
VEGETATION AND UNGIILATE RESPONSE TO FOREST

CLEARINGS IN THE DUCK MOI]NTAIN, MANITOBA

A Thesis

Submitted to

The Faculty of Graduate Studies

University of Manitoba

In Partíal Fulfil.lrnenÈ

of the Requirements for the Degree

Master of Scienr:e

by

Aníta Scher.¡e

March 1981



rr\nlhaË this country needs are more ECO-ECO experts:

ecologists who wontt destroy the economy while saving

the ecology, and economists who wonrt destrov the

ecology whíle saving the economy."

-J. Kesner Kahn in ttlíne ortYPertt
Chicago Tribune



VEGETATION AND UNGULATE RESPONSE TO FOREST

CLEARINGS IN THI DUCK I.'4OUNTAIN, MANITOBA

BY

ANITA SCHEI/'JT

A thesis sLrt¡lllittecl to the [:acLrlty ol C]raduatc StLrclies of'

thc Uuivcrsity ot'lv{anitoba in partial f ulfillnlcnt oi the requirerrients

of' thc dcgrec ol

I\1AST[R OF SCIINCE

o l98l

Pe rnrission has been grantecl to the LIBIìARY OF THE UNIVER-

SIT'\' OF lvlANl'fOBA to lend or sell copies of this thesis, to

thc N¡\'l'lON¡\L LItllìAIì\'OF CANADA to niicrofilm this

thesis lncl to lencl or scll copies of the film, ancl UNIVERSITY

N4lCl{OFILMS to publish an abstract of this thesis.

J'hc ruthor rescrvcs other pLrblication rights, and neither the

[]rcsis ¡ror cxte¡rsivc cxtracts froul it may be printed or otÌrer-

wisc re¡rroduccd r.vitlrout the author's written pennission.



ACKNOI{TEDGEMENTS

I would líke to acknowl-edge the suPPort and advice of all

the members of the Botany Departnent esPecial-ly my supervisor, Dr.

J. St.er^rart, the head of the DePartment, Dr'J' Reld, and the other

members of cornrittee, Dr. D. Punter and Dr. T. Booth and of my

external couruittee member, Dr. M. Shoesnith. Funding for the project

was kindly provided by the Manitoba Department of Natural Resources

r,rith additíonal he1-p in Ëerms of advice, equipment and l-odging.

In particular, I r¡ouLd like to thank the following members of the

Department of Natural Resources: Dr. M. shoesmith, D. Davies, Dr.

v. crichton, L. PoraÈh, D. Bigelow, P. Minton, P. Perchull, and other

members of the staff at Dauphin, Swan River and Grandvier¡.

I acknowledge the assistance of G. Davis, P. Maclellan' A.

Schewe, R. Kenny, K. StewarÈ, J. Porter, W' Klenner, B' Schewe' C'

Shea, and S. Latta in the field, in tbe laboraüory and in manuscript

review.

a1

PhotograPhic hel-P from Dr.

iclentification fron G. Keleher'

and aerial photography assfstance

are gratêful,lY acknowledged'

A. Olchowecki and M. BYrant, Plant

typÍng asslstance from V. Patrick'

of M. BYrant and Dr. L. Van Caeseele



l- at

ABSTRACT

The vegetaËion and ungulate response Èo clear-cuttiúg were

investigated at four sites, Sarah Lake, Lidstone, Garland Canyon

and l{ink Creek along Lhe Duck Mountain, Manitoba. The cleared plots

ranged fron 0.5 to 2 ha and r,Jere, in most ínstances, rectangular.

The plot(cleared area), the edge of the plot and the control(mature

stand) r¡rere examined.

The nunber and type of herbs, shrubs and trees were deter-

mined for the plot, edge and control. Species diversity, browse

production and the abundance of herbs and shrubs vrere greatest along

the edge of the plots. ìlost plots contained more individual plants

and species of planËs than the controls.

Dry weíghts of twigs predicted from dry diameters were used

to estimate browse consr:mption by ungulates. The weight-diameter

relations and the percent moisture of I0 browse speeies were monitored

over Èhe span of a year. High correlations of weight and diameter

were found for twigs of red-osier dogwood (Cornus stoTonifera) ,

mountain maple (Acer spicatun), and trernbling aspen(PopuJus

trenuToides) throughout the year. Pincherry(Prunus pensglvanica),

chokecherry (P. virginiana), beaked hazel(corgJus cornuta); balsam

poplar (e. balsamifeta), willow(salix spp.), saskatoon(ÀmeJanchier

aTnifol-ía) and low bush-cranberry(yjburnum eduJe) showed a greater

variation in the weight-diameter relations wit,h the highest correla-

tions occurring
/

rdas at a maxlrp.um

Browse use

in midr¿inter. The percent moisture of the tw-igs

in the late spring.

determinaÈion, pellet group count.s, rumen analysis,



track counts and general observatíons of moose (alces alces) , elk

(Cervus eTaphus-¡ and white-tailed deer(Odocoifeus vitginianus) in

the sites showed that these ungulaÈes !,Iere using the plots more

than the controls. Available cover, browse production, other

environmental factors and mants dísturbance affected the use of the

plots by the ungulates. The edge, providingcover and food' \¡/as

used more frequently than the plots and the controls '

The benefits of the habitat manipulation projecÈ in the Duck

Mountain exceeded the costs when these benefits are evaluated in

reference to hunter use of the areas. An increase in ungulate use

of the plots provided the hunters with a greater probability of

shooting some big game animals. Increased hunter use of the areas

brought more revenue into the area.

IV
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A. General Introduction

A habitat manipulation project r^Ias undertaken by the Depart-

ment of NaËural Resources on the edge of the Duck Mountain, Manitoba,

to increase the moose(eJces aJces), elk(Cervus elaphus), and white-

tailed ðeer(OdocoiLeus virginianus) use of large mature stands of

trembling aspen(Popufus tremuToides) and balsam poplar (p. balsamifera).I

The Duck Mountain ís located in the northwest corner of

southern Manitoba. The four sites(Sarah Lake, Lidstone, Garland Canyon

and Mink Creek) selected for manipulation are on the edge of the Duck

Mountain ForesÈ Reserve. BeÈneen L972 and 1978, 238 plots ín the four

sites r¿ere cleared r.rith bulldozers and chaínsaws.

The areas that have been cleared r^rere formerly used for logging

and agriculture. The main vegetaËion on these disturbed sites was

mature poplar foresË. The dense sÈands of aspen and balsan poplar

províded 1itt1e available browse for the ungulates. There were few

shrubs under the dense tree canopy. The ground cover \,las luade up of

shade tolerant species such as wild 1i1y-of-Èhe-va11ey(øaianthemum

canadense) and sarsaparilla(aralja nudicaulis). Broq¡se species such

as red-osíer dogwood(cornus stoTonifera), beaked hazel(CorgJus cornuta)

and cherry shrubs(Prunus spp.) vrere scarce.

Clearing opened up the forest canopy allowing light to pene-

Ërate to the ground surface. Pioneer speeies and specíes from the uature

forest colonized the clearings. Aspen suckers, shoots of Èrees, shoots

of shrubs and sapl-ings soon dominated the vegetation in the cleared

zoÍte. The plots contaíned a r^rider diversity and a greater

-1.rËhoritíes 

for a1l binornials are found Ín Appendices A, B and c.



abundance of plant sPecies.

The moose, elk and white-tailed deer were attracted to these

early seral stages of succession because of the available and abundant

food sources.

This Èhesis is divided into fíve chapters with a general conclu-

sion and management recoomendatíon section. The firsÈ chapter íntroduces

the thesis topie and descríbes the necessary background information for

the four study sites. The second chapter contains Èhe results of the

vegetatíon analysis. Chapter III outlines the seasonal- changes in the

twig weíght-dianeter relations of ten bror¡se species. The regression

equatíons generated in this chapter are used to determine the browse

consumpËion of the ungulates in Chapter IV. Ungulate response to

clearcuts and to the change in vegetation in clearcuts is discussed in

Chapter IV. Chapter V outlines the costs and benefits of the habitat

manipulation Project.



B. Objectives

The objectives of this study rüere:

1) to compare and contrast the floristics and distribution of plant

species within the cleared plots and mature forest sÈands of the

four studY sites.

2) to determine the best time of year to collect twígs of browse

species in order to predict dry weight of brov¡se from dry dia-

meter of twígs.

3) to determíne the food habits of white-tailed deer, e1k and moose

ín the Duck Mountain sËudY sites.

4) to determine the use of clearcuts near the Duck Mountain by moose'

elk and whíte-tailed deer.

5) to assess the 1ífe span of cleared plots in terms of preferred

browse species and ungulate use.

6) to determine if the benefits of the Duck Mountain Habitat Maní-

pulation Project exceed the costs.

7) to recolünend management procedures to mainÈaín the mosaic of seral

stages in the mature forest and to maintain or improve use of the

clearcuts bY the ungulates.



C. Site Description

(a) Location

The general study area ís located along the Duck Mountain Peri-

phery frorn 100030' to 101045r west longÍtude and 51015'to 52015'north

latitude(Fig. 1.1). It rises above the surrounding Manitoba plains

between two other prominent landscape features Ín the province: the

Porcupine Mountain to the norËh and the Riding Mountaín to the south.

MosÈ of the Duck Mountain ís enclosed within Èhe Duck Mountain Provin-

cial Park and Èhe Duck Mountain Forest Reserve.

The study sites are located in four areas along the Duck Moun-

tain Forest Reserve. Three of the sites, Garland Canyon, Mink Creek,

and Sarah Lake, are located on the Periphery Lands of the ForesË

Reserve(Inset of Fig. 1.1). The Lidstone site Ís located within the

f'orest Reserve. The locations of the plots v¡ithín the Mink Creek,

Garland Canyon, Lidstone and Sarah Lake sites are found ín Fig. !.2,

Fig. 1.3, Fíg. 1.4 and Fig. 1.5, respecÈively.

(b) Geomorphology

The Duck Mountaín rises 350 roeters Ëo 500 meÈers above the

lowlands with the greaËest relief found on the eastern escarPment.

Baldy Mountaín at 831.2 meters, the highest elevation ín I'lanitoba' is

found wíthin the Duck Mountaín Provincial Park.

The area was under salt water in the Cretaceous period(50-

100 roillion years B. P,). The North American conÈínent began to form

when the Precambrian rock core began to ríse above the r¿ater. The

uplifting of the shale formed hy pressure on the sea Ëottom resulËed

4.



Fig. 1.1. The locaËion of the

Reserve ín Manitoba

four studY sites

Duck Mountaín Forest

and the locatíon of the
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Fíg. L.2. Location of the study plots in the Mink

Creek site
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Fíg. 1.3. Location of the study plots

CanYon síte

in the Garland
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Fig. I.4. Locatíon of the study plots in the LidsËone site
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Tig. 1.5. Location of the studv plots in the Sarah Lake

siËe (found on followíng page).

Plate 1.1. The size and shape of the 71 plots at Sarah Lake

ín L974 taken from aerial photograph (Department of

Energy, Mines and Resources, A,ir Photo Number A

233s0-84),
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in the Riding Mountain Formation which includes the Duck MounËain.

The easÈern escarpment formed ¡,rhen the hard surface on the Èop of

the formatÍon díd not erode as quickly as the underlyíng softer rocks.

lühere erosion was the greatest, Ín the Valley River and S¡nran Ríver

valleys large breaks were formed in the Rídíng Mountain Formatíon

which separated the three mountain areas ín the province: Duck,

Riding and Porcupine.

In the Pleistocene, glaciers began to carve Paths Ëhrough the

uplands. Other landscape features such as ground moraines and end

moraines were deposÍted by the glacier. The origínal shale is now

covered by glacíal dríft. The retreat of the tr{isconsin Ice 20,000

to 30,000 years ago, and the formation of Lake Agassíz 10,000 years

ago, added more feaËures to Manitoba landscapes. Beaches and plateaus

\,üere formed giving gentle rises in elevation on the east side of the

Duck Mountaín escarPmenË. Heavier precipitatíon on the upland had

resulted in the erosion of sÈeep walls of shale by rivers. Steep

river valleys and some small canyons now hold tiny sÈreams.

(c) Soíls

The general soil type for the Duck Mountain area is grey-wooded

(Ellis 1959). The A and B horizons are generally well defined being

slightl-y acidic to acidíc. The glacial- drifÈ has resulted ín the Pre-

sence of boul-ders and stones ín all layers of the soil profile. The

yellow sandy clay and clay gravel mj-xtures predominate in the lower

horizons.

i0

The specific soil type varies in each of the four sites. fn

Mink Creek and Garland Canyon, there are four different soil types of



which three only occur in signífícanÈ amounts. The three major types

are the GrifÈon AssocíaÈion, Peat and Eroded slopes complex. The

Grifton Association covers most of the Mink creek and Garland canyon

sites. Peats cover 800 hecfares of the Mínk Creek block while only

small amounts of peaÈ are found in the Garland area(Searle and Bukowsky

r973).

The Grifton Associatíon is made up of sandy Ëextured soils '

PockeËs of gravel- and sand are connon. Natural fertilíty of the soil

is low but the soils are usually well to inperfectly drained.

The Eroded Slopes Complex occurs along the streams where

slopes are relatively steep. The Plots LTere not p]-aced near erosion-

prone slopes so there would be 1íttle soil of this Lype near the plots

(Searle and BukowskY 1973).

ThePeaÈislargelydependentonthevegetationtypecovering

íts surface. The peat is slightly to strongly acidic and ranges from

a few to 70 cm deep. The vTater table is generally high'

(d) Clinate

The study area is ín the liurnid lficroÈherr¡.al I¡Iarm Summer Clinate

zone(DepartmenË of Tourism, Recreation and cultural Affairs L973) ' The

Èemperature and precipitaÈion vary greatly between upland and lowland'

The precipítation is up to 507" higher in the upland wÍth 3-4 degree F'

cooler mean tenperatures ín July as v¡ell as in January. The onset of

vegeÈative growth of the plant species ís about 10-14 days later in

the spríng in the uplands as conpared to the lor^rlands(DeparÈment of

?ourism, Recreation and Cultural Affaírs L973) '

Tn 1979 and 1980 there \,Iere Some differences in the weather
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between the study sítes on the easË síde(Garland Canyon and llink Creek)

and on the north side(t,ídstone and sarah Lake). There was a kílling

frost in early September 1979 on the norËh side of the Duck Mountain

whí1e the planÈs on the east side remained unËouched by frost until

a few vreeks later. The winter snow depths also varíed. Garland and

Mink Creek had maxímum snow depths of 40-45 cm r¿hÍle Lidstone and

Sarah Lake recorded snow depths of 60 cm in 1980'

(e) Flora

The Mixed l,troods section of Èhe Boreal Forest is Èhe prinary

vegetation type for the Duck Mountain(Rowe 1956) with aspen, balsam

poplar, paper birch(BetuTa papgrifera) and white spruce(eicea gJauca)

the dominant trees. on the sandy ridges in Èhe Garland area, jack

pine(einus banksiana) is common. Tamarack(Larix Jaricina) and black

spruce (eicea mariana) occur ín the undraíned areas. Aspen and balsam

poplar are the dominant trees found in the dísturbed areas where the

plots are located.

Beaked hazeL is the domínant shrub wíth red-osier dogwood,

willow(^SaJjx spp.), alder(efnus rugosa) and hígh-bush cranberry

(Viburnun opuTus var. americanum) abundant in the moiéter areas.

Chokecherry (Prunus vitginiana) , saskaËoon (Amelanchier aLnifoJia) ,

píncherry(prunus pensgTvanica) and rose(Rosa spp.) are conìmon when

líght and soíl condítions are suitable(Department of Tourism'

Recreation and Cultural Affairs 1973).

The understory is typically made up of herbs such as sarsaparílla

(eralia nudicauTis), wild strawberry(rragaria virginiana), wíld lily-

of-the-valley, Lindleyts aster(asÈer cil-iol-atus) and dewberry(nu'bus
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pubescens). Very little light peneÈrates to

dense aspen and poplar stands thus providing

for the growth of most herbs(Peterson 1955).

Appendix A contains a complete list

in the Garland Canyon, l{ink Creek, I-idsÈone

Authoritíes for all specifíc names are also

(f) Fauna

I,Ihite-tailed deer, moose, and elk are found ín the stúdy

area. The average density per square mile for the ungulates(obtained

from aeríal surveys in L977) is recorded in Table 1.1. Appendix B

lists avian fauna while Appendíx C lists the mammalian fauna found

in the study sites. Other mammals corrunon to Èhe area include the

snowshoe hare(-Lepus americanus), red squirrel(Taniascjurus hudsonicus) .

meador¡ vole (øicrotus pennsglvanicus) and black bear(ursus americanus).

the understory of the

an unsuiÈable environmenL

of Ëhe plant species found

and Sarah Lake sites.

found ín the appendioes.
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Table 1.1. The densíty of r,ühíte-tailed deer, moose and elk in the

studv sites ín 1977.

Site

Lídstone

Sarah Lake

Garland

Mink Creek

Deer

1.0

),

4.0

Densítv Per Square Mile

Moose

5.0

l-. 4

)1

Etk

2L.5

3.9

11

l_.rJ



A number of bird species are found in the study sítes (Appendix

B). Black-capped chickadees(Parus atricapitJus), ruffed grouse(Bonasa

unbeJJus), blue jays(Cganocitta cristata) , conmon ravens (Corvus corax)

and gray jays(Periosoreus canadensis) are the common winter inhabitants

of the Duck Mountaín ForesË. Additional birds,conmonly seen in the summer,

íneluded chestnut-sided warblers (Dendroica pensgJvanica), white-

throated sparro$rs (Zonotrichia aLbiocollis) and American redstarts

(setophaga ruticiTTa) .

(g) General HistorY

Explorers and traders found the Duck MounËain nore difficult

to travel through than the surrounding plains. Therefore little is

known about the area in pre-settlement times.

Fur trapping becane the areats major índustry when Èhe North-

vrest and the Hudson's Bay Companies began buyíng furs. As seËtlers

became establíshed in the area the fur industry declined but it is

of minor importance today.

Settlement first took place in the lowlands r¿here the terrain

vias even and the soils were rích. The buílding of Èhe raílroad to

Cowan, on the northeast side of the Duck Mountain, opened up the area

north of the mountaín for settlement. The increase in settlement

resulted in a demand for timber from the Duck Mountain forests. The

demand was satisfied by the esÈablishment of numerous sav¡milIs, especi-

a1ly in the Grandview area. As the construcÈion of houses declined,

timber was diverted into the production of pulp and paper,

In 1906, the Duck Mountain Forest Reserve \¡las set aside to
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serve Èhe need for tinber conservation. In 1961, the centermost ParË

of the Reserve was declared a provincial park. some of the land sur-

rounding the Forest Reserve, alËhough not part of the Reserve Ítself'

is also or,med bY the Crovm.

In 1973 , !25 hectares are included within the províncial park,

245,OOO hectares are included withín the Provincíal Forest Reserve and

25r000 hectares are included within other crornm lands(Department of

Tourism, Recreation and cultural Affaírs 1973). The cror^m lands or

períphery lands are beíng assessed to determine theír best possible

uses. They act as a "buffer zone" which can heJ-p to resolve the conflicts

beËween agriculÈural and forestry operations '

(h) HisËorY of Plot PreParation

The 238 habitat manipulatíon ploÈs were found in the Periphery

lands(Sarah Lake, Garland canyon and Mink creek) and in Èhe Duck

Mountain Forest Reserve(T,idstone). The possible sites for the ploÈs

were flagged and Ëhen cleared manually or mechanically between I972

and 1979.

]InlgT2theclearingbeganintheelevenplotsatLidstone

(Fig. 1.4) and in the 71 plots at Sarah Lake(Fig' 1'5)' A bulldozet

and a t\^70 man crew r¿ith chaín saws felled the trees and left them

v¡here they fell. ln L974 t:ne debris in the Lidstone plots was pushed

into píles and burnt. Inlet condÍtions at sarah Lake hampered atEemPts

to burn the slash ín Ëhese Plots '

Tn I976-L977,21 plots(Nr¡mbers 24,51,53-71 and half of plot

52) in Sarah Lake were recleared with bulldozers. The bulldozers pushed

the logs into windror^rs. Tn 1978, 29 moxe plots(Nuurbers 1-8, 10-12, 3I-
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51 and half of plots 52, 9 and 28) were cleared again in the same

manner as 1976.

The size of the Lidstone and Sarah Lake pl-ots varies between i

anð 2 hectares. The shapes are also varl-able as can been seen fn

Plate 1 and in the naps(Fig. I.4 and 1.5).

Beginning ln L974, the plots tn the Mink Creek area(Fig. 1.2)

and Garl-and Canyon(fig. 3) on the east side of the Duck Mountain were

cleared by pushing the logs into windrows with a bulldozer(Bukowsky

1974, Bigelow 1975). The windrours ln some plots run parall-el to one

another whil-e in others they are perpendícular(Plate 1.2). Most pJ-ots

are rectangul-ar averaging 0r5 to two hectares(Plate 1.2 and Fig. L.2

and 1.3). Some are U-shaped and some are triangular(Plate 1.2).

All of the plots found in Sections 13, 24, 25: and 36 of Mink

Creek(Fig . I.2) as well as plots L-Lz, 19 and 10 in Section 1l for

a total of 63 plots r¡ere cleared in 1974(Mínton 1975).

In 1975, the remaining 7 plots in Section 11(plots 13-18 and

2L) and plots 1-6 in Section 2 were bul-ldozed. A1so, in 1975, all

42 plots Ín the Garland Canyon block were cleared. The remaining Mink

Creek plots, numberíng 38(Sections 26, 27, 34 and 35), were bulldozed

iP I97 6

In plot preparation, careful attention was paid to the löc¿tion

of the pl-ots. The followlng crfterÍa were adhered to: 1) all plots

were cl-eared in the winÈer, 2) all plots were flagged to avoid erosion-

prone slopes, 3),, a1-1 pJ-ots lrere prepared on land which had been disturbed

by fire or agriculture resulting in mature aspen and bal-sam poplar

cover and 4) Èo decrease erosion, a buffer zone of at l-east three meters
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on either side of small ereeks vras left in Èrees, if these creeks

happened to cross a plot(Searle and Bukowsky 1973). Once flagged some

plots did not meet the above criteria so they \4rere noÈ bulldozed(.thus,

the nonsequential ntrmbering in some areas).
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Plate 1.2 The shape and síze of plots.

a) Rectangular plots (2 lna) wíth paral1el windror¿s

were the conmon ones in Mink Creek. The upper

plot in the photo is divided in two by a residual

stand of trees 1efË growing beside a stream.

b) Varíable sizes and shapes made up Ëhe Lidstone plots.

Note the Large trees stil1 standíng in the p1ots.

c) Some plots at Garland were U-shaped.
:

d) oËher.Garland plots were tríangular.





COMPARISON BETI^]Eili

CLEARCUT STANDS

CHAPTER I]

MATURE POPLAR FORESTS AND RECENTLY

rN THE DUCK MoUNTATN, }{ANTToBA



A. Introduction

Many factors influence the ïecovery of vegetation in the

boreal forest region after disturbance(La Roi i967, Heinsefunan 197O and

1973, Dix and Swan 1971, Rowe and Scotter L973). Since clearcutting

and fire in a forest result in similar vegetation changes they wíll

be reviewed together.

The climax stage of the boreal forest is the black spruce or

rvhiÈe spruce community(Rowe 1956) . Before this stage is reached,

the area goes through a number of seral stages. Poplar- poplar

spruce-spruce poplar-spruce is one sequence suggested by Rowe(1956)

for the Mixed l^Ioods section of the Boreal Forest.

Clearcutting from loggÍng is a common factor in the succession of

twentieth century forests because fires have been suppressed. The

end-product of clearcutting and burning ís a mosaic of ,vegetation

on the landscape(Cowan and Hatter 1950, Spencer and ChaËelain 1953'

Vierick 1973, Le F.esche, Bishop and Coady L974, Peek 1974b, Trwin

1975). Communities of different vegetation types or in different seral

stages are found in close proximity to one anot.her due to the patchiness

of burning or clearing. Following logging and fires, the seed banks

and rooting characterisLics of some species allow some areas to return

to their original species composition r¡iithin a few growing seasons.

The resulting mosaic in the boreal forest is prime habitat for some

North American ungulates(See Chapter IV).

Many factors affect the rate of successíon and the floristic com-

position of each seral stage. PrecipitatÍon, slope, soil type' root
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competitíon, litter accumulation, temperature, anína1 use and amount

of sunlight are a few factors whích have'a direct Lrr""a on succession

( Wright and Heinselman 1973 ). The amount of clearcutting and the

intensity of burning affect the rate of succession ( Cook 1939, SËelfox,

Lynch and McGill-is 1976, Usher 1978 ).

In addition to the gross changes in plant communitíes, fire

and clearcuËting affect the structure of each corrnunity. The openíng of

the forest canopy is one important aspect of clearing as light is a

principal factor in controlling the growth of the lower strata(Rowe

1956). I{hen the canopy is cleared the J-ight can reach the soil surface.

Tree-tall shrub-low shrub-tall herb-low herb-moss is a series r¡hich

shows increasing tolerance to shade(Rowe 1956). With rnore light the

species ríchness or species diversity(Whittaker 1975) of the sËrata

is increased. As the t.ree canopy closes Ín, less light can reach the

soil surface.

The effect of cLearcutting on trees is dependent on the type

of logging. It is a co rnon foresÈry practice to thin stands of trees

to pronote the growth of certain species(Cook 1939, Graham, Harrison

and l.Jestell 1963, Patton and McGinnes 1964, Kneirim, Carvell and Gill

L97 l, Spurr and Barnes 1980). I.tlhen there is a total clearcut, regenera-

tion of the tree species is dependent on their growth form. Aspen is

one tree whose regeneration is enhanced by fire or clearcutting(Grahan

eÈ al. 1963). As the production of aspen suckers is controlled by apical



dominance, the kilting of the above ground portion results in numerous

new asDen shoots (Farmer L962). I^Iinter cuttíng results in more vigorous

growth of aspen shoots from suckering ¡¡hereas sunlmer cuttíng will re-

sult ín the same growth but it wíll only occur the following summer

(Galvin, Hoover and Avery L979). For other tree species including

birches, maples, and oaks, síde shoots gror¡r when the main branch of

the tree is kil1ed. These ne\^r sDrouts of hardwoods are preferred by

deer over the seedlings of the same species (Cook f946).

Shrubs which sprout prolifícally after a fire include saska-

toon, hazel-, alder, mountain maple, and v¡illow (Leege and Hickey I97L,

llright and Heinselman L973). The number of specíes of shrubs and Ërees

which serve as brorvse for the ungulates increases after clearcutting

or burning (Covran et al. 1950, Halls and Aleaniz L968, Díx and Swan

797L, Kneirim et al . L97L, Leege and Hickey L97L, Stelfox et al. L976,

Usher L977 and 1978). In addition to the increased production of

vegetative portions of shrubs, the production of fruít increases ín

forest clearings (Lay 1966, Hal1s and Alcaníz L968, tr{ríght and

i 
^-^\flel-nserman L9 I J) .

The herb layer changes significantly after a fire or logging.

Pioneer species including thistles, goldenrods, fireweed, fleabanes,

nettles and ragworts are the first to colonize the clearings

(Daubenmire 1947, I^Iright and Heinselman.l973). Ferns, blueberries and

grasses i-nhabit the clearings soon after the píoneer species (Galvín

et al. L979). The flowering of some shrubs and herbs such as fireweed

is stímulated by fires (Wríght and Heinselman 1973).

There is a change in the nutrient status of the herbs, shrubs
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and trees gro!üing in the newly cleared areas. Einarsen(1946) found

that. a reduction in light intensity decreased the protein content in

some shrubs and trees. Cowan eË al.(1950) conclude that the nutrí-

tíonal value of woody planÈs vary with the successional stages of

the vegetation. The vegetation i-n Ëhe oldest areas have high levels of

carotene but the earlier stages of succession provide the most nutritious

brov¡se for moose(Cowan et al. i950). They found that aspen and paper birch

were high quality food. Del,üitt and Derby(1955) also conclude that the

proteín content of their study shrubs increased after a fire while

other nutríent levels did not change significantly.

The effect of clearcutting and fire on soíl indirectly affects

the vegetation and its response to disturbance. As there is littl-e

cover over the soil after a disturbance, the soil heats up and cools

down much faster. The result is earlier growth of plants in spring

(Daubenmire 1947). Fires also rid the soil surface of organic debris

whereas logging contributes utore to the debris.

The effect of clearcutting on the soil nutrient sÈaËus has

been studied in detail at the Hubbard Brook ExperimenÈal Forest. The

greatest loss due to removal of the vegetation is the removal of the

storage space for water resulting in greater runoff(Bormann and Líkens

1969, Likens et al. 1970). There is a nitraÈe loss, which is follotn¡ed

by a loss of calcium, magnesium, sodium and potassíum. There is less

vegetation to take up Ëhe nutrients and Èo store them.

Even though there is an erosional problen afËer clearcutting,

the rate of revegetation affects the rates of erosion and nutrient Ioss

(Marks and Bormann 1972). The regeneration of the píncherry moderated
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the soil temperatures and rnodifíed the nutríent loss in the first few

years after clearcutting. Thus the establishment of a complete canopy

with fast-growing successional species is believed to reduce the

negative effects of clearcutting on the ecosystem.

Before such potential impacts can be assessed, iË is important

to carry out, an inventory of the floristic and browse resources of the

study area; hence, the objectíves of the plant study \dere to determíne

the composition of the vegetaÈion ín the different sites and the dis-

tribution of plant species in the clearings as compared to the mature

forest.
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B. Methods

Vegetation analysis began in May L979 and continued throughout

the summer of 1979 ar'd 1980.

Each of the study sítes was considered separately for the data

analysis. The plots at Mink Creek and at Sarah Lake were grouped ac-

cording to year of clearing. In total there were B treatment types:

Lidstone(L-73), Garland(c-75), Sarah 1973(S-73), Sarah L977 (S-77),

Sarah 1978(S-78), Mínk Creek I974(14-74), Mínk Creek L975(l"l-75)r 'and

Mink Creek I976$f-76). In addition to the different Lreatment types,

sample quadrats in the p1ot, the edge and Ëhe control vtere examined.

The plot vras composed of the actual bulldozed area. The edge was

arbitrarily set at 3 m either side of the plot cut line. The control,

the uncleared area around each p1ot, !/as chosen at 20 m in from the

plot edge. The control was believed to best reflect the undisturbed

vegetation which the plot now occupÍed. Environmental differences,

not due to clearing, between the plot and the control would be rninÍmized.

The quadrat method of vegetatíon samplíng was used for the

herbs and shrubs. The nurnber of quadrats and Ëhe size of each

quadrat \,ras determined for each treatment type with species area

curves(Ricklefs I976). The tree density in the controls r¡as calculated

using the point-quarter method.

The quadrats for the herbs and shrubs and the points for the

trees vere randomly selected by compass directions. A random number

of paces from the center of the plot located the position of the quadrat

in the p1ot. Random number tables were used to obtain random numbers for
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for compass degrees and number of paces.

The densityr cover and frequency of '411 species of herbs were

calcuLat.ed for the plot, edge and control-. The nr:mber of each species

of shrub(where any woody plant between 0 and 250 cn constituÈed a shrub)

was tabulated for the plot, edge and control The shrubs were

categorized as shrubs bel-ow 50 cn(snow depth for the winter of. I978-79),

shrubs betr¡een 50 and 250 cm, shrubs above 250 crn and the shrubs which

had been browsed by ungulates. The density of the trees and their

diameters !Íere recorded for 5 points in each control(where any woody

plant greater than 250 cm constituted a tree).

Soil was collected from the sites. Plot and control samples

from the organÍc horizon, Ëhe A/B horizon and the C horizon were selected

fron the S-73, L-73, M-75 and G-75 treatments. One hundred and Ewenty

samples were collected.

The vegetation data and soil data were analyzed using the

analysis of variance i.n the General Linear Model program in SAS pro-

grams(SAS Institute Inc., L979). An analysis of variance r,rith an

unbalanced design was used to deÈermine if variations existed between

the plot, edge and control with respect to the total number of herbs,

the number of species of herbs, the number of alien plants(those species

listed by Scoggan(1978) as naturalízed), the m:mber of shrub speeies, the

total number of shrubs, the total nunber of shrubs which are

preferred by the ungulates, the number of preferred shrubs less than

50 cn and the nr¡nber greater than 50 cm and less than 250 crn.
./

1¡" sofl data were analyzed in terms of the depth of the organic

Datter, pH, nitrogen, phosphorus, potassium and sulphur content.sr Pre-
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sence of carbonates and the percenE organic matter in the O horizon(Soil

Test Laboratory of the Manitoba Department of AgrÍculture). The

data for the plot and the control for the above parameLers r¡lere anaLyzed

separately and combined for each horizon(0, A/8, and C horizons).

Plant species lists r^Iere compiled for Sarah Lake, Lidstone,

Mink Creek and Garland Canyon(Appendix A). Scientific names follow

Scoggan(1978) and common names follow Looman and Best (L979) .
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C. Results

(a) Comparisons of the vegetation betr¡reen the p1ot, edge and

control

Comparisons of the vegeÈation bet\,teen the p1ot, edge and control

revealed that some components of the vegetation differed in the three

areas(tables 2.1 and 2.2, Appendix D). Ior example, there ís a

significantly greater number of species of herbs ín the plot and along

the edge as compared to the control at L-73, G-75, S-77 and S-78.

Lrlhen the data f or all the Sarah Lake plots are pooled, there is a

sígnifícant difference between p1ot, edge and control for the number

of species of herbs, the number of alien plants, the number of species

of shrubs, the total number of shrubs and the number of 1ow shrubs(O-

50 crn). Fig . 2.1 graphically illustrates the differences in the total

number of species of herbs in the ploË, edge and control in the

quadraËs sampled for each of the treatments.

Even though there is a number of nonsignificant differences

between the plot and the cont,rol, trends do show up. Generally,

the control has the lowest number of species and individuals of each

species as compared to the plot and the edge.

The control areas v¡ere under a dense canopy of aspen(Plate 2.la).

The denstiy of trees ranged from 13.58 to 20.13 trees per 100 t2(ttb1"

2.5). The ground cover \¡ras sparse(Plate 2.1c) with sarsaparilla(erafia

nudicauLis) dominating the tall herb stratum(Plate 2.2a).

Upon examination of the data on each species of plants, trends

of habitat preference , either by actual preference for a set of

?7



Table 2.I. The varuea for the nurnber of species of herbs, the number of herbs, the number of alfen Plants, the number of EPecies of

shrubs, the number of shrubs, the number of browse shrubs, the number of browse shrubs bet$Jeen o and 50 cm, the nunber of browse

ehrubs between 50 and 250 cn for the plot, the edge and the control. The average varue for each category is presenteil wlth its

standard error of the mean.

Si tesCategory Treatment
M-7 q 14-74s-78 tÁ-7 6 c-75

Nunber of
species of
herbs

Number

of
herbs

Nu¡nber

of
al-iens

Nunber of
species of
ehrubs

Number

of
shrubs

Number of
browse
shrubs

Number of
browse shrubs
(0-50 cm)

Number of
browse shrubs
(50-250 cm)

plot s.73 t 1.15 16.83 r 2.56 L2.25 t 2.18 14.I0 ! 0.83 19.33 t 2,56

edge 1I.00 ! 1.51 I0.83 r 0.3L 8.50 ! 1.05 1I.43 t 0.84 15.83 J 1.40

control 8.00 I 1.04 7.33 t 0.?I 8.67 ! 0.?3 9.43 I 0-65 13.67 I I-61

plot 23J- .73 ! 73.29 136.00 t 33.11 143.00 ! 24.87 205.29 t 34-49 161'56 1 35.1'

edge 50,50 t 11.81 83.33 ! 27.67 46.'15 ! 8.I8 I02.19 ! 13.25 103.17 !2I-87
control 78.80 ! 17.55 74.67 ! 14.40 63.1I ! ?'83 77.95 ! l-I.16 136.33 t 61.39

plot 8.80 t 3.87 5.50 t 2.03 25.37 ! 8.27 8.71 t 2.I7 3.33 t !'20
edge 0.60 ! 0.34 0.I7 t 0.I7 O.O0 2.6I ! I.22 I.l7 ! 1.r7

control 0.20 t 0.20 0.00 0.00 0.I0 t 0.07 0.I7 ! 0'17

plot 3.56 t 0.38 5'40 t 0.52 4.33't 0.43 6.96 ! 0.36 6.20 ! 0'7I
edge 5.58 1 O.47 4.80 r 0.44 4.33 t 0.54 5.8I t 0.34 4.80 t 0'66

control 3.08 t 0.36 3'I0 r 0.50 3.46 t 0.48 3.85 t 0.36 4.I0 ! 0'69

plor 77.II ! I2.O4 53.90 ! 9.09 7I.0A ! 14.27 76.L9 ! 7.81 54.80 t 8.77

edge 54.17 ! 9.10 36.90 t 4.00 99.33 ! 12.29 69.89 t 5.69 35.60 ! 10.98

conrrol 37,50 ! 8.61 46.80 I 12,90 40.00 ! 6.79 53.74 ! 7 .L6 78.40 t 28.48

plot 5I.00 ! 12.52 32.2o t 6.62 57.33 I 11.71 53.14 t 5.99 37.40 ! 5.73

edge 37.08 ! 9.73 24.10 t 3.18 75.67 t 10.84 43.56 t 6.o2 28.00 ! f0.31
control 2I.92 ! 6.37 26.80 ! ]-2.32 31-67 t 5.27 24.56 t 5.22 45.60 ! 22.63

plot 4L.22 ! L0.77 14.30 t 4.88 25.00 ! 6.98 14.07 t 2"68 7.80 ! 4.79

edge 10.t7 ! 3.62 7.30 1 2.5I 19.00 I 4.57 8.89 ! r.58 4.40 t 0.88
control 5.92 ! I.79 6.00 t 2.40 17.4I ! 4.64 12.48 ! 4.13 8.80 ! 3.47

plor 9.78 I 2.47 17.90 ! 4.39 30.83 1 1L85 39.07 I 6.22 29.60 ! 5.94

edge 26.92 ! 7.84 16.80 t 2-52 56.67 i 10.70 34.78 ! 5.28 23.60 ! 9.94
conrrol 15.67 t 5.15 20.80 I 12.61 20.25 ! 4.27 12.07 ! 2.88 28.Âo ! 14.82

13.33 ! 1.04

13.76 ! 0.99
t2.28 ! r.17

106.61 ! 25.I1
77.41 ! L6.68
96.67 ! 20.27

L.17 r 0.40
l.4I t 0.67
0. 11 t 0.08

6.60 I 0.54
6.2r ! 0.48
4.40 ! 0.56

75.75 ! 8.3ð
66.84 t 6.86
42.65 ! 9.06

57.70 ! 7.08
45.53 i 7.88
26.50 r 7.51

6.35 ! r.15
7.2L ! r.28

r0.00 ! 2.81

5r.35 ! 6.89
rq QQ + ? qq

16.50 r 5.19

r0,50 I r.r\'
11.00 t 2.r3
7.67 ! 0.76

63.67 ! 14.38
58.50 t 16.54
85.00 ! 9.49

0,33 t 0.33
0.17 ¿ 0. 17

0.33 t 0.33

6.50 r 0.42
5.90 ¿ 0.43
5.42 ! 0.31

53.57 i 5.37

41.70 ! 8.28
36. 7l t 3.59

20.o0 r 3.?5
6.70 r r.87

I8. 36 t 3.89

5.64 ! 1.56
2.20 ! 0.68
4 .85 r 1,39

14.36 r 2.59
4.50 t r.60

r3,2r t 3.48

13.00 ! I.4I
8.37 ! 1.27
4.87 i 0.87

I
84.33 r rô..16

5e.7s r 14.:s
18. s0 r 4.8ï

7.42 ! 3.00
3.63 I 3.08
0.00

6.50 ! 0.48
6.33 i 0.76
4.2I ! 0.35

98.44 I r7.33
60.?5 J 13.60
38,79 i 5.61

52.33 r r1.92
3?,33 ! 9.00
26.50 1 5.11

10.78 t 2.61
L2.42 ! 4.20
15.07 l i.77

4I.78 t 10.95
24.92 ! 5.03
10.57 t 2.14 co



Table 2.2. Signifi-cant differences for the vegetation parameters listed in Table 2.1

among plot, edge and control areas and among sites.

Sj.te # Êpp.
_ herbs

L-73 **

G-75 **

s-77 **

s-78 **

S-73 ns

M-74 ns

M-75 ns

l'1-7 6 ns

Sarah **

Mink **

North **

East **

All **

Significant differences among plot, edge and control areas

# herbs # aliens # spp. # shrubs # browse # browse # browse t browse kg browse

** ns

** **

ns

ns

ns

hc

ns

**

shrubs shrubs (0-50 cn) (50-250cm)_ /ha
** ** ns ns ** ** **

ñc

**

ns

*

ns

**

**

** * ** ns **

** **

ns **

ns*
** **

Significant differences among'sites

Sarah ns ns ns **

** **

** **

ns ns ns

ns ns **

** ** ns

** ns ns

** ** **

29

Mink ** ns t*

North ns ns ns

East ** * **

All ** ** **

**

**

** *

tl s

nq

**

ns

**

** * ** ns

** ** ** **

ns nonSignificant
** signif icant (oc=0.10)

*' si gni f icant (c(=0 . 05 )

ns

*

**

ns

**

ns

**

**

ns

**

ns

ns

ns

**

1¡ Þ

**

**

**

**

**

**

hq

*

**

**

*rr

**

**

**

*

**

*

**

*:
tr*

**

**

**

**

ns

**

ns

NS

NS

**

**

**
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Fig. 2.L. The total number of species of herbs in

and the control in the quadraËs sampled

treaÈmenËs.

the plot, Ëhe edge

for the different
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environmental factors or by lack of competition from other plants for these

factors, show up in some plots. Appendix D contaÍns the importance values

(sum of relative density, frequency and dominence) for the herbs at all sítes.

Table 2.3 sunmarizes the plants which were more frequently found in the plot

or along the edge, in the control or in the plot, edge and control.

A number of pioneer speeies including alien plants are found

in the dísturbed areas, the plot and the edge. Bicknell's geranium

(Geranium bickneTTi), alfalfa (uedicago sativa), whÍte sr"reet clover

(aeLil-otus atba), clover (rrifoliur¡ spp. ) , f ire weed(z'piJ obium

angustifoTíun), and stinging nettle (urtica dioica) are soue examples

of invader or pioneer species r¿hich Ínhabit the plot and the edge areas

(Plate 2.3b). certain plants appear to be able to grolr on or near

the windrows. These planÈs included stinging nettle, Bicknell's

geranÍum, rag\,üort(senecio spp. ) and strawberry blite(chenopodium

capitatum(Plate 2.3d) .

Generally the nr:mber of herbs decreased as the prot aged(Table

2.r). rn the first summer the herbs \"/ere most abundant,(pIate 2.4a),

rn the second surnmer, shrubs began to dominate(plate 2.4b and z,4d)

and by the fourth summer, the shrubs are dominant(plaÈe 2.4c). A

sequence of successional stages over a 5-year span in one Garland plot

is shor^m in Plate 2.5.

There LTas a greater diversity of shrubs in the plot and along

the edge Èhan ín Èhe control(Table 2.L). certain shrubs appeared to

be more abundant in the early sÈages of succession;,and others coñmon

in the late seral- stages and in the control. Saskatoon (Ameianchier

aLnÍfolia), balsarn poplar(Populus bal-samifera) and aspen(p. trenuToides)

J.l
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P1aÈe 2.1. Mature foresL stands before and after clearing.

a) The denseness of mature trembling aspen stands.

b) The canopy ín the nature stands.

c) The sparse herb Layer on Ëhe forest floor in the

conËro1.

d) The plot in early spring following winter clearing.





Table 2.3. Plants mcre frequent in the plot, the edge, the

control or in a combination of these.

Species common to plot, edge

and conLrol

Aster cil-iaJ-atus

AraLia nudicaul-is

Bromus cifiatus

Cornus canadensis

Carex Spp.

Fatti <al-ttm afrrên<Þ

Fragaria virginiana

Gal-ium boreale

G. trif J-orum

Lathgrus ochr øl-eucus

L. venosus

Mcrfcnsi a nanicuLata

Maianthemum canadense

Org zops i s aspeti fo l- ia

Petasi Èes paJmatus

Ru.bus pubescens

Snil-acina stefl-ata

Sonchus arvensis

Sol-idago canadensis

Stei Tonema ciliatum

Taraxacum officinal-e

VioLa canadensis

Species comm-on to the plot

and the edge

Anemone canadens¿s

A ? i na r i a

Aster novae-angJiae

Ca l-amagrosti s canadens i s

Campanula rotund ifo L ia

/'han nnnrl i ttm htt]nr i r7ttmvyvs¿q'tt tryyL

Cirsium arvense

C. muticum

ConvoJ-vuLus sepium

Catum carvi

Epi Tobium angu sti fo I iun

Geranium bicknelTii

Geum aJeppicum

Lactuca tatarica

Medicago sativa

Mefifotus aLba

PhJeum pratense

Stachgs paTustrjs

Streptopus roseus

Tr if ol- ium pratense

T. Tepens

Urtica dioica

JJ



Table 2.3 continued

Species n¡ost corunon in the control

Actaea rubra

Comandra umbel- Latum

lir¡aaa a7ninl

PgroTa asarifoLia

Monotropa unif Lora

Cg pr iped ium ca fc eol_us

34



| 2.4. Density of the most abundant shrubs in the different plots and controls.

:nchier alnifoTia

spicatum

rs s to-Z onif eta

us co-rnu ta

'era dioica

us -baJsamifera

enuToides

lttn¡iaz

rginiana

'us al-nifol-ia

oxg acanthoides

spp.

idaeus

bebb i a na

toricarpos a-Zbus

'num edu-Z e

)ulus vaf. americanum

Density of shrubs(/m2)

in the plot

? q? , <rì

- 0.'19

L.27 0.63

I.67 1.04

4 .47 2 .46

- 0.25

2.40 0.46

1.33 4.50

2.67 0.46

0. 53 0. 54

n n?

77 M-76

1.00 0.64 0.41

0. 02

. LO L. ¿5

7.33 7.52 5.81

- 1.3s 0.08

- .l )1 I ?n

I qô I QO ? ll

0.17 0.11 0.66

0.33 0.11 0.30

- 0.09 0.09

- ') n) ñ )'1.

0.33 0. 91 1. 55

2.33 7.52 0.9I

- 0.32 0.30

- 0.51 1.48

5.33 0.48 3.04

0. 50 0. 34 0. 02

- 0.04 0. 09

35

0. s8 0.31 0.67

0. 8t

1_.25 - 0.54

10.46 4.19 9.81

0.46 0.91 0.25

0. 54 0.12 0. 4 I
1.25 0.41 1.04

0. 20 0. 31 0. 04

0.47 0.09 0.42

0.63 0.47

0. t9 0. 13 0. 25

0.40 0.09 0.40

0.67 1.13 5.00

0.02

r.06 2.t6 3.77

0.20 0.19 0.67

0. 02 0. 94

Density of shrubs (/m2)

in the control

0.46 1.00 0.38 0.13

0.83 4.88

2.23 0.07 0.58 0.31

12.54 7.70 2.I2 2.69

- 3.25 0.50 0.69

0.04 0.13

0.33 0.17 0.33 0.63

0.25 0.42 -.o4
0.28 2.50 1.46 0.63

0. 33 I. 08 0. 79

0.08 0.25 0.83

2.t7 1.00 1.67 0.25

0.15 0.50 0.2s 0.63

0.03 0.08

0.08

1.73 4.33 2.08 0.38

0.04 - 0.25 0.38

0.12 0.67 0.1_7 0.06
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PLate 2.2. Plant response Ëo clearing.

a) llild sarsaparilla(araJia nudicaulis) formed the

ground vegetation in stands r¡here líght penetration

was low.

b) Cherry Lrees(Prunus spp.) hrere conmon in the pIot.

Each Èree produced more fruit ín the plot than in the

control as íllustrated by the chokecherry(p.

virginianus) growing along the windrow.

c) HazeL(CorgJus cornuta) occurred along edges where

light penetration vras high.

d) An example of shrub density in the Mink Creek ploËs

after 5 years of growth.
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PLate 2.3. PlanË response to clearing.

a) At the end of two suuunersf growth, the plot

was colonízed by numerous shrubs and herbs e.g.

f ireweed (npiloøium angustifoliun) .

b) Primary colonÍzers such as ragr^rort(Senecio aureus)

and Canada thistle (Cirsiun arvense) grew beside a

windrow in a clearing.

c) In some p1ots, larger rïees r,¡ere left standing

which left them exposed to wind damage.

d) Strawberry blite (Chenopodium capitatum) r¡¡as corunon

cn the logs of the windrow.





tended to be more abundant in the early years of rhe plot(Table 2.4),

Mountain maple (Acer spicatum) and high bush-cranberry (viburnum opuTus

var. americanum) were found more often in the control. Beaked ]r.azel-

(corgJus cornuta) !¡as most abundant along the edges and in the plots

of the older sÍtes(P1ate 2.3c). The other species rrere more variable

Ín their tolerance to shading. Appendix D lists the abundance of

less common shrubs.

Differences between the p1ot, the edge and the control were

visible in the field especially in the first year of growth(plate

2.Id). Although fruiÈ prodqction vüas not measured there \¡/as more

fruit'of pincherry, chokecherry, raspberry(Rubus jdaeus) and high

bush-cranberry(Plate 2.2b).shrubs in the plot. Herbs in the

plot also appeared to suffer more from drought conditions. The leaves

of some herbs were brovm and shrivelled by the end of the summer.

(b) comparisons of the vegetation bet\^/een the four sites

The species and distribution of plants varied bet\,/een the four

sites with significant differences for all urajor parameters of the

vegetation(Table 2.2).

Tables 2.5 and 2.6 list the density of the control trees

and the iuportance values of the controls trees, respectively, for

all sites. Trembling aspen was the most. impoïtant tree species at

all sites. The densÍty of all trees at Lidstone \,/as low in

comparison to the other sites. paper birch(aetuJa papgriferuj r""

much more abundant aÈ this site than elsewhere.

3B
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PLate 2.4. Succession in the p1ots.

a) Little grorvth occurred in the Sarah Lake plots durÍng

Ëhe first spring after clearing.

b) Numerous shrubs and herbs colonized the soil surface

during the first sunmer after clearing.

c) The Minlc Creek plots showed the dominance of shrubs

d)

especially aspen after four years.

Some plots at Sarah Lake were prepared in two separate

years. The left half of the plot in this phoËo was in

its second year of growth while the right half was in

its firsË season.
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PLate 2.5 . The successíonal stages in one p1ot.

a) After a summer's growth, Plot G-5(Section 25) was

covered by numerous small shrubs and herbs(Photo

by D. Bigelow).

b) By the second suruner, the heíght of the shrubs was

less than 3 m(Photo by D. Bigelow).

c) In the thírd sunmer, the heÍght of the trees has

increased but shrubs are sËill abundant. The number

of tall herbs and medium herbs has decreased.

d) The height of Ëhe shrubs average 3 to 3.5 m after

5 years grol^Tth(Photo by D. Bigelow).





At Sarah Lake, Mink Creek and Garland the t.ree species were

more varied but aspen was st.ill the most important follor¿ed by balsam

poplar and birch. A number of shrub species reached tree size(greater

than 250 cra) at these sites. Even though the jack pine(einus banJ<siana)

v/as present in the Garland area, it díd not occur ín sampled control.

The number of herbs differed bet\reen the sites. The speci-es

of herbs(Fig. 2.I), shrubs and trees also differed. At Lidstone, plants

adapted to moist conditions such as wild ginger (Asarum canadensis) ,

ostrich fern(øatteuccia struthiopteris), mounËain maple, balsam poplar

wild IiIy-of-the-vaLley(naianthemum canadense), bishop's cap (uitelta

nuda) and starflower(rrientalis boreaLis) were coilu¡on. Plants at the

other sites v/ere more adapted to dry condÍtions. The Garland site

had variations in plant species from dry jack pine sites r"¡ith

Agastache foenicuJ-um, CastiJTeja niniata, LiTiun philadelphicum" Zizia

aptera and Lathgrus venosus to larch (farix Taricina) dominated sÍtes

with Rharnnus aLnifolia, PotentiLfa fruticosa, Geum rivaLe and

Betul-a gJanduTosa.

In addition to some differences in vegetation, some differences

between the weather in the areas were noted. The Lidstone and Sarah

Lake sites received a killing frost in early September 1979 but Mink

Creek and Garland did not receive frost until 2 weeks later. The winter

precipitation differed by 10 to 20 cm between the northern and

southern sites(50-60 cm snor¡/ at Sarah Lake and Lidstone, 40 cm at

l"link Creek and Garland) .

(c) Soils

Table 2.7 outlines the averase values for the soil carbonate

4I



Table 2.5 Denslty

Species

PopuJus tremufoides
P. bafsamifera
BetuJa papgrifera
Afnus rugosa
Prunus pensglvanica
P. virginiana
Picea gJauca

Sal-ix sr:.
F r a x i nu s pennsglvanica

SaJix bebbiana
AmeJanchier aJnifoJia
Quercus ma crocarpa
Crataegus rotundífoLia
Acer spicatum
Larix l-aricina
Viburnum opuJus

TOTAL

of control- trees (trees/100nr2)

Lidstone Sarah MÍnk Garland llorth East All

5. 90

2.47

2.7 4

0. 00

0.00

0.00

0. 00

0. 00

0. 00

0.00

0. 00

0. 00

0.00

2.06

0.00

0. 41

13.58

L2.65 11.03

4.48 3.50

0.30 0.88

0.84 0.35

0.54 0.18

0.16 0.35

0.16 0.09

0.08 0.18

0.00 0.05

0.84 0.3s

0.08 0.09

0.00 0. r-8

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.05

20.r3 17 .28

Site

/, 1

8.41

2.55

l_.05

1. 35

0. 00

0.01

0. 30

0. 15

0.60

0.15

0. 15

0.00

0.l_5

0.00

0. 15

0.00

15.02

11.11 10.28 10.50

4.05 3.26 3.s4

0.92 0. 91 0. 9l
0.64 0.42 0.52

0.41 0.27 0.20

0. 11 0 ,29 0.20

0.11 0.17 0.14

0.06 0.20 0.14

0.00 0.20 0. 12

0 .64 0 .20 0 .44

0.06 0.13 0.11

0.00 0.17 0. tl
0.00 0.03 0.02

0.52 0.00 0.19

0.00 0.03 0.02

0. 11 0.02 0. 00

L8.74 16.39 L7.46

@ut*aveÀur*
@e@!tl'¡lÞ

ÕF A,tAl¡lTS€A
Þ}!.Ù+|+*+.

!annnrÉ!



Table 2.6 Importance values of control trees

Species

PopuTus tremuToides 113.0
P. balsamifera 92.0
BetuTa papgrifera 52.O

ALnus rugosa 0.0
Prunus pensgTvanica 0.0
P. virginiana 0.0
Picea gTauca 0.0

-cal.ix sp. 0.0
Fraxinus pennsgTvanica 0.0
Sal-ix bebbiana 0.0
Amel-anchier al-nifoJia 0.0

Quercus ma clocarpa 0.0
Crataegus rotundifol-ia 0.0
Acer'spicatum 33.0

Larix Taricina 0.0
Viburnum opulus 10.0

Lidstone Sarah

180.1- L87.3

7L.8 59.6

7 .L 16.5

10.6 5.8

7 .9 3.3
1.9 6.6

s. 3 L.7

7.4 3.9

0.0 1.0

11.5 5.4

L.4 3.9

0.0 4.7

0.0 0. 0

0.0 0.0

0.0 0.0

0.0 0.9

Mtnk Garland North EasÈ
Site

43

160. 9

65 .5

23.3

2L.8

0.0

2.3

3.9
.t .,

8.3

2.2

4.4

0.0

2.3

0.0

0.0

L65.2 180.2 L73.4

78.5 62.6 69.1

L7 .4 18.0 17 .9

8.1 8.6 9.3

6.1 3.3 4.0

1.3 5.5 4.0

3.7 2.4 3.1

0.9 3.8 2.6

0.0 2.9 1.8

9.3 4.8 6.6

0.9 2.3 1.8

0.0 3.2 1.9

0.0 0.6 0.4

6.7 0.0 2.6

0.0 0.6 0.4

1.9 0.6 1.1

All



content, pH, salinity, avaílable nítrogen, available phosporus,

available potassium, available sulphur, depth of the organic horízon

and the percent organic content in the 0 horizon. No significant dif-

ferences \,üere found between the plot and control for these parameters.

Even though there \Àrere no signíficant dífferences between the plot and

the edge for the percent organic matËer ín the 0 horizon, there ap-

peared to be a higher organíc content in the control samples at Sarah

Lake, Garland and Mink Creek (plate 2.6c). No dífferences were de-

tected in each of the soil parameters in the different layers of the

soíls. Appendix D contaíns the raw data for the soil analysis.

L+4



Table 2.7. Averase values for the soíl parameters for plot and control in the 4 sites.Ï

Site Carbonate
content
(range)

Salinítiy
mm hos/cm

pH
Avai1.

N

ppm

Avail. Avail.
PK

Ppm ppm

7" orglÏAvaíl. Depth.
S of Org.

ppm (cm)

Mink Plot
Creek Control

Garland Plot
Canyon Control

Lídstone Plot
Control

Sarah
Lake

Plot
Control

Absent
Absent

Absent-high
Absent-low

Absent-very low
Absent-very low

Very low
Very 1ow

7.L
6.7

7.0

6.9

6.5
6.3

6.1
5.8

n?
0.4

^,
0.2

^)0.2

0.2
n'l

2.3
2.8

2.3

r.+
,1

L4.6

9.1
L2.3

5.3

3.7

18. 4
17 0

14. r
3.2

345
315

209

203

396
377

482
395

10+
10+

5.8

4.9

6.6
4.6

6.L
5.4

L2.2
8.0

8.6

r1.5

8.7
11.0

7.5
8.0

23.7
43.8

49.0

70.5

55. 0
56.2

34.8
56. 8

. PlotA\'erage

Control

Absent-high

Absent-1ow

6.8

6.4

0.2

^2

4.L

4. L

aÁ

6.6

301

26s

6.3 RA

10. 4

40.6

55 .7

I".r.r"g"" all horizons
TT'.*for 0 horízon only

Þ-
Ln
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Plate 2,6. Types of plots and sampling techniques.

a) The plots at Lídstone T^7ere cleared using a bulldozer.

Later, the fallen trees were pushed ínto v¡indror¿s

and burnt. Mountain maple and raspberry preferred the

habitat along Ëhese r,rindrows.

b) The plots at Garland, Sarah Lake (1977 and L97B) and

Mink Creek were cleared wíth the trees pushed Í-nto

windrows. The r,¡índrows vrere 1.5 to 2 m hígh.

c) Soil samples, wíth partieular emphasis on the organic

layer, were collected in some study areas (L-73,

S-73, M-75 and G-75).

d) Debris consisting of rotting logs (cleared by hand

and pushed over by bulldozer) made up the S-73 p1oËs.

Density of the ne\,r growth and heíght of the aspen re-

flecËed the seven years of growth after the treatmenÊ.





D. Discussion

(a) comparisons of the vegetation between the plot, edge and

control

The vascular flora of the plot and the edge was richer in

species composition than the mature stands, even though many species

were in conrmon. corns and La Roi(1976) attribute the similarity of

species composition of the plots to the controls to the fact thac most

prant species in the control survive in the plot. They attribute

the species diversity of the plot to the influx of invader species. In

this study a greater number,ofinvader species was found in the plot

as comPared to the control. The invaders \^/ere able to take advantage

of the increased light penetration and the decreased competition for

other essential elements. A number of species \¡rere common in the nl or -

edge and control(Tab1e 2.3).

There \,¡as a rapid change in the clearcuts in the first few years

of the study(Plate 2.4). After 7 years changes were sti11 occurring

but the changes were in species abundance and not Ín species diversity.

rn the first year or part of the first year, herbs dominated Èhe

vegetatlon; however, by the end of the sunmer, the shrub and sapling

density had increased. The density of the shrub stratum continued to

increase until the seven-year stage.

Aspen achieved the highest density on the p1ots, especially in

Mi-nk Creek, Garland, and Sarah Lake,where the origÍnal composition of the

tree stratum was mainly aspen. Graham et al.(1963) found that the

number of aspen suckers was dependent on the original density of the

aspen stand. rn this study the results resemble those obtained bv

47



Graham et a1. (i963).

The plot edges contained a greater varieËy of plants than most

plots and controls. Strelke and Dickson(1980) found that the edge had

a greater number of foliage layers. plate 2.3c illustrates the

productivity of the edge habitats and the nurober of foliage layers.

rn some plots the edge vegetation \¡ras not as dense due to

the piling of some logs and other litter along the edge of the clear-

cut. rn these areas, primarily at sarah Lake, the density of herbs

and shrubs \,/as not as great along the edge as in the plot.

The soí1s in this study did not appear to be affected by

clearcutting. only one parameteï, the peïcent organic matter in the

o horizon, \¡ras greater in the control than in the plot. There would

be less organíc matter left to be incorporated into the o horizon

because the removal of the trees removed a large source of the litter.

As the plots sampled for soil were 5 to 7 years old, the

decrease in the leaf litter should be noticeable. other soil para-

meters ü/ere not expected to be different after clearcutting sínce the

regeneration of the plants occuïred quickly. As the data were varÍable,

these results could be due to insufficient sampling.

The early stages of succession last from l0 to 20 years(usher

l97B). As the plots sti1l contained a greater diversity of ungulate

food plants than the controls, the Life of the plots can only be

discussed wiËh reference to other studies and to the results i-n the

Duck Mountain study to date. The Lidstone site which was 7 years old

contained a greater abundance of plants j-n the p1ots. FÍfty percent

more shrubs v¡ere grorving in the plot as compared to the control. Ex-
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trapolation from these results and from other studies results in the

predíctíon of plot ll-fe to be 5 tol0 years. The plot life v¡ould

be increased if ungulate use r.ras high enough to retard succession.

The plots provided a greater diversfty of plant species which

r¡ould be able to support a greater díversity of animal life. Ungulates

(See Chapter IV), snowshoe hare(Usher I978> and songbirds(Strelke and

Dickson 19Bo) "." "or" animals which can benefit from Èhe plots.

There is nearby cover, a greater food supply and a habitat diversity

providing numerous niches for plants and animals.

A cycle of cleareutting should be irnpleurented so that a díversity

of habitats and a series of successional stages are provided. plots

of 0.5 to 2 hectares are recommended in order to linit darnage to the

ecosystem, especially to soils and Èhe veget.aÈion. Since the mature

forest is growing beside the clearcuts, the plants and animals can

exploit the resources offered by both areas. rn this study the edge

was used more by the ungulates(chapter rv) than the controls.

There are some disadvantages in the clearing of -the plots. Trees

left standing are more subject to r,rind damage(plate 2.3c). The trees

contain :FÊ4y nutrients which r,¡ould not be released to the environment

for many years.

(b) Comparisons of the vegetation between the 4 sites

Variation in the results is partially dependenÈ on site

differences. The sites are separated by a dísÈance of 80 kn, and

lccated on different slopes and aspects of the Duck Mountain. As
/

nany factors affect the successional sequence in the boreal foresc

(Vierick 1973)^ the vegetation response to clearcuts would be
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dependent on the same factors. These factors could be actíng dífferent-

1y in the plot and the mature stand modifying the effects of clearing.

The sites can be described according to Ror¿ers classification

scheme(1956). The Lidstone site fa1ls into the moist to very moisL

forest category while the vegetation at the other sites can be

classified as dry forest, fresh forest and moist forest. A fer¡

plots belong to the very moist to r.7et forest classes.

The diversity of plant species vüas greaËer at Mink Creek

Garland and Sarah Lake because these sites covered a larger area en-

compassing small creeks and a variety of microhabitats.
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SEASONAL VARIATTON TN

FOR

C}IAPTER. III

TI\ÏIG i^IEIGHT-DIAMETER RELATIONSHTPS

10 BRoltlSE SPECIES



A. ïntroductíon

Twig weíght-díameter relatíonships for browsed plant specíes

have been used to estímate browse consumption Éy ungulates (Crete

and Bedard 1-975, Telfer 1978). High correlations between dry díamet,er

and dry weight fot a number of browse species have been recorded

(Shafer 1963, Basile and Hutchings 1966, Telfer 1969, T,yon 1970,

Crete and Bedard 1975). Telfer (1969) concluded that factors such

as síte, time of collection, part of plant sampled, extreme site con-

ditions and composition of twigs affected the relationship between

twig weight and diameter. Basí1e and Hutchings (1966) found Ëhat the

relationship between twig r^reight, length and diameter for bitterbrush

(Pun'sh,Lo, tnLd¿ntaf.a-) differed ín two different siËes. Peek er al.

(I97L) did a more deÈailed study on the effects of site variations on

the weíght-diameter relationships of eight specíes of shrub. They

found Ëhat Ër,rig weights derived from the different regression equaLions

for each sÍte differed by more than 20% in half of the cases.

The purpose of this study r¡ras (1) to monítor seasonal varia-

tion ín weíght-diameter relationships for 10 most commonly browsed

shrub species in the study area, (2) to determine in which month the

híghest correlations between díameter and weight of the 10 species

occur, (3) Èo monitor the varíation of the rveight-díameter relation-
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ships for one species ín four sites around the Duck Mountain Forest

Reserve, and (4) to moniÈor the change in moisture content of the

twígs throughout the year.



B. Metirods

The following plants, browsed frequentLy by ungulâtes, vrere

used in this study: saskatoon (AmeJanchier aLnifoTia), red-osJ.er dog-

wood (Cornus stoTonifera), beaked hazeL (Corglus cornuta), balsam

poplar (PopuJus balsamifera), trembling aspen (p. tremuloid.es), pin-

cherry (Prunus pensgTvanica), ehokeeherry (.e. vírginiarm), beaked

willow (Satix bebbiana), low bush-cranberry (vi.aurnum edu-Ze), and

uountain maple (acer spicattrn). fhe latter speeies was found only

1n significant quantlties at the Lidstone siËe. Red-osier dogwood

r¡as collecÈed at Sarah Lake, Lidstone, Garland and Mink Creek (Fig.l,

1). All other species rsere collected at Sarah Lake.

Two hundred twigs from each species ¡^¡ere collecÈed ín the

field from ground level or snoür level up to 250 cn wherever they

were found. A twig is defined as "Èhat parË of a branch distal to

the point where branch diameter would, íf air dríed, equal the largest

dianeter observed for a stub of a browsed branch of that speeies"

(Telfer 1969).

T\^rigs of varying diameters hrere col-lected ineluding both new

and old growth. In the suumer, the leaves constituted part of the

twig weight. The díaneters of twigs which were browsed by ungulates

were measured with calipers. The range of the diameÈers at the poÍnt

of browse r+¡as the range used ín harvesting the twigs in the field.

Fifty of the 200 Èwigs were qelected at random in the l-aboratory to

furÈher randomize the sanpling.

Tr,rigs were obtained during the fírst week of every month for

Aprtl to December inclusive. Slnce lÈ was assumed Èhat Èhe relatlonships
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díd not change drastlcally over the mid-w-inter period only one collection

(February 15, 1980) was made between December and April.

fhe fresh welghts and dlameters (at the poínt of clipping) of

the 50 twigs (to the nearest 0.01 g and 0.05 mr respectively) were

recorded before and after drying ar 70oc. (Telfer L96g). percent

moisture was calculated (1 - dry weight/fresh weight x l0O).

The correlation coefficients, regression equations, scattergrams

and general statistics were generated using the BMDP computet package

(Brovrn L977). All combinations of dry weights (DW) fresh weighrs

(F'irI), dry diameters (DD), and fresh diameters (FD) were plotted. Addi-

tíonally, natural logarithrns of dry weight and dry díameter were cal-

culated in an aÈtempt to increase the accuracy of the prediction.

Telfer (1969) fitted a curve ro Ëhe weight-diameter data. rn

this study, the natural logarithmic transformations díd not enhance

the predictive accuracy. In some cases, there r¡ras a greateï correla-

tion coefficient value for the transformed data as compared to t.he un-

transformed. The correlation coefficients (r) were not significantly

higher. so, Ëhe simpler method of predicting dry weights from dry

diameters was chosen. The range of values used in Telfert s study

(1969) is greater than in rhis srudy. Basile and Hurchings (1966)

also fitted a stright line to the biÈterbrush twíg weight and dia-

meter data. similarly, the equation used in Èhis study is of the

general linear form: oven dry weight = b + m (oven dry diameter)

¡¿here b and m are constants for a sample.
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Collections of twigs provided within-site comparisons(96) and

beÈween site comparisons(32) for 10 study species and 10 harvest times.



C. Results and Díscussion

Figures 3.'I and 3.2 graphícally illustrate the línear relation-

ship between dry weight and dry diameter for beaked willow (r = 0.940)

and trembling aspen (¡ = 0.929). Appendix E contains the graphs for

the other study species. Logarithmic transformation of these data

points decreased the correlation coefficíent in both cases.

The correlaËion coefficients for the dr1¡ weight versus the

dry diameter T¡rere recorded for each specíes for each sample date in

Table 3.1. Correlatíons for some species were high throughout the

year e.g. mountain maple, red-osier dogwood and trembling aspen (r = 0.6ffi

-0.92). Some species such as balsam poplar have correlations which were

1or+ (r = 0.090) in one month but they rvere higher (r = 0.774) in

another month. Pincherry, chokecherry, low bush-cranberry, beaked

hazel, saskatoon, and balsam poplar showed the greatest seasonal

variation in the twig weight-diarneter relatíonship.

Correlation coefficients greater than 0.288 (ato< = 0.05)

rvere significant. All but four of the correlation coefficients were

greater than 0.288 (Table 3.1). These rüere recorded for balsam poplar

and chokecherry. Higher correlations than 0.288 would be desírab1e

for more accurate prediction of dry weights from dry diameters.

The results suggested that there \.{as a seasonal variation in

the weight-diameter relatíonships of the ten bror¿se species studied.

The highest correlations \^/ere recorded in the winter months. These

data corresponded wíth the phenology of the species. As there \,ras a

greater variation in the morphological characteristics such as leaf

number, there v/as a greater variatíon in Lrvig weights thus producíng
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Ftg. 3.1-. Twíg weíght-diarneter relatíonship

October L979 in the Duck Mountain,

for beaked r.ríllow for

Manítoba (r = 0.940).
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Fig. 3,2. Twig weight-diameter relationship for trembling aspen for

April 1980 ín Ëhe Duck Mountain, Maniroba (r = 0.929).
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Table 3. 1. Correlation

browse species and for

coefficients

t0 collection

for twig dry diameter and dry weight for 10

periods (J,glg-Ig80).Ï

CORRELATION COEFFICIENTS FOR EACH COLLECTION PERIOD

SPEC IES

Mountain maple

Sas katoon

Red-osier dogwood

Beaked hazel

Bal sam pop 1 ar

Trembl ing aspen

Pincherry

Chokecherry

Beaked willow

Low bush-cranberry

0.650

0.773

0.543

0.410

0 .627

o .2I0

o .529

0.s62

0.657

0 .607

0.818

0.685

0.792

0.7L3

0.615

0 .827

0.561

0.753

0.640

0.788

0.706

0.090

0.797

0.389

0.794

0.s87

0.646

0.808

0.756

0.883

0.658

0.27L

0.886

0.728

0 .625

0.940

0.738

0.870

0.8s3

0.808

0.850

0.6ó5

0.794

o .623

0.877

0.795

0.561

0 .862

0.873

0.889

0.754

0.708

0.606

0.869

0 .862

0. 860

0 . 61611

0.846

0.599

0.835

0. 390

0.774

0.792

0.868

0.914

0.786

0.792

0.743

0.845

0.772

0.656

0.639

0.639

0 .924

0.886

0.810

0.923

0.911

0.831

0.873

0.900

0. 200

0.929

0.779

0.930

0.705

0.840

0.794

0.940

0.711

0.7s7

0.850

0.823

0.652

0.812

0.902

,Tn=50 for all sanples--n=24 for this sarnple only !



lower correlatíons betq¡een Ëwig weight and twig diameter. Table 3.2

gives the monËh in which the híghest correlation for each species

occurs. ^A.lso given are the values for the regression equatÍons and

the range of dianeters for Èhe selected month. The most accurate

prediction of dry weight from dry diameter v¡ould be ín the month in

which the híghesÈ correlation was found. The predictive equatlon r¡ould

be in the form of predicted oven dry weighÈ = b * m (neasured oven dry

dianeter).

Table 3.3 outlines the betr,¡een-site variatíons in the predicÈed

values of dry weight (predicËed from mean dry diameter values) for

red-osíer dogwood. The predicted dry weight values from rhe individual

sites do not differ significantly. The greatest percent difference is

less than 20%. This suggests that the relationship between diameÈer

and weíght for red-osier dogwood does not vary greatly betlreen the

four sítes along the edge of the Duck Mountain Forest Reserve.

Ihe percent moisture in the tvrigs (Fig. 3.3) closely followed

the phenology of the specíes. In nid-winter (Deceurber) the moisture

levels were the lowest as was found for shrub iom¡ss experiments by

Ohuann, Grígal and Brander (L974). In spring, the buds burst and the

leaves expanded thus increasing moisture levels; however, there was

variation beÈween species. I^Iillow had the highest level of moisture

in the late spring when the catkins r/ere ouË v¡hile balsam poplar had

the highest l-evel of moisture in June when the leaves $rere fully

expanded.
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The doisÈure level-s of most species LTere greater in

than in June l-979. This was due to Ëhe late spring in 1979

May

and

1980

the



Table 3.2. Flighest correlations for twig diameters and twig weights.

CORRELATI0N COEFF IC IENTS (r)

SPEC I ES

Values
for

bm
Range of dry

diameters
(run)

Month FW/FD FW/DD DW/FD Ln DD/ DW/DD
Ln DW

Mountain napte April 0.898 0.927 0.890 0.882 0.911

Saskatoon Nov. 0.891 0.870 0.887 0.925 0.873

Red-osier dogwood Nov. 0.924 0.890 0.920 0.880 0.889

Beaked hazel April 0.896 0.885 0.893 0.g02 0.900

Balsam poplar Dec. 0.805 0.752 0.827 0.758 0.774

Trenbling aspen April 0.901 0.893 0.942 0.856 0.929

Pincherry Feb. 0.908 0.906 0.921 0.917 0.924

Chokecherry ApriL 0.942 0.919 0.954 0.935 0.930

Beaked willow Sept . 0.932 0.936 0.934 0.956 0.940

Low bush-cranberry Feb. 0.854 0.887 0.898 0.907 0.923

0.556

0.615

0.398

0 .257

0.929

0.509

0.274

0 .482

1.060

0.368

-0.882

-0.655

-0.514

-0.253

-1.812

-0.670

-o .277

- 0 .646

-0.980

-0.533

1.53-4.55

0.93-3.s3

1.00-2.80

1.15-3.00

2.05-4.90

L.23 -4.65

0.85-2.85

1.00-3.67

0.90-3.67

1.55-3.87



Table 3. 3. Sumrnary of the

red-osier dogwood for each

rlry r,rr6ig¡.¡= predicted. from mean dry

of the 4 sit.es as compared to all 4

diameters of

sites combined.

Dry dianeter
(rrn)

nean range

Predicted values of dry weight(V)
A1 t Gar- Lid- Mink

s ites Sarah l and stone Creek

Greatest 9o

difference
DATE

August L979

September 1979

October 1979

November 7979

Decenber 7979

February 1980

April L980

May 1980

0.95-3.00

t.23-427

1.10-4.27

1.00-3.80

I.20-3.65

1.00-5.45

1.00-3.67

0.93-3.85

1 .67

2 .24

2 .25

2 .09

2.t2

2.L7

2.L3

2.05

0.78

r.73

0.40

0.34

0.39

o .42

0. 34

0.50

0.79

1.45

o .44

o .32

0.40

0.39

0.35

0 .47

0.72

t.79

0.36

0.33

0.38

0.40

0 .32

0.48

0.87

1.78

0 .41

0 .32

0.41

0 .42

0.39

0 .44

0.74

1.70

0 .37

0. 40

0.35

0 .4L

0 .32

0 .47

r1.5

76.2

10.0

17 .6

10.3

7.L

r4.7

L2 .0



early spring in 1980. The seasonal changes of the species studied in 1980

were Er month and few days ahead of the prerrious yeart s records

The percent moisture affected the relaÈionship between dry

and fresh weight and diameter. As there was increased variability

in the relationship between fresh dianeter and fresh weight in the

srlrmer due to variabil-ity in moisture levels, they nere not used in

the predictive equations. Dry weight and dry diameter gave the most

consÍstenÈ results and the nost accurate results in determining browse

consrnption in the field.

Fig. 3.3 also illustrates the difference in moisture levels

of the red-osier dogwood in the four sites. From analysis of variance,

ít was found that the uoisture levels did differ signifícantly between

sites for August, SepÈember, November and March. Slight changes at

the sites could be the cause of differences in moisture leve1s. For

example, in early September a killing frosÈ occurred at Èhe Lídstone

and Sarah Lake sites whil-e the other Èr.ro sites did not receive frost

untll two weeks laËer.

The data suggest that the dry weighÈ of browsed twigs can be

predicted by the dry dlarneters using the regression equation for twíg

weight and diarneter. Greater accuracy in the prediction can be obtaíned

by using twigs which have been collected in the Ì,rinter months. If

values for biomass of a yearr s growth on a species is needed, the

wfnter collectLons would be the most accuraÈe. Soue species such as

mountain mapl,e, red-osier dogwood, and trembling aspen have hlgh correla-

tions between twtg weight and diameter throughout the year so browse

consunption can be estinated year round. lhe growÈh of twigs of Ëhese

61



62

Fig. 3. 3. Monthly

cherry,

beaked

willow,

values for percent moisture for saskatoon, pin-

chokecherry, 1ow bush-cranberr¡/, mountain maple,

haze7, balsam poplar, trernbling aspen, beaked

and Mink

and red-osier dogwood (at Sarah, Garland, Lidstone,

Creek) for l-979-1980. The maximum standard error

of the mean is 32.
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species through the spríng and summer can be atantifíed by weight.

The regression equatfons can be useful in predicting browse

eonsumptl-on 1n the areas and under the condítions studied. Factors

such as site dífferences and composlËíon of the twigs would stilL

affect the relationshíp between twig weight and di¡meÈer as Telfer

(1969) suggests. The predictive equatíon would yield similar results

for the different areas. Col-lection of twigs at the right time of

year and use of the dry diameters for predicting the dry weíghts in

the areas saurpled would decrease error in the calculations of browse

consumpÈion by ungulates ín Èhe field. Growth of these browse species

can also be measured throughout the year keeping in nind the assumptions

uade fn this and other studies.

The twig diameter-weight relaÈions were used to estimaÈe

browse consumpÈion by the ungulates (Chapter IV).

browsed twigs were measured at the point at which
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Ihe measured diameter was used to predict the dry

material consr-med by the animal by intrapolating

equation.

In the field,

they were eaten.

r.reight of the

from the predictíve



CHAPTER ]V

IJNGULATE RESPONSE TO FOREST CLEARING TN THE DUCK

MOUNTAIN, MANITOBA
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A. Introduction

The literature on the food habíts of ungurates is large.

Peterson(1955), Peek(r9l4a) and Krefring(1974) cover in some derail

the habitat selection and food habits of the North Amerícan moose

(ÀJces a-zces). Murie(1951), Kufeld (r973) and Banfield (rgl4) revÍew

the habits of elk(cervus elaphus) in various regÍons of the

continent. The habíts of the white-tail-ed deer (odocoiteus virginianus)

are documented by many authors(schenck, Linder and Richardson rg7z,

schneeweis, severson and Peterson L972, Banfield Lg74). During the

past five years, research data on ungulate response to clearcutting

and burning has been published by a number of authors(vallee, Joyal

and couture 1976, sÈelfox, Lynch and Gillis L976, Ffolliott et al.

1977, short, Evans and Boeker L977, DroleË 1978, Telfer rg7ï, usher

r97B).

studies by Green(1933), Banfield(1949), Trotrier and samoil

(1978) and Rounds(1979; 1980) in Riding Mounrain Naríonal park,

by cairns and relfer(1980) ín Elk rsland National park, by Maclennan

(1975) and Hunt (1976; 1979) in rhe porcupine Forest in sourheasrern

saskatchewan, by usher(r977; l97B) in east central Alberta, by scaife

(1980) in north central Maniroba and by Hamilton and Drysdare(1975)

in western ontario, provÍ-de informatíon on those ungulaËes occupying

similar habitats to those occurring in the Duck Mountain, Manitoba.

This literature review is dívided into (a) food habits of the

ungulates and (b) ungulate responses to clearing.



(a) Ungulate food habits

Moose, elk and whíte-tailed deer often prefer similar habítats

but the use of each is stratífied to some extent by season, food plants

(Caírns and Telfer 1980), aïea(Trottier and Sarnoil f978) and height of

browse(Rounds 1979). Moose feed on aquatic vegetation in the suüuner,

whereas elk and deer increase theír consumption of forbs and grasses

in the surrìrner. All three ungulates eat a large amount of woody

brov¡se in the winter and smaller amounts in the other seasons.

Moose food habits, habi-tat selection and general ecology are

wel-1 reviewed by Peterson(1955) and Kreftj-ng1gl4). Moose prefer

habitats which are in the early sËages of succession as there is an

abundanL food supply(Peteron 1955, peek rgj4b, rrwín r975, caírns

and relfer 1980). rn the winter, moose Ín Riding Mountain National

Park use a number of plant resouïces including willow, aspen, tamarack,

black spruce, white spruce and mixtures thereof(Trottier and Sarnoil

1978). Young ¡¡illow and aspen stands are prime moose habitat(Berg

and Phillips 1974) in Minnesota. Sedge meadow is also deemed Ímportant

moose habitat in Elk rsland National park(caírns and Telfer l9g0).

Between June and October, the moose in Ontario move to areas where the

aquatic vegetation is abundant(vos 1958). Moose also move to better

ranges if the opporrunÍty so arises(Telfer l97B)

Peterson(1955) covers the food plants eaten by moose throughout

the year. Peek(1974a) gives an update of the studies on t.he moosets

food habits. in NorÈh America. As the moose is a generalist in its

food selection, diversíty of forages aid ín its selection of habitat

(Peek 1974b). Trottier and samoil(1978) found rhat moose feed on
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}laze]- and willow in early winter but the moose then shift to a

hígher ratio of willow to hazel by late r^/inter. In southern Ontario,

moose feed on the following food species(in order of preference):

cherry, willow, aspen, saskatoon, hazer, a1der, mountain maple, paper

bírch and jack pine(Hamilron and Drysdale i975)

Elk inhabit upland sites r¿ith a preference for an open habitat.

rn Elk rsland National park, e1k choose the upland grasslands(cairns

and Telfer 1980) and other studies show that elk like the early ro

mid-successional stands(Trotrier and samoir rg7B, singer r97g). rn

Riding Mounrain, Maniroba, Trottieï and samoil(197s) suggest rhat the

intensíve use of shrubland by e1k because there is a lack of numerous

grasslands in the park.

The erk feed on forbs and grasses throughout the seasons but

woody browse makes up the largest proportion of its diet; increasingly

so as the winter progresses(Trottier and sarnoil i97g). rn north-

.eastern saskatchewan, Hunt (r979) ranked. the preferred foods of elk
as aspen' willow, rose, raspberry, red-osier dogwood., saskatoon, iack
pine, chokecherry and pincherry. HunÈ also found that the elkrs autumn

diet included a large proportíon of agricultural crops. saskatoon,

willow and aspen were highly preferred in late winter(Trottier and

Samoil 1978).

white-tailed deer food habits have been studied in various
parts of the continent(colbentz rg7o, schenck et al. 1972, schneeweis

et a1. 1972, Wetzel et al. 1915, Anthony and Smith Ig77). Browse

from various shrubs and trees is the prímary foori source for deer

(Banfield I97 4) . Hazer was the preferred bror¿se s¡recies in Riding Mountain
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NatÍonal Park in late wínter(Trottier and Samoil 1978). Other winter

foods include mountain maplercherry, aspen and red-osier(Banfield) .

Their summer diet includes v¡oody browse as well as goldenrods, asters,

lambs quarters, jewelweed and mushrooms(Banfield Ig74).

(b) Ungulate response to burning and clearcutting

Controlled burns and small clearcuts have been used to íncrease

the use of an area by ungulates. There are many lírnitatíons as

to size, type, location and successional stages of the burn or clear-

cut which are important to the choice of habitats by ungulates.

Fire and clearcuts open up Ëhe foresÈ canopy to light which

can penetrate to the understory(See Chapter II). In addition to

the increase in plant diversity and numbers, the quality of Èhe forage

in the openings is increased(Cowan et a1. 1950, Dix and Swan 197I).

After a fire, browse plants are richer in protein and in other

nutrients(Einarsen 1946, DeI^Iitt and Derby 1955).

The use of clearcuts by ungulates has been well docr:.mented

by Patton(I974), Telfer(I97 4a), Hamilron and Drysdale(I975), Srelfox

et al. (f976), Hunt(1976), Prescorr(1968), Davis(Ig7l), FfoltioÈr er
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aL.(L977), and Drolet(1978) in terms of forage cover, traditional

use patterns and sizes of clearcuts.

Forage production(Corns and La Roi 1976, Stelfox et al. 1976,

Halls and Alcaniz 1968, Vallee et al. 1976, Usher 1977; f978) is one

important aspect of clearcuts. The increased forage production can re-

sult in increased production and twinning in moose populations(Peek

1974b). Elk and mule deer used areas along burnt windrows where forage



is succulent and green(Ffollíott et al. 1977). A particular aspect

of the increased forage ís the production of more fruit of shrubs and

herbs in the clearings(Halls and Alcaniz 1968, Lay 1966). The fruít ís

often used by deer, elk and especially black bears(Banfield 1974).

Cover is one factor used to assess the use of clearcuÈs by moose,

elk and r¿hite-tailed deer, and often is more ímportant than food

variety(Davis I977). The ungulates need adequate cover for shelter

in winter and for concealment from predators throughout the year.

Standing tímber left after logging or left after a fire can provide

sufficient cover(McCulloch 1969, Telfer I974a, Davis I977). For

complete clearing, the shrubs and trees do not always provide adequate

winter cover for elk and deer even after 5 years of growth; however,

adequate sunmer cover is present(Stelfox et al. I976).

Deer are not attracted to areas with no cover(Short et al.

1977). Deer are more affected by lack of cover than are moose and

elk(Cairns and Telfer 1980, Drolet 1978, Ffolliott et al. 1977,

Maclennan 1975). Of the three ungulates studied, elk preferred to

spend the most time in openings(Maclennan 1975, Cairns and Telfer

1eBO)

The size, shape and treatment of clearcuts determines their

use by r¿ildlife. As deer stay hrithin 1 km of cover(Short et al. 1977),

they occupy only those clearcuts where cover is nearby. The following

sizes of clearcuts are suggested for deer: 200 m widths(Hamilton

and Drysdale 1975), 0.5-3.5 ha(Ffolliott et a1.1977), and 60 ha

(Drolet I97B). Moose use clearcuts up to 1.3 square km(Telfer

1974a); however, a 100 square km area with small clearcuts interspersed
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with mature forest would be suitable to increase the population síze

of the moose. Patton(1974) suggest that many plots of varying sizes

or fewer plots being long, narrov/ and contouring would be the most

beneficial to Ëhe game animals.

The clearcuts do not remain at the early stage of succession

very 1ong. Deer in eastern canada use clearcuts for about 6 years

(Drolet 1978). usually the benefits of the clearcut plot last for

15 to 20 years(Reynolds 1969, stelfox et ar. 1976, va11ee et al.

r976, usher i97B). The best type of habitat manipulation includes

plots at various stages of succession rotated on a long term cyc1e.

The animals can use the different seral stages in the plots and still

be near to cover v¡ithin the mature stands.

Deep snow hampers movement of deer and e1k and, to a lesser

degree, moose. Often snow depths are greater in the plots(Eastman

L97 4) and use by al1 ungulates is terminated r¿hen depths reach 60-70

cm(Ke1sa1l and Prescott l9lL, stelfox et al. r976, Drolet 1978).

wind chill is another factor to consider in the plots as ít is

greater in the openings(iloen L973). Human disturbance through

hunting and': f rom traf f ic on the road.s has a detrímental ef f ect on

wildlÍfe(Rost and Bailey r979); however, trails can provide moose

wj-th easier access to brovrse plants(Harnilton and Drysdale 1975).

some other aspects of the plots which are beneficial to wildlife

are the earlier growth of vegetation in the clearcuÈs and th,e relief

from insects in the openings.

Edges are important to wildife since they provide simultaneous

access to different habitats at one time(strelke and Dickson l9B0).
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The proxfunity to cover fs maintaíned as wel-l as the availability of

food along the edge between the forest and the clearcut. Le Resche

et al.(L974) expanded on the importance of the ecotonal edge in

Alaska. Many snall íslands of trees left after a fire provided a

larger area of edge. The increase of moose in this area was

attríbuted partially to the amounÈ of edge. The greaÈer use of

edges of large clearcuts has been documented by Hunt(r976), Maclennan

(1975) and Hanilton and Drysdale(1975).

habits of the moose, elk and white-tailed

and 2) to assess the ungulate response to

The ma'in objective of this study

studies, pelleÈ group counts, rumen analysís and track counts.
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is 1) to determine the food

deer for the study sites

clearing through browse



B. Methods

The ungulate-use study of clearcuts r^/as inítiated ín the spring

of 1979. It was conducted concurrenÈly with the vegetatíon analysis of

the plots. Each treatment type(differentiated by year of clearing and

by clearíng procedure) was examined.

The four major methods of gathering ungulate data included

pellet group counts, track counts, rumen analysís and bro\../se utiliza*

tion assessment. A restricted random sampling procedure was employed

for the pellet group count.s, track counts and browse utilization.

Each treatment type \¡ras sampled on a random basis. The number of plots

sampled for each treatment type is outlined in Appendix F.

Pellet groups can be used as an index of ungulate populatíon

size through calculations using the defecation rates of the animals

(Eberhardt and Van Etten L956, Franzmann et al 1976). In this study

the pellet counts províded information on relatíve use of cleared

versus uncleared areas at the different sites. This study takes into

account the following assumptions as made by Neff(1968) and Eberhardt

and Van Etten(1956): 1) the number of pellet groups j-s related to the

number of animal-hours spent in an area, 2) the counts only include

pellets deposited since leaf fall, 3) groups are identifíed correctly

and none are missed, 4) the belt transects are sufficient samplíng units

and 5) valid estimates of sampling error are obtained. In addition to

these basic assumptíons, it was assumed that similar errors would be

made on all transects.
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Line transects were used to count pellet groups(Short et a1.

1977, Eberhardt and Van Etten 1956). Although Neff(1968) and Robinette



et al. (i958) report thaË small circular plots vrere the most efficient,

line transects were deemed more practical for this study. The transects

ran parallel to one another in the plot, along the edge and in the

contror so that topographic changes such as creeks and biological

changes such as game trails were included in all three tïansects.

Transects were run the length and r..¡idth of the plot with

theír positions within the plot randomly chosen. The transects along

the edge r¿ere the same length and width. The r¿idth of each transect

belt was 3 m and was determined by the use of a 1.5 m pole carried by

the observer.

All pellet groups within the transect belt rn¡ere identifíed as

to source by the size and shape of the pellets (plate 4.lb) . All

groups consisting of 30 or more pellets and r¡ith more than half of

their mass inside the transect belt were counted(Neff 1968). only

those pellets dropped since the fall of leaves from the previous

autumn \¡rere recorded.

Track counts were made in February l9B0 after a fresh snowfall.

The number of fresh tracks and the number of o1d tracks in the plot

and the control Ì\tere counted along tvùo transects(one the width of the

plot and the other the length of the plot). The length of the transects

in the plot equalled the length of those in the control. Ten plots

were randomly sampled.

Rumen samples were collected by conservation officers from

l0 hunter-killed animals(4 moose, 6 e1k) from rhe 1979-1980 hunrins

season in the Duck Mountain. The animals were killed within the

plot areas of the two northern sites, Lídstone and sarah Lake. The
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Plate 4.1 Animal sígns.

a) Partial remains of moose skeleton found at the edge

of a Garland p1ot.

b) Pellet groups were identífied to species. From left to

ríght above: e1k, white-tailed deer and snowshoe hare

below, moose.

c) The tip of this chokecherry had been browsed by ungulates.

d) Moose track found at a Sarah Lake site in 1aËe fa11 1979.





rumen EaterÍal hras collected and then frozen(Korschgen 1971).

One liter aliquots from the collected rumen material were

washed through a 2 nm sieve(Dirschl 1962). The material less than

2 mm was oven drl-ed and weighed. The material greater than 2 rnm

was placed in a large pan whích was divíded into 16 srnall quadrats.

Three of the l6 quadrats hrere randomly selected. All material withín

each sampled quadrat was identífied as to genus and species when

possible. Grasses and sedges could not be differentiated so they were

Iabelled as such. A1l species as well as the unknor.m plant material

r17ere oven dried individually for 24 h at 70oC (Dírschl 1962). Dry

weights of all identifiable material and all unidentifiable materíal

r¡ere tabulated.

Browse utilization daÈa in the p1ots, edges and controls from

the previous winÈer vrere collecÈed ¡¡s samê time as other vegetation

data (Chapter II). Browse is defÍned as thaÈ plant material actually or

potentially consumed by ungulates. Throughout the field program' plant

species which had been browsed by moose, e1k and deer were noted. The

percent of the total available shrubs which were browsed and the browse

consumption \,ùere calculated.

The percent of the total available shrubs which were browsed

in the quadrats(the sane quadrats used in the vegetatíon analysis)

was the number of browsed plants of a species divided by the avaÍlable

plants of that species rnultíplied by 100. The planrs, which would be

available in the trrinter, would be those plant parts between 50 and

250 cm(betvüeen average snow depth for 7978-79 r,rinter and the average

upper reach of the ungulates(Trottier and Sanoil 1978, Usher I97B)).
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Browse consumption \,ras calculated using the twig weight-diameter

relations(Telfer 1974c, Usher 1978). Diameter at the point of browsíng

r,¡as measured r,¡ith calípers. The weight of plant material which had

been browsed was interpolated from the regression curve of the twig

weight versus twig diameter graphs by filling in the values for the

predictive equation(See Chapter III) . Browse consumption \^ras

compared for the plot, edge and control.

Other observations of animal use LTere recorded during the

course of the study. The animal signs recorded included bedding

sites, pellet group locatíons, skeletal remains(Plate 4.1a), tracks

(Plate 4.1d), feeding craters(Plate 4.2h), animal sightings and

bror¿se evÍdence (Plate 4. lc) .

Lists of bird species and mammal species \¡/ere compiled for

all study sites. All scíentific names and common names of bírds

and maunnals follow Godfrey(1966) and BanfÍe1d(1974) respectively

(Appendices B and C).

Analysis of variance I^Ias used to deÈermine if there r,rere any

statistically significant differences between the p1ot, edge and

control or between treatnent tvDes.



C. Results

(a) Pellet groups

Fig. 4.L, 4.2 and 4.3 lllustrate the dífferences hetween the

number of pellet groups deposited by noose, elk and t^¡híte-tailed

deer, respectively, in the plot, edge and conËrol.

Although there is a general trend of more moose pellet groups

in the plot or along the edge for the 1979 pellet grouP coun't, these

differences are not sÈatistically significanÈ(d= 0.05). 0n1y in

S-78 were Èhere significantly more pellet groups in the edge area or

in the plot area as compared to the control. The S-73 plots were

the only ones where there w'ere more lnoose pellets groups

in the control. Contrary Èo the 1979 data there trere more pel1eÈ

groups in the S-73 plots than in the controls and there were less

pellet groups in the S-78 plots than in the controls in 1980.

Elk pellet groups lrere more numerous in the plot area or edge

area for L-73, G-75, M-74 and S-78 for the plots sampled ín 1979

(Fig. 4.2a). In S-77 the control had more pellets than the plot

or edge r"rhÍle Èhe control and plot pellet counts for S-73 were equal.

In 1980, the elk pellet group counts produced quíte different

resulÈs from those in 1979. L-73, G-75, S-73 and S-77 had more

pellet groups in the plot or along the edge; however, the opposite

vras true for the rest of the treatments. None of these differences
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were sígnificantly different.

In both /T979 and 1980, deer pelleÈ grouPs \¡Iere more numerous

in the control in some cases(Fig. 4.3). In 1979, there vtere more
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Plate 4.2 Anirnal effects on and use of the vegeËation.

a) Logging was carried out in all the study sites.

Sometimes logging debris covered the control and the

ploËs. Here logs were temporarily stored in a plot.

b) Elk feedíng craters \¡rere found in the Mínk Creek plots

ín February 1980. Elk fed on the dormant herbaceous

and woody plant material.

The candlelabra growth form of Ehe red-osier dogwood

r^/as a common result of browsing. The ungulates ate

the apical shooËs allowíng subapical buds to flourish

Ëhe next growing season.

The snowshoe hare, abundant in 1979 and 1980, killed a

number of shrubs (especíally hazel) by girdling the

plants during feeding. The S-73 plots made excellent

hare habitat as the fallen logs provided hideouts from

predators and the clearíngs provided more food.

c)

d)
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Fig.4.La. The average

the edge and

I979.

number of moose pellet groups ín the plot,

the conÈrol for Ëhe eieht treatments in
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Fíg. 4.1b. The average

the edge and

1980.

number of moose

the control for

pellet groups in the p1ot,

the eíghË treatments in
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Fig. 4.2a. The average

the edge and

L979.

number of elk pe11et

the control for the

groups in the plot,

eíght treatments in
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Fíg. 4.2b, The average number of elk pe11et €lroups in the p1ot,

the edge and t.he control for the eight treatments in

1980.
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Fig. 4.3. The average number

the ploË, the edge

ín (a) 1979 and (b)

of r,rhíte-taíled

and Ëhe control

'Ì oRn

deer pellet groups in

for eight treatments
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in the plot in 14-74, S-77 and S-78 but in the 1980 survey there were

more groups found in the control. The Lidstone plots differed from the

rest as there !Íere more pellet groups in the control in the 1979

survey and more ín the plot in the 1980 survey. Again no statistfcally

significant differences(a= 0.05) were found between the plot, the

edge and the conÈrol for the deer peIlet group counts.

Fig. 4.4r 4.5r 4.6 and 4.7 conbine the pellet group count

data for each of the sites for the 1979 survev.

No pellet group counts were made in the M-76 plots in 1979 be-

cause these plots Ì.rere not included on the original maps; however, the

vegetaÈion analysis and the 1980 pellet group counts were conducted

for this treatment. Edge counts were not made for the S-73 plots because

the edge qras too difficult t.o determine.

(b) Track counts

The track counts showed that the plot was used more often than

the control for Lidstone and Sarah Lake(Fig. 4.8). The same per-

centage of total tracks was found in the plot and control for Garland

and Mink Creek.
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(c) Rumen analysis

The rumen analysis gave further information on the actual food

habits of elk and moose. The moose rumens contaíned a high

percentage of trembling aspen(Fig. 4.5a). Other shrubs and trees

which provided some of the moosers diet were w-illows, saskatoon, balsam

fir a¡d hazeL. Çrain provided the bulk of the diet for eLk during

the early winter as nearly harf of the rumen contents were barley

and rapeseed(Fig. 4.9b). shrubs and grasses made up a smaller portion
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FÍg. 4.4 . (a) The average number of pellet groups for the p1ot,

edge and control for all t.he Sarah Lake plots sampled

durine L979,

(b) The percent browse for: some shrubs in the p1ot, edge

and control aÈ Sarah Lake durirre L979.
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Fig. 4.5. (a) The average number

edge and control at

(b) The percent browse

edge and control at

of pellet groups for the plot,

the Lidstone siËe duríng L979.

for some shrubs in the p1oË,

LirlsËone during I979.
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Fig.4.6. (a) The average number

edge and control at

(b) The percent brov¡se

edge and control at

of pellet groups for the p1ot,

Ëhe Garland síte during 1979,

for some shrubs in the plot,

Garland during 1979.
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Flg. 4.7. (a) The average number

edge and control at

during 1979.

(b) The percent bror^rse

edge and control at

of pellet groups for the p1ot,

all the Mínkcreek plots sampled

for some shrubs in the p1ot,

Minkcreek during L979.
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Fig.4.B. The average percent

plant or groups of

(b) the elk rumens.

of the total

plants ín (a)

dry rveight macle up by each

the moose rumens and



unknor'n
( ro.9 %)

Abics bolsomeo (3.2%)

@y.!us cornuþ (2.5 %t

Amclcrchþr olnifolio ( 1.9'Á I

Cq¡u¡ sþlonifero ( 0.8 oÁ )

Bctulo glonduloso (O.3 % )

sfoþnifero

&:g tPP'

(ts.2 % I

unknown
(7.5 %)

Moose Rumen Anolysis (n=4)

Grofn ( 47.3 %l
(Borlcy + Roporocdl

Betulo popyiforo (5oål

Gross (2.5 0,6)

Symphoriccpo¡ occ kf enf olis 12.2 V"l

Solix (1.3%l
tug¿lus b*omifero (0.9%)

Avrm fotuo (O.4 oÁ)

Cirsium avense (O 3 %)
Acer soicoîum (O.l %l

Elk Rumen Anolpis (n=6)



89

Eí9. 4.9. The percent of total r:ngrulate tracks for-u-rd il tlre plot

as cûn¡f,ared to the control for the four sites.
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while some alien plants(wi1d oats and Canada thístle) made up a

small amount.

(d) Browse utilization

Table 4.1 and Table 4.2 List plant species v¡hích have been

noted as browsed by the ungulates in the suntrner and in the winter,

respectively. The percent bror¡se for some of the shrub species

which received a significant use is graphed in Fig.4.4,4.5,4.6

and 4.7 for Sarah Lake, Lidstone, Garland, and Mink Creek respectívely.

At Sarah Lake, saskatoon, hazeL, balsam poplar, pincherry, and

1ow bush-cranberry were browsed more in the plot or edge areas than

in the control(Fig. 4.4). Contrarily, the red-osier dogwood shrubs

and aspen seedlings or shoots in the control were browsed more intensive-

ly by the ungulates.

There Ì¡tas a significant difference(d= 0.05) in the percent

browse of the total number of browse shrubs between the p1ot, edge and

control at Sarah Lake(Table 4.3). Browse consumptíon of saskatoon,

willow, balsam poplar and aspen was high along the edge as compared

to the plot and the control; however, browse consumption of beaked

hazel was the greatest in the control and pincherry üras greatest in

the p1ot. Total browse consumption did not differ significantly.

Table 4.3 lists the average values for plot, edge and conÈrol for the

number of available shrubs, the percent total browse and Èhe browse

consumption for all sites.

At Lidstone the percent browse \^/as greatest in the plot and

along the edge for all shrubs except for red-osier dogwood(Fig.4.5).

The availability of saskatoon and red-osier dogwood !üas very low in

qo



Table 4.L. The

the ungulates in

Scientific narn-e

Abies baLsamea

AîÞr <ni¡al-.ttm

Ame l-anchi er a Lnif ol- ia

Aster ciLioLatus

A na¡zaa-ann7'õ. ttvvae-dJt9tfAe

A. pansus

A. simpTex

Avena fatua

BetuJ-a glandul_osa

B. papgrifera

C a L amag r o s t i s c anadens j s

Caltha paTustrjs

îarav qñn"rr'' '
Chenopodiun hgbridum

Cirsium arvense

C. muticum

Cornus stoLonifera

CorgJus cornuta

Diervil-J-a fonicera

E pi Job ium angustif oJ_ iun

Lonicera dioica

Petasites saggittatus

p1-ant species which had been

the summers of 1979 and 1980

9T

browsed by

for al1 sítes.

Common name

Balsam f-ir

Mountain maple

Sa.skatoon

T.indlpr¡l< .aq{-ar

New England aster

Many-flowered aster

Smal-1 blue aster

I^Iild oats

Swamp birch

I¡lhite birch

Marsh reed qrass

Marsh-marígoJ-d.

Sedqes

Canada thistle

Swam.p thist-le

Recl-osier dogwood

BeakeC hazel

Bush-honeysuckle

Fireweed

Twining honel'suckle

Arrow-leaved, colt' s-foot



Table 4.L continued

Ponnins ha7samifera

P. tremufoides

Þrrrntrc nôñctt1 17¿niCA

Þ tzi r¡i ni ana

Ribes americanum

Ro.s a spp .

Rubus idaeus

Saf ix bebbiana

.9. interior

Sal-ix spp.

Sgmphoricarpos aLbus

Urtica dioica

Viburnum edul-e

l/. nnttTttq vâT AmeriCAnum

Balsar¡ Þopl-ar

Trenblinq aspen

Pi-ncherrlz

Chokecherr¡z

i¡lild black currant

F.oses

T¡iild red raspberry

Beakecl wil.l-ov¿

Sandbar wiffow

l^li l lows

Snowberry

Stincrino na1-1-fg

Low bush-cra-nberry

HÍqh bush-cranberry
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Table 4,.2. The

unqulates in the

93

plant sr¡ecies which. had been browsed by the

winter of 1979.

Scientific name

Abies bal-samea

Aacr cníaafttm

Ame Lanchi er a l" nif o L ia

BpfttTa nlanrfttl_OSay¿q¿isq.

B. papgrifera

Cornus stoLonifera

CorgJus cornuta

Populus balsamifera

P. tremul-oides

Prnnns npnqtt7y¿nica

Þ tti rni ni ana

Rosa spp.

Rubus idaeus

SaLix bebbiana

S. interior

SaLix spp.

Sgmphoricarpos aLbus

Viburnun edul-e

V. opulus var. americanum

Corn¡n.on name

Bal-sam fir

Mountain mapl-e

Saska.toon

Swa,mp birch

White birch

Red.-osier doqwood

Beaked hazel

BaIsar¡ poplar

Trembling aspen

Þì n¡?rarrr¡

Chokecherry

Roses

V7ild red raspberry

Beak-ed will-ow

Sandbar wi1low

T¡lillows

Snowberry

Low bush-cranberry

High bush-cranberry



comparison to the percent browse(Table 4.4>. The percent browse was

reratively high for hazel but the percent availability was over 50

percent. The browse consumption for all species including red-osier

dogwood was highest in the edge quadrats or in the plot quadrats. The

differences between the p1ot, edge and control \,rere statístically

significant.

At Garland the percent browse for the shrubs did not show

significant differences betr¿een plot, edge and control. For 5 species

including mountain maple, red-osier dogwood, balsam poplar, pincherry

and chokecherry, the lowest browse !üas ïecorded in the control(Fig.

4.6). contrary t,o the results at the L{dstone site, the percent

browse of saskatoon \¡ras low and the percent browse for red-osier

dogwood was higher even though their availahiliËy remained the same

(Table 4.5). The dry weight of browse was higher along the edge and

in the plot for all species.

Even though there were no significant differences between the

percent browse hetween Èhe plot, edge and control for Mink creek, all

species provided the least browse in ttre control(Fig. 4.1). sirnilar

results were found for browse consumption r¿herehy the differenoes

between the plot and control were nonsignificant but the lov¡est

consumption occurred in the control.

(e) General observations

Bedding siËes of moose, elk and white-tailed deer were

found in the plots and controls of all sites. Pellet groups for moose,

elk and deer were found at all sites and in all seasons. Game trails

(Plate 4.3b and 4.3c) were found along the perimeter of all plots
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Table 4.3. The

the p1ot, edge

average values

and control for

for available browse, percent browse and browse consumptíon for

the 8 treatments.l

Treat-

menE

Available browse

(Number of individuals)

Percent browse

(Percent)

Browse consumpËion

(Dry weight in grams)

plot edge control p1o t edge control plot edge control

s-78 9.77

s-77 17.90

r4-76 30.83

G-75 39.07

t4-75 29.60

v1-74 51.35

s-73 t4.36

L-7 3 4r .77

26.92

16 .80

56 .67

34.78

23.60

39.89

4.50

t t, o')

15.67

20. B0

20.25

12.07

28.40

16. s0

13.21

10.57

0

J

0

T2

9

15

l6

JI

30

32

5

I5

15

6

29

3B

i1

28

9

i0

2

5

L9

9

0.00

0.37

0.00

s .86

23.25

5 .09

4.O¿

11 .06

1 q ar /,) t,q,

1i.58 172.32

B.4i 11.88

4.rO 0.43

15. 82 9 .67

6. 0B 5 .08

5.79 10.60

15.88 0.60

lThu 
"tu.rrdard 

error of the mean for each average value is given in Appendix F.

Ltl
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abl-e 4.4. The percent of the total nuuber of indfvfdual shrubs

ompared to the percent of the total number

hich have been browsed fn the Lidstone sfte.

pecies

mel-anchier aLnif ol ia

cer spicatum

'ornus stol-onifera

'orgJus cotnuta

'opuJus balsanifera

'. tremuloides

'runus pens g Tvanica

¡ tt i r n i r i a n a

:osa spp.

Ìubus idaeus

'iburnum eduTe

opuJus

!ibes americanum

l. L'riste

,oricera. clic.rl ca

Plot Edqe

gåt8
total brcx,sse total br-cn¿se

2.7 70.0

3.3 4.0

I.2 55.5

57.4 27.8

2.9

6. 0 48.9

0.6

]q q]

0.9

20.8 2.5

r.2 11. 1

2.I 100. 00 5.1

25.4 47.9 28.8

9.8 60.7 3.4

28 .2 19. I 52.5

I . J L. 
'

2.r
r,7 10. 0

6.6 5'7.9 3.4

0.7

Control
9o 9o

total bro^¡se

I nô ôn

0.9

0.1

0.5

1. 0 r.7

3.4



Tab le 4 ,5 . The

conpared to the

which have been

percent of.

percent of

browsed in

Species

97

the total number of fndfvidual shrubs

the total number

the Garl-and site.

Amefanchier afnifolia

Acer spicatum

Cornus stofonifera

CorgTus cornuta

PopuLus baLsamifera

P. tremuLoides

Prunus PensgTvanica

P. virginiana

Rosa sPP.

Rubus idaeus

SgmphoricarPos afbus

Viburnum oPuTus

ALnus rugosa

SaL ix sPP.

Rhamnus aLnifolia

Lonicera dioica

L. vifTosa

Fr ax inus penns'g Tvanica

Ribes oxgacanthoides

Plot

zz+zzz
total brcn¡¡se total brcr¿se total browse

3.0 16.1

Edge

8.5 7 4.L

43.6 4.2

7.6

I7.4 9.9

5 .9 1.6

1.9 15.0

2.3

2.r

2.4 15.4

3.1 36.8

11.3 76.7

42.7. 2.4

1.3 28.6

5.9 17.1

0.9 16.7

4.I 19.0

2.6

3.4

Control

2.7 33.3

3.6 25.0

3.6 25.0

49.5

0.5

0.2

4.8 2.0

4.5 40.0

0.9

0.9

9.0

0.9

6.3

1.8

)'7

3.6

12.6

4.7

4.1

3.9

0.8

1.550. 0

o.4

0.6

r.0 0.2



except for two of those examíned. Trails in Lídstone and Sarah Lake

r¿ent through the plot beside rqindrows(but seldom went betr¿een wíndrows).

Animals were sighted in some plots at all sites. Feedíng craters

made by elk vrere found in some plots in February 1980(plate 4.2b).

A few aspen saplings appeared to serve as rubbing posts for the antler-

ed ungulates. trlallows made by the hooves of elk v¡ere found ín one

of the Sarah Lake p1ots. Skeletal remains r,vere found in the plots

and controls (Plate 4. 1a) .

Although there was an emphasis on the winter use of the plots,

qualitative data on use by the ungulates was documented throughout

the summer. Elk and deer were seen in the plot throughout the

sunmer. Fresh elk and deer droppings v¡ere found in some plots at

all sit.es in all seasons. Many herbs including those in Table 4.1

\,/ere eaten by the ungulates(Plate 4.3a and 4.3d).

Trails crossed the Lidstone plots at varíous places as the wind-

rov¡s which were burnt did not hamper movement(plate 2.6a). A greater

amount of red-osier dogwood, raspberry and invader species grew along

the windrows. From afar the shrubs along the windrorrr appeared to

be cropped off to the same height by ungulates. Trails along or

within Èhe burnt To\.rs T¡rere common.

During the eourse of the field rrork, showshoe hares were abun-

dant and Ìùere seen daily. Hares used the windrows for resting in

winter and sr¡nmer. The S-73 plots also províded the hares with

9B

abundant forage and adequate hiding places from predators underneath

the deadfall. Numerous signs of girdling of shrubs by hares were

found in these plots(Plate 4.2d). Hazel was the preferred food for
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Plate 4.3. Ungulate use

a) S t inging

by elk in

b) A game trail in a Lidstone plot.

c) A game trail along the edge of a plot.

d) Fireweed (.e'pi l-obium angustif oJi um) which had

of the plots.

nettle(urtica dioica) was eaten

the summer.

been browsed by an ungulate.





snor¡rshoe hares follor¿ed by rose.

alder, chokecherry, mountain map1e, saskatoon, low bush-cranberry,

raspberry, red-osier dogwood, high bush-cranberry, pincherry, balsam

poplar and wild gooseberries.

Other forage included aspen, speckled
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D. Discussion

(a) Food habits

The habítats for ungulates are dependent on the availability of

the preferred plant species in the plots, along the edges and in the controls'

Determination of browse use in Èhis study provides information on the

abundance of plant species with reference to the food habits of the ungulates.

it did provide a

similar to those

Mountain, ¡¡here

Although !:,azeL nas not the most preferred food for the ungulates,

red-osier dogwood and aspen were also eaten in large quantities, the

former two species being less available but more preferred. Saskatoon

provided the bulk of the elk diet in Riding Mountain while red-osier

dogwood was noÈ an importanÈ part of the wildlife forage due to its

Iow availability(Trottíer and Sarnoí1 f978).

large proportion of the browse. These results are

obtained by Trottier and Sanoil(1978) in Ríding

hazel- provided food for moose, e1k and deer. Saskatoon,

101

preferences of the ungulates; however,

preference of one animal at one poÍnt

Rumen sanpl-ing is another method

certain plant species in a rumen sâmple documentsuse of the species

in the area. Even Èhough the sampling is liurited, the resuLts support

the broq'se studies.

The results of

in the Duck Mountain

of aspen in the diet

used to deterrnine feeding

the results document the feeding

the moose rumen sampling suggest that the moose

feed heavily on the aspen in mÍd-winter. The irnportance

of the moose has been documenÈed by NowlÍn(1978)

in time. The presence of



1n norÈheastern AlberÈa. Aspen was also found to be an Ímportant

browse species in the browse analysis.

The food species found in the e1k rumens correspond well wÍth

other studies. A large proportion of the elk's fall diet in the

Porcupine Forest(Saskatchewan) consistj of agricultural crops(Hunt

lgTg) as was found in this study. Some of the elk's diet is rnade

up of forbs(Blood 1966, Hunt 1979) and shrubs(Trottier and Sarooil

1978). Often invader specíes are found in the elk rr¡mens(Hunt 1979).

I,Iild oats and Canada thístle !üere two invader species found in the

elk rumens from the Duck Mountain.

r02



(b) Ungulate response to clearing

(i) Comparisons of ungulate use between plot, edge and

control

The differences between plot, edge and control are discussed

wÍth reference to the type of treatment and the successional stage of

the plot. Some of t,hese differences can be attributed to clearing;

however,

the use

factors includÍng human disturbances and weather also affected

of the areas by ungulates.

Ungulate use of the clearcuts as determined by pellet group

track counts and browse utilization was generally greater in

and along the edge as compared to the control. Each index

counts,

the plot

gives information on some aspect of the way ungulates use the p1ots.

Pellet group counts and browse utíLization give an index of the best

foraging areas vrhile track counts give a better idea of the use of

the habitats for cover, shelter and travel routes(Bennett et al. 1940).

The use of the plots, the edges and the controls depended on

the successional stage of the areas. In general, plot use increased

from 0 to 7 yeats after treatmenË.

The most recently bulldozed ploËs(S-78) showed the least

use by the ungulates. At the beginning of the field study, in the

spring of. L979, the S-78 plots \¡rere devoid of vegetation. The 1979

pellet group counts did show use of the area. The ungulates could

have used the pre-plot vegetation in early winter before bulldozing

took place. They could use the plots as travel routes which could

provide them easíer movement along or between the wíndrows. As a

number of the pe11et groups were found beside the windror¿s and signs
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of browsing \¡rere f ound on the trees in the r¿indrows, the ungulates

probably used the v¡indrows to provide them wíth palatable browse in

t.he f irst winter.

After one yearrs growth, some of the shrubs in the ploÈ attained

a height which were above snow level. They would serve as available

winter food for the ungulates. still, the abundance of tall shrubs

was l-or¿ and the energy expended by an ungulate per unit of forage

would have been great.

These results corresponded to those obtained in central Alberta

(Usher 1978). One of the Ëwo study sites was used less than the other

even though they both had tr,7o years of growing time sínce clearing

(Usher t97B). Usher attributed the differences to the height of the

shrubs. The less used site had less available winter browse due co

the shorter shrubs.

Generally, the pellet group counts at Sarah Lake showed a decline

in ungulate use for the winter of 1979-1980. This can be attributed

to the logging which was carried out ín the Sarah Lake site. Trees

had been cut within a few feet of some of the plots and the plots

were used to store logs(Plat.e 4.2a).'Iïunting pressure was also

a factor. Before the hunting season very little snornr fell and

the trails r^rere readily accessible to regular road vehicles. The

general increase in traffic would be enough to move ungulates fronr

the area(Rost and Bài1ey 1979).

t04

Moose appeared to be least affected by Èhe human disturbances

but elk and deer appeared to be more prone to dísturbance effecÈs.

Rost and Bailey(i979) also found that e1k and mule deer r^rere sucept-



ible to human disturbances such as traffic. l*loose have been cÍted as

inhabitíng roadside cormnunities as snow depths are decreased. due ro

snow ploughíng(Van Ballenberge and peek 1971).

In the S-77 plots, the logging traffic \¡/as more frequent as

these plots lie direcrly norrh of rhe main road (Fíg. 4.5) . Logging

was greatest in this part of the Sarah Lake site.

rn s-73 Èhe trees \,/ere cut down and allowed to fall at random.

The use of these plots \^ras greater f or moose and elk than f or deer.

Deer have shorter legs and could not traveïse Ëhe criss-crossed logs.

Even though seven years had past, the logs still remained solid.

Reynolds(1969) found that the deer used areas more frequently if no

slash was deposited. rf access to forage is easy, ungulates will

feed in the area(Short er al. IgTj).

Higher use of s-73 plots by snowshoe hare could be attributed

to the abundant food supply and the good hiding places from pred.ators.

As the snowshoe hare populations were high Ëhroughout the sampling

period, their observed use of the plots r¡ould not be the same

when their populations v¡ere lor^¡er.

Few differences were found between M-74, M-75 and M-76

plots. These differences only reflected slight dÍfferences in

site locations especíally regarding the traditÍonal use of the

areas and the amount of human disturbance. M-76 would be least

affecÈed by humans as it is farther avray from the main roads

(Fie. I .2) .
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The plants in the controls were similar in diversltv and

abundance. The plants in the plots were also similar between the



3-, 4- and 5-year stands(l"l-74, 14-75 and M-76), as the treatments

were applíed only a year apart. Vallee et al. (i976) found that

the number of sÈems did not differ sígnificantly betr¡een 5- and

IZ-year old stands in clearcuts in Quebec. So differences among

3-, 4- and 5-year stands would be less noticeable.

The Garland síËe shor,red a similar use of plots versus

controls as did the Mink Creek site. The site differences 'brere

not greaË and the year of treatment was the same as one of the

Mink Creek treatments.

The edge effect was noted in this study where the ungulates

preferred the edges more than the rest of the p1ot. The larger

the clearcut, the more deer use the edges(Drolet 1978). In smaller

ones the edge effect is hardly noticed. Caírns and Telfer(1980)

conclude that elk also prefer the edges of plant communities.

Le Resche et al.(Ig74) atËribute an increase in the moose population

to an increase in ecotonal edge. Deer, elk and rnoose used the

edges more Ín the Duck l"lountain clearcuts than the plots or controls

in this study even Ëhough the plots were small.

The edge effect r¡ras noted especially along the bulldozed

trails betrveenplots. The trails \¡/ere, in facË, long narrovl

winding plots. Ungulate use, with special reference to travel

routes,was high along the trails. Drolet(1978) found that deer

used roads through a plot more than the rest of the plot. Hamilton

and Drysdale(1975) and Scaife(1980) reached similar conclusions

for moose. The moose used the roadside vegetation because of the
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ease of access. Maclennan(1975) and Hunt(I976) discovered that moose

tend to remain closer to the edges of large clearcuts.

The preparation of windrows for storing the clearíng debris

ís controversial Ín light of the animal use of the p1ots. In this

study it was found that the v¡indrows provided betËer access to the

plots than did the S-73 treatment where logs were strel^m across

the plot. The windrows themselves did not put up a barrier to

travel as trails were found throughout; however, the windrovrs díd

prevent random movement in the plot. Usher(1978) found a number

of windrows, that after settling, \¡/ere crossed at 1ow points when

the snor¿ was deep. Usher(1978) concluded that the windrows prevented

random movement of the ungulates ín the p1ot.

i,iindrows are reconmended by some to rid the area of debris

(Usher i97B). Availability of forage would be increased Íf

the area was free of logging debris. In this study, use of the

vegetation near the burnt ro\"rs at Lidstone was greater than Èhe

use of the' ungulates of the vegetation in the surrounding plot.

Nutrients from burnt logs could enter the ecosystem faster and

could result in vigorous plant growth for the first few years

after burning.

The size and shape of the plots were suitable for ungulate

use. As most plots range from 0.5 to 2 ha, their use v/as not

determined by their sizes. Previous authors have recommended even

greater maxímum plot size(Telfer I974b: I978, Hamilton and Drysdale

1975, Ffolliott et al. 1976, Stelfox et al. 1976, Short et al.

1977, Usher 19771' 1978, Drolet 1978).
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Although U-shaped, triangular and irregular-shaped plots

\^/ere not studied in detail, no obvious differences were noted.

The shape of the plot would alter the amount of edge present(Patton

r974).

From Ëhe ungulate use study, it appears that. some plot types

are used more Èhan others. For example, the Lidstone were used

more frequently than the oËher study sites. The reasons for this

high use could be the result of a) the large standing trees

proví díng cover; b) the irregular-shaped plots providing

a greater edge area; c) the burnt windrows providing random

access to all parts of the plot; d) the past traditional use of

the area providing animals to inhabit the disturbed sites; and

e) the small clearcuts providing úiature forest nearby for cover

and an abundant food supply in the clearing. All the above

attributes of the plots would contribute in part to the ungulate

use. Focus on any one factor would be simplifying the interrelation-

ships between plants and aninoals.
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(11) Comparisons of ungulate use betvreen sites

The ungulate use of the plots was reflecËive of tradi-

tíonal use of the sites. Lidstone has the largest population of

elk. Sarah Lake, Garland Canyon and Mink Creek have higher

populations of deer but the total ungulate populations are

lower than at Lidstone. The areas on the southeast side of the

Duck Mountaln Forest Reserve supporÈ less elk, tnoose and deer

than the rest of the Duck Mountain(Searle and Bukowsky 1973).

The data from the pellet group counts and the browse use re-

flected these differences.

The data collecËed on ungulate use showed oÈher differences

among the sltes. Ihe 1980 pellet group counËs showed significant

differences for elk and deer beÈween Sarah Lake and Lídstone but

not differences for moose. There û/ere no significant differences

between the deer counts at Garland and Mink Creek but the moose
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and elk data did differ significantly. In all cases the southeasE

(Mínk Creek and Garland) and the northeast(Lidstone and Sarah Lake)

díf fered signicantly(of= 0.05).

The browse consunption dÍffered significantly between all

sites but the percent bròwse values were similar for Mink Creek

and Garland and for Sarah Lake and Lidstone.

The availability of bror:se and the percent browse reflected

the high popul-ation of elk in the LidsÈone site if one examines

regiional results on ungulate food habits. The preference for

saskatoon was higher than red-osier dogwood at Lidstone but at



Garland saskatoon rate much 1ower. E1k, whose population was much

hÍgher at Lidstone, prefer saskatoon(Trottier and sarnoil 1978) and

moose, whose populaÈÍon was higher at Garland, prefer red.-osier

dogwood(Crichron I977 , Usher 1978).

Some of the ungulate use differences can be attributed to the

floristic differences at rho sites(chapter rr). plant species

composition and plant species density differed between al1 sites:

however, plant chacteristics such as the number of species of herbs,

the number of herbs and the number of alien plants in the plot did

not differ between Sarah Lake and Lidstone. Differences were found

beteen Garland and Mink Creek.

In addÍtion to the floristic differences, northwestern sites

are on the north slope while the southeasÈern sites are on the east

slope of the Duck Mountain. Although the elevation changes are not

drastÍc, environmental changes were apparent.- Snow depths in 1980

vrere greater on the north slope by 10 cm. Frost killed the plants

on the north slope 3 weeks before those on Ëhe east slope in

september 1979. These differences could account for some of the

variation betr¿een sites.

The characteristics of each site play an important role in

the ungulate use of the plots, edges and controls. Even if the plots

are being used significantly more than the controls, other contributing

factors could decrease or increase ungulate use. yet, on the span.

of sites and treatments examined it can be concluded that ungulate

use üzas higher in the plots and along the edges than in the controls.
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CHÂPTER V

BENEFIT-COST ANAIYSIS FOR THE DUCK }{OUNTAIN

TIASITA.T MANIPULATION PROJECT



A. IntroductLon

BenefÍt-cost analysís is being used by a number of govern-

ment agencies to determine economic feaslbilfty of natural resource

projects (Mishan 1973). The purpose of a benefit-cost analysis is

defined by Míshan (1973) as 1) to determine, before underËaking pro-

jects, which projecË will yield htgher returns and 2) to determine

when undertakíng one project whether or not the benefits will out-

weigh the costs. The purpose of this benfit-cost analysis is to

determine if the benefits of the Duck Mountain Habitat Manipulation

Project are greater than the costs.

The economic value of wildlífe must be defended against com-

peting resources (Bart et al. L979). Sometimes, as is Èhe case for

most nåtural resources, the price of goods is often meaningless. In

theír article on economics and wildlife, Bart et a1. (Ig7g) discuss r;

roeÈhods which give economic values to wildlife and wilderness. They
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use a definition of economic value as quoted from Clawson and Knetson

(1966) namely: "Economic values are measured basically by what people

are willing to gíve up; a relevanÈ economic measure of recreaÈion value

is, therefore, the willingness on the part of consumers to pay for out-

door recreatl-on services. rr

AnoÈher aspect of economic value determination is shadow pricing.

A shadow price is the price tag aÈÈached to goods which is more

appropriaÈe in economíc terms than the act,ual value of Èhose goods

(Mtchan 1971). For example, Èhe value of a moose is difficult to assess
/

ff one considers l-ts role in the ecosystem. Meat, aesthetíc value and

Its role in nature are only sorne of its worth. Its real- price may be the



price hunters will pay for a licence. If a hunter uses moose meat as

a beef alternative, moose meat would be worth the equivalent in beef.

A second imporËant aspect of benefit-cost analysis is Èhe

discount Tate. Costs today wíll be more than the costs for a year

from now but the opposiÈe is true for benefÍt.s. BenefíËs are worth

less in the future than they are today (\^Iest and Miller 1978) . By using

a discount rate one can see the actual balance of benefits and costs in

todavrs value of the dollar (or at some specific point ín tirne).

The money which Ís invested in a government project todav

could also be invested in the private sector. If one receives a

higher rate of return from investing in the privaÈe sector rather than

in a governmenË project, it would be economicallv sound to do so. If

a goverrrment spends money on a project it must benefit the people.

If they would benefit more from investrnent of the government money

in the private sector, the government should invest privately. The

government has t.o make decisions which maximize profiÈs for present

generations but it qust take. into account future generaÈíons. A

government must decide what ís economical-ly beneficial for society as

a whole (Mera 1968).
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B. Background Information

According to aerial surveys (1972 - 1977), the increase in the

ungulate population has been higher than the pretreatment population by an

average of 49 animals (11 rnoose, 11 elk and 27 deer).Therefore there are 49

animals more in the 40 sq. miles of the plots in a given year as eomPered to pre-

plot years. From the previous ehapters ít appears that the plots are

producing sfgnlficantly more browse than in surrounding areas. The

animals are using the plots more than the controls. No one wíll ever

know íf the plots actually caused Èhe i-ncrease in animals buÈ the

evidence does support the theory.

years, both good and bad years for ungulaÈe populatíons. fhus, the

estimate is not biased towards a very good year.

fhe hunter use of the plots is a little more tangÍble. The

hunÈers do use the area rnore frequently. Firstly, there is ease of

access for the hunters. secondly, the animals are in the plots and
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they are more easily spotted there.

The surveys do cover a number of



C. Costs

The costs as found in Table 5.1 were encountered ín the first

fíve years of the project. After these inítial outlays of capital,

no further costs r¿ould be needed to upgrade the project. The costs

ínclude the salaries paid to Natural Resource personnel who surveyed

the plots (estimates only) and the actual bulldozing costs. Part of

these costs are benefits as they provide salaries for the caterpillar

operators who are local farmers. Thus, the project provÍded l-ocal

employment. As the costs are íncurred over a five-year period the

discount rate applies to them. The costs paid ín 1973 were more of

a burden in 1973 than the sa$e costs in the following years (ie.

dollar for dollar). The costs unlike Ëhe benefits are quite easily

calculated.
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Table 5-.1. Costs

Manipulation

YEAR

and Benefits for

Project i.n dollars

r97 3

L91 4

l-975

r976

r97 7

L97 B

197 9

19 B0

19 81

1982

19B3

1984

1985

1986

l-987

1988

Oper- Bu.L l-

ators dozing

r-^cmc /r C \vvrr¿L,\v,/

6842

57 4r

7 432

7 004

17 60

0

0

0

the Duck Mountain Habitat

of the yealr thev occurred.

870 B

7 307

9 458

B9 14

2240

0

0

0

0

Survey-

i.n o

3280

2320

2440

1480

0

0

0

BENEFTTS (S)

I^rages Hunter Äni 1"al.

use n::ices
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6842

57 4r

7 432

7004

L7 60

0

0

0

0

47 6B

5298

5BB7

654L

^

8220

7181

697 3

BO12

T'Appendix G contains more details on calculations of the prices
prices found in the table.

7268 11545

8076 13545

8973 L4664

9870 I5738

IOB57 168T2

11943 17886

13137 18960

I445l- 20034

1589 6 21108

1748s 22182

19235 23256



D. Benefits

Some of the benefits were easy to calculate in monetarv terms

such as the benefits to the tr^ro caterpillar operators. Other bene-

fits are not so readilv assessed in monetarv terms.

Shadow prices are used to evaluate the r¡orth of a moose, elk

or white-tailed deer. There is no existÍ-ng price for a noose. Yet

j-t must be worth something as hunters are willing to pay to go moose-

hunting. A shadow price for a moose would be $619.96, $10.00 for its

hide (Sidney I. Robinson fur and hides price list) and $609.96 for íts

meat (69ç/pound multiplies by 884 pounds-average weight of a moose

from Banfield (J.974). There are other monetary values which could

be attached to a moose depending on the person assessing the values.

The benefits of the Duck Mountain Habitat Manipulation Pro-

ject are calculated in two \¡rays: hunter costs and the price of the

meat produced by the animals. Table 5.2 outlínes these benefit,s.

The first method uses the costs that hunËers will incur in order to

get animals. The extra animals that the plots maintain entice more

hunters. The plots themselves províde easier access to the animals

for Lhe hunters. Signs of brov¡se, pellet groups, bedding sites and

the animals ntrmber greater in the plots as compared to the controls.

The hunters have a greater probabilíty of shooting one anirnal in the

plots as compared to areas outside the plots.

If the plots were not present, some moose, elk and deer would

still be at Ëhe siËes. Íhere also would be hunters. For Èhe plots

to be beneficial, they would have to entice more hunters than if the

plots \rere not there. In the calculation, a value of ten hunters

116



IT7

Table S.Z. Benefitsl of the Duck Mountain Habitat Manipulation

Year

t973

t97 4

t975

L97 6

L977

1978

l-979

1980

19 81

L982

1983

1984

1985

1986

19 87

1988

Benefits in l-973 dollars

i-iunter costs

-119 I I

-4049

-4583

-2608

207 4

2729

26r4

2504

2358

222L

209L

].969

1854

r7 46

L644

154 I

2L24

discount rate is 7Z

Frice of the animals

-119 I B

-Lt12

-3282

-19 8o

2783

4640

4562

4092

3660

3258

2889

2552

2247

L97 3

L728

1509

29459Total benefits

Icosts áre included as negative benef i.ts.



more than the pre-m¡nipulation years (L972) hTas used. This fígure is

more than likely a underesÈimat,ion as the plots are r¡ell known ín Èhe

lrnmedíate viqinlÈy. Ten rr.¡men samples were also taken from Èhe plot

area suggesting that the hunÈers definltely are using the plots.

The second means of computing beneflts is Èhe worth of the

animals. Th;s ís described above in shadow-pricing. The acÈual

worth of the anim¡ls is calculated (Appendix A and B give more de-

tails on the calculatíons).
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E. Discount Rates

I^Ihat particular discount rate should be used for the project?

As costs are high ín the preserit and benefits are less beneficial ín

the future (I^Iest and Miller L97B), a discount rate must be used to

determine tomorrowrs wealÈh in todayrs prices.

Since the project rüas begun in L972-73, all costs and benefits

are calculated in L973 doIlars. A net benefit-cost ratio will be used.

Prest and Turvey (1965) use a 5-6 percent discount raËe in the

United States in the 1950's. Ramsay and Anderson (1972) quote a 4 per-

cent rate for a goverrìment health project. Mishan (1971) quotes rates

of 4 percent, 6 percent and B percent for projects ín the 1960rs.

Foster (1963) state that discount rates betv¡een 4 and B percent do not

make much dÍfferences in project assessnents (as found in Prest and

Turvey 1965) and from the aforemeritioned studies, a díscounÈ rate of

7 percent was chosen. In total 20 percent \,ras dÍscounted from the

benefits as in Table 5.2 where 13 percent is the rate of inflation.
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Table 5.2 outlines the benefits of the Duck Mountain Habitat Manipulation

project in discounËed raËes.



F. Benefit-Cost Analysis

A net benefit-cosÈ ratio

mine the feasibiliËy of the Duck

cost ratio is greater than zero,

(Míshan 1971). The calculations

f O-LIOI¡IS:

c=n

\-
)

/
t=0

is used in Table 2 ín order to deter-

Mountain Project. If the net benefit-

the project is economically feasible

for the net benefit-costs are as

Costs are considered negative benefits.

The net benefit-cost for the hunter use ís 92124.00 while the

price of the animals gíves a net benefit-cost of $29459.00 As both

Ëhese values are larger than zeÍo, the Duck Mountain Habitat Manipula-

tion Project is economically feasible (ie. ¡,¡ithin the context of the

L20

Ba

(I + r)2

assumptions made).

G. Problems with Benefit-Cost Analysis

Some of the problems involved in benefit-cost analysis have

been discussed above. The two larger problems involve attaching price

tags to some benefits and determíning a suitable rate of discounË.

These assessments are more subjective in their estímatÍon. In this

project I tried to underestimaËe values.

More problems also lie ¡¡ithin the project itself and not

withín benefit-cost analysis. It is very difficult to determine the

where B_
It-

benefiËs
15 years

( proj ec t
length)

rate of
discount (7%)
tiue (years)t=



benefits of projeets when so many factors other than Èhe project af-

fect the animal populations; however, a crude estimatíon may be better

than no estirnntion. Again it gives the public some idea as to the ef-

fectiveness of government spending.

More exact. information could be obtaíned for benefits and

costs if more time was used. Surveys could have been carried out in

questionnaire form askíng the hunters if Ëhey actually used the plot

areas as did an Alaskan study (Buckley L957) and the Delta Marsh Technical

Committee (Development of the Delta Marsh L967). Questions such as the

following would have been useful:

1) I^Ihen did you start hunting?

2) Where do you hunt? (section, tor,rnship and range)

3) Do you use the plot areas to hunt?

4) Do you think the ploÈs are useful to hunt in?

5) Did you shoot any moose, elk and deer?

6) How much did you spend on food, transportation, equip-

ment, licenses and accomodation?

This study only looks at Èhe value of wíldlife in terms of

the hunters. If one considers the values of nonhunLers. the economic

value of the animals would increase. Arthur and l^Iilson (f979) did three

surveys on the publicrs attiÈude toward v¡ildlife. Hunters and nonhunters

\47ere considered separately. Nonconsumptive uses of wildlife were the

highest ranked in the ímportance rating for both hunfers and nonhunters.

The order of importance (overall) of all the wildlife uses \^7ere: 1) main-

taíning naLurer s balance, 2) enjoyment from knowing the animals exist,
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3) viewlng, 4) food, 5) hunting and 6) furs. Even rhough the hunrers

are willing to pay highly for thefr sport, they still fínd nonconsump-

tive uses of v¡Íldlife more enjoyable. Although 1t ís easier to deter-

mine the economic value of r^ríldlife fn terms of hunting, the majority

of the publlc do not do so.

OÈher benefÍÈs are not considered, such as the decrease in

crop damage as the plots rather than the farmersr fields provide avail-

able food for t,he ungulates. The benefits could also be quantified

by searching through the staËistics on ungulate crop damage near Ëhe

plots.

Other problems with beneflt-cost analysis and r,rith this parti-

cular study are the cosÈs and benefits of goods. i^Iildlife could be

assessed in terms of its meat value, its scientifÍc value, or its

aesthetic value. Bart et al. (L979> discuss economic value as the

value which people are wílling to give .up Ín order. to pursue their

activities in Ëhe wilderness. Powell (1980) and Fried (1980) conrnenËed

on the article by Bart et al. (1979). Por,¡ell (1980) srares rhar if

is impossible to place a value in dollar terms on rvildlife and wilder-

ness. Fried (1980) belíeves that there is no simple scaLe to assess

aesthetic value. Although there Ís no símple way to determine the

economic value of wildlife and wílderness, people are paying for the

use of these resources. There is a value but it is difficult to

L22

detemrine. In the

a11,,the tools they
/

preserve wildlífe

al. 1980).

tpolitical arena, I wÍldlife managers have to use

can get, including economlc values of wildlffe, Èo

as wildlife compeËes wíth other resources (Bart et



The monetary values of other benefits are ínEangíble. The wínd-

rows into whích the trees are bul-ldozed deny access by the ungulates

to all- parts of the pl-ot. The r^rindror¡s do provide dens for bears and

coyotes and resting places for grouse and snov¡shoe hare. The hare

population increased because of more browse, more hiding places from preda-

Ëors and being at the top of theír population cycle, which in turn increases

the coyote and lynx populatíons (spillover effects). There would be an

increase in the trapping potential of the area.

There is an increase in species diversíty wíth bulldozing thus

increasing the carrying capacity of the area. All these and many other

benefits are a result of the Habítat Manipulation Project. However,

one can not place monetary values on all of them.

The posítive aesthetic value of the animals woul-d be counter-

acted by the negative value of the disturbed l-and. One value whích

ls not priced is the scÍentific val-ue. The Duck Mountain Project is

important to the field of wildlífe management because other research

on the ungulate and plant interacËions is carried out at the same time

as the effect of cutovers on populations of plants and animals. If

one coul-d add up all the benefiÈs of the project, one l¡ould find an

even greater net benefit-cost rat,io.
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CHAPTER VI

CONCLUSIO}ÍS AND MANAGEMENT RECOMMENDATTONS



A. General Summary and Conclusions

The impact of clearcutting on the vegetation and of grazíng

and brorvsing by moose, elk and white-tailed deer in the Duck ì4ountain

Forests was determined through a vegetation survey and an ungulate

use survey. Numerous factors affected the plant growth and ungulate

use of the clearcuts. The maior results of these studies are sum-

marized be1ow.

1. Species richness or diversity of the flora \.vas greater

in the clearcuts than in the mature stands. The number

of invader species is greater ín the plots than in the

controls thereby increasíng the diversity of the former.

Aft.er seven years of regeneration, the density of the shrubs

in the plot is double that of the shrubs in the conËrol.

Leaching and erosion rrere not problems in the small clear-

cuts but xlne 7" organic matter in the 0 horizon was greaÈer

in the controls at some sites. RevegeÈation occurred

rapidly so the soíls \¡rere soon protected.

luloose, elk and white-Ëailed deer used the plots more than

the controls. The plots Ëhree to seven years old received

the most ungulate use. The plots at Lidstone r,¡hich were

seven years old received Ëhe heaviest use by moose and elk.

The edges of the plots and the trails to the plots were

well used by the ungulates. The edges and trails provided

more ecotonal regions \,rhere cover and food availability

are Elreater. The abundance of a number of shrubs especially

brorvse species like beaked hazel and aspen was greatest

2.

J.
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along the edge.

A benefit-cost analysís of the Duck l"lountain Habitat

Manipulation Project (using a seven percent rate of

discount over a l5-year period) reveals that the bene-

fíts in terms of hunter use or the benefits in terms of

animal production are greater than the costs. The project

is economically feasible when judging the project in the

light of the aforementioned críteria (Chapter V).

^
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B. Management Recommendations

The results of these sEudies are useful in suggesting recommenda-

tions for the mana¡lement of the plant communities and the ungulaËes ín

the Duck Mountaín, Manítoba. Some recommendations follow:

1) Srnall cutovers (0.5-2 ha) are useful to increase plant

species diversity and ungulate use of an area.

2) The trees in the cleared areas should be pushed into wind-

ror^rs so access by moose, elk and deer is made easier. To

further increase access to the entire plot and to allow

random movement throughout a plot, the windrows should be

burnt; however, this could lead to loss of nutrients from

the ecosystem.

3) The edge is most beneficial in terrn-s of browse guality and

quantiÈv to moose, elk and deer. An íncrease in edge area

can be produced by the preparation of irregular shaped

plots or long narror^r plots or by the presence of residual

stands in a larger clearcut.

4) A series of seral stages provides a greater mosaic of plant

communities and correspondingly an increase in Ëhe diversity

of brorvse specíes. Even if there are a number of plots

in the first stage of regeneration, other plots in more

advanced stages would be avaílable to the ungulates.

5) A rotation of cutting is recommended every LZ to 15 years,

as \^ras suggested by Usher (1978) but in addition a staggered

cutting program ín Duck Mountain Ís considered to be more

beneficial. A selective Ëhinning could also produce

L26



favorable results in Ëerms of browse species.

Before future clearíng is undertaken, ít is strongly re-

commended that studies on browse quality and ungulate use

take p1ace. After clearíng, reassessment of these factors

vrould provide more det.ailed inforrnation on the use of

plots.

6)
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Appendix A. Plant Species List
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EQUTSED\CEAE

Equisetum aryense L.

Equisetum f JwatiLe L.

Equisetum scirpoides Miclx.

LYCOPODIACEAE

Lgcopodium complanatum L.

OPF]IOGI,OSSIACEAE

Botrgchiun virginianun (L. ) SV.

POLYPODIACFÄE

Drgopteris cristata (L. ) Gray

Matteuccia struthiopteris (L.) Tbdaro

PÏ}ACEAE

Abies bal-samea (L.) ¡[iI].

Larix Laricina (Du Roi) K. Koch

Picea gTauca (I4cench) Voss

Pinus banksiana Larnb.

TTPI.ACEAE

Tgpha Latifol-ia L.

ALIS4ATACEAE

ALisma pTantago-aquatica L. var. americanum

Schu]tes & Schultes

Sagittaria Latifol-ja Willd.

GRA}1ÏNEAE

Agrostis stol-onifera L.

Agropgron pectininiforme R. & S.

PIÃ}iT SPECIES LIST

Garland lainl< Lidstone Sarah
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Plant Species List - conti¡ued

Agropgron trachgcau-Zum (Link) Mal-te.

Agropgron trachgcauLum var. glaucum(Pease

l4oore) Ma1te.

Avena fatua L.

Beckmannia sgzigachne (Steud. ) Fern.

Bîomus cil-iatus L.

Bromus inermis LeYss.

Calamagrostis canadensis (Ifichx. ) Nutt.

Cinna l-atifoLia(frev. ) Griseb.

Deschampia caespitosa (L. ) Beauv.

ETgmus canadensis L.

EJgmus jnnovatus Beal

Glgceria grandis Wats.

GJgceria puJcheJJa (Torr. ) Tfin.

Hierochfoe odorata (L. ) Beauv

Hordeum jubatum L.

KoeLeria cristata(L.) Pers.

Org zopsis asperifoTja Michx.

orgzopsis pungens (Torr. ) Hitchc.

Phal-aris arundinacea L.

PhLeum pratense L.

Poa paTustris L.

Poa pratensjs L.

Schizachne purpurascen.s (Torr. ) Slvallen

Setaria viridis (L.) Beauv.

Garland ì4inl< Lidst¡ne Sarah
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Plant Species List - continued

CYPMACEAE

Carex Spp.

Carex atherodes Spreng.

Carex aurea Nutt.

Carex bebbii Olney

Carex granularis Muhl.

Carex Tasiocarpr Hü;. vaï. amer icana Fern.

Carex ¡^etrorsa Schw.

Carex rostrata St¡kes

Caîex stipata Muhl.

Scirpus microcarpus Presl.

Scirpus Lacustre L. ssp. val-idus (VahI) lioyama

LENI.{AGAE

Lemna minor L.

JU}GCEAE

Juncus baLticus Willd. var. J.i ttoral-is frtgeIm.

LuzuLa acuminata Raf.

LILICEAE

Dis¡nrum trachgcarpum(S. Wats.) B. & H.

LiLiun phiTadelphicum L. Vâr. andjnum(Nutt.) Ker

I"Iaianthemum canadense Desf . var. interius Fern.

SmiLacina stel-l-ata (f,.) Oest.

SmiLacina trifolia(L.) Desf .

Streptopus amplexifol-ia (L.) DC. var. americanus

Schutes

Garland lt[ini< Lidstone Sarah
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Plant Species List - continued

Streptopus roseus Michx. var. perspectus

Fassett

Tril-l-iun cernuum L.

Zigadenus el-egàns h:rsh

IRIDACEAE

S i sg r inchium .montanum Greene

ORCH]DACEAE

Coral-Lorhiza striata Lindl.

Cgpripedium cal-ceoJus L. var. parvifLorum

(Salisb. ) Fern.

Cgpripedium reginae Wal-t.

Habenaria hgperborea (L. ) R.Br.

l4a f ax i s uni f ol- ia lt{ichx.

SALICACEAE

Populus bal-samifera L.

Pnntti ttq f rpmttT oides It[iChX.

Safix anggdaToides Anderss.

Safix bebbiana Sarg.

Safix exigua Nutt. ssp.in¿erjor (Rcx¿lee) Cronq.

SaLix interior Rcx¿l-ee

Sal-ix futea Nutt.

Salíx nc|7iÈå AnderSS.

Safix petioTaris Sn.

BHTI]!ACEAE

ALnus rugosa (Du Roi) Spreng. var. americana

(Regel) Fern.

BetuJ-a gJanduTosa Michx.
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Plant Species List - continued

BetuLa occidentalis Flook.

Betul-a papgrifera Marsh. var. neoaLaskana

(Sarg. ) Raup '

Corglus cornuta }4arsh.

FAGACF:AF

Quercus macrocar pa l{ichx.

ULMACEAE

IJ]-mus americana L.

URTICACEAE

urtica dioica L. var. procera (Muhl.) V\iedd.

SANTAI.ACEAE

Comandra umbel-Latum (L. )

(DC. ) Jones

Comandra umbel-Latum (L. )

Garland Mink Lidstone Sarah

ARTSTOI.oCIIIACEAE

Asarum canadense L.

POLYGONACEAE

Fagopqrum sagittatum GiUJr.

PoJggonum amphibiun L.

Polggonum avicuLare L.

PoTggonum erectum L.

Polggonum TapathifoLium L.

Rumex crispus L.

CHn{OPODIACEAE

Axgris amaranthojdes L.
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Plant Species List - crcntinued

Chenopodium aJ-bum L.

Chenopodium capitatun (L. ) Aschers.

Chenopodiun hgbridun L.

CÀRYOPHYIjLTÄCEAE

Arenaria faterifLora L.

Arenaria stricta Michx. var. dawsonensis

(Britt. ) Scoggan

Cerastium arvense L.

Si l-ene cucubal-us Wibel

SiLene noctif l-ora L.

RANUNCUI,ACEAE

Actaea rubra (Ait. ) Wi11d.

Actaea rubra (Ait.) Willd. Forma negTecta

(cilfman) Robins.

Anemone canadensis L.

Anemone cgTindrica Gray

Anemone quinquefof ia L.

Anemone riparia Fern.

AquiTegia canadensis L.

CaLtha palustris L.

Ranuncul-us abortivus L.

RanuncuJ-us acris L.

Ranuncul-us cgmbaTaria Pursh

Ranuncul-us gmeJinij DC. var. hookeri

(Don) Benson

RanuncuLus macounii Britt.

Garl-and ld¡l< Lidstone Sarah
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Plant Species List - c.onti¡rued

Ranuncul-us rhomboideus Goldie

Thal-ictrum dasgcarpum Frisch. e Lal_I .

Tha]ictrum venuLosum ltel .

FIJMARIACEAE

CorgdaJis aurea Willd.

CRUC]FERAE

Arabis glauca (L.) Bernh.

Erusi mnm r:hci ranthojdes L.

Erucastrum gaTJicum(Willd.) O. E. Schulz

Rorippa isLandica(Oeder) Borbas

Thlaspi arvense L.

SAXIFRAGACEAE

Chrg sos plenium al-ternifoLiun L.

Heuchera richardsonii R. Bv.

MiteLl-a nuda L.

Parnassia palustris L. var. neogaea Fern.

Ribes americanum MilI.

Rj-bes glanduTosum Grauer

Ribes a<qacanthoi<fes L.

Ribes oxgacanthoides L. f¡ar. hirtel_l.um

(¡[ichx. ) Sccggan

Garl-and lainl< LÍdstone Sarah

L4¿+

Ri.bes triste Pallas

ROSACEAE

Agrimonia strjata Michx.

AmeLanchier al-nifoLia Nutt.

Crataegus rotundifoLia Moench

x

X

x



Plant Species List - crcntinued

Fragaria virginiana Dcne.

Geum aleppicum Jacq.

Geum macrophgTTun Wi1ld. var. perincisum

(Rydb. ) naup

Geum riva-Ze L.

Potentil-l-a anserina L.

Pofcnfi 1 7a arouta PUfSh

Potentil-l-a fruticosa L.

PotentiLLa gracilis Dougl. var. gLabrata

(Lehm. ) Hitchc.

Potentil-l-a norvegica L-

Prunus americana Marsh.

Prunus pensglvanjca L.

Prunus virginiana L.

Rosa acicul-aris Lindl

Rosa woodsii Lindl-.

Rubus jdaeus L. var. strigosus

(Michx. ) Maxjm.

Spiraea a-Zba Du Roi

LEGUM]NOSAE

AstragaLus adsurgens Pallas

Astragalus alpinus L.

Astragalus canadensjs L.

Astragalus strjatus Nutt.

Hedgsarum aTpinum L. var. americanunMiclx.

Lathgrus ochrol-eucus l{ook.

Garland Mink Lidstone Sarah

M5

x

.x

x

x

X

x

X

x x



Plant Species Líst - continued

Lathgrus venosus Mtlhl .

Medicago JupuJina L.

Medicago sativa L.

Mel-il-otus al.ba Desr.

Mel-iJ-otus of f icinal-j" (1,. ) f¡m.

oxgtropis campestris(L.) DC. var.

(Nels. ) Barneby

Trifol-ium hgbridun L.

TrifoLium pratense L.

Trífolínm reocns L.

Vicia americana M.uh1 .

L]}IACEAE

Linum usitatissimum L.

ffiAN]AGAE

Geranium bicknel-l- i Britt.

POLYC.ALACEAE

PoJggala paucifoTia Wi1ld.

PoTggaJa senega L.

ACERACEAE

Acer negundo L.

Acer spicatum Iram.

BALSAI{INACEAE

Impatiens capensis it4eerb.

RHAMNACEAE

Rhamnus aLnifoLia LrHer.

Garland l¡finl< Lidstone Sarah
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P1ant Species List - continued

CÐRNAæAE

Cornus canadensis L.

Cornus stolonifera }4ict¡x.

P]'ROIÂCEAE

Monotropa unifLora L.

PgroTa asarifoTia Michx.

PgroTa secunda L.

PgroJa virens Sclweigger

ELTCACEAE

ArctostaphgTos uva-ursj (L. ) Spreng.

Ledum groenTandjcum Oeder

PRIMT]I,ACEAE

Androsace septentrionalis L.

Pr imu l- a ¡ni stassini ca lt[ichx.

Steironema ciLiatum(L.) Raf .

TrientaTis boreaJ-is Raf .

OI,EACEAE

Fraxjnus pennsgJvanjca Þãrsh.

ffi\TTIA¡{ACEAE

GentianeTl-a amerel-l.a (L. ) Börner

Gentianell-a crinita (Froel.) Don

HaLenia defLexa(Sn. ) Griseb.

.APæYIBCEAE

Apocgnum androsaemifoliun L"

ASCE,PIADACEAE

esc/eplas speciosa Tìorr.

Garland l4ink L:idstone Sarah
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P1ant Species List - continued

VIOT.ACFÃE

Viol-a adunca Sm.

VioLa canadensis L.

Viol-a macloskegi Lloyd

VioLa nephrophg-Z-Za Greene

MÃEAGI\ACEAE

Shepherdia canadensjs (L. ) Nutt.

ONAGRACEAE

Cí reaea a7 ni na L.

EpiTobiun angustifoTium L.

EpiJobium gTanduJosum Lehrn.

Epilobium gJanduTosum Lehm. var.adenocaul_on

(Haussk. ) Fern.

Oenothera biennis L.

HAIORAGACEAE

I4griophgTTum spicatum L.

ARALIAæAE

Aral-ia nudicauLis L.

TJMBELLIFERAE

Carum carvi L.

Cicuta macuLata L.

He rac Leum f anatum l4ichx.

Sanicul-a mar j' l_andica L.

Sium sauve lValt.

Zizia aurea (L. ) Koch

Garland ¡ai¡il< Lidstone Sarah
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Plar¡t Species List - c-onti¡rued

CONVOLVUI,ACEAE

Convol-vul-us sepium L.

Cuscuta umbrosa Belzrich

POLE¡4ONIACEAE

CoLl-onia finearis Nutt.

BORAG]}IACEAE

Lithospermum canescens (lt[ichx. ) ]€hm.

llertensia panicuTata (Ait. ) Oon

LABIATAE

Agastache foenicul-um(Pursh) Ktze.

Dracocephal-um formosj us (Lune11) Rydb.

DracocephaLum nutta l-1 i i Britt.

GaJeopsis tetrahiÈ L. var. bifida (Boenn. )

i.ej. & Court.

Lgcopus americanus Muhl.

Mentha arvensis L.

Mol-davica parvif Jora (Nutt. ) Britt.

Monarda fistufosa L.

Scu te L L a r i a e pi Lob i f o l- ia Hamilton

ScuteLfaria l-aterif l-ora L.

Stachgs palustris L. var. piTosa (Nutt. ) Fern.

SOI,ANACEAE

Chamaesaracha grandif l-ora (Hook. ) Fern.

SCROPHUIÃRIACEAE

Casti 77e ja miniata Doug1.

PedicuLaris canadensis L.

Garland Minl< Lidstone Sarah
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Plant Species List - c:onti¡ued

Penstemon al-bidus Nutt.

veronica americana Schwei¡r

PI,ANTAGN{ACEAE

PJantago najor L.

RI.]BIAGAE

Gal-ium aparine L.

GaLium boreaLe L. var. boreal-e

Gal-ium trif idun L.

Gal-ium trif Lorum Michx.

Houstonia JongifoJia Gaertn.

CAPRFOLÏACEAE

Diervil-l-a fonicera Þ1i11.

Linnaea boreal-is L. var. TongifoJia Tbrr.

Lonicera dioica L. var. gJaucescens(Rydb.)

Lonicera vil-Losa (Michx. ) R. & S.

Sgmphoricarpos atbus(L. ) Blake

Sgmphor icar pos occ identa-Z js llook.

Viburnum eduLe(Michx. ) naf.

Viburnum Tentago L.

Viburnum opuTus L. var. americanum Ait.

CA}4PANUI,ACEAE

Campanula rotundifol- ia L.

CIO}4POSITAE

AchiLfea niLlefol-ium L.

AchiLl-ea sibirica Ledeb.

Garla¡d I'E¡k Lidstone Sarah
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Plant Species List - continued

Agoseris gTaucflp,arsh) Raf.

Antennar ia neglect¿r Greene

Antennaria pnrvifTora Nutt.

Arctium mjnus (llilI) Bernh.

Artemisia biennis Willd.

Artemisia Ludoviciana Nutt. va¡. gnaphaLodes

(Nutt.) T. & G.

Aster cil-iol-atus Lirrdl.

Aster ericoides y.

A<f or I aa¡zí q f

.Aster novae-angLai e L.

Aster puniceus l.

Aster simplex Willd.

Aster umbel-l-atus ¡4i11 .

Ri åan< lêrnt1a 1

Chrg santhemum Leucanthemum L.

Cirsium arvense (L.) Scop.

Cirsium f l_odmanii (Rydb.) Arthur

Crepis tectorum L.

Erigeron canadensjs L.

Erigeron gJabeTTus Nutt.

Erigeron phiTadeJphicus L.

Eupatorium purpureum L. Var. macul-atum

(L. ) Darl.

HeLianthus annuus L.

Hefianthus tuberosum L.

Garland },iirl]< Lidstone Sarah
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Plant Species List - continued

H ierac ium canadense Michx.

Lactuca tatarica (L. ) ¡aeyer

Liatris TiguJistg-Z js (Nels. ) Schr¡n.

Matricaria matricarioides(Less. ) Porter

Petasites paTmatus (Ait. ) Gray

Petasites sagittatus (Banks) Gray

Petasites vitifo-Zius Greene

Prenanthes al-ba L.

Prenanthes racemosa Michx.

Rudbeckia hirta L.

Senecio aureus L.

Senec io eremophi 7us Richards.

Solidago canadensis L.

SoJidago gigantea Ait. var. serotina (eit.) Cronq.

SoTidago graminifoLia(L.) Salisb. var. major

(MicLx. ) Fern.

SoJidago hispida ¡4uhl.

Solidago juncea Ait.

Solidago missouriensis Nutt.

Solidago rigida L.

Sonchus aryensis L.

Tanacetum vulgare L.

Taraxacum officinal-e !üeber

Garland It4inl< Lidstone Sarah
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Ana s pJatgthgnchos (L.)

Buteo jama icetsis (GmeIin)

Bonasa unåe-t-lus (L. )

Pedioecetes påasianeJlus (L. )

charad¡ius vocifetps L.

ca peJ J-a qa 7 7 inaqo (L.)

zenaidura nac¡oura (L. )

Bubo v i t g inianus (Gmelin)

Càordej.les njnor (Forster)

.Àrc¡iloctrus colu-bris (L. )

coJaptes au¡atus (L, )

Dendrocopos villosus (L. )

îgrannus tgrannus (L. )

sayo¡nis phoebe (Latlram)

Enpidonax ninjnusfBaird and Baird)

contopus sordjdu.lus Scalter

Eirundo ¡usÊica L.

Pe¡j soreus canade¡sjs (L. )

cAanocitta c¡jsÈata (L. )

corvus cotax L.

corvus brachgthgnchos Bretrm

Parus atrjca piJJus L.

?roglodgtes aedon VieiIlot

c i s tothoru s p.la ters j s (Latham)

Toxostona rufun (L, )

îurdus nigratorjus L.

BonbgcilJ.a cedrotun Vieillot

¿a¡ius I udovicianus I.

MniotiL ta varja (L. )

Dendroica coronaÊa (L. )

Dendroica pensglvanica (L.)

sejurus au¡ocapi-tlus (L. )

o por or ni s phi I ad e J phi a (l^¡ilson)

ceot.hl ypjs t¡ichas (L. )

set.ophaga ¡utjcjtta (L. )

¿9e.1a j us pàoeri ceus (L. )

Ouisca-lus q,uiscula (I,. )

PJreucticus -ludovjcjanus (L. )

carpodacus purpureus (G¡neIin)

Spjnus t¡isÈjs (L. )

spizeL La passer ina (Bechstein)

s pi ze L L a pa I I ida (Swainson)

zonott ic hj a a tb ico 7 I j s (Gmelin)

t4e Los p i za g eot g i ana (Latham)

Ile 7 o6p i za metod ja (Wilson)

BIRD SPECIES ],IST

Mallard

Red-tailed $awk

Ruffed Grouse

Sharp-tailed Grouse

Ki I Ideer

nanman Cnina

Marrv¡ i na narra

Great Horned Ow1

cormnon Nighthawk

Ruby-throated Hurnmin gbird

Coh.mon Flicker

Hairy woodpecker

Eastern Kingbird

Eastern Phoebe

T.êãcf Fl\r^â+^hêr

western wood Pewee

Barn Srntallow

Gray Jay

Blue Jay

Cor,mon Raven

ConInon Crow

Black-capped Chickadee

House wren

Short-bilIed Marsh wren

Brown Thrasher

ÀmerÍcan Robin

ueqar waxwl.ng

Loggerhead Shrike

Black-and-white WarbLer

Yel low-tumped l^¡arbl-er

Chestnut-sided Warbler

Ovenbird

Mourning Warbler

Conmon Yellowthroat

À¡nerican Redstart

Redwinged Blackbird

Comnon Grackle

Rose-breasted Grosbeak

PurpIe Finch

Anerican GoLdfinch

Chipping Sparrow

Cì.ay-co]-ored Sparrow

White-throated Sparrow

Swamp Sparrovt

Song Sparrow
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ÀLces aJces (L. )

Canis Jatrans Say

Canis Jupus L.

castot canadensis Kuhl

^ ^t ^-L..- fçE¿ Yur cLaYttuÐ D.

C 1 ethr ionomg s ga pperi (Vigors )

Etthizon dorsatu¡n (L. )

Euta¡njas njnj¡nus (Bachman)

Lepus arne¡icanus Erxleben

Matnota monax [L. )

ì4icrotu s pennsg Tvanicus (Ord)

Mephitis mephi tjs [Sch¡eber)

od oc o i l- eu s v i r g i ni a nu s (Zimmerman )

)ndatt a zibet.hicus (L. \

Ptocgon Jotor [L. )

S petnophi 7 u s tr i d ec emL ineatus 04itche11 )

Iamias striatus (L. )

Tam i a sc iurus åudson jcus (Erxleben)

7¡sus äme¡jcanus Pal1as

VuTpes vulpes [L. )

Z a pu s hud son j us (Zim¡nerman)

MÀI{MAf,S SPECIES LTST

Moose

Coyote

Grey wolf

American beaver

V'Tapiti or elk

Gapperrs redback vole

Àmerican porcupine

Least chipmunk

Snowshoe hare

I9oodchuck

Meadow vole

Striped skunk

White-tailed deer

Muskrat

Raccoon

Thirteen-1ined ground

souirrel

Eastern chipmunk

American red squirrel

Black bear

Red fox

l'leadow jumping mouse
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Appendix D. Appendix for Chapter II

(a) Plot sam.pi-ing intensity
(b) Shrub densíty/I00m2

(c) Importance values of herbs

(d) Combined data for veqetation narameters

(e) F.aw data for: the soil ana-l-vsis
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(a) Plot Sampling IntensitY

Table D.I. Summary of work

Duck Mountain periPherY for

vegetation analysís.

Work
type

Pe11et
Group
Counts

Track
Counts

Vegetation
Analysis

Total Number
of Plots

completed in the

ungulate use and

Num.ber of plots in each treatment t
L-73 G-75 S-73 S-77 S-78 I1-74 M-75 I!i-76
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7

2

o

1T

B

2

10

4¿

1

6

L7

.1

I

6

2T

o

aI

a

JJ

10 5

l0

65 10 39



(b) Shrub densitlr!-00m2

mble D.2 shnib densiw? lOo nP) for au shrubs(o to 250 cfn).

Sp€cÍes

Abies balsanea

Àcer spjcatun

Àfnus rùgosa

Amelânchier aTnifoLia

Àrctostaph.los uva-ursj

Betùla occidentalis
B. papgrifera

cornus stoLonifera

Corg)us cornuta

cretaegus rotunditol' ia

Fräxjtus pensgJvanica

IÊdun groenJ.andicun

Iânicera dioica
L- vil-7osa

Picea gfauca

Popu"lus baLsanifera

P. trenu]oides
PotentiTLa frpticosa
Prunus pensVLvanjca

P. virginlana

?'uercus MCrocar¡n

R¡amnus alnifolia
Ribes americanùn

R. oxgcanthoides

R. triste
Rosa sDÞ.

Ruòus idaeus

safix bebbiana

salix sFP.

shepherdia canadensis

sgmphoticarps aTbus

S. occiderÈa-lis

vibutnum edùLe

V. Lentago

Y. opu.lus t.a.r. anerjcanun

v. raÍinesqùianun
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00I7
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004

337 079 021 633 0167 It7 L16 066 029 ]-23 144 058 0125 0073 0071 07I 013 0s4 094 031
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002
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021

136 034 136 009 023 0't9 0063 0013 0108 047

093 008 067 004 0r4 001- 002 02r 019 02s

009 157 023 042 083 0019 0008 0025 013 041 025 025 066

004 007 002 035 0008 ols 019

133 140 0213 450 I92 2æ 033 0083 083 091 075 193 I55 165 167 0040 0100 0100 009 196 154 040 016 025

267 059 oO25 046 063 017 233 034 050 014 091 081 025 0057 0031 0050 113 029 004 s00 244 006

013 032 02I 007 030 027 0008 0008 008

0136 048 004 064 r48 025 008 0002

004 017 003 083

053 219 0275 054 008 017 533 tr7 202 139 079 304 192 208 0106 0154 0433 216 I08 229 37"t 291 037
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(c) Imoortance values of herbs

ðbÌe D.3. Inport¡nce vðlucs of herbs-

ECI ÈS

híllaa míllt(aLtø
Ittlf¿.a ¿L6iníu
ie(d ã!\hM

ulnche (oe*íu{ø
wpynn tnchr¡uvtø
'n4MÐtu.A uÅn(ku
cænc crudc¡¡i¡

cu Lud¡tcn
guLngue(oLi-a

nipw
LenútLi-a negLec.tn

oulrø udntto-endolun
nlta nu.d,LcauLLt

oLo t lnpltq In t uv a - u¡t i
nnatvia taLe,+i.[lnra

a¡Lø can¿dzn:¿

te c||,|tttt1ú
fL^ novQ-MgLitr
te^ e'\"icti-d-Q.a

, ¿., urbe Lt-^ r', \

{eì 6pp.

Lugalu.t ap.

t¡w¿.t ciU.o.fuu

Î^J ?jL iM v i-r,g ini-ut ø
ImgrctLi-t ør¿drr¡ i¡
Lilra polul,e-it
nuuta dnÙudi{o|ta
.UX 6pP.

.dtelu. ja nLiata
enopodìø hybn+du,

^LLa 
ol+i-M

ÀÀ.iM aivQrÀe

¡¡Lv. nuLicw

.cutn mtul¡.tt
rud¡n u¡nbeLta.tø

neolvula-t Ae+iM

^^ua 
cøadenÁ.iÁ

'ptvi$diJñ calcttlt¿
¡ø c¡.¡vL

e¡v.LU¡ loruLee¡a

ÁWilø ttaChqefu^pØ

'i).0 bitn angvt L,i- do Lün
u,Áe-tø aÃvenÁQ

uUtM ÁcLtqoiÀrÀ

þestn ghi)a&)-úictu
petttLiJn pu^puÀrB

a4oti,a vin4inLøa
LiM bo¡.taLe.

'LLø btLól.ouø
ìtiÆelLa aÍe e,UÃ

¡aniø bichn¿lli
ø olzppì-cn
'ø +Lvale

'J-tni.a fu(ltu
ÀacltW la^atØ

PLot !ìlge Cont rol
tJ j .+71 li-74 )r.7\ c-is ú-¡r-s-it +¡a r.-zi ::-¡r-i.îa,v-.n;:l', y-ir ;.;7 T-.;¡ l-n-s.7ji---ti;-t'trD ,.-;:-ñ-7ó Lt''.-;

\.t

0

].r,

1.9 0 ì.6 -- 21.4 .1..9 C 0 0 rì.¿ 2.t - o 2,t, 0 Il.1 í)

2.? t0.t t_ô /.ì t_t t.0 0 r.8 2.4 r0.4 2_rJ 0 0 1,6 0 0 0

0 0 4,0 2.t -- t.8 1.4 -- 0 0 0 0 l.: 0

Ì8.5 39.8 14.6 5.4 9.0 1.8 12.7 18.5 14.7 40.3 16.4 rl.7 14.3 t0.5 3t.1 ?6.7 35.6 39.¿ 21.6 19,9 lt.0 9.3 51,9 30.j

3.ì -- 8.2 -- -- rl.? --
0 -- r.0 -- I.8 -- I.2 -- 0 -- 0

0 -- 3.5 - 6.4 --
20.5 2r.6 18.9 r9.6 14.5 15.( rl.7 14.1 24.0 r4.0 2l.r rl.Ì 21.9 12,1 ?i.r I8.8 25.0 t2.l 20.1 15.7 L7.7 2!,5 Ió.2 15.5

3.0 -- 0.ó 1.2 - 0 -- 0 I.6 -- 0 -- 0 0

t.5 t.0 2.8 -- c 0.55 0 - 0 0 0 --
5.t - 1.5 -- 0 1.3 -- 2.1 -- 3.5 -- 0 1.5 -- 0 -- 1.7 -- 3.? 0

2.5 0 2.0 -- 1.1 2.3 -- 0 -- 0 1.7 -- 0

1.4 -- l.t -- 1.1

7.1 37.1 lI.6 14.6 4.8 l,l 2I.9 9.9 0 1).0 5.5 25.1. 0 ?1.3 ?o.Á 16,0 O 12.6 9.6 7.1 1.5 0 ll.9 Ì6.r
0 0 2.) O.4 -- 0 -- ]. 8 0.5 1.6 0.7 -- 1.2 -- 0 1.8 I.7 O .- 0

1.135.?18.748.1 5.5 4.636.6 - 11.1 4.) 0 11.2 0 0 12.6 -- O 1.t 0 2.1 0 0 0

00

16.l 0 t6.6 1¿.? 20.1 14.) 2t.tr 19.1 \t.3 0 19.5 3.6 ?9.5 t5.1 0 3"6 o 10.I I0.5 40.8 23.6 3,9 0 7.1

160

12.4 --. 0.5 6.0 2.8 iO.l 2.1 3.t 1.1 - 1.? 1.6 I.1 0 o 0 0 0 0 0 0

I

9

0 0 0.¿ -- I.r 2_6 0 - 0 0 0 --

0

0

0

0

0

8.5 12.6 8.4 0 1.6 2.2 1.6 3.9 1.6.9 10.3 I0.0 ¿,8 8.7 13.1. 3.6 6.9 0 0 14.5 6,6 Ll.6 21,6 32.0

00
L6 -- 0.6 - 0.4 2.5 0 0 0 -- 0,5 -- 1,1 2.1 !.5 1.2 0 -- 0.9 -- 0 4.2 3.fJ c

Ä.6 ', 3.0 0,¿ - 10.6 t2.4 -- 15.1 0 0 0 9.? 8.6 -- 6.5 0.7 0 2.0 -- 9.0 i.l
ù 0 t.2

0 0 0.9 0 0.7 8.0 3.1 0 0 5.t 3,7 2.9 --
2,1 - 1.3 -- 1.1 -- 0 -- 1.3 -- 0

,;., ,;, ,;.r ,;., ,;.r ,;., ,;., ;., ,;., r;., ,rr rn., r;., ,;.. r,., ,n', ,r-.r rr-.r,,.u ,'r., ,s-,, 
-s-.o 

rr,, ,r-.,,

ll.tt 25,2 13.l 9.5 10.8 13.0 18.5 I5.9 17.3 18.2 15.4 2.6 19.0 53.3 2,1.1 2?.2 8.9 3.9 13.4 I7.9 18.1 13.8 29.! 2L.t

18.l 0 4.0 1.8 ¿.0 16.8 6.2 3.8 12.t 3.6 4,2 A.1 t¿.1 2.\ O 2,8 16,i 4.4 1.9 2.9 2,0 14,0 0 3.c

0.9 -- 1,3 -- 1.8 - 0 - 0.7 - 0 --
-- t.2 -- 1,1 -- 0 -- 0 -- 0 - 0

0

6.4

0

0.

1.

0 0 1.6 0 0 1.4 -- 2.5 0 0.7 0

3 2,2 -- 0 I.9 0 -- 0 I.5 0 7.6 3.0

0

0

0

0

t.6

0

2.5 0

1.6



!{fn4c(u c¡}¡c¡ft{Jc

n)alLurÀ crpcruil
-dcttcd tatÂ,L{u

athgaus oeínnteucu

.d-thtàra vuoòuÀ

-íryata bo,ttal.it

,l/üDß ØC¿(Ct¡lûf

bìøttltlru undt,tt
.hi.tnceu¿it

t tattflettioptenLt
ledìugo toL:va
lct+Laùø alha

Áentjtd a^ve^ai,Á

qc.tfcaiid panLu.bta
tl<ltlln nudn

t'lonolntpa wi-iLou
1 a4 zo pt it ot p ett+ (o l-ia
Pett6i,t¿"6 Pofts.f]ra

P Q,tn Á itu ¿ ag¡.t ta.t!\Á

P¿tt-Ai.tQÀ vib¿óoL¿ú

PhtzØ p^t-1þ1À¿

Poa palu.ttni,t

Poa ptntuti.a
Po14gafu pavci-{oLh

P¡zwúhet olba

PyàtIn aÁdr\'LÁoLLd

Pgnnta aeuuda

Ptwcultl op.

Rubu¿ Du-b¿Jc¿E

fuùbecl¿i.a ha¡.ln

Soniult n¡Ltdiu
Swittci¡a 6t2j.lnta

-Solrd¿oo canadentì¡
Sonchlra a^vetÁ^

Stnehqt poltaþLiÁ

Stet¡nne:rø eiü¡Ím
S1elln'vía øp.

To¡antus o{titinlz
ll&Líclhn datqcaapø

lho,LiclÀM v¿ru¿oó!u

f Lit-nLali,t b o n¿ dLi^¿

Ía,L(oLiø p|û.a^^e

frti(oLitn nrpent

f+Lllir¡ ¿¿¡tw'
tlaluLct d.i¡íca
Vici.a æ¡icma
Viol¡ aduca
VioLo, sp,

Viola c¡ndl¡,ntit
Li4aÅeruu chgaaa

2.5 ti.tl
4.8 --

9.t 2.5 0.9

3.9 7.r 6.1

1.2

tl.4 1.5 ?t.1

1.5 0.1 -
U

0 2.0 --
2.3 5.1 8.t
0 l.l t.?

0.5 --
1.9 l2.ti ll.q

0 0.5 0 0 0 2.3

2.9

0 t.6 1,7

I6l

19.4 t6.5 16,5 tó.1 t1.3 1.2.8 t3.9 t4.0 19.0 16.5 L4.5 20.2

0,9 -- t.6 t.2 -- ?.2 --
0 9.2 8.¿ 3.r 6.6 0 2,2 - 6.8 t0.9 9.5

5.0 4.9 8.1 3.6 1.? r.s 0 4.7 5.5 9,9
-_ 10.6 7.7 Ì0.7 5.1 8.t 5.1 1.8 -- 6.2 1.9 6.5

15.¿ - 4.¿ t.r 15.5 Á1.7 6.2 4.1 6.9 - 0.7 0

0

t4.5 I2.5 5-1 s,7 -- 0 -- 5.6 ll.l
0--

6.0 2.5 5.9 7.6 3.7 8.6 10.6 4.¿ 0 1.8 6.4 3.3

1.2 - 0 -- 0.7 -- 2.1 5.¿ 0 -- 0.? --
-- t2.6 l0.B 12.2 ?.0 ¿.2 -- 2.0 -- t5.9 t5-0 t9.l
1.2 - 0.6 0 1.5 --

0-0
5.1 6.9 18.4

3.5 5.9 -

0

0

0

5.0

r.6

0--
19.7 23.5 12.ú l9

2.5 -
3.6 --
3.6 -
Á.2 11.0

0.6 1.2

2 .7 10.0

0.9 -
0--
3.( 0

0

0

5.8

2.4

ó.1 9.0

8. 3 r0.6
00
7 .6 20.5

5.1 2.1

4,5 0

6.6 0

2.O --
5.5 2 .1

1.0 0

1.0 --
2,6 4.5

L.3 2.1

t?--

0--
1.0

0.7

0

r.l

9.5 0

0

9,7 14.3 6.1 20.4 13.5 15,4 2t.9 L2.2

1.3 -- 0 0

6,4 9.6 -- 0 19.2 15 8.1 4.8

0 3.2 - 2.5 4.9 I0.9 7.4 6.8

2.1 4.8 -- 1/..9 1,5 3.8 2,t 2.1

0 0 0 -- 0 0 0.7 0

0 0 0.7 --
t.2 -- t¿.t, 4.1 0.9 o

2.2 --
2.2 4.O 0 2.5 2.1 1,7 1.4 0

0 5.4 0 -- 0 -- 2,5 -
0 - o 10,4 r3.B 6.5 0

-- 55,9 -- 0 0

0--
0 - 0 -- 0 3.8 0 --
000--

00
r].l Á.3 o 0 3,5 0 ?.1 0

0--
0.2 --

0 11.4 20,o 9.5 1.I r.'1 1..9 13.2

0--

8.5 9,3

5.O 2.9

1.3 -
00

3.l
7.5 t0.t

3.0 0

0--
0--
0-

16.7 9.5

25.r 0

0.7

1.1 Lr,.6

3.3 0

0

4.3

0.5 0

3.t 7.3

0.5 -
0.7 --
0.5 t.6

I.6

t.
1.

5.

9,9 2I.i

8.6 0

1.7 8.7

1,.
f.i

2 LJ

c

C

0

0--
0 3.

0 I.
a

0

7.?

0

c

l.i



(d.) Combined- clato for vegetation pararneters

Table D.4. Combined data for the veqetation parameters.

t62

Treatment
1=p1ot
2=edge
3=control

Site
1=Lídstone
2=Garland
3=Sarah Lake l-973
4=Sarah Lake I977
S=Sarah Lake L97B
6=Mink Creek L974
7=Mink Creek L975
B=Mink Creek 1976

Plot
Numbers as in Fig. I.2, 1.3, L.4 and 1.5

Section
Land secLion which plot is in as in above
figures.





U
A

N
N

Þ
!P

ts
N

N
ts

P
N

N
N

P
ts

N
N

N
N

F
P

Ñ
N

ts
P

U
þN

N
A

@
F

P
9Õ

uU
o6

U
A

À
àP

P
U

èÞ
U

@
èÀ

U
U

F
pè

Ã
A

uO
O

úú
66

ts
ts

P
 

N
 O

 O
 P

 
P

 P
 P

 
P

 
P

 P
 

¿
 

' 
P

 
* 

O
 t

s 
P

 
N

 O
 P

 
Þ

 
O

 P
 

ts
 P

 
Ô

 P
 

P
 

P
 

P
 

P
 

P
{P

@
ú{

@
F

N
{U

òN
@

Þ
! 

{N
{è

6U
U

9N
A

U
@

tJ
€@

U
U

ò

pÀ
oo

oo
oo

 
oo

co
oo

@
N

op
oo

oo
co

oo
oo

oo
ao

-o
oo

o
N

pc
oN

oo
oô

oo
oo

o@
ôÞ

ao
oN

oo
9o

oo
pÀ

oN
æ

oo
op

@
À

oo
@

ao
Q

O
oo

S
oo

ou
pè

9o
o@

co
@

oo
ou

èo
ôN

 
co

Õ
ø

a
@

èo
F

N
O

O
O

 
Þ

Q
C

O
O

O
O

O
O

N
O

O
O

O
O

æ
O

O
O

èô
O

O
gO

O
O

!{

P
O

P
O

O
O

 
P

P
 

P
P

P
Q

oÕ
ôô

{{
 

u{
 

N
oo

N
ts

O
O

F
ts

O
ê@

@
au

@
' 

o 
oo

ts
oo

ó 
{o

o9
0

S
E

S
T

IO
N

E
5S

 s
P

P
. 

Ìü
R

B
s

3 
3 

K
c 

oF
 B

R
ot

4s
E

O
{

N
 

N
O

O
 

P
O

P
A

O
O

O
O

Þ
 

À
uo

 
oa

6ú
@

oF
o

N
 

N
N

O
 

@
ôÈ

9a
O

P
O

u 
Þ

Þ
o 

{Þ
Õ

óP
oo

o

oo
oo

oo
N

o
oo

ao
oo

{@
o 

Ô
oo

ou
o 

oo
oo

o
o 

@
oo

oÞ

H



O
P

P
Þ

{ø
@

N

ts
P

O
P

N
N

 
O

O
P

O
O

P
O

O
O

O
 

N
P

P
O

P
P

ts
P

F
O

ô6
C

N
þO

 
@

N
A

þ6
U

9ô
J{

 
O

P
N

{6
O

P
P

C
N

P
ts

O
O

P
N

 
O

O
ts

P
O

P
O

O
O

O
 

O
O

O
O

P
O

O
O

O
O

ut
sô

@
o@

 
P

uu
P

u@
€P

uu
 

€a
{N

N
N

U
N

@
c

@
uu

u@
@

 
À

oo
@

N
oo

@
èo

 
æ

u{
@

N
{@

N
N

ô

O
P

P
O

F
O

P
P

P
O

P
F

O
O

O
P

P
P

 
Q

P
P

æ
 O

 Þ
 

P
p{

 
O

 A
ts

U
O

e@
 

@
O

 
F

op
(b

 
O

A
oo

oo
oa

oo
oa

oo
oo

ao
ao

oo
o

oo
oo

oo
N

P
P

ot
sO

O
þO

O
O

ts
O

O
O

N
U

ôO
Ô

@
ts

N
P

U
U

A
N

Q
P

æ
@

O
u6

9
@

Õ
u{

{9
uô

{J
a9

9 
Þ

ôo
N

J{
ô

P
P

P
P

P
O

O
O

O
O

O
O

P
P

P
N

J{
O

õç
N

6ô
U

{9
O

U
P

F
A

É
P

N
P

O
O

O
O

O
N

O
N

{
IJ

æ
æ

O
O

P
þÀ

èN
@

þG
òJ

6€
À

ôO
N

O
æ

ôæ
ôN

À
À

Õ

;; 
f 

S
P

P
. 

H
T

R
E

S

o 
o 

t 
H

E
F

B
S

L'
I



oo
oa

P
oP

oP
@

Q
{{

ts
{F

6N
oo

oo
P

o?
P

{o
u9

N
6Þ

C
ts

N
ts

P
O

F
P

P
 

P
P

 
?P

P
P

P
P

À
P

oo
o{

N
À

 
@

@
 

P
N

{@
{@

P
F

P
O

IJ
ts

U
ts

F
@

O
ø

U
ts

ts
P

 
ts

O
P

N
P

P
P

P
 

ts
O

O
P

P
ts

O
ts

O
P

 
O

P
{ 

C
Þ

Þ
 

H
F

R
R

q
F

@
U

ìU
 

N
O

æ
U

Ú
N

Þ
àF

9O
A

@
P

{P
U

À

oo
oo

oo
oo

oo
oo

oo
oo

oo
oo

oo
oo

oo
oa

o 
o 

o 
o 

a 
oP

ts
oo

 
o 

oo
 

oo
o 

o 
oo

 
ts

 o
 o

 o
 o

oo
 

oo
 

vc
 n

F
 P

Þ
ñÀ

Ì.q
E

oc
oo

Q
oø

us
N

oo
oo

oo
Q

oo
oo

oo
oN

oo
o

o5
00

{o
N

N
op

oo
oo

oo
oo

oN
oo

co
@

90
0

oÞ
oo

N
oo

oo
N

O
oo

oo
oo

oo
oo

oo
o6

0c
o

o 
oo

 
o 

o 
c 

o 
o 

P
 o

o 
o 

oo
 

o 
o 

o 
c 

Q
 o

 o
 Q

 o
 c

 o
 o

 o
 o

 o
oo

 
o 

o 
co

 
oo

 
op

 
oo

 
oo

 
o 

o 
oa

 
o 

o 
o 

o 
o 

o 
o 

o 
o

o 
o 

c 
o 

c 
o 

o 
N

 p
 c

o 
c 

oo
 

oc
 

I 
c 

o 
o 

o 
o 

c 
o 

o 
Q

 o
 o

 o
 o

o 
o 

o 
c 

o 
oo

 
@

rJ
 

N
 o

 o
o 

c 
o9

 
o 

o 
o 

o 
o 

o 
c 

o 
À

 @
o 

cc
 

c 
o 

o 
o 

u 
{ 

o 
o 

o 
o 

c 
oo

N
 

c 
c 

o 
c 

o 
o 

o 
o 

o 
o 

o 
o 

oc
 

o 
o 

oo
 

oo
 

au
 

u 
o 

oo
 

c 
oô

 
c 

oo
 

o 
c 

o 
o 

o 
À

 À
Ò

 o
 c

 o
 o

 c
 c

 
ts

 5
 o

 o
 o

 o
o 

oo
U

 
c 

o 
o 

o 
Q

 o
 c

 o
 o

 o
 o

 o
 c

 o
 o

 o
o 

o 
oo

 
óa

 
ur

 o
 @

Q
 o

 o
 {

 
o 

o 
o 

o 
o 

o 
o 

o 
o 

N
oo

oo
oo

a 
P

ao
oo

oo
 

oo
oc

oo
oo

co
oo

ao
o 

oo
oo

oo
oo

o 
F

oô
oo

oo
oo

oo
o 

oo
ts

N

ts o, o\



(e) Raw data for the soi-l analysj-s

Tabl-e D.5. Raw data for the soil analysis

Coding:

Site
I=LÍdstone
2=GarIand
3=Sarah Lake
4=It¡link Creek

Horizon
1=O horizon
2=A/B horizon
3=C horizon

Salinity in mm hos/cm

N=Available nitrogen (ppm)

P=Available phosphorus (ppm)

K=Available potassium (ppm)

S=Available sulphur (ppm)

depth=depth of the organic layer (cm)

% organic=the % organic matter

treatment
1=plot
2=control

LOt
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Appendix E.

r69

Twig weight-diameter relatíonship for

red-osier dogwood, Iow bush-cranberry,

pincherry, mountain maple, sask-atoon,

chokecherry ¡ balsam poplar and beaked

hazel (Chapter III)
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Appendix

(a)

(b)

F. Appendix for Chapter fV

Raw data for pelIet group counts

Browse preference and browse availablilit.y
for shrubs in Mink Creek and Sarah Lake plots
Dry weights for material found in the rumen

170

(c)

analysis

(d) The averagfe val-ues for available browse, percent

browse and browse consumptj_on for the plot, edge

and control for the I treatments (the standard

error of the mean for each value is also given)



(a) Raw data for pellet group counts

Table F.lPellet group counts for l-979 and 1980.
(Coding is the same as Table D.4).
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(b) Browse preference and
shrubs in l4ink Creek
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availability for
and Sarah Lake plots



Tabl-e F .2.

up compared

makes up in

The percent of total

to tJre percent of the

the Sarah Lake {S-73)

Species

Ame l- anchier a f ni f of ia

Cornus stofonifera

Corui n s aornuta

PopuTus bal-samifera

P. tremufoides

Prunus pensg Tvanica

D lri rni ni anav¿La'

Rosa SPP.

Rubus idaeus

Viburnum edul-e

ALnu.s ru gosa

Lonicera dioica

Viburnum oPuTus

Ribes oxgqcanthoides

Rhamnus aJnifol_ia

Sal-ix spp.

Sgnphor icat Pos occ i denta f i s

shrubs that each

total browse that
qì *a

Plot

ZZZZ%ea
total browse total brcx¿se total browse

species m-akes

each species

Ll4

lt

Edge

11
-L. -L

4.4

3.6

0.7

1.6.0

9, ¿.

'1 1

)t1

F-

an
'1 1

3.6

4.3

12.3

5.8 9.6

<1

7.9

0.4

1.8

24.6
1ìa

tt I

L2 .3

2.6

15. B

0.7

Control

4.3 r.7 L.7

7.0 r.7 r.7

1. B 66.1 r0.0

0.9

3. 5 4.2 r.7

11

1a -

0.8

I.7 r.7

3.3



Tabl-e F. 3. The percent

makes up compared to the

species mak-es up in the

Species

Ame f anchier aLni fol- ia

Cornus sto l-onif era

CorgTus cornuta

PopuJus baLsamifera

P. tremul-oides

Prttntts. nênqtt 7 y¿niCa

Þ ¡zi roi ni ana

Rosa spp.

Rubus idaeus

Viburnum edul-e

Ribes americanum

of the total shrubs that each species

percent of the total browse that each

Sarah Lake (S-77 ) site.

Plot

zzzzzz
total browse total brcx,vse total brc¡,vse

tt5

26 .0

11.3

¿+. J

11

't 't

¿.+. J

)a

Edge

18.7

1.1 4.r
8.1

Control

12.2

2.4 71.8 71.1

20 .3

13. 0

4.9

z¿.ó
AA¿.+

9.8

0.8

4.4

2.2

4.4

8.9

6.5

2.2



Tab1e 8.4. The percent

makes up compared to the

species makes up in the

Species

Ame L anc hi er a f ni f o J- ia

Cornus stoLonifera

Corglus cornuta

PopuJus bal-samifera

P. tremul-oides

Prunus pensgJvanica

P. virginiana

Rosa Spp.

Rubus idaeus

Sal_ix spp.

of total shrubs

percent of the

Sarah Lake (S-78)

that each species

total browse that each

site.

Plot Eclqe

z
total

e"9àzzeo
browse total brcx¡¡se total browse

3I.7

L4.6

26. B

26 .8

176

qaqo

0.7

82.T

Control

1_.4 tt.3 1.6

0.3 3.2

2.I 72.6 9.7

2.4

1.0

I.4
/1 1
=.I

1.0
1À¿.=

1-

0.3 1.6

1ô

6.5

t.4



Table F.5. The percent of total shrubs that each species

makes up compared to the percent of the total browse that each

species makes up in the Mink Creek(M'74) site.

Species

AmeLanchier aLnifoLia
Cornus stoLonifera
-^-,-7,-- ^^"-,,taw9L9LUè çVLtJU

PopuTus baLsamifera
P. tremuLoides
Prttntt.q Dêrl .q tt 7 vanica

Þ ¡tiroiniana

Rosa spp.
Rubus idaeus
Viburnum eduLe

V. opulus
Safix spp.
Rhamnus aLnifol-ia
Ribes oxgacanthoides

Sgmphor icar pos occ identa l- i s
r 7 -,,^Lttu ù ¿ u9vÞq

Lonicera vilfosa
L. dioica
Viburnum Tentago

Quercus ma crocarpa
Sgnphoricaîpos al-bus

Shepherdia canadensjs
Potentilla fruticosa
Cr etaegus rotund if oLia
Betul-a papgrifera

Plot

zzzzzz
total . brc¡,vse total browse total- bron¡se

4.3
7.2

48.9
5.6

12.9

^'7
0.5
¿. t

nq

0.4
1A

Ô-
0.4

0.7

1.3

1.3
n?

0.3
0.4

177

Edge Control

13.2
5.r 7.8
0.3 44.0
0.4 3.9
0.5 8.2
0.1
0.r

4.L
4.r

1.1
2.8
2.2

2.2
1.1
0.2
1.5

no

2.0

0.2
0.4

5.0 6.3 r.6
3.0 6 .9 3.7
7.8 50.8 2.6
0.2
0.2

2.7
6.3 1.1

0.4 1.6
3.2
2.6
1.1

0.4 4.2
(a

1. r
0.5
3.7
rìqV.J

2.r 0.5
0.9 1.1 0.5

0.2 - -



Table F.6. The percent of total shrubs

makes up compared to the percent of the

species makes up in the Mink Creek (M-75)

Species

Amel- anchier aLnif o l- ia

cornus stolonifera

Corgl-us cornuta

PopuTus bal- samif era

P. tremuLoides

Prunus pensgJvanica

Ð tr i r n i n i a n a

Rosa spp.

Rubus idaeus

BetuLa occidental-is

Viburnum opulus

SaLix spp.

Rhamnus al-nifol-ia

Ribes oxg acanthoides

Lonicera dioica

Viburnum Tentago

Sgnphoricarpos al-bus

Potenti 1J-a f ruticosa

Viburnum raf inesquianum

Lhat each species

total browse that each

site.

Plot Edqe

9oZZZ9oeo
total browse totâl browse total browse

L0.2

59 .6

4.4

11. I

1.1

2.8

1.1
'l R

0.2

0.2

4.0

0.2

T7B

0.4 2.3

6.3 3.8

4.0 77 .9

(\) ) i

3.7

Control

1.1_ 13.0 3.7

1.8 1.9 1.9

3.8 64.8 3.7

AE 0.5

1A
!. 

=

r.4

0.6

0.3 1.9

1.9

r.9

7.4

7.40.2 L.4

0.2 0.6

0.9

^1

0.8

^)
0.6

1.5

rlÃV.J



Table F.7. The percent

makes up compared to the

species makes up in the

Species

of the total shrubs that each

percent of the total browse

Mink Creek (M-76 ) site.

Ame l- anchi er a l- ni f o I i a

Cornus stol-onifera

CorgJus cornuta

Pontt 7 tt ç ha I samjf era

P. tremuJ-oides

PTunus pensglvanica

D ¡t i r n i n i a n aVLLJL

Rosa Spp.

Rubus idaeus

Viburnum edul-e

Viburnum opuJus

Plot Edge Control

zzzzeoeo
total brcn¡vse total browse total browse

t79

11. I

14. B

59.3

14. B

specr-es

that each

2.5

B.B

7t.2

L.2

5.0

2.5

r.2

r.2

6.2

B.B 13.5 10.8

70.3 2.7

2.7

/I



(c) Dry wsith¡=
analysis.

180

for material found in the rumen



Table F. 8. The dry weights of the material found in the moose

rumen samples.

Plant

PopuJus tremufoides

Unknown

Safix sp.

BetuJ-a gJandul-osa

CorgJus cornuta

Abies bal- samea

Cornus stofonifera

Ane l- anc hi er a l- nif o l- ia

Drlz weight. (g) in samples

123^56

3.66 2.93 0.50 0.24 0.50 0.45 0.82 0.56 O.ss 0.s7

0.09 0.08 0.08 0.16 0.17 0.r0 0.18 0.14

0.02 0.45 0.55

0. 01

0.09 0.06

0.08 0.I0 0.17 0.04

0.11

0.11 0.09

lBl

IU



Table F.9 . The dry weights of the material found in the e1k rumen samples.

Plant conqrcnent ory weight(ø)

3456
in sanples

-õtó I4t3L21l10 r5 L6 T7

Grain

Graminoids

PopuTus
ttemuToides

Rosa spp.

Cirsium
aTvense

Cornus
stoLonifera

Unknov¡n

Populus
bafsamifera

Sa-Zix spp.

BetuJa
paogrifera

Acer
<ni aa f ttm

Avena
fatua

Sgmphoricarpos
occidental-is

0.86 0.69

0. 03

0.03 0.13

0.86 0.06 0.rs
0.03 0.02

0.06 0.40 0.20 0.29 1.07 1.65 0.42 0.31 0.20

0.04 0.0r 0.03 0.01 0.02 0.02 0.02 0.01

0.22 0.28 0.06 0.09 0.01 0.05

0.20 0.0r 0.06 0.22 o.sr 0.29 0.17 0.13

0.06

0.35

0.07

0.2L

0.03

0.05 0. 05

0. 01

0.01

0.02

0.06

0.05

0.03

: 
o_o' 

_

0.I0 0.L2 0.02

0. 02

0.08 0.15

0.01 0.07 0.09

0.04 0.03

0.03 0.21 0.26

0.04 0.33 0.18 0.40

0.04 0.04

0.13 0.05 0.29

N)



Tab1e È.tor the avcragc vâluêr for avaflable brorse, percent brorle and brosge consutnption for the plot' edge ànd control for thê

Streâtments(thestandarderrorofthe¡neanforeachaveragevalueigalsogiven).

lreat-

fnent

Àvailable Browse

edge

Fercent Browse

edge
plot

Brovrse Consumption

edge control
control plot controlplot

s-78 9.77 ! 2.46 26.92 r

s-77 17.90 t 1.39 16.80 r

!it-76 30.83 t 11.85 56.57 I

G-75 39.0? ! 6.22 34 .78 t

r,r-75 29.60 r 5.94 23.60 !

M-74 51.35 ! 6,85 39.89 t

s-73 14,36 r 2.59 4.50 !

L-73 4L.77 | 10.95 24.92 !

7.84 L5.67 r 5.15 0.00

2.52 20.80 t L2.62 3. 30 t

10.70 20.25 t 4.27 0.00

5.28 12.07 r 2.88 12\14 t

9.94 28.40 ! !4.82 8.80 !

7.95 16.50 t 5. 19 14.55 t

l.6o 13.21 ! 3.47 16,14 t

5.03 r0.57 ! 2.L4 36.88 !

47..45 t 36.20

L72.32 r 115.87

11.88 t 9 .82

o.43 ! 0.40

9.67 ! 9.67

5.08 ! 2.65

10.60 ! 4.47

0.60 ! 0.60

30.33 r 10.48 10.67 r 8.29 0.00 15.82 t 8.72

2.04 31.50 r L2.73 2A.20 t 14.¡14 0.37 ! 0.3? 11.58 t 9,8I

8.41 r 8.41

4.32 15.00 t A.24 10,r8 ! 5.38 5.86 ! l.t2 4.10 t 4.10

5.59 15.20 r 7.5A 2.00 t 2.0023.25 t 15.96 15.82 t 15.82

5.99 5.63 r 1.89 5.00 i 2.44 5.09 ! 2.01 6.08 t 2.84

7.70 29.40 i IO.06 19.21 t s.00 4.52 ! 3.48 5.79 t 2.07

9.00 37.83 1 9.66 8.93 I 4.98 1r,06 t 4.68 ls.88 t 5.70

5.25 r 3.54 8.92 t 7.65 0.00

H



Appendix G.

184

Appendix for Chapter V

(Benefit-cost Analysis )



CalcuLations of costs and benefits

Costs- 44$ of the bulldozing cost6 go to pay the operators.
This value varies $¡ith the region but the operators
receive aproximately 51O. 0O,/hour.

-surveying costs Þ¡ere estimated. The survey of a plot
was gÍven a day value. At the average wage of the
tech¡ician at Ss.Oo/hour and g hours per plot, each
plot lroulil cost S40.00lincluding map preparation).

Benefits- Eunter use- The selection of 10 hunters was

choeen as a minimum value. The costs erere determined
on the basis of the hunters giv ing information on the
ten rumen samples received florn the area. The costs
were as follows:

Transportation to the area_S620

DaiIy transportation_
3 days x 30 minles x 2 trips=S756

Of the l0 hunters whose ¡noose or elk rumens were
sampled, 4 were local, 2 from Swan River, 2 from
Brandon, 1 from Virden and 1 from Winnipeg).

(a rate of 2lërzmile) was used in assessing transportation
costs )

Licenses ( @$20. 00) _S200
cuns (€ 9500 ) - $s0 OoÀccømodation- $490(Most-hunting 1icenses are good for 3 days o¡ a hunterusually spends a-minimun of 3 days hunting if h;-i;--al-lowed to hunt longerl
Food 5432
Clothing $300Ammunition S10O
Missed work@S3.39

/hour x 4 daysg1085

Total costs 59973

185

(Total costs are in L980 prices. From information over
years a 13t infl-ation rate was added to the costs).

Ànima1 economic value in meat price terms:

efk

moose

deer

average weight

598

884

166

price of beef +

60C,/Lb. (1980)

hide price

s7.00

sr0.00

9s.00




