Although the energy and protein content of shoots of unbrushed willows in this 

study are comparable to willows in other studies (Wolfe et al. 1983; Eastman 1984; 

Bergstrom and Danell 19873; Risenhoover 19876), the large shoots of brushed willows 



were generally lower in digestible energy and digestible protein for 2 years after 

brushing. The shoots of willows brushed in July, however, were higher in digestible 

protein and relatively high in digestible energy when compared to the shoots ofwillows 

brushed at other times during the growing season or unbrushed controls in the first winter 

afier brushing. Because the large shoots produced by willows brushed in July were high 

in digestible energy and digestible protein these shoots were high in nutritional value for 

moose, especially when the associated decreases in the tannin and lignin content of these 

shoots and increases in leaf senescence were considered. Estirnating the overall 

nutritional value of large shoots with reduced digestible energy and digestible protein 

content from plants brushed at other times of the year requires considering changes to a 

larger suite of plant attributes altered by mechanical brushing. 

Digestible energy and digestible protein are frequently reduced in larger shoots 

due to the high proportion of digestibility reducing structural materials such as cellulose 

contained within the shoot cortex (Eastman 1984). Reductions in digestible energy and 

digestible protein as well as minera1 content are also known to occur with increasing 

shoot size in species such as birch, black cottonwood (Populus trichocarpa) and red alder 

(Alnzrs rubra). This "dilution of nutrients" (sensu Herms and Mattson 1992) appears to 

be a function of the ratio of bark and bud material where most nutrients are concentrated, 

to the woody, fibrous cortex (Danel1 and Huss-Danell 1985; Radwan and DeBell 1988; 

Schwartz 1992) and may exist not only in shoots of varying sizes but between different 

portions of the sarne shoot. For exarnple, digestibility decreased in Scouler's willow 

(Appendix A) as well as other woody deciduous browse plants (Bailey 1967; Haveraaen 

and Hjeljord 198 1 ; Pa10 et al. 1992; Shipley and Spalinger 1995) fkom the tip to the base 

of the shoot where there is relatively more cortex to bark and bud material. This change 



in bark-to-cortex ratio highlights nutritional trade-offs ofien faced by moose when 

selecting for shoots of a larger size and is likely responsible, not only for decreased 

energy and protein digestibility, but for the reductions in tannin and Lignin content we 

found in the shoots of brushed willows. 

Concentrations of phenolic compounds such as Lignin (Hanley 1982; Risenhoover 

19876; Nellernann 1990) and tannin (Singer et al. 1994) are known to be important 

factors influencing browse selection in ruminants and are suspected to influence selection 

more than digestible energy Pryant et al, 1983; Coley et al. 1985; Robbins et al. 1987a). 

Indeed, the selection of browse by most vertebrate herbivores is detennined more by the 

nature and quantity of phenolic compounds than overall energy and protein content 

(Chapin 1980). Shipley and Spalinger (1992) report that tannin and Lignin are at least as 

important as other chernical or qualitative properties of shoots, and even the spatial 

distribution of browse. Such characteristics appear to determine the handling time of 

winter food items and can significantly affect the energy budget of the animal (Spalinger 

et al. 1986). 

The concentration of lignin in the shoots of unbrushed willows was similar to the 

concentration of lignin reported for other species of willow (Oldemeyer et al. 1977; 

Eastman 1984; Bryant et al. 1985; Risenhoover 19876; Schwartz et al. 19886). Our - 

results, however, indicate that mechanical brushing causes wiIlows to produce shoots 

sipificantiy lower in lignin than levels found in the shoots of unbrushed willows. Other 

willows regenerating fiom mechanical cutting in summer were found to produce winter 

browse that was lower in lignin than undamaged willows (Nellemann 1990). 

Furthemore, the timing of brushing appears to cause plants brushed later in the year to 



have shoots lower or equal in lignin content to eariîer-brushed plants when analyzed in 

both the first and second winters following brushing. 

Brushing later in the growing season (Le., 1 July versus 1 lune) reduces the 

effective length of the growing season and consequently the amount of time required by 

plants to compensate for damages. This truncation of the growing season decreases the 

pl-nts ability to form mature shoots and deposit structural materials such as lignin before 

the onset of domancy (Danel1 and Bergstrom 1985; Raitio et al. 1994). Such reductions 

in l i s i n  may be important to moose because lignin specifically determines plant fibrosity 

and is inversely related to the relative breakdown rate of plant material (Spalinger et al. 

1986). Shoots with lower lignin may be more easily handled and processed by moose 

through a reduction of the chewing effort and may aIlow for higher cropping rates and 

increased intake (Gross et al- 1993). 

Our index of tannin derived fiom a modified assay was used for comparative 

purposes and cannot be directly compared with values obtained by others using 

Hagerman's (1987) original technique. Despite the differences in methodology used to 

obtain data on changes in tannin content, our results agree with the findings of Dutoit et 

al. (1 990), Suter (1993) and Singer et al. (1994) who reported overall reductions in tannin 

content associated with increases in shoot size following various fonns of mechanical - 

darnage. For example, Suter (1993) demonstrated that large compensatory shoots 

originating fkom the sturnps of willows contained less tannin content than the smaller 

crow-n shoots of plants on the sarne site. 

Because the production of phenolic compounds such as tannins and lignin 

represent a cornpetition with other cellular processes for cornmon metabolic substrates 

(Herms and Mattson 1992), reductions in these compounds following plant darnage and 



rapid compensatory growth c m  be expected. Our results indicate that although tannin 

content was always lower in the winter shoots of brushed compared to unbrushed plants, 

tannin content was not always different between the shoots of willows brushed at 

different times. Such responses suggest that changes in tannin content may be less 

affected by the timing of brushing than by brushing itself. 

Tannins, unlike lignh, may not affect handihg tirne or intake rates but may 

inhibit animal performance through the chernical inhibition of rumen microbes 

(Risenhoover et al. 1985). Tannins can also reduce amino acid and iron bioavailability 

(Choo et al. 1 98 1) and may wmk as toxins rather than digestion inhibitors (Mehansho et 

al. 1987). Moose possess salivary tannin-binding proteins to help neutralize the effects of 

dietary tannins (Hagerman and Robbins 1993; Juntheikki 1996). Despite this and the fact 

that winter browses contain relatively small amounts of tannins (Hanley et al. 1992), 

moose avoid browsing winter foods higher in tannin content (Bryant a d  Kuropat 1980; 

Bryant et al. 1983; Suter 1993; Singer et al. 1994). 

Even the small arnounts of tannins found in dormant browses tend to quickly bind 

al1 tannin-binding proteins in moose saliva (Junetheikki 1996). Although the metabolic 

costs associated with the production of these tannin-binding proteins are poorly 

understood, reductions in protein turnover are less costly. Additionally, because moose 

are not able to bind tannins Çom al1 winter browses equally well (Le. Safiipentandra; 

Junetheikki 1996), the ingestion of unbound tannins could be costly for moose in terms of 

reduced rumen microbe fûnctioning (Risenhoover et al. 1985) or other deleterious effects. 

If, however, the costs associated with neutralizing dietary tannins are insignificant 

compared to potential gair.s in energy and protein nom browsing materials higher in 

tannins, but also higher in digestible energy and protein, the importance of lower tannin 



content in the shoots of brushed plants may be inconsequential (Hageman and Robbins 

1993). Ln addition, winter browse is often much lower in absolute tannin content than 

sumrner forages (Hagerman and Robbins 1993). Consequently, the 15 to 60 percent 

reductions (depending on when willows were brushed) in tannin found in the shoots of 

willow in this study may be offset by the higher digestible energy of these shoots, 

AIthough usefùl for understanding the effect of brushing on shoot tannin content, 

O u r  index does not provide a quantitative measure of tannin that could be used to estimate 

the effect of decreased tannin content on dry matter digestibility, iron or amino acid 

bioavailability. Even in the event that such quantitative measures had been made and 

used to calculate reductions in dry matter digestibility for instance (Hanley et al. 1992), 

the biological significance of such measurements for moose would be suspect because 

not al1 tannins (as measured here with BSA) have physiological consequences for moose 

(W agerman and Robbins 1993; Juntheikki 1996). Furthermore other phenolic compounds 

such as salicylic acids (SA; Raskin 1992) may be more important to the winter foraging 

ecology of herbivores than tannic acids (Danell et al. 19856); just how concentrations of 

such compounds are altered by mechanical brushing or how moose respond to such 

changes are not presently understood. 

The majority of our results agree with the findings of others and indicate 

decreases in shoot chemical concentrations, digestibility and a nurnber of minera1 

eIements (Appendix B) associated with increases in shoot size (Hjeljord et al. 1982; 

Owen-Smith and Novelli 1982; Vivas and Sæther 1987; Sæther et al. 1989; Haukioja and 

Lehtila 1992). Some of o w  results, however, contradict this relationship between shoot 

morpho logy and chemistry. In the first winter after brushing, willows brushed on 1 July 

showed high levels of digestible protein and digestible energy when compared with other 



brushing treatments fiom that year. These abnormal levels were a result of elevated 

digestible dry matter, gross energy and elemental nitmgen and were higher than what 

would be expected fiom corresponding shoot sizes. 

The relatively high digestible protein and energy for the size of shoots produced 

by willows brushed in Iuly were likely a result of damage-ïnduced juvenile reversion and 

the relative age of the regenerating plants as they entered plant quiescence. The shoots of 

these plants appear to be effectively younger than shoots of earlier damaged or 

undarnaged plants and appeared to subscribe to a lammas-form of growth. Larnmas 

shoots, which are produced by the bursting and elongation of current-year terminal buds 

late in the growing season, (Kramer and Kozlowski 1979), are known to be relatively 

hi& in succulence and digestibility during the fa11 when compared with more mature 

shoots (Dietz 1 97 1). Such shoots remain metabolically active, continue shoot production 

and elongation and continue to sequester nutrients fiom leaves late into the fa11 well past 

older plants (Kramer and Kozlowski 1979). Shoots growing fiom plants brushed later in 

the growing season, therefore, may not have had the time required to mature and deposit 

structural materials such as lignin or transport photosynthates to roots before fa11 f?osts 

(Danell and Bergstrom 1985; Raitio et al. 1994), in contrast to plants brushed earlier in 

the year. Rapid freezing and the resultant trapping of nutrïents in these pre-dormant late- 

season shoots may help explain some of the chemical anomalies we detected when 

analyzing the dormant shoots of July-brushed plants. 

Lea f Senescen ce 

Brushing resulted in a delay in leaf senescence as long as or longer than 

unbnished plants in both the first and second falls after brushing. Plants brushed latest in 

the year showed a delay in leaf senescence in both the first and second post-treatment 



falls as long as or longer than plants brushed earlier in the growing season. Such delays 

in leaf senescence following brushing, iike patterns of extended shoot growth, are 

strongly influenced by chernical and hormonal changes brought about in the plant nom 

cutting (Kramer and Kozfowski 1979). Changes in leaf senescence have been attributed 

to a richer supply of nutrients being supplied to a relatively smaller number of extant 

shoots (Millington 1963; Danell et al. 1997) and plant rejuvenation- Such changes may 

help to compensate for losses in translocating resources fkom shoots to roots due to 

earlier darnage, but generally 1 s t  only as long as there is recurrent damage to the plant or 

until the root-shoot ratio has been re-established (Willard and McKell 1978). 

Because green, leafy forages are an important component of many ungulate diets 

(Blair et al. 1980; Hanley 1982; Schwartz et al. 1988a; Danell et al. 1994), changes in the 

patterns of leaf senescence foilowing brushing may have important consequences for 

moose. The production and retention of greener, younger secondary leaves on the shoots 

of recently-brushed plants coidd be important for moose during the fa11 when tannins and 

lignin begin to concentrate in bark and senescing leaves (Pa10 1984; Henns and Mattson 

1992) and nutritious foods are generally reduced (Blair et al. 1980). Moose, as well as 

black-iailed deer (Odocoilezrs hemioms colirrnbianus), will selectively forage on darker, 

greener foliage over lighter green or yellowing foliage (Cowan 1945; Bergenid and - 

Manuel 1968), presumably because greener younger leaves are typically higher in 

nutnents than yellowing or older senescing leaves (Kramer and Kozlowski 1979; Chapin 

1980). 

Leaves are higher in nutritive qualit. than woody stems (Eastman 1984). 

Consequently, moose avoid browsing shoots as long as fa11 leaves persist (Regelin et al. 

1987). Moose will even select and forage on leaf litter when twigs and other forages are 



available in the fa11 landscape (Renecker and Hudson 1986), demonstrating the nuiritional 

importance of leaves in the fa11 diet of moose. Because brushing fkom mid to late- 

summer delays leaf senescence in the fint 2 falls after brushing, such treatments may 

provide moose with leafL materials late into the fa11 and help to enhance the quality of 

plants for moose on late fa11 and early winter ranges. 

Leaf Flrrslz 

Although plants cut during the winter are known to flush leaves early in the spring 

(Kindschy 1989), our results suggest that brushing plants in the early to mid-sumrner has 

no effect on leaf emergence in the first post-treatrnent spring. Fa11 brushing, however, 

rnay cause a delay in willows leaf emergence in the spring following brushing. Such 

delays can occur if stem and leaf material is removed before it is able to complete the 

export of nutrients and other factors, such as hormones, necessary for spt-ing growth fiom 

above to below-ground structures in the late fa11 (Larson 1978; Tuomi et al, 1989)- 

Delays in spting leaf flush may protect previously darnaged plants h m  early spring 

fiosts, but rnay also reduce the availability of leaves for moose foraging in the early 

spring . 

Although willows brushed in July did not delay leaf flush and, overall, produced 

browse of better quality for moose in the first 2 winters following brushing, we did not - 

rneasure the selection of  such plants over others brushed during June, August, September 

or unbrushed controls by moose. The study site was selected in an area where browsing 

by moose was minimal (<5%); this was done to reduce the confounding effects of 

browsing on plant responses to brushing. Consequently, we were unable to determine the 

selection of shoots from plants brushed at different times by moose. We did, however, 

observe some browsing by deer (Odocoileus spp.) in late August of 1997; browsing was 



directed predominantly to willows bmshed in June 1997 (determined during winter 

collections; Appendix C). 

Because the removal of a small percentage of shoots fkom a plant has a relatively 

srnall impact on overalI plant response (Danell et al. 1994), we do not believe that 

browsing on experimental plants altered Our results. Furtherrnore, browse damage by 

deer was unlikely to affect our results because deer browsed plants late in the final 

growing season of the study, beyond the time that willows were able to respond to 

damage with compensatory growth. Although the use of exclosures may have helped to 

reduce browsing on study plants, the percentages of shoots removed by browsing likely 

had no effect on our overall fhdings, 

Although we do not present data on the relative use of shoots fiom brushed and 

unbrushed willows, moose do heavily utilize browse plants in the years imrnediately 

following mechanical brushing (Hjeljord and Grmvold 1988) often times browsing up to 

1 00% of post-brushing current shoot growth (R-V. Rea, persona1 observations). Such 

selectivity for re-growth following mechanical brushing is also demonstrated by other 

ruminants such as catt le (Bos taurus) and deer (Powell and Box 1966; Siebert et al. 

1980), presurnably due to the increases in plant palatability, availability or accessibility 

associated with cutting; increases that, as the present work outlines, can be influenced by 

the timing of mechanical brushing. 

Conclusions 

Mechanical brushing signi ficantly reduces the availability of deciduous biomass 

for herbivores such as moose. Aithough some vegetation managers retain unbrushed 

wildlife strips (see this study; Chapter 2) in areas being mechanically brushed in an effort 

to mitigate reductions in available biomass, other managers do not subscribe to such 



strategies. In areas where wildlife strïps are not retained then, brushing operations should 

be performed in July to ensure a supply of nutritious browse for moose using these areas 

in winter. 

Willows brushed in July produced shoots that were of higher value for moose in 

the first 2 years afier brushing. Although brushing in Iate July did not allow willows to 

compensate sufficiently for shoots to be available in the first winter after brushing, the 

shoots of willows brushed in early July were available above first year snows and more 

nutritious than the shoots of earlier-brushed willows- Brushing in early July also 

corresponds well with the time suggested by vegetation managers to brush cornpeting 

vegetation (Le., willows) growing in conifer plantations because brushing at this time 

more effectively reduces the plants ability to compete for resources (Kays and Canham 

199 1). 

Scouler's willow tended to show morphological responses to the timing of 

brushing that are consistent with the response of other browse plants to time of cutting 

(Kays and Canharn 199 1). How other important browse plants specifically respond to 

brushing time, however, should be investigated more thoroughly because plant response 

can be influenced by factors such as environment (site; see this study; Chapter 2), species 

genetics, life history traits and plant morphology (Whitham et al. 199 1 ; Danell and - 

Bergstmrn, 1989; Borkowska and Konopko, 1994). Although the timing of brushing may 

affect some browse plants for no longer than 2 years after darnage (Kays and Canham 

199 l), the long-term effects of brushing time on willows appears to last much longer (see 

this study; Chapter 2). 

Mechanical brush control is practised on regenerating conifer plantations, utility 

nghts-of-way, rail &or roadsides as well as rangelands and unproductive forest areas 



where vegetation control or browse production is desired. Although it has been a long- 

held belief that stimulating vegetative growth through cutting resuits in better browse for 

herbivores (Gysel 1957; Ferguson and Basile 1966; Roberts 1986), recent studies show 

that this is not invariably true (Bryant et al 1985; this study). Our results indicate that 

significant changes in the nutritional value of willow may occur for at least 2 winters 

post-treatment, depending on the timing of brushing. Although brushing hme rnay affect 

different plant species to different degrees, determining the response of willows to 

brushing time, in combination with understanding the response of other species to time of 

cutting, may help delineate a more generalized pattern of plant response to damage. 

Understanding these patterns can then help to determine the consequences that such 

responses rnay have on the overall nutritional value of these plants for moose. 



CHAPTER 2. CHANGES IN THE NUTRITIONAL VALUE OF SCOULER'S 

WLLOW (Salk scoulen'ana) FOLLOW'ING MECEUNICAL BRUSHING: 

W!!LICATIONS FOR MOOSE (Alces alces). 

Abstract 

We examined the effects of mechanical brushing on the nutritional value of 

Scouler's willow (Salk scouleriana) browse for moose (Alces alces) for 2 to 5 winters 

after brushing in relation to willows growing in unbrushed strips of regenerating 

vegetation retained for wildlife food and cover. We also examined the effects of the 

previous year's clipping and browsing on browse quality and compared how moose 

utilized willows growing in brushed and unbrushed areas in the third winter after 

brushing. The nutritional value of willows varied among sites, but was altered by 

brushing for at least 5 winters post-brushing. The current annual shoots of brushed 

willows tended to be larger, although lower in digestible protein and digestible energy, 

than shoots of unbrushed willows for at least 5 years after brushing. Shoots of brushed 

willows were also lower in tannin and lignin content than the shoots of unbrushed plants 

for 2 and 3 years post-brushing, respectively. Furthemore, brushed willows displayed a 

delay in leaf senescence for up to 4 years post-brushing. The shoots produced by willows 

were ofien unaffected by the previous winter's clippingibrowsing intensity, but increased 

in size when measured in the third to fim winter afier brushing. Shoot size decreased 

with an increase in the previous winter's clipping/browsing intensity when measured in 

the second winter afier brushing. The tannin and lignin content of shoots increased with 

an increase in the previous winter's ciippinghrowsing in the second winter after shoot 

removals. With an increase in the previous winter's clipping/browsing intensity, 

digestible energy and protein decreased in the third to fif'th and fi& winter after brushing, 



respectively. The average shoot diameter at the point of browsing did not differ between 

the shoots of brushed and unbrushed willows; the shoots of unbrushed willows were 

browsed past curent annual shoots and into older stem materials significantly more when 

compared to shoots fiom brushed willows. 

Introduction 

Releasing conifers from the cornpetitive effects of deciduous trees and shnibs 

through the use of herbicides or by motor/manual removal (Le., mechanical brushing) 

leads to changes in forest stands that can reduce browse biomass and cover for wildlife 

(Goodrurn and Reid 1956; Conard 1984; Lautenschlager 1993). To reduce these impacts, 

resource managers occasionally retain strips of regenerating forest within stands being 

managed for conifer growth that allow for some of the needs of wildlife (hereafler termed 

"wildlife strips"; Gysel 1957; Santillo 1994). Because the application of systemic 

herbicides such as glyphosate (~oundup", Monsanto Chernical Co. St. Louis, Mo.) can 

kill deciduous plants and reduce browse availability for as many as 9 years following 

treatmenr (Hjeljord 1994), the retention of wildlife strips is particularly important for 

ensuring a continued browse supply for animals such as moose wintenng in regenerating 

forest stands (Santillo 1994). 

Although mechanical brushing does not affect the production of browse as long as 

herbicicies (Hjeljord and Grmvold 1988), it does reduce available biomass in the years 

irnmediately afier brushing (Harkonen 1998) and can alter the nutritional value of 

regenerating browse for moose (see Chapter 1). Consequently, the retention of wildlife 

strips also provides forage in areas where brush is being reduced mechanically, as well as 

chemically. These wildlife strips, however, also contain commercially important crop 

trees and are, therefore, eventually brushed once other deciduous shnibs and trees within 



the site begin to recover fiom brushing- The amount of tirne required for plants to 

recover fiom brushing and provide suitable pst-brushing habitat, at least in terms of 

browse quality for moose, however, is largely unknown. 

Brushing is known to alter the nutritional value of current-annual-growth shoots 

(measured fiom the previous year's growth scar to the shoot tip and hereafter termed 

"shoots") of willows in the h t  and often second year d e r  brushing. For example, 

brushing late in the growing season generally caused willow saplings to produce shoots 

that were Iarger and lower in tannin content, lignin and digestibility than the shoots of 

unbrushed willows in the first 2 winters post brushing (see Chapter 1). Willows brushed 

in June, however, haci shoots that were not significantly different in basai diameter, lignin 

and digestible protein content than the shoots of unbrushed willows in the second winter 

fo llowing brushing, even though such differences existed during the previous winter. 

FeltIeaf willows (Sali. alexensis) cut or browsed in winter are able to compensate 

for darnage, re-establisfi theu root-to-shoot ratios and reassume a pre-damage fom of 

growth in as little as 3 years post-cutting (Bryant et al. 1985). Although the shoots of 

wil'lows may even begin to reassume attributes similar to those of uncut plants in as little 

as 2 years following damage, (see Chapter 1 ), the length of time required by plants 

brushed during the growing season to fùlly compensate for damage remains unclear. - 

Because the arnount of time required for plants to fully compensate for damage is highly 

dependent on the intensity of damage (Danell and Bergstrom 1989; Whitham et al. 1991), 

compensating for the complete removal of above-ground biomass following sumrner 

brushing is likely to require several years of post-damage compensatory growth (Chapin 

1980). 



Cutting and browsing willows in winter leads to increases in the concentration of 

tannins as well as increases in proteins, carbohydrates, Lipids, lignh and minera1 elements 

such as phosphorus for several years following damage (Bryant et al,, 1985). Increases in 

nitrogen, rnagnesium, potassium and phosphorus occur following summer clipping of the 

sedge Eriophorium vaginuturn (Ouellet et al. 1994). Heavy browsing and/or pruning also 

stimulates browse plants such as willow and birch (Betula spp.) to produce larger shoots 

that are higher in fibre content (Wolff 1978; Borkowska and Konopko 1994; Danell et al. 

1994), which are ofien lower in chemical deterrents to browsing, such as tannins (Danell 

and Bergstrom 1989; Dutoit et al. 1990; Singer et al. 1994). Other foms of severe 

mechanical darnage can likewise alter plant morphology and chemistry (Danell et al. 

1987; Nellemann 1990; Stephenson 1995) as well as the phenology of plant leafing in the 

years following injury (see Chapter 1; Danell et al. 1985b; Kindschy 1989). 

Changes in plant physiochemistry following mechanical damage are a result of 

changes brought about in the plant due to the loss of apical dominance and plant 

rejuvenation (Bryant et al. 1985). Such changes lead to a reaiiocation of plant resources 

from flower and £kit production to compensatory (sensu Belsky 1986) vegetative growth. 

This reallocation leads to changes in the nutritive quality of plant tissues for herbivores 

@anel1 et al. 1985a), but only persists until the effects of juvenile reversion subside - 

following cornpensatory growth and the root-to-shoot ratio rebalances (Millington 1963; 

Dznell et al. 1997). 

Moose select browse based on the morphological, chemical and phenological 

characteristics of plants (Schwartz 1992; DanelI et al. 1994), many of which are altered 

by mechanical brushing (see Chapter 1). The quality of browse for moose is, therefore, 

likely to be affected by such damage-induced changes until plants have hlly 



compensated for brushing. Determinhg how long brushing affects the morphological, 

chernical and phenological attributes of browse plants may help resource managers 

deterrnine how long to retain wildlife strips before brushing them and when to schedde 

management strategies for adjacent forest stands where concems for the quality of browse 

for moose exist. Understanding these changes and how long they persist may also help to 

contrast some of the effects of mechanical brushing with those of herbicide applications. 

To evaluate the effects of bmshing on the nutritional value of browse and to 

deterrnine how long such effects last, we selected a plant that is often brushed and is 

important as browse for moose in winter, Scouler's willow (Roberts 1986; Porter 1990; 

Weixelrnan et al. 1998)- We determined the effects of brushing on 1) shoot morphology, 

2) shoot chemistry, and 3) patterns of leaf senescence in the first 5 years following 

treatment. Additionally, we detennined how moose used the shoots of brushed and 

unbrushed willows in the third winter following brushing and determined if clipping 

and/or browsing affected the nutritional value of willows in the year after shoot removal 

by clipping a d o r  browsing. 

Methods 

The study area 

The study area comprised 6 similarly-classified (DeLong et al. 1993) regenerating 

pine clearcuts - 15 to 40 ha, near Vanderhoof, British Columbia, Canada (54°05'~, 

~ 2 3 ~ 5 5 ' ~ ;  Fig. 2.1). Al1 sites were in the sub-boreal spruce dw3 biogeochatic zone 

c haracterized by open stands of lodgepole pine with poorly developed shrub and herb 

layers, and a well-developed moss layer dominated by lichens (Meidinger and Pojar 



Fig. 2.1. Location o f  study sites within the Vanderhoof Forest District. Sites are as follows: O Sackner Pit (B.C. 
Geographical Map Classification System-Forest district cutblock number: 93J002-OOl), 8 Triple Buck (931002- 
002), 8 North Layton (93K019-007), O Sawmill Pit (93K019-0303, O Hucklebeny Cut (93KOi9-0273, and 
@ Waterlily Lake (!NO0 1 -007). 



1 99 1). Soils on al1 sites are clay andor sandy loam @. Sommerville, Vanderhoof Forest 

District, Vanderhoof, B.C., Canada, personal communication). The terrain is flat to 

rollhg and al1 sites are between 750 and 800 m. 

Three of the sites (North Layton, Three Buck; Sackner Pit) were clear cut 12 

to 15 years prior to the initiation of the study and were mechanically brushed throughout 

the 1993 growing season (June to September). The other 3 sites (Sawmill Pit; 

Huckleberry Cut; Waterlily Lake) were clear cut 9 to 11 years prior to the beginning of 

the study and were mechanically brushed throughout the 1995 growing season. Wildlife 

strips le fi on the sites brushed in 1993 contained willows - 5 m ta11 at the beginning of 

this study (winter 1995) while brushed willows on these sites were - 2 m tall. Unbrushed 

plants on the 1995 sites were - 4 m tail while bmshed plants within these sites were - 1 

m ta11 at the beginning of the study. Moose densities in the surrounding area were - 0.5 

anirnals per km' at the time of the study @. Heard, Ministry of Environment Lands and 

Parks, Prince George, B.C., Canada persona1 communication). 

Experimental Design 

During the winter of 1995-96, we randomly selected 6 Scouler's willow plants 

fiorn mechanically-brushed areas within the plantations and 6 willows from the wildlife 

stnps on each of the 3 sites brushed in 1993. We could not select willows ftom sites 

brushed in 1995 until the following spring, as brushed plants had not grown sufficiently 

following treatrnent to be visible above the snow. We randomly selected willows that 

were of sirnilar size and form that we had identified to species according to leaf 

characteristics, shoot morphology and catkin anatomy following Argus (1992). 

During the winter of 1995-96 we randomly collected shoots f?om each of the 6 

brushed and unbrushed willows on the 1993 sites. During the winter of 1996-97, we 



collected shoots fiom the 6 brushed and 6 unbrushed willows fiom each of the 6 (1993 

and 1995) sites. To increase our ability to detect differences between brushed and 

unbrushed plants within and among sites, we increased the sample size of willows fiom 

each site to 13 brushed and 13 unbrushed in the spring of 1997. We did this by randomly 

selecting an additional 7 willows fiom both brushed areas and wildlife strips- During the 

winter of 1997-98 we collected shoot samples fiom al1 13 brushed and unbrushed willows 

fiom each site. 

Each of the original 6 willows within the brushed and unbrushed areas from each 

site was randomly selected for a clipping treatrnent. Two of the 6 brushed and unbrushed 

willows werc clipped to remove 33% of curent annual shoots; 2 were clipped at 66% and 

2 at 100%. Clipping intensities were imposed by clipping every third shoot, leaving 

every third shoot, and clipping al1 shoots, for 33,66, and 100% removal of shoots, 

respectively. 

Following winter clippings, we detennined that some of the winter shoots were 

unavailable for collections due to burial by snow; in addition moose had browsed other 

shoots after clipping treatrnents were imposed. Because these factors altered the targeted 

amount of tissue removal intended for each specific plant, each willow plant was revisited 

again in the spring of each year and the exact percentage of shoot removal was 

detemined. We determined percent shoot removal by counting al1 overwintering shoots 

and classifjhg them as clippedhrowsed or undamaged and then dividing the number of 

clippedhrowsed shoots by the total number of shoots on the plant. Consequently, the 

levei of clipping and browsing was subsequently considered to be a covariate in our 

analyses. 



We collected ail shoot samples while plants were dormant, in February of 1996, 

and December of 1997 and 1998 in sub-zero weather to inhibit post-sarnpling metabolic 

activities within the shoot tissues. Collections fiom each willow were separated in the 

field into separate plastic fieezer bags for (1) tannin analysis and (2) al1 other analyses. 

Following collections, bags were sealed and then stored at -20 OC until analyzed. Al1 

shoots were weighed and measured for length, basal diarneter and tip (apical bud) 

diameter. When more than 30 shoots were collected fiom a particular willow, however, 

we randornly sub-sampled 3 0 shoots for morphometric rneasures. Following 

morphometric measurements, dl shoot material fkorn each plant was combined, cut to - 
10-cm lengths and dned to a constant mass (kO.lg) at 39 OC in a forced-dr& drying oven 

(Despatch LAD series 2-24-3; Minneapolis, MN.). Dried rnatenal was then rnilled with a 

Thomas-Wiley mil1 (Swedesboro, N.J.) and a 0.5-mm sieve screen, then homogenized by 

hand-mixing. We determined elemental nitrogen (EN), neutral detergent fibre (NDF), 

acid detergent fibre (ADF), acid detergent lignin (ADL) content, gross energy, digestible 

protein and digestible energy content using procedures outlined in Chapter 1. The 

amount of tannins (hereafier referred to as '2annin content") in willow shoots was 

estimated from an index of tannin that was derived fkom the use of a radial diffusion 

technique that we modified h m  Hagerman (1987; see Chapter 1). 

Measuring Leu f Senescence 

We assessed differences in leaf senescence in fa11 by estimating the predominant 

leaf colour of each willow in the brushed and unbrushed areas of each site on given dates, 

in both the falls of 1996 and 1997. We classified plants according to procedures outlined 

in Chapter 1. Stage of leaf senescence in the fa11 of 1996 was determined for 12 brushed 

and 12 unbrushed willows randomly selected fiom each site by estimating the 



predominant leaf coIour of each willow on a single day in mid-fall(8 October 1996) 

when most deciduous plants were in full fa11 colours. Stage of senescence in the fa11 of 

1997 was assessed for 13 brushed and 13 unbrushed willows that were randomly selected 

fiom each site by estimating the predominant leafcolour of each willow on a weekly 

basis fi-om 5 Septernber 1997 through 17 October 1997. Frost damage to leaves 

following the week of 17 October 1997 precluded M e r  classification of stages of leaf 

senescence on the bais  of predominant colour of foiiage. 

Browse Survey 

To determine how moose utilized the shoots of bmshed and unbrushed willows in 

winter we established a line transect - 600 m long in the spring of 1998 through an 

unbrushed wiIdlife strip and brushed areas of a block (Hucklebeny Cut site) that had been 

brushed in 1 995. We sampled the first 50 brushed and 50 unbrushed willows that we 

encountered as we moved down the transect that were within 5 m of either side of the 

transect. For each willow sarnpled we selected 5 browsed shoots by randomly selecting 

(using a random number table) a primary, secondary, tertiary, etc., branch until a current 

years shoot was selected. We then zneasured the diameter of the shoot at the point of 

browsing and the basal diameter. According to bark characteristics we then detennined 

whether or not each browsed shoot had been browsed beyond the current annual shoot 

and into older stem tissues. Measurements taken fkom shoots were subsequently 

averaged for each willow. 

Statisticul Analyses 

To test the effect of brushing on the rnorphology and chemistry of willow shoots 

in the third winter post-brushing (the first winter of the study) for the 3 sites brushed in 

1993, we used a nested analysis of variance (ANOVA; Zar 1984) with treatment (brushed 



or unbrushed) nested within site- Following the first winter of the study, al1 other 

morphological and chernical comparisons made between brushed and unbrushed plants, 

across the 6 sites, were made using a nested analysis of covariance ANCOVA (Zar 1984) 

with the previous year's percentage of clipping and browsing used as a covariate. 

ANCOVA analysis was not used during the analysis of the k t  winter's data, as we did 

not collect information on the percentage of shoots removed by moose in the year pnor to 

collections. in the nested ANOVNANCOVA models we treated site as a random and 

treatment (brushed cr unbrushed) as a h e d  effect. When appropriate, square root, 

inverse or log transforms (Tabachnick and Fidell 1996) were appIied to normalize data 

andfor homogenize the variance of the shoot attribute being tested between treatrnents. 

Hornogeneity of variances were tested using a Levene's test (Milliken and Johnson 

1984). A Kolmogorov-Smirnov test was used to test assumptions of nonnality (Zar 

1984). Tukey's HSD test (Zar 1984) was used for post-hoc comparisons. 

A z test (Zar 1984) was used to analyze the differences in the proportions of 

willows bearing predominantly green leaves on various dates in the fa11 of 1996 and 

1997. We used ANOVA to compare shoot diameters at the point of browsing between 

shoots from brushed and unbrushed willows. We used a Kruskal-Wallis ANOVA by 

Ranks test (Kmskal and Wallis 1952) to determine differences in the number of shoots 

from brushed and unbrushed willows that had been browsed past cwrent annual growth 

and into older stem materials. Al1 analyses were conducted using Statistica (StatSoft Inc. 

1997). 



Results 

Sir oot Morp hology 

Mechanical brushing affected the shoot morphology of willows for several years 

following treatment (Fig 2.2). Aithough the length and mass of willow (brushed and 

unbrushed) shoots varied among sites (Table 2.1), willows responded to mechanical 

brushing by producing shoots that were longer and heavier than the shoots of unbrushed 

willows for at least 5 years post-brushing (Fig- 2.2, Table 2.1). The basal diameters of 

willow shoots also varied among sites (Table 2.1); bnished plants had shoots with thicker 

basal diameters in the second, third and fifth year following brushing (Fig. 2.2, Table 

2.1). Shoot length, mass and basal diarneter increased in the shoots of brushed plants, but 

the tip diameter of these shoots decreased in the second and third year following 

brushing. In the fi fth year following brushing, shoot tips of willows were significantly 

different among sites (Table 2.1). 

With an increase in the percentage of shoots removed during the previous winter, 

both expenrnentally (clipping) and by moose (browsing), shoot mass, basal diameter and 

tip diarneter decreased during the following year when analyzed in the second post- 

brushing winter. An increase in clippinghrowsing during the previous winter, however, 

also led to an increase in shoot length and mass during the following year when analyzed 

in the third to fi& winters post-brushing (Table 2.1). The previous year's 

clippinghrowsing also caused an increase in basal diameter of the following year's 

shoots with increased clippin@browsing when analyzed in the third and fifth year post- 

brushing but had no effect on these attributes in other post-brushing years (Table 2.1). 
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Fig. 2.2. Comparisons of mean niorphological attributes of shoots from brushed and unbrushed willows collected for 2 to 3 winters post- 

brushing for 1995-brushed sites (Hucklebeny Cui, Waterlily Lake, Sawmill Pic) and for 3 to 5 winters post-brushing for 1993-brushed sites. 0: 
* indicates a significant effect of brushing when site effects are considered. Error bars = 1 SE, n is shown above each bar. 



Table 2.1. P values for coniparisoiis between bruslied and linbrushed plants for iiiorpliological attributes of shoots across al1 sites 

by year since brusliing. The clipping column indicatcs the effect of the percentage of shoot reiiioval by clippinghrowsing during 

the previous winter when treated as a covariate in thc analyses. Values in parentlieses represent slopes for significant effects of 

the covariate. 

Shoot Aitribute Ycar 2 Year 3 Ycar 3 Year 4 Ycar 5 

(1995 Sites) (1 995 Sites) (1993 Sites) 
t 

(1993 Sitcs) (1993 Sitcs) 

Trcatnicnt Site Clipping Trciitmcnt Site Clipping Trcstmcnt Sitc Treatment Site Clipping Trcatment Site Clipping 

Length (cm) ~0.001 <0.001 O. 1 10 ~0.00 1 <0,00 1 <0,00 1 <0.001 <0,001 0,050 <0.001 0,022 <0.001 <0,001 0.029 
(+O, 105) (1.0.0 I 6) (t0,004) 

Basal Diam. (mm) <0 .0  1 0.0 13 0.0 12 <0,00 1 <0,00 1 <0.00 1 <0,001 <O.OOI 0.092 <0,001 0,223 0,025 0,014 0.01 1 
(-0,005) (t0.008) (+0,007) 

Tip Diani. (mm) 0.020 0,07 1 0.023 0.041 0.254 0.268 0.099 0,502 0.858 0,914 0,832 0.211 0,006 0,519 
(-0.007) 

- 

t For the first winter's sampling, we did not measure the previous winter's browsing by nioose. Consequently, the effect of the 

covariate could not be assessed for these data, 



Shoot Chemistr)) 

Mechanical brushing afTected the chernistry of Scouler's willow shoots for 

winters following brushing (Fig. 2.3)- Although tannin content in the shoots of willow 

varied arnong sites fkom 3 to 5 years pst-brushing (Fig 2.3), tannin content was lower in 

the shoots of brushed when compared to unbrushed plants in the second year d e r  

brushing (Fig. 2.3, Table 2.2). The lignin content of willow shoots also varied among 

sites for 2 to 5 years post-brushing, but was lower in the shoots of brushed plants for as 

many as 3 years post-brushing (Table 2.2). The digestible energy content of willow 

shoots was different between sites for at least 5 years post-brushing and was lower in the 

shoots of brushed plants for 2,3  and 5 years after brushing (Fig. 2.3, Table 2.2). 

Digestible protein also varied among sites for 2 to 3 years post-treatment and was lower 

in the shoots of brushed when compared to unbrushed plants for at least 5 years post- 

brushing (Fig. 2.3, Table 2.2)- 

As the previous year's clipping and browsing intensity on willows increased, the 

tannin and lignin content of shoots produced in the following year increased when plants 

were analyzed in the second year afier brushing (Table 2.2)- Increased clipping/browsïng 

intensity, however, caused a decrease in digestible energy and digestible protein of the 

following year's shoots when analyzed in the third to fifth and fiflh post-brushing years, 

respectively (Table 2.2). The previous year's clipping/browsing had no effect on these 

attributes in other post-brushing years. 

Leaf Senescence 

A higher proportion of brushed plants had predominantly green leaves when 
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Table 2.2. P values for comparisoiis between bruslied and unbruslied plants for chernical attribiites of shoots across al1 sites by year 

since brushing. The clipping coluinn indicates the effect of the percentag of shoot renioval by clippinghowsing during the previous 

winter when treated as a covariate in  the analyses. Values in parentlieses represent slopes for significant effects of the covariate. 

Shoot Aitribuic Ycar 2 Ycir 3 Ycar 3 Ycür 4 Year 5 

(1995 Sites) (1995 Sites) ( 1 993 si les)' ( 1993 Sites) ( 1  993 Sites) 

Trcatmcni Sitc Clipping Treatnicnt Siic Clipping Trcainicnt Site Trcatmcnt Siic Clipping Treaimcnt Sitc Clipping 

Tannin ~ontcnt' 0.013 0,053 0.022 0,192 0.021 0.065 0,255 0.003 0.476 <0,001 0,201 0.625 0.003 0,255 
(+0,453) 

Lignin (% DM) 0.005 0,002 4 ,001 0,244 O. 191 0.072 0,031 0,003 0.333 0.014 0.056 OS 19 0,036 0,177 
(+O.QO 1 ) 

Dig. Energy (kcallg DM) <O.OOI ~ 0 . 0 0  1 0.203 0,018 0,004 0.010 0.913 <0.001 0.095 0.002 0,034 0.003 4.001 <O,OI 
(-2,859) ( - L I  22) (-3,700) 

Dig. Protein (% DM) 0,006 0.037 0.389 0,256 0,594 0,083 0.018 0,008 0,035 0.061 0,744 0,045 0,078 0,023 
(-0. O 1 O) 

t For the first year's sanipling, we did not nieasure the previous year's browsing by inoose. Consequeiitly, the effect of the covariatc 

could not be assessed for these data. 

* Tannin content is the square of the dianieter (mm) of the precipitation ring (see text). 



cornpared to unbrushed plants on 8 October 1996, in the second fa11 after brushing, on 2 

of the 3 sites brushed in 1995 (Sawmill Pit: j = 0.33, z = -1 -68, P = 0.048; Huckleberry 

Cut: f i  = 0.67, z = -1.87, P = 0.03 1). Brushed plants from only 1 of the 3 sites brushed 

in 1993, however, showed signs of delayed leaf senescence in the fourth fa11 afier 

brushing (Three Buck: j = 0.35, z = -1 -74, P = 0.041). When we measured differences 

in the proportion of brushed and unbrushed plants retaining green leaves on a weekly 

basis in the fa11 of 1997, we found that brushed plants fiom 2 of the 1995 sites 

(Hucklebeny Cut and Waterlily Lake) showed a delay in leaf senescence in the third fa11 

afier brushing (Table 2.3). The third site (Sawmill Pit), however, showed no differences 

(al1 P > 0.061) in leaf senescence between brushed and unbrushed willows on any of the 

sampling dates. Patterns of leafsenescence in the fia fa11 (1997) after brushing for 

plants brushed in 1993 were not quite as clear. Of the 3 sites brushed in 1993, only 

brushed plants in North Layton showed a delay in leaf senescence towards the end of the 

observation period; unbrushed plants at Sackner Pit showed a delay in leaf senescence for 

the majority of the observation period (Table 2.3). At the Three Buck site, however, no 

differences (al1 P > 0.342) in senescence between brushed and unbrushed plants were 

observed throughout the observation period. 

Bro wse Survey Results 

The average shoot diameter at the point of browsing was not significantly 

different between the shoots of brushed (3.95 f 0.58 mm) and unbrushed willows (3.83 

+ 0.56 mm; F,,, = 1.144; P = 0.287) when analyzed in the third spring after brushing. 

The shoots of unbrushed willows were, however, browsed past current annual shoots and 

into older stem materials significantly more oflen (82.0%) when cornpared to the shoots 





of brushed willows (15.6%; X : = 66.67, P = c0.001). 

Discussion 

Shoot Morphology 

Although shoot morphology of both brushed and unbrushed willows varied 

arnong sites, mechanical brushing caused willows to produce shoots each year that were 

larger than the shoots of unbrushed plants for 4 to 5 winters post-brushing. Willows 

responded to bnishing by produchg compensatory shoots in the h t  and second year 

following darnage that had smaller tip diameters, but were 4 to 5 times the length and 

mass of shoots of unbrushed willows growing in wiidlife strips. In successive years, 

willows continued to produce current annual shoots that, on average, were larger than the 

shoots of unbrushed willows, although the magnitude of difference between shoots of 

brushed and unbrushed willows appeared to decline with t h e  since brushing. By the 

fourth and fifth year post-brushing, the shoots of brushed willows, although still 

significantly larger, were on average, less than twice the size of shoots tiom willows 

growing in wildlife strips (Fig. 2-2). 

Mechanical damage kom clipping and browsing often affected the morphology of 

shoots produced in the year following clipping/browsing (effects of the covariate in 

cornparisons among treatrnents). Generally, in the post-brushing years in which the effect 

of clipping/'browsing was significant (years 3 to 5; Table 2.1), an increase in the intensity 

(4-98% of current annual shoots) of clipping/browsing during the previous winter caused 

an increase in the size of shoots produced during the succeeding year. In the second 

winter after bnishing, however, increased clipping intensity during the previous winter 

seemed to have the opposite eEect: an increase in the previous winter's clipping led to 

decreases in the size of shoots produced in the following year. 



Plants ofien respond to increased clipping intensities by producing larger shoots 

(Danell and Huss-Danell 1985; Bergstr6m and Danell 1987a; Danell et al. 1994), but 

decreases in shoot sizes with increased clipping intensities may also occur when plants 

are severely stressed (Danell and BergstMm 1989). This type of response may help to 

explain why willows normally produced larger compensatory shoots with increased 

clipping intensity except when clipping was imposed in the fïrst winter (following a 

single truncated growing season) after severe damage from brushing. 

Vigorous vegetative regeneration and the production of large compensatory 

shoots following mechanical damage (Le., cutting, browsing) is a common growth 

strategy for deciduous shrubs and trees that pioneer early-sera1 sites (Coates and 

Haeussler 1986; Sennerby-Forsse and Zsuffa 1995). Black cottonwood (Populris 

trichocarpa) saplings, for example, produce sprouts over 3 rn ta11 and over 3 cm in 

diameter in the first 2 years following coppicing (DeBell and Alford 1972). This type of 

growth response to darnage is particularly adaptive for plants such as willows growing in 

young boreal forests where plant competihon for canopy occupancy is intense (Aarssen 

and Irwin 1991; Hjalten et al. 1993) and where the highest herbivore pressures are exerted 

closest to the ground (Danel1 et al. 1987). The capacity to respond in this fashion appears 

to be particularly developed in plants that must Çequently compensate for herbivory 

(Ouellet et al. 1994). Physiochemically, such responses have been attributed to an 

attempt by the plant to re-establish its disrupted root-to-shoot ratio (Kramer and 

Kozlowski 1979; Tschaplinski and Blake, 1994), and involve the allocation of plant 

resources into shoot growth and crown formation in the years immediately following 

tissue removal. 



Total biomass and the absolute number of growing points on a plant decreases 

following removal of stem tissues. This loss results in a disproportionate allocation of 

plant resources to relatively fewer growing points which leads to the production of fewer, 

but larger shoots (Bergstr6m and Danell 1987a). As plants regenerate, branch and 

produce new meristematic tissues in the years d e r  damage, however, the number of 

above-ground growing points increases and the amount of plant resources distributed to 

each new shoot becomes proportionately reduced (Danell et al- 19856). An increase in 

meristem numbers with time coupled with a decrease in resource allocation per meristem 

causes willows compensating fiom damage to produce more, but smaller shoots, 

eventually leading plants to reassume a form of growth and overall biomass production 

similar to that of pre-damaged plants. 

Our data suggest that the shoots of willow generally become smaller with tirne 

since brushing (Fig. 2.2). These data indicate that foliowing the fust 2 post-treatment 

years of vigorous compensatory growth, plants produce shoots similar in morphology to 

those produced by more mature or unbrushed willows. Although the shoots of brushed 

wiliows were stili significantly larger than the shoots of unbrushed willows in the fifth 

winter afier brushing, decreases in the shoot size of brushed willows with time since 

brushing suggest a trend in which both brushed (following several years of compensatory 

growth) and unbrushed plants eventualty produce shoots of similar size. As plants begin 

to regenerate and reassume a more mature, predarnaged fonn of growth in the years 

following brushing, previous differences in the chemisûy and leaf phenology also begin 

to disappear in as Little as 2 to 3 years post-brushing. 



Shoot Chemistry 

Brushing prornoted the growth of large compensatory shoots that were lower in 

tannin, lignin, digestible energy and digestible protein for at least 2 winters after brushing 

(Fig. 2.3). Although in most cases the previous winter's clipping and browsing did not 

affect the chemistry of shoots produced in the succeeding year, clippinghrowsing did 

affect shoot chernistry in some years, The tannin and lignin content of willow shoots 

produced in the year afier clipping, for example, increased with an increase in the 

previous year's clippinghrowsing intensity when analyzed in the second winter after 

brushing. As the previous year's clipping/browsing intensity increased the content of 

digestible energy and digestible protein found in the shoots produced in the year after 

clippinghrowsing decreased when analyzed fiom 3 to 5 years after brushing, respectively 

(Table 2.2). 

Ln those cases in which increased clipping/browsing intensity affected shoot 

chernistry, plant response was generally similar to brushing (except for the positive effect 

on tannin and lignin content in the second post-brushing year). The added stress of 

cIipping/browsing on recently-brushed willows may have promoted the production of 

shoots that responded differently (in tenns of tannin and lignin content as well as 

morphology) to increased clipping intensity in the second post-brushing year. Plants 

stressed by repeated hare browsing following cutting, for example, may produce shoots 

that are higher in phenolic compounds such as tannins and lignin during winter (Bryant et 

al. 1 985). Overall, however, we found that the tannin and lignin content remained lower 

in the shoots of brushed Scouler's willow for 2 and 3 years following treatment, 

respectively, when these plants were compared to unbrushed willows growing in the 

wildlife strips. Reductions in the tannin and lignin content of browse have also been 



shown to occur following other forms of mechanical damage (Dutoit et al. 1990; 

Nellemann 1990; Suter 1993; Singer et al. 1994). 

Reductions in the tannin and lignin content of  shoots following brushing are likely 

due to the allocation of plant resources into shoot elongation over the production of 

chemical defences, as the production of tannins and lignin often compete with growth for 

cornrnon metabolic substrates such as phenylalinine (Herms and Mattson 1992). 

Alternatively, the inverse relationship between shoot size and phenolic content may be 

driven largely by tannin production rather than resource cornpetition, because tannins are 

important antagonists and regulators of giberellin hormones that promote stem growth 

and elongation (Kramer and Kozlowski 1979). The smaller shoots of unbrushed plants 

may be due to the growth-inhibiting effects of tannins, rather than tannin content being 

reduced due to the allocation of resources towards growth and away fiom chemicai 

defence. In either case, Scouler's willow appears to compensate for mechanical damage 

by producing large compensatory shoots low in phenolic metabolites. This strategy, 

although not shared by al1 boreal plants mryant et al. 1983), allows for vigorous growth 

following darnage and leads to increases in plant nutntional value with respect to 

chemical anti-herbivore defence (Herms and Mattson 1992). 

In addition to reductions in tannin and lignin content, brushing likewise resulted 

in reductions in the dry matter digestibility of shoots produced following brushing. Such 

reductions were due to increases in structural materials such as cellulose and 

hemicellulose (as detennined by detergent analysis) apparently synthesized to support the 

growth of Iarge vegetative shoots. Reductions in dry matter digestibility resulted in 

decreases in digestible protein and digestible energy in the shoots of post-brushed growth 



when compared to unbrushed willows and were significant for at least 4 to 5 years 

followuig brushing. 

Decreases in digestibility ofien occur in association with increases in shoot size 

and are likely a result of the increasing proportion of structural cortex to bark materials 

found in relatively large shoots (see Chapter 1). Because homogenizing and analyzing 

extremely large shoots can reduce the bark to cortex ratio as well as the digestibility of 

plant tissues, some authors have recornmended that the more distal portions of shoots (Le. 

those that are utilized by moose), as well as whole shoots, be analyzed (Eastman 1984; 

Danell and Bergstrorn 1985). Following such a recommendation may have revealed 

smaller differences between the digestible protein and energy (and possibly tannin) of 

shoots from brushed and unbrushed willows in our study. 

Siîe Effects 

The shoots of willows collected fiom different sites in the sarne post-brushing 

winter ofien varied in morphology and/or chemistry within and between brushing 

treatments (brushed and unbrushed). The differences between the shoots of bnished and 

unbrushed willows, however, were similar among sites. Analysis of these site effects 

revealed that 1 of the 3 sites fkom each of the 2 brushing years appeared to be largely 

responsible for the effects of site detected in the analyses. Brushed and unbrushed 

willows from both the 1993-brushed North Layton and 1995-brushed Waterlily Lake sites 

produced shoots that were generally smaller with higher chernical contents than either of 

the other 2 sites bnished in 1993 or 1995, respectively. Although differences in site 

elevation (- 50 m; North Layton and Waterlily Lake) do not explain the differences 

detected in the shoots of willows among sites, differences in yearly meteorological 

conditions between sites (Le., localized Erost pockets, amount of precipitation, etc.) could 



affect patterns of plant growth and the nutritional value of plant tissue for herbivores 

marner and Kozlowski 1979; Ba and Hjeljord 1991). 

Variation in the distance between brushed and unbrushed willows across sites 

rnay have also contnbuted to site effects if variation in distances between such plants 

altered the ability of both bmshed and unbrushed willows to send and receive airbome 

chernical signals fiom nearby plants. Willows and other plants alter the emission of 

certain volatile organic compounds into the air following mechanical injury (e.g . , 

herbivore attack; Rhoades 1985). Some evidence suggests that nearby, unattacked plants 

can detect and respond defensively to such airbome substances by increasing phenolic 

concentrations and decreasing the nutritive quality of plant tissues (Rhoades 1985). An 

increase in phenolic concentrations could, in tum, inhibit shoot elongation and the 

production of large shoots (Kramer and Kozlowski 1979). 

Plant proxiniity and/or root comectivity, site-to-site variation in soi1 nutrients, 

moisture and leaching as well as plant population genetics (Eastman 1984) may have also 

contributed to site effects. Because the nutritive quality of shoots from male and female 

willows can differ significantly (Danell et al. 1985a), differences in the sex ratios of 

plants between sites may have also contributed to site effects. Whatever the cause, 

brushed and unbrushed willows growing on the Waterlily Lake and North Layton sites 

had relatively small shoots with increased chemical concentrations when compared to 

willows growing on the other 4 sites. Treatment effects, however, revealed the 

predictability of plant response to brushing across al1 sites. These results agree with those 

of Danell et al. (1997), who suggest that the morphological and chemical response of 

plants to damage are of a more generalized nature across the landscape and more 

important and less flexible than the external differences arnong various sites. 



Replacing and increasing sampling units (willows) fiom year to year in an effort 

to reduce the loss of inferential power prevented us fiom taking repeated measurements 

fiorn al1 plants in consecutive years. Despite replacements and increases in samples, 

however, some plants were sampled consecutively across each year of the study so that 

the effects of clipping/browsing (as a covariate) could be assessed. These repeated 

measurements of some willows throughout the study raised issues of sampling 

independence. Clipping/browsing levels could not be maintained at a constant level 

across years for a given plant (as plants were not contained within enclosures and were 

therefore exposed to browsing by moose d e r  clipping treatments). Consequently, we 

were unable to track individual willows (repeated mesures analysis) across years and 

sirnultaneously include the changing effects of c~ipping/'rowsing. Therefore, in order to 

assess the effects of clipping/browsing on plant response to brushing, we did incur some 

loss of independence among years. 

Leaf Senescence 

We detected yearly delays in fa11 leaf senescence in brushed willows for up to 4 

years post-treatment on some sites. Differences in biotic, abiotic ancilor meteorological 

factors among sites likely contributed to diflerences in senescence among brushing 

treatments between sites. Although we did not directly measure how much longer 

brushed plants retained green teaves over unbrushed plants, our results revealed 

significant differences in the proportion of willows bearing green leaves between brushed 

and unbrushed willows for up to 3 weeks following the onset of leaf colouring. 

Delays in leaf senescence, as indicated by the retention of green leaves in the fall, 

were significant in brushed willows and obvious on the landscape for up to 4 years after 

brushing. Similar delays in leaf senescence occurred in red willows (Salk lasiandra) in 



response to beaver cutting (Kindschy 1989) and in little rabbitbrush (Chrysothamnus 

viscid~~onîs) and snowberry (Symphoricarpos vaccinioides) in response to clipping 

(Willard and McKell, 1978). Delays in fa11 leaf senescence are thought to be a result of 

plant rejuvenation and the reallocation of existing nutrients to relatively fewer extant 

shoots (Millington 1963; Danell et ai. 1997). Such delays generally only last as long as 

plants continue to compensate for lost shoot biomass (Willard and McKell, 1978), which 

according to the delays we detected in the leaf senescence of Scouler's willow, may be as 

little as 3 to 4 years post-brushing- 

Inplications for Moose 

Generalist herbivores preferentially attack plants in which defences have been 

reduced by physical stress such as mechanical damage (Rhoades 1985). The African 

elephant (Loxodonta afiicana), for instance, prefers to browse on large compensatory 

stump shoots, and is even thought to manage the production and availability of such 

shoots by selectively fefling preferred browse trees (Jachmann and Bell 1985)- Moose 

may or may not consciousIy farm compensatory growth (Danell et al. 1994), but 

nonetheless select the shoots of plants that have been previously browsed or broken 

(Danell et al. 19856; Suter 1993; Singer et al. 1994) and select the largest shoots available 

(Penner 1978; Risenhoover 1987a; Schwartz 1992; Bowyer and Bowyer 1997). Moose 

will even select large stump shoots (such as those produced following brushing) when 

available (Wolff 1978; Bergstr6m and Hjeljord 1987; Bevins 1989; Suter 1993)' 

presumably due to changes in the morphology and chemistry of compensatory growth 

that make them more palatable and easy to browse (Danell et al. 19856). Selecting large 

shoots also enables moose to increase bite size and intake rates per cropping effort 

(Shipley et al. 1994; Gross et al. 1993), which can facilitate maximizing energy intake 



while minirnizing the amount of tirne spent foraging in the open, away from mature forest 

cover (Weixelman et al. 1998). 

Our data indicated that the moose browsed shoots at similar diameters, on 

average, when browsing the shoots of brushed (3.95 mm) and unbrushed willows (3.83 

mm). Others have described low variability in moose bite diameters on willows over 

wide geographic areas (Kielland and Osborne 1998). Close examination of bark 

characteristics of browsed shoots ftom unbrushed willows, however, reveaied that the 

majority (82%) of these shoots had been browsed well past current annual growth and 

into older 2 and 3 year old stem tissues. Moose browsed beyond the smailer current 

annual shoots and into older stems of unbrushed wïllows presumably in an effort to 

maintain larger bite sizes (Shipley et al. 1994). 

A significantly smaller percentage (15.6%) of shoots ftom brushed willows were 

browsed past current annual growth. Compensatory shoots produced following cutting 

are generally too large for moose to consume in a single bite (Huseby 1982). 

Consequently, moose generally do not browse past the current annual growth scar and 

into older stem tissues when feeding on larger stems. 

AIthough browsing the smaller shoots of unbrushed willows alone would increase 

digestible energy and digestible protein intake, the incorporation of oIder stem materials 

into each bite significantly reduces plant digestibility and nutritional value (Hjeljord et al. 

2 982; Wolfe et al. 1983; Vivb and Sæther 1987). For this reason moose typically avoid 

browsing older stems (Danell 1983). Reasons other than overall quality per bite, 

however, rnay help to explain moose browsing beyond the current annual shoots of 

unbrushed willows. Browsing in wildlife strips, for exarnple, may afford more cover and 

protection fi-om predators when compared to browsing in recently brushed and more 



exposed areas of the forest stand; such factors c m  significantly influence foraging 

strategies (Weixelrnan et al, 1998). 

Although moose typically select browse based on shoot size when other variables 

are controlled for, moose are also known to select browses that are lower in phenolic 

compounds such as lignin (Risenhoover 1987b) and tannins (Bryant and Kuropat 1980; 

Bryant et al. 1983; Singer et al- 1994). Lignin and tannin content are ofien more 

important :m cietennining browse selection by herbivores than the digestiïle energy 

(Bryant et al. 1983; Coley et al. 1985; Robbins et al. 19876). Lignin is virtually non- 

digestible and interferes with the microbial digestion of cellulose (Blair et al. 1980) and 

tannins can reduce protein and dry matter digestibility (Robbins 1987a; Robbins l987b; 

Hagerman et al. 1992) or may act as toxins (Mehansho et al. 1987). 

Lignin content determines plant fibrosity and toughness (Spalinger et al. 1986) 

and may be the reason moose specifically avoid this component of fibre (Risenhoover 

19876; Nellemam 1990). Concentrations of lignin have a large influence on the nutritive 

quality of shoots (Shipley and Spalïnger 1992) because increases in lignin concentrations 

increase the handling tirne of winter food items (Spalinger et al. 1986). increases in 

handling time reduce the rate of forage intake and are costly in terms of the energy budget 

of the animal, because energy and nuûient intake are highly dependent on forage intake 

as well as numtive quality (Spalinger et al. 1986). Although increased handling times 

and reductions in forage intake are, therefore, likely to occur when moose browse the 

more lipified, smaller shoots and older stems of unbrushed willows, these problems are 

not Iikely to occur when moose browse the shoots of brushed willows in the first 3 years 

post-brushing. 



ln addition to lignin, moose specifically avoid tannins (Bryant and Kuropat 1980; 

Bryant et al. 1983; Suter 1993; Singer et al. 1994) and may avoid other phenolic 

compounds such as salicylates (salicylic acid; Raskin 1992) when browsing willows, 

although the role of such compounds in the winter foraging ecology of the moose remain 

unclear. Moose appear to avoid tannin-containing browses even though they produce 

salivary-tannin-binding proteins to help neutraiize the e ffects of dietary tannins 

(Hagerman and Robbins 1993; luntheikki 1996). Such avoidance may be related to the 

inability of moose to bind al1 tannins from ail deciduous browses (including some 

willows; Junetheikki 1996). 

Although dormant browse stems contain relatively little tannin when compared to 

other forage items (Hagerman and Robbins 1993), these srnall amounts of tannin are 

sufficient to bind al1 of the tannin-binding protein fiom moose saliva (Junetheikki 1996). 

The production of shoots with even slight reductions in tannin content, such as those 

produced in the second year &er brushing (4-24 % on average; Fig. 2.3) might appear, 

therefore, to potentially increase the nutritional value of willows for moose. Although we 

cannot estimate absolute tannin levels in winter browse, these 4-24% decreases likely 

represent very small absolute differences in taunin content between brushed and 

unbrushed willows. In addition ungulates appear to be able to compensate for even 

relatively high levels of tannins with increased digestible energy intake (Merril 1 994). 

Consequently, increased energy intake rates achieved by simultaneously cropping several 

smalIer shoots fkom unbrushed willows could outweigh apparent increases in the 

nutritional value of shoots due to reduced tannin and lignin content. Estimating intake 

rates of moose browsing brushed and unbrushed willows would be necessary to 

completely understand trade offs in absolute nutritional value. 



Although shoots of deciduous trees and shmbs constitute the majority of the 

rnoose winter diet (Pierce 1983; Risenhoover 1989), moose select leaves rather than shoot 

materials in the fa11 and early winter as long as leaves are available (Regelin et al- 1987). 

Moose will even forage on fdlen leaves in the fdl (Renecker and Hudson 1986) even 

though they typically select the greenest foliage available (Bergenid and Manuel 1968). 

Because the availability of green leaves in the fa11 landscape are considered important to 

moose and other herbivores (Chapin 1980; Schwartz et al. 1988a), delays in fa11 leaf 

senescence in the years following brushing act to increase the nutritional value of willows 

for rnoose. 

Conclusions 

Brushing altered the overall nutritional value of browse for moose for several 

years afier brushing. Brushed willows may not have been available in the first winter 

afier brushing (depending on the timing of brushing; see Chapter l), but these plants 

retained green leaves in the second fa11 (and likely the fïrst; see Chapter 1) and had large 

shoots with reduced tannin and lignin content in the second winter following brushing. In 

the third winter following treatment, brushed willows had shoots with less lignin that 

were larger, but contained more structural cornpounds (Le., cellulose), that reduced 

digestible energy and digestible protein compared to shoots of unbrushed plants. Brushed 

willows continued to show signs of delayed leaf senescence in the third fa11 after 

brushing. In the fourth and fifth years following brushing, reductions in lignin content 

and delays in leaf senescence were no longer apparent and browse shoots continued to 

remain lower in digestible protein and digestible energy but larger in size. 

The previous winter's clipping/browsing intensity ofien had a significant effect on 

the nutritional value of shoots produced by willows in the year following 



clippinghrowsing. Because the intensity and effect of browsing on each plant varied by 

year, however, we were unable to assess the effects of brushing on individual plants Çorn 

year to year. The confounding effects of browsing, therefore, reduced our ability to track 

individual plants and reduced our samphng independence fiom year to year. Although 

this likely had little bearing on our hdings within years, limiting browsing variability 

fiom year to year through the use of exclosures would aiiow for repeated measurements 

and the tracking of individual plants across years. In turn, such an approach would allow 

for closer tracking of the effects of brushing fiom one post-brushing year to the next. 

Irrespective of site, willows responded to brushing by producing shoots that were 

thicker, Ionger and heavier than the shoots of unbrushed willows for several years after 

brushing. Willows also showed consistent reductions in the chemical contents of large 

shoots produced after brushing, although the number of post-brushing years that these 

reductions were apparent differed depending on the particular chemical attribute in 

question. 

Aside fiom reductions in overall available biomass, the most obvious effect of 

brushing is an increase in the size of shoots produced by willows in the years following 

brushing. Although large shoots are typically lower in digestible energy and protein, 

moose are particularly adapted for prehending large bites (e.g., willow shoots; Shipley et 

al. 1994) and select larger rather than smaller shoots regardless of overall nutritional 

yuality (Jia et al. 1997). Weixelmaun et al. (1998) found no correlation's between the use 

of Scouler's willow and protein content or dry matter digestibility by moose and 

speculated on the potential role of plant secondary compounds in their diet selection. 

Despite these findings potential reductions in overall nutritional value due to decreased 

protein and energy digestibility following brushing could outweigh gains in overall value 



due to increased shoot size, decreased tannin and lignin content and delayed leaf 

senescence. 

Cafeteria-style feeding trials are likely the most accurate way to predict moose 

preferences and intake rates and to understand trade offs faced by moose when selecting 

for the shoots of brushed versus unbrushed willows. Furthemore, extensive browse 

surveys within experirnentally controlled stands would help to delineate the use of 

brushed and unbrushed areas without removing natural influences known to drive moose 

foraging strategies (Le., snowdepth, predator threats, etc.). Combining such information 

with our present findings may help resource managers compare the effects of brushing 

with herbicide applications and determine the overall impacts of brushing on browse 

quality for rnoose. This, in tuni, may aid managers in the development of vegetation 

management strategies for wildlife strips and adjacent stands. 

Not al1 woody deciduous plants respond to mechanical damages (Le., brushing) in 

the same manner as Scouler's willow (Ouellet et al. 1994; Alpe et al. 1999). Other 

woody plants such as aspen (Populus spp.), birch (Betula spp.) and ash (Sorbus spp.), 

however, appear to respond to mechanical damage (at least morphologically) in a fashion 

similar to that of willow (Coates and Haeussler 1986). For resource managers interested 

in the specific effects of brushing on particular browse plants, M e r  experimentation on 

browse species of interest should be conducted because a combination of species, site 

characteristics, and previous browse history, will likely influence plant response. 

Furthennore, the timing of brushing (see Chapter 1) influences plant response and the 

resulting quality of browse for moose. 

Obviously each factor associated with a particular influence on plant response to 

brushing must be investigated to hl ly understand the overall implications of brushing on 



the production and quality o f  browse, Many questions regarding species-specific plant 

responses to mechanical brushing and the implications that brushing may have for 

anirnals other than moose remain unanswered- Despite this, resource managers c m  begin 

to use these resuIts in combination with fùture findings to manage bntsh, not oniy for 

conifer production, but for wildlife such as  moose that are often found whtering in young 

managed stands. 



CHAPTER 3. CONCLUSIONS AND RECOMMENDATIONS 

Stand-tending activities such as mechanical brushing affect the availability and 

quality of browse for moose in winter. The degree to which plants are affected by 

brushing, however, depends on several factors including plant species, the timing of 

damage and site characteristics. These factors influence the ability of plants to 

compensate fox such darnages. Mechanical brushing must, therefore, be considered in 

relation to moose ecology as weil as conifer production. 

This research examined the e&ts of mechanical brushing on the nutritional 

value of an important browse for moose in winter: Scouler's willow. We examined the 

effects of the timing of brushing on the nutritional value of regenerating browse shoots 

for the first 2 winters after brushing and determined how the nutritional value of shoots 

was affected in the first 5 years following brushing at the field level (without a timing 

component). Specifically, data were collected to help to identifi: 1) the most appropriate 

time to brush to increase the nutritional value of browse for moose and; 2) how brushing 

affected the nutritional value of willows in the first 5 years inunediately following 

brushing. 

To assess the effects of the timing of brushing on the nutritional value of 

Scouler's willow, we brushed willows at 6- and 4-week intervals during the growing - 

seasons of 1996 and 1997, respectively. We then recorded plant response in terms of 

compensatory shoot growth, leaf senescence and leaf flush and collected samples fiom 

willows in the f i s t  and second winters following brushing to determine the effects of 

different brushing treatrnents on the morphology and chernistry of shoots. To determine 

the long-term effects of mechanical brushing and the effects of clipping and browsing on 

the nutritional value of willow following brushing, we compared the quality of browse 



produced by brushed and unbrushed willows on 6 sites fkom 2 to 5 years post-brushing. 

We also conducted a browse s w e y  to assess the utilization of brushed and unbrushed 

wiIlows. We considered the nutritional value of wiIlows for moose to increase if willows 

retained leaves longer and produced shoots that were large and low in tannin and lignin 

content. We also considered the absolute nutritive value of shoots to increase with an 

increase in digestible energy and digestible protein content. 

Our research indicated that mechanical brushing altered morphological, chernical 

and phenological attributes of Scouler's wiIlow that are known to influence forage 

selection by moose for a number of years following brushing. In general, willows 

responded to brushing by showing signs of delayed leaf senescence and by producing 

large cornpensatory shoots lower in tannin, lignin, digestible protein and digestible 

energy than the shoots of unbrushed plants in the years following brushing- 

The specific response of willows to brushing depended on the timing of brushing. 

Wil!ows brushed in July compensated for brushing by producing new growth that, 

overall, was more nutritious for moose in the first 2 post-brushing years when compared 

to plants brushed at other times during the growing season or unbrushed controls. Plants 

brushed earlier than July did not delay leaf senescence as long and had shoots ha, + were 

less nutritious than July-brushed willows in the fïrst and second post-treatment year. . 

Although the shoots of willows from plants brushed after July were comparable in quality 

to the shoots of July-brushed willows in the second post-treatment year, these willows 

had shoots that were unavailable in the first winter d e r  brushing and showed delayed 

leaf flush in the first spring following brushing. July-brushed plants also had shoots 

larger and more nutritious for moose in tenns of digestible energy and protein, tannin and 



lignin content and showed delayed leaf senescence longer than unbrushed willows in the 

first 2 winters post-brushing 

Although chemicai, and to some extent morphological, attributes of willows in 

both brushed areas and unbrushed wildlife strips varied among sites, the trends in plant 

response to brushing were similar among sites. Digestible protein and digestible energy 

were lower in the shoots of brushed when compared to unbrushed willows for 4 to 5 years 

following brushing. The shoots of brushed willow were, however, lower in tannin and 

liagin content for 2 and 3 winters following brushing, respectively. Additionally, brus hed 

plants produced shoots that were larger than the shoots of unbrushed willows for at l e s t  

4 to 5 years following brushing and showed delayed leaf senescence longer than 

unbrushed plants for up to 3 consecutive falls post-brushing. 

The intensi ty of the previous winter's c lipping and browsing sometimes affected 

the nutritional value of shoots produced during the following year. When the effect of 

clipping/browsing was signi ficant, the effects were generally similar (except in the 

second post-brushing year) to the effect of brushing: shoot size increased and shoot 

chemistry decreased with an increase in the previous year's clipping intensity. Because 

moose select browse in late fa11 and winter based predominantly on shoot size, as well as 

tannin and lignin content and the presence of leaves, the changes occurring in willows - 

following brushing appear to increase the amount of food normaHy selected by rnoose. 

Of the suite of shoot attributes altered by mechanical brushing, increases to the 

size of willow shoots in the years following mechanical brushing may be the most 

important to moose. Reductions in the lignin and tannin content of these shoots may help 

to increase their digestibility and palatability and delays in leaf senescence may provide 

moose with leafi, nutritious forage later into the fall; larger shoots allow moose to take 



larger bites and reduce the occurrence of browsing past current annual growth, In this 

way, large shoots facilitate an increase in the intake of current annual growth and a 

reduction of older, less nutritious 2- and 3-year-old materials into each bite that ofien 

occurs when moose browsed the smaller shoots of unbrushed willows. 

Willows brushed in July produced large compensatory shoots, which were low in 

tannin and lignin and high in digestible protein relative to willows brushed at other times 

or unbrushed willows. Willows brushed in July also delayed leaf senescence and retained 

green leaves late in the fall. Although brushing (regardless of timing) reduces overall 

available browse biomass, changes due to brushing in July led to increases in the overall 

nutritional value of browse for moose in the first 2 years post-brushing. We, therefore, 

recommend brushing in July in areas where concerns for an uninterrupted supply of 

browse for moose exist- 

The long term nutritional value of post-brushing growth remains questionable due 

to reductions in the energy and protein digestibility of compensatory growth. These 

reductions were associated with increases in the amount of structural materials (i.e., 

cetlulose) which we found in the large compensatory shoots produced following 

brushini& Although larger shoots aid moose in takuig larger bites, understanding the 

trade offs between increases in shoot (bite) size and reductions in digestibility must be 

more closely investigated to completely understand the biological significance of changes 

in browse quality for moose following brushing. Only after conducting cafeteria-style 

feeding trials and, determining in situ intake rates, will the actual value of shoots fiom 

brushed and unbrushed plants for moose become evident. Understanding these factors, in 

combination with the present findings, will help to provide resource managers with 

information necessary to manage wildlife strips and adjacent forest stands not only for 



conifers but for the production of browse for moose- Such idonnation may also be 

useful to managers considering supplanting chemical methods of bmsh control with 

mechanical methods. 

Our findings regarding the effects of mechanical brushing on the nutritional value 

of browse for moose is based solely on the response of Scouler's willow to brushing. 

Other research into plant morphological responses to cutting, however, suggests that 

willows respond to darnage in a manner typical of other early-successional woody plants. 

The findings of this study and the implications to the nutritional value of browse for 

moose are, therefore, likely to be applicable to plants other than willows growing in 

regions other than the SBS dw3 sub-zone. 

The application of our findings to other areas is particularly pertinent when 

considenng changes in shoot morphology following brushing; shoot size increased 

following brushing regardless of site. Although changes in shoot chernistry ofien 

depended on site, the importance of brushing to moose is likely more closely related to 

the production of larger shoots for several years by brushed plants than changes in shoot 

chemistry in the years imrnediately following brushing. For this reason, the implications 

of brushing on the browse quality of shoots for moose in winter are likely to be sirnikir 

across severaI different areas. 

Further research into plant response to mechanical brushing will continue to 

strengthen our understanding of the effects that brushing can have on the production of 

browse for animals such as moose in the years following brushing. For example, because 

the intensity of browsing on plants changed fiom year to year, tracking the effects of 

brushing on individual plants fiom one year to the next was impossible. The construction 

of exclosures, in this case, could help to limit the variability of tissue removal of 



individual plants between years and allow for repeated rneaures and an assessrnent of 

bmshing on individual plants fiom one pst-brushing year to the next. 

Using such measures will help to increase our understanding of how plants 

respond to such practices irnposed at different times, across different plant species and 

geogaphical boundaries. This in turn, WU aid in the fomulation of appropriate 

management strategies for brush control in areas where concerns for the quantity and 

quality of browse for moose exist. hplementing such strategies will then allow for a 

more integrated approach to controlling vegetation in which considerations are made not 

only for conifer production, but for animals such as moose wintering and foraging in 

recently brushed stands. 
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APPENDICES 

0 CELLULOSE 
0 LUGNIN 

DISTANCE FROM SHOOT TIP (cm) 

Appendix A. The percentages of 3 forms of fibre in the distal portions of Scouler's 

willow shoots collected in the winter of 1997 as measured fiom the shoot tip. To 

obtain these data 4 to 6 shoots were randomly sub-sampled fiom shoots collected 

fi-om 75 brushed and unbrushed willows. These shoots were sectioned, separated by 

section, combined and homogenized for determinations. Means are determined fiom 

analyzing the materials twice. ADF is acid detergent fibre. Error bars represent I 

SE. 



Appendix B. Cornparison of biomass and mineral content in the shoots of willow 

brushed in June 1996 (n = 15) in the first winter after brushing and unbrushed (n = 11) 

controls. Degrees of fieedom for al1 cornparisons were 1,24. ppm indicates parts per 

million, 

Shoot Attribute Brushed SE Unbrushed SE F P 

Mass (g)  

Boron (ppm) 

Calcium (%) 

Carbon (%) 

Copper ( P P ~ )  

( P P ~ )  

Magnesiurn (%) 

Manganese @pm) 

Nitrogen (%) 

Phosphoms (%) 

Potassium (%) 

Sulphur (%) 

Zinc @pm) 



JUNE-BRUSHED JULY-BRUSHED UNBRUSHED 

Appendix C. Proportion of willows in each brushing treatrnent that were brushed 

in 1997 showing signs of fa11 deer browsing in the same year following mechanical 

brushing. z tests indicated that June-brushed willows were browsed more than July- 

brushed ( b =  0.231, z = -3.306, P < 0.001) or unbrushed willows (@=  0.219, z = 

-3.628, P < 0.001). The amount of browsing was not significantly different (5 = 

0.046, z = -0.564, P < 0.286), however, among July-brushed and unbrushed willow. 

Error bars represent 1 SE. 




