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Abstract
A studyJwas conducted during 1977 and 1978 in Elk Island
National Park, Alberta té assess the Qpbitat and forage
resources within an énclosed. 723'ha area that was heavily
stocked with moose and elk. The objéctives of the sfudy were
.t0‘classify'andldescribe the vegétation. to determine forage
yield and chemical compésition and'to desoribe resource
utilization,

The Cégetation was classified physﬁognémi&ally. and by
ordfnation'and clus}er analysis. The four communities
described were forest, upland grassland, shrub fen and
grass-sedge fen. _The yield of current annual growth and. usq;\
of woody browse in the forest community averaged 8 and 18
kg/ha, respect1ve1y. Similar figures for thé shrub fen
community were 65 and 140 kg/ha. Corylus cornuta and Sal ix
spp. contributed most to browse)yielq. SR .

Annual yield and use of forage aftgr summer grazing in
the grassland community were 3255 and 1010 Kg/ha,'
respectively. Similar figures for two phases of the
~grassland community were 3211 and 1304 kg/ha for the‘géassy
bhase, and 3299 and 715 for the shrubby phase, respect1ve1y.

Herbaceous forage in the ss-sedge fen communlty was
comprised of a sedge component and.a marsh reed grass )
component Annua} yield of Carex spp. was 3721 kg/ha in 1977
and 4316 Kg/ha in 197@ Similarty, yield of Calamagrostis

canadensis was 3067 and 4124 kg/ha, respectively.,‘

Civ




\

‘Significant differences were observed among forage
qlas;es and among species for egch_chemiqal con#tftuent.
Phosphorus, ash, acid-detergent fibre and acid-detergent
lignin declined signi?icantly from summer to winter. .
Generally, annual herbaceous forage and éurrent annual
'growth of browse providea nuirients édeduate for
6ainfenence. but two and three-year-old wood was probably
nutritionally deficient.
| A11 habitats were utilized extensively except the
"grass-sedge fen. Fotgge preference and avoidaﬁce of 10
browse species was/%ot attributed to.chemical cbmposition,
but wés attributed to several other factors, particularly
forage availability; Hypothetical estimafeé of daily forage
intakg indicated that carrying capaci@y'was exceeded during’
1977, but was closer to acceptable levels aurihg 1978.

| Decreased stocking rate, prescribed burning; clearing

and periodic monitoring of fofage. are Qays suggested to

ensure sustained productivity of ‘range and wildlife.

1
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I. Introduction

The survival and productivity of wildlife ultimately depends
upon habitat which provides the basic Fequirements\of food,
| water’ and she}ter. Diverse habitat enhances wildlifé\
susviva{ and prbducfivity by enabling animals to exeﬁgise
~tontrol over various options related to,feedihg, socigl\and
6fhér'behaviors. Succeésional staée of vegetatioﬁ is an\\
important factor Féjated to-habitat diversity. The Strucfb(e
of vegetation‘based on succession per'its_an animal to \\
select cover that is best suited to i neea at any given- \\
time. Since each.cover type has its own haracteristic
floral cgmpositi&n, alternate sources of /forage are made
available. This permits a choice of forage; a choice which
is often‘influenced by palatability/gkd/or season. Habitat
diversity is also the result of topographic features of the
landscape such as slope, aspect and eleyation. Such
phyéiographic features, which offer protection from
inclement weather ahdﬁéneﬁieg, are additional ways in which
habitat diversity influences the SUﬁvivaﬁ-and productivity
' of wildlife. | |

Ahother important factor affecting wildlife survival
and productivity is the reiationship between forage quantity
and forage qUal%ty. Studies with domestic ruminants have
- shown that for diets of low digestibility (i.e.'qué4fty),
there exists a positive‘correlation betﬁeen vo]dntary dry

matter intake and digestib}lity (Mayﬁa?d and Loos1i 1969).

The reverse is;tEue for diets which are highly digestible



(Blaxter et al. 1961; Conrad et al. 1964). Ammann et al.
(1973) found a similar relationship b4ftween dry matter and
energy intake in relation to digestﬁbility for white-tailed
deer (Odocoiléus virginiana)'. Wwhen fed diets of medium to
high digestibility these deer were able to maintain a |
constaA& energy balance, near maintenance requirements, by
adjusting dry matter intake. For diets of low digesfibi]ity,
enerqgy intake decreased with a decrease in dry matter
intake. The physical limitation of :the rumen to expand, plus
the slow rate of passage of low quality forage through the J
digestive tract, restrict the amount of nutrierits that are,
made available for metabolization. Thus, even though a
*plentiful supply of forage is evaiIable. jf it is of low
quality animal productivity and even survival may be in
jeopardy. .An assessment of the habitat and forage resource
therefore, is essent1a] to the proper management of
rangeland for the product1on of wildlife.

As an integral part of wildiife habitat, forage is a
na jor Eeetor affecting wildlife survival and productivity.
Eiton in Van Dersal (1938) stated, "the primary driving
force of all animals is the necessity of findipg\Ihe‘right
K1nd of Vood and enough of it." ‘Thus, two'Eritical'aspects
of forage‘are quantity and qua]1ty

An amount of good quality foragelsuff1c1ent to sustain;
animals is usually availabde on native range land throughout
most of the grow1ng season: However in northern envirQnments

1 Scientific names of mammals follow Banfield (1974).

\-



of North America, much of this fohage becomes unavailable to
grazingianfmals in winter due to snow cover. Availablility
of forage on winter range is a critical limitation affeeting
wildlife populations. Accordingly, calculation of carrying
capacity of wildlife range is based upon the supply of
available winter forage which necessitates the
.quantification of forage yield and subsequent use. Various
studies have centred on such quantification to determine
carrying capacity in Elk Island National Park (EINP) (Van
Camp and Telfer 1974: Telfer 1976). ' |

Another aspect of forage 1s quality. One index of
forage qual1ty is the concentration of chemical const1tuents
relative to the nutritional requirements of the grazing
~animal during various seasons (Cook 1872). Deer populations
in North America have shown direct responses to qualitative
aspects of their food supply (French et al. 1956; Klein
1970). These studies point out the relevance of determining
ﬂthe nutfieht composition of forage. |

In addition to being a means of sustenance, forage
quantity and qua[ity influence the prefehence and selection
of habitat and forage by animals (Heady 19?4; Stoddart et
al. 1975). Bison (Bison bison) prefer grass and sedge oveh
other classes of forage which restricts them to use of

grasslands and sedge meadows (Telfer and CEirns’1979;



Reynolds et al. 1978). Moose (Alces alces) prefer browse?
compared to other types of forage, particularly in early
successional habitats (Peterson 1955; Peek 1974). Telfer
(1978) reported moose utilization was positively correlated
‘to browse production in three areas of Alberta. Penner
(19781 found that moose in the Northwest Territories
preferred certain willow plants and species whose morphology
‘had been ianuenced by previous browsing. Wapiti (Cervus
elaphus) afe mixed feeders showing considerable flexibility
in diets ‘(Knight 1970). -

The foraée resource of the~Mixedwood Region of the
Boreal Forest (Rowe 1972) is particularly suited to |
supporting a mixed population of native grazing ungulates
‘because of its diverse habitat and species (Telfer and
Scotter 1975). In this forest region a research program was
initiated at the University of Alberta to investigate
factors related to wildlife productivity (Hudson 1980). As
part of thfs program, two reeearch projects were begun |
during the winter of 1877 in a portion ef the Isolation Area
of EINP. One was an animal behavior study conducted to

investigate habitat utilization and resource partitioning by

- _
a mixed Population of elk and moose. The second was a forage
‘resodrces study conducted by the author to evaluate the

forage resdwrce. The specific objectives were:

\

- - - e = = -

2 Woody forage consisting of twigs and/or leaves.



1. to classify and describe the vegetational ﬁgsaic.

2. to determine th% yield and use of forage.

-
.

3. to determine the chemical composition of forage

classes and of some important forage species.

4. to discuss resource utilization relative to habitat
. c . .
and forage preference,. and carrying capacity.

<



I1. The Study Area

A. Size and Location .

Elk Island National Park lies in the northern part of
the Beaver Hills.in central Alberta, 37 km east of the City
of Edmonton (Figure 1}, The Parklis approximétely 22.5 km
from north to south and 10 km from east to west, centred on
a point 53° 37’ north latitude and 112° 58’ west longitude.
The study arée was the 7.23 Kkm?2 Canadian Wildlife Service
compound, located in the southwest corner of the lIsolation
Area, and inéludes sections 31, 32 and the northeast and
northwest quarters of each of sections 29 and 30 of Twp- 52
R-20, west of.the 4th meridian. A 2.1 m pagewire fence

separates the. study @rea from the rest of the Isolation

Area.

B.. History and Development

The Bgaver Hills offered a rich hunting and trapping
ground to éhe Indian tribes which anmed them before the
arrival of the first white explorer to Alberta, Anthony
‘Henday, in 1756 (Griffiths 1979). Soon after, other
explorers arr%ved and tapped this plentiful resource. A
prosperous fur trade sooﬁ emerged. However by 1870,
éxceSsiVe'hunting and trapping had so decimated'beaver
(Caston.éana&ehsis) and bison populations. that many Indian
bands were forced to leave the area in search of new

frontiers (Griffiths op cit.).
b {
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Figure 1. Map of Elk Island National Park and the location of
the study area. :
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. The 1890's marked the beginning of homesteading L
(Griffiths op citl. Land clearing operations, especialiy’the
‘repeated_use of fire, e?feétively removed bush and along
with it, prime wildlife habitat. Land clearing. together
with previous heavy hunting and trapping, resulted in a
scarcity of many wildlife species by the end of the 1800’s
(Griffiths op éif.). A few concerned citizens petitioned the
federal government to take action.

n‘1966. a 41 Km? game preserve was erected for the
protection of one bf the few femainfng elk herds in Alberta.
Soon after completion, jt was used as a tempprary holding
areé for 410 plains bison, part of 716 eﬁroube from Montana
to the unfinishea Buffalo National Park near Wainwright.
During the subsequent round-up of the bison in 1908, 48
bison escéped capture, eventually becoming the forerunners
of the present herd.

| The reserve was officially declared a Dominion Park in
1913 (Griffiths op cit). It was enlarged by 93 km? in.1922
to accomodate the growing ungulate populat1on By 1930, it
had ga1ped nat1ona1 park status and was named Elk lsland
Nat1onal Park. At that point The Park consisted of the area
presently north of Highway 16, and is referred to as the
"main park". A further 62 km? of—]and, previously part of
the Blackfoot Grazing Lease, was obtained for expansion in
1947, This-acquisition, referred to as the Isolation Area,
has held a small herd of wood bison since 1965. The‘Canadjan
Wildlife Service compound with its laboratory facility and



corrals, has served as a base of operation for the control
and eradication of brucellosis and tuberculosis from the

wood bison herd.

- C. Management

Due to the lack of natural predators and probably the
presence of the game fence, ungulate populations grew
gncheéked.'thereby placing a heavy burden on the forage
resource. Since 1927, periodic slaughters and selective
hunts by Parks Canada personnel hawve maintained proper
stocking rétes. More recenfly, plains bison have been
relocated to parts of Alberta and elsewhere, and some small
breeding herds have been sold at auction, to ease the burden
on the foraée resource. Hay grown for winter feed in the
Farm Area of the Park (north of Highway 16} also helps to
of fset feed shortages. Fences have been erected to control
and facilitate animal distribution and handling, and to
accomodate public observation,

The main park has also been managed for rezreationa)
pursuits; Astotin Lake has facilities for swimming and
boating; other uses inc¢lude bolfing. camping and naturé
trails with guided walks in season:wNumerous trails exist
for cross—coun:ry skiing. Although the lsolation Area has

remained closed to the public, it is scheduled to be

developed for public recreation in the 1980's.

"



D. Climate . §

~  The climate is described as cool continental, sub-arid
to sub~-humid, with cold winters and warm summers (Bowser et
al. 1962; Wonders 1969). Temperatures range from about -40
to +32 degrees celsius. The frost-free period ranges from 50
to 150 days and averages 100 days. Ave;age annual
precipitation is 40 to 450 mm; 70% falls as rain durfing
May., June andiﬂuly (Table 1). About 125 cm of snow falls
annually. Average wind.velocity is less than 26 Kph and is
generally fFom the northwest. The sun shines an average of
2,175 hours per year (45% of possible), 60% of#this during

the growing season (Wonders 1969).

E. Geology and Topography
Bedrock of the Alberta Plains physiographic region

consists of relatively horizontal, sedimentary strata of
variable age overlain by glacial drift and underlain by
Precambrian rock (Lang 1974). EINP is underlain by the
Edmonton Formation which consists of upper cretaceous
bedrock formed in freshwater from shales, sandstones, clays\
and coa} interbeds (Bayrock 1972). The older Bearpaw
Formation, formed in a marine environment from shales,
siltstones and microfossils, also underlies a small part of
the‘Park.

These and other strata were periodically overrun and
eroded by massive ice sheets. The most recent ice sheet was

the Laurentide during the Pleistocene epoch about 11,000
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Table 1. Total annual prec1p1tatlon (mm) and snowfall (cm)
recorded at Fort Seskatchewan, Alberta -
Environment Canada meteoroiogxcgl station.

Month Total Precipitation Snowfall

1977 V 1978 1977 . 1978 '

>

January 24.8 13.6 24.8 13,6
February T v 7.8 0 7.8 .
March -18.7 11.0 14.9 1.8
April 17.0 18.3 3.3 0
May 125.3 76.5 T 0
June 19.9 51.7 0 0
July 88.2 10,3 0 0
August 82.5 S 77.3 0. 0
September 39.4 120.9 0 0
October 0.5 10.3 0 0
Navember 7.4 29.3 7.4 16.3
December 19,1 30.2 19.1 ~30.2
Total 441.7 §57.2 69.5 697
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years B.P. (Bowser et al. 1962). F0410w1ng the retreat and
melt1ng of ice during the late Wisconsin period there
remained glac1a1 err1s in the form of grSundJand hummocky
moraine. The ParkK is situated in the Cooking Lake moraine
which rises 30 to 60 m above the.surrounding piain.
Elevations range'from ]10 to 760'ﬁ above sea level.
. Topography is generally kqob aﬁd Kettle charecterized _
by a seriee/of low hills and depreseions, bUt'mére gently
rol]1ngpand flat terrain also ex15ts (Lang 197%) Two large
lakes and several smaller lakes, s loughs and beaver ponds
are within the study area. The largest water body is Wa]ter
.Laké. Most streams and creeks are intermittent and carry

wafer only during spring.

' F.ASoils

Soils are mainly{those classed in the Luvisolic Order
-and lie within the Gray Luvisol soil zone General]y they
have light-coloured, e;bv1al Ae hor1zons above illuvial Bt
horizons that contain s111cate clay (C.5.S5.C. 1978). Mineral"
soils. have deQeloped from giacial till and have properties
that fall within the limits of the Cooking Take and Uncas
.soil series (Crown 1977). They are arranged in a catenery
sequence. Well to moderately drained Orthic Gray Luvisol
soils occupy upper and midd]e slopes. Dark Gray Luv1so]
soils are found on 1ess densely treed, more open areas. A

small proportion of Eluviated Eutric Brun1sol soils are also

present (Crown 1977) Ymperfectly dra1ned Gleyed Gray

€

- e
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Luvisol soils occupy-lower s\opqs while poorly drained Humic
Luvic Gleysol soils ogcupy depressional, low-lying and
interridge areas. Surface tekture may be loam_to silt loam
uZr saﬁdy-loam to loamy sand. Landform is gengra]ly ridged to
hummocKky with s]ope; of 5 to 15 percent.

Very pporly drained organic soils occupy depreésional,
low-lying areas and lake margins. Their prope}ties fall
within the limits of the Stebbing and St. L}na soil series
(Crown 1877). Dominant soils of the former series are Typic
Fibrisols that have developed on fibric organic materials, - -
predominantly moss peat. Sub-dominants are Mesic Fibrisols
and Terric Mesic Fibrisols. These soils héve developed in
level bogs. Dominant soils of the latter series consist of
Terric Mesisols; sub-dominants include Typic Mesisols, Humic
Luvic Gleysols and Humi; or Rego Gleysols. These soils,
fouqd either in open wet]ahds-or marshes, have developed on

moderately decomposed organic materiéi, chiefly derived from

sedges, and grasses or cattails.

G. Flora

The Cooking Lake Moraine represents an isolated island
of the Mixedwood Section surrounded by the Aspen Grove
Section of the Boreal Forest Region (Rowe 1972). The

dominant tree species of the Mixedwood Section is aspen
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(Populus trémuloides)3 with balsam poplar (P. balsamifera)
on more moist sites, white birch‘(Bétula papyrifera)‘and
black spruce (Picea mariana} in boggy areas (Moss 1932).
Vestiges of white spruce (Picea glauca), thought to be the
climax species befcwj;the fires of 1895, occur sporadical]yh‘
- in protected areas. _

=]

The aspen understory includes prickly rose (Rosa
acicularis)? an§ beaked haze]th (Qorylus cornuta), as well
as saskatoon (Amelanchier alnifolia), chokecherry (Prunus
vrrglnkgna) and wild red raspberry (Rubus strigosus). The
herb 1ayer includes marsh reed grass (Calamagrostls
canadensis) and numerous forbs such as asters (Aster spp.),
go]denrods (Solidago spp.), etc. found growing on Gray
Luvisol soils. |

More open, south-facing slopes are vegétated by
buckbrush {(Symphoricarpos occidentalis) and wild rose.
Grasses such as fringed brome (Bromus ciliatus),; Kentucky |
b]ueérass (Poa praténsis), bearded wheatgrass (Agropyron
subsecundum), and various forbs comprise these grassland
areas which ;re underlain by Dark Gray Luvisol soils.
Low-lying,.po?rly drained depressional areas consist of
bogs: fens add%marshes. Bogs characteristically support
stands of swamp birch, (Betula glandulosa), white birch,

'and/or black spruce with an understory of Labrador tea -

(Ledum groenlandicum), blueberry (Vacciniam’myrtilloides),

3 Scientific names of vascu]ar plants follow Moss (1959)
4 Includes R. woodsii.

<
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cloudberry (Rubus chamaemorus) and moss (Sph?gnum spp. ). fhe
sedges Carex aquatilis, C. atherodes and C.rostrata occupy
the wettest sites of fens. Drier sites.are occupied by
willows including Salix bebbiana, S. dlscolor S.
petiolaris, S. planlfolra, S. maccalliana and S. pyrrfolla
‘with an understory of grasses, particularly marsh reed
grass, and forbé. Marshés are bordered by cattails (Typha
Jatifolia), rushes (Juncus spp.) and sedges (Carex spp.).

H. Fauna

A r1ch and varied fauna ex1sts in the study area due to
the diversity of habitats (Griffiths 1979). Espec1a]1y N
prominent though 1nfrequent1y seen were the }arge
" herbivores: elkK, moose and\whyfe-ta1led deer. These animals
were most often encountered while bedded down or foraging iq
shrub-meadows or sedge fens. During this study the porcupine
(Erethizon dorsatum) was usually seen barking the upper
branches of willows, while the red squirre] (T@miasciunué
hudsonicus) was noted in black spruce bogs. Presence qf
Richardson’s‘pocket gopher (Thomomys talpoidés talpoides),
‘was evidenced by numerous dirt mounds on open areas, but the
anima1 itself was rarely seen. Beaver and muskrat (OndatPa
.2ibethicus) were frequently observed ih lakes. Occasionally
the coyote (Canis Iatrans) and the striped skunk (Mephitis
mephitis) were. seen in the woods or along trails. Otheri
small mammals seen occasionally, were snowshoq hare (Lepus

americanus), weasel (Mustela spp.), mink (Mustela vison) and

‘~
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little brown bat (Myotis Juciugus). A large number of bird

species were also observed throughout the field seasbn.



"1I1. Methods

A. Aerial Stratification anc Mdpping

Initially, black and white gcrial photographs
(Governhent of Canada: Energy, Mines and Resources - 1972;
épproximaie scale:- 1:12,000) were.acquired to obtain an'
overview of the study area and for use in the precaration of
a vegetation cover map. The purpose of the map was to |
facilitate random plot selection, and to calculate and
compare the aréa of each major veéetation'type. With the aid
of a stereoscope the area was strat1f1ed into four -cover
types based on drainage, and d1fferences in vegetation
structure. as determined from colour tones, and textural
d1fferences visible on the photh. forest, shrub fen,
grass-sedge fen and grass)and. Bcundaries of each cover type
were then~traﬁécribed frcm the individual photos onto a
transparent mylar overlay which was enlarged 2X by means of
a zoom transferscope. From the mylar- overlay ozalid copies
were made upon which each cover type was colour-coded, then
subdivided into numbered stands. The area ofleach‘étand was
determined by an electronic digitizer, and totalled, to give

*the area of each cover type.

B. Stand Se1ection'and Plot Establishment

Forest and Shrub Fen

Ten and twelve stands in each of forest and shrub fen

cover types respectively, were selected- by using a table of

17
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random numbers>\and were located during April and May, 1977.

18

The location for a 30 X 30 m macroplbt was selectéd near the
centre of each stand (Figure 2). Four 15-metre-long
transects were then layed.out. one in each cardinél \
direction. The centres of 12 microplots5 (Figure 2) |
individually spaced at five metréﬂinterv?gs, were located
Qlong each transect, marked with a wooden étake and
numbered. A compass placed at each centre in turn, served to
divide the microplot into four imaginary quadrants, each of
which was designated with a Rdman_numeral. |
Grassland and Grass-Sedgé Fen |

~ Eight grassland stands were subjectivély chosen which
best represented the grassland cover®type. Four, 0.89 m?
microplots in three stands, and six micrOplots.ih two
stands, were located and equally distributed among grassy.
and shrubby phases of the gréss]and during May, 1877. A wire
exclosure cone having approximately ‘the same bésa] area‘as
~each miérdp]ot was placed over.the centre of each piot.

Ten stands were chosen by means of a table of random

numbers in the grass-sedgé fen during August, 1877, to:
'assess herbaceous forage yield. A 25 m transect was run in
each cardinal direction from a point central to each of five
stands of Calamagrostis canadensis ‘and fivé stands of Caéex

spp. Five, 0.89 m2 plots were placed at five metre intervals

along each transect.

------------------ b}

5 Referred to as sample pointé according to Cottam and. .
Curtis (1956). '
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Macroplot Centre‘
Microplot Cantfe
Microplot Number
Microplot Quadrant

R

Distance

® Species

—-— Transect

A

Figure 2. A macroplot and . its number and arrangement of microplots.
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C. Species Composition

Herbéceous Vegetation.

Following Déubenmire (1959), canopy cover was
determined in eaéh microplot for each herbaceous species,
and for woody vegetation less thaﬁ or equal to 61 cm ta¥I™
Daubenmire (op cit.) defined canopy cover as: "an expression
of the percentage of the nguhd included in a xertical
projection of imaginary poﬁygons, drawn ébdﬁt the total

natural spread of foliage of the individual: f a species.”

A 20 X 50 cm plot frame was used as the microplic . The

- coverage classes and mid-points are given below:

+

Claés No. Rarige in Cover (%) uM%d-Point(%)
il 0-1 ' K
2 2-5 3
3 6-25 1
4 26-50 38
5 51-75 62
6 76-95 85
7 96-100 98

The plot frame was placed at a predetérmined, randahly

selected?, distancg and direction from the centre of each

]
microplot.

)

§ From a table'of'Féndpm numbers .
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Woody Vegetation -

The point-centred quarter method (Cottam and Curtis
1956) was used to obtain an inventory of woody vegetation’
which was greater than 61 cm in height and less than 3.75 cm
diaméter af breast height (dbh). The method was modified for
clumped vegetation® (j.e. Salix spp.), siﬁggait tends to
give an underestimate of individuals in a gppulation which
is contagiously distributed (Mueller-Dombois and E1llenberg
1974). 1t was felt that this modification wéuid give a
better estimate, since all stems in a clump Qou]d be
considered. Thé shortest distance from.the microplot centre
to the nearest stem (or clump if applicable).in each
quarter, as well as igs height, basal diameter and species .
name were récordéd.‘ . .{

The basal area of 'a stem was caﬂcu]ated by multiplying
jts basal diameter by 3.1416. The baéaa area of abglump was
cé]culated-by multiplying tHe average basal area df Ewo
‘stems, (one nearest the clump centre, the other nearest the
microplot centre), by the number of -stems per clump.

The height and dbh of three trees nearest the centre of

each macroplot were measured as representative of stand

_height (Appendix B). A 10-factor prism was used to estimate

7 .,Two species, Rubus strigosus and Lonicera spp., were
regarded as a type of cane rather\than a typical woody
species . Hence, they were not included as such in this
“inventory but were included in the canopy cover method for
herbaceous forage. ? : ,
8 The distance to the centre of each clump, as opposed to
each stem, was measured. Then the number of stems were
counted in each clump. '
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basal area for trees within seven dbh size classes ranging

from 3.8 to 39.4 cm with a size class interval of 5 cm.

D. Production and Utilization
Herbaceous'Vegetétion ' ‘ ]
“Grassland | |
Current annual growth (CAG) and use of -herbaceous’
forage and browse (€61 cm in height), was determined by
harvesting (Stoddart et al. 1975) during August Twenty- four

wire exclosure cones, approximately 120 x 106 cm basal.

'diameter were placed in five grassland stands at the point

where a tossed st1ck landed\ One half of the cones were
placed in the grassy. phase® wh11e the other half were placed
in the shrubby phase. Each cone was secured by three
U-shaped Stakes.

Herbaceous forage was clipped to ground level within a -
0.89 m? plot/frame inside and outside'of each wire cage
during peak production near the latter part of Auguét. This
mater1a1 as we]l as ground litter was collected and 1ater
sorted into grasses and grassl1kes, forbs and litter. CAG of
woody species found within the plot was also clipped ‘and
collected, and sorted into leaves and twigs. A1l this
material was air-dried for several days at room temperature,
placed in a forced-air oven for 24 hours at 70°C then
weighed. Herbaceous forage and woody mater1a1 collected

T T T T A N N

8 The grassland community consisted of ‘a shrubby part near
the perimeter, gs well as a grassy part nearer the centre,
hence two phases.
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during April of the following sphihg\was treated in the same
‘manner .

Grass-Sedge Fen

The production @f herbaceous annual growth was also

determined by the clip-plot method for lowland meadows. Ten
stands were randomly chosen using ; table of random numbers.
Thevcircﬁlar plot %rame was positioned at fivé metre
intervals along a subjectively placed trahsect line in five
_ sedge ddm{nated, and five marsh reed grass dominated
communities. Forage from five p]éts in each of these
communities was clipbed and col]eéted during August. This
material was then air-driedg}Qven-dried and we{ghed in the
same manner as for grassland forage. ] A

Woody yégetation

Forest and Shrub Fen

. Current annual growth and use of browse was determined
from approximately mid-April to mid-May by means of the
twig-count method (Shafer 1963) and the twig diameter-weight
relétionship method (Telfer 1969). In the former method, the
number of browsed and unbrowsed twigs'® of important browga
speties was tallied for stems previously tagged at each of
the points in the point-centred quarteﬁ survey . In the
latter method, the diameter of current growth .(DCG' .and the
diameter at.point of brows}ng (DP ere‘measured witha
,ve' ier -caliper .for severalﬁ{ﬁﬁggﬁi;w:} jous stems in each.

10 Twigs £3.75 cm in length were considered too short to be
browsed by ungulates and so were ot counted.

1
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microplot; approximately 175-200.total twig measurements per
species. These measurements were 'also recorded for several
unmarked stems of scarce browse species whenever they were
encountered to bring their totals up to 200. Standardized
twig diameter-weight relationships, previously calculated
for each important browse species™', were then applied to =
these measurements to estimate the yield and use of each
.species. Total yield peé spec{es was calculated by
multiplying mean twig weight (extrapolated from meaﬁ\DCG) X
mean number of twigs per stem X meanvnumber of étems per ha.
Total use per species was calculated by multiplying mean
twig weight (extrapoldted from mean DPB) X mean number of
browsed twigs per stem X mgan number of stems per ha.
Percent use was determined.Ey dividing tOtal‘use'by total

yield X 100. | .

E. Chem{cal Composition

Forage Cof]ection

Material for analysis of the chemical compo§iti6n of
forage was collected in the following manner: a 600-800 gm
sample of herbaceous material was collected from each of
six, widely spaced, grassiand and sedge fen cover types
during the mpnths of June and duly.‘A sampie of CAG from
different locatidﬁs oh five or six plants of each of nine
imbortant browse species, was similarly collected during

- o . e e e -

17 Appendix A. {

’
e
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shrub fen cover iypes. Four of six samples in each of the

- -herbaceous and woody material were sorted into grass, sedge?
forb, litter; and leaf and twig categories respectively, and
air-dried in paper bags for several days at room
temperature. A sub-sample of 100-150 gm was placed in a
plastic bag for siorage and later chemical analysis.
Chemical Analysis

The chdmical analysis of forage was conducted at the
forage.qua]ipy laboratory, Departnent of Plant Science,

) University of Alberta. Paired, pooled samples of each class
and species of forage were analyzed for nitroéen, AQF
(acid-detergent fibre), ADL (acid@detergeﬁent lignin), .
calcium, phosphorus and ash. Nitrogen content was determined
by the Dumas method, using the Coleman 29A nitrogen
analyzer. A conversion factor of 6.25 was used to convert
perceé% nitrogen tojpercent crude protein (Maynard and
Loosli 1969). ADF and ADL‘were obtained by the procedure
described by Van Soest (1963a and 1963b). Total ash was
determined by the combustion of a 0.5 gm sample in a muffle
furnace, following a method described by Isaac and Jones
(1972). Calcium and phosphorus were obtained by using\the
Technicon Auto-Analyzer following methods of the A.0.A.C.

(1975) . -
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F. Mathematica1 and Statistical Analysis

The relatwve importance or -prominence (P) of herbaceous
species was determined by the formula: P.= %C x \%F/100,
where P=prominence index; C=percent ‘cover; F=percent
frequency (Pinchbeck pers comm.)'2. This formufa provides an

.index of importance based on cover and frequency, and is- -

- essentially a freguency weignted cover. That is, it
increases in importance, species, with high fnequency-low
cover; and‘decreases in importance, species with low
fbequency-high~eover. A principle components analysis
(Overall and Klett 1972), was used“todverify the
physiogndmic classifieation A h1erarch1ca1 cluster analysfg
methdd (W1shart 1978) was used to group stands which were
relat1ve1y s1m11ar into, plant gommunities. Means and
standard errors were calculated for yield, use ang chemical
compdstt}on data of'forage classes and species (Snedecor and
Cochran j96%). Paired and unpaired t-teste at the 1 and 5

‘percent )eve] were used to test'for‘significance t yield
and use of browse and herbaceous forage'by year, forage

class and species. A one-way ana]ysis of variance and the

Student Newman-Kuels mu¥T1ple range test at the 1 and 5

;Aﬁﬁercent level were used to test for s1gn1f1cance of chemical

compos1t1on data, by forage class and species. An unpaired
t-test‘was used to test for seasonal differences in chemical
compdsition of twigs. Chizsquare and the Bonferronf z
-statistic were used to determine whether there was

12 Pinchbeck, B. March, 1879, personal .communication.

B



-~

‘\signifﬁqant preférence among browse specjes. Hotelling’'s

fT-squared and the F-statistic were used to test if

preference was correlated with chemical composition.

4
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© IV. Coomunities }

A. Results '/
Ordinat ion .

Species .

A two-dimensional ordination based on the field layer
accounted for approximately 23% of .the variation (Figure 3).
Poa pratensis and Calamagrostis canadensis were most highly
associated with the driest and wettest extreées
respect1vely, of a mo1sture grad1ent running from left to
right along the X-axis. fhe grouping of several other
species nearer the ends of this axis 1nd1cated fur ther,
their association with a dry or wet environment. Nearer the
centre, Populus balsamlfera indicated 1ntermed1ate mo1sture,"
while left of centre, AsteF laevis 1nd1cated a comparat1vely
dry mo1sture regf;e

Aralia nudlcaulls was the species most highly
associated with the Y-axis which reprééehted a decrease in
light intensity upward (Figure 3). Other shade-to]erant
species such as: Maianthemum canadense, Rubus pubescens,
Cornus canadensis and Mentens:a paniculata, grouped near the
-upper end of this axis, symbolized low light intensity
resulting from qlosed tree canopy. Six species scattered
- along the Y-axis indicated a c?ange‘in light intensity and
moisture, and therefore represented.an ecotone between

forest and grassland. Lathyrus ochroleucus and Rubus

strigosus appear to be associated more with low light

+
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Species

Code Scientific Name
Arnu ' Aralia nudicaulis
Rupu Rubus pubescens
Maca Maianthemum canadense
Cocn Connus canadensis

. Mopa : Mertensia paniculata
Laoc Lathyrus ochroleucus
Rust 7 Rubus stnigosus
Frvi Fragaria virginiana
Viam Vicia amenicana
Rosa Rosa acicularis .
Thve -~ ' - Thalictwum venulosum
Taof Taraxacum officinale
Gabo , Galium boreale
Sosp : ~ Solidago species :
Syoc " Symphonicanpos occidentalis
Acmi Achillea millefolium
Agsu Agropyron subsecundum
Poap _ Poa pratensdis
Brci Bromus clliatus
Anca Anemone canadensis
Asle o Asten Laevis ‘
Poba Populus balsamifera
Caro . Canex nosthata
Caat ) C. atherodes

' Caaq C. aquatilis

- Imca * Impatiens capensds
Eqar Equisetum arvense
Gate . Galeopsis tetrahit
Aspu Asten puniceus
Pesg J Petasites sagittatus
Popl Potentilla ralusinis

' Gatr . Gafium rifddum
Mear Mentha arvensis

\i;ga . Seutellaria. galerigulota
Cacn Calamagros tis canadensis
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Cintensity and intermediate moisture, while Fragaria.
virginiana, Vicia americana, Rosa acicular'is and Thal ictrum
venulosum are assbciated with drier, more openwsz}uations.

Ordination of species alang thg\jiyst and third
dsmension (X;Z axes) accounted for‘14% of the variation
(Figufe 4). The Z:axis. representihg the»ﬁeriod.of
1nﬁndation, separated we land species into two distinct
groups. Potentilla palustris was associated EOst highly with
the uppermost group ajong the Z-axis which/ﬁgé also
characterizea by less highly associated Galium trifidum,
" Carex aquatilis-and C. atherodes. The remaining wetland
species near the bottom end of the axis characterized the
'second wetland group. Scutellaria galericulata positioned

mid-way between the two groups represented an ecotonaf

situation.

'Stands | .

A two-dimensional o}dination of 40 stands based on the
field layer is illustrated in Figure 5. The stands are
distributed in three distinct groups; two along the X-axis
and one along the Y-axis. }wo groups offeighi and 22 stands,
near the left and right end§ of the X-axis, indicate the dry
and Wét extremes respeétively, of the moisture gradient. The
22 sténds of the wetland area are relatively similar, as
illustratéd by their close proximity to ohe anotherk;i;}—of

eight stands are comparatively similar in the dry ar€a,

since stands 301 and 311 ére re]ative1y distant from one
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Stand Numbers

Forest : Grassland
‘1110 : 3301
1136 : ; , 3305
1148 3311
1152 3356
1155 3367
1159 3369
1170 3370
1179 3390
1206
1228

Shrub Fen - Grass-Sedge Fen

-2503 v 4306
2506 4307
2508 ' 4318
2511 ' 4330
2534 ' _ 4342
2544 ' «, 4336
2555 4351
2548 4353
2563 ' ) T 4401
2603 4435
2604
2605 : ™
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another and the remafhing s%x‘stands. Stands which comprise
the third group al@ng the Y-axis,'are relatively dissimilar 4
as illustrated by their wide spacing.

The X-Z axes illustrate the séparation of wetland
.stands into:two distinct groups (Figure 6). The upperﬁost
- group coqsists of three stands, tWo of which are very
'similaf, Eut dié}inct from the third stand. The lowermost
group consists of 19 stands. Thé ciose proximity of some
stands within these groups illustrates their simiiarity( but
_overall, th;s géoub"is highly variable. ' |
Cluster Analysis

A‘cluster analysis of the 40 stands ahd the reshltant
dendrogram, illustrate the association between stands and
their relationship to the four communities (Figure 7). The
first and most obvious level of separation was between the
'eighf stands o1 the grassland community and the remaining 32
stands of the non-grassland community. The distinguishing
feature of the grassland stands was }he predominance of Poa
pratensis, the dominant species in five stands (Appendix F).
Other major speciés included Bromus ciliatus, Agropyron
subsecundum, Galium boreale, Achillea me[efolium; Taraxacum
officinale and Solidago spp. Another attribute of the
grassland stands was the presence of Symphoricaﬁpos
occidental is, the dominant shrub.

At the second level of'separation,"the 32»stands of the
'hbnfgrasslahd community were subdivided into 10 and 22

stands of the forest and wetland ‘communities, respectively
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(Figure 7). Aralia nudicaul is was thé mos t distinctive
species of the forest commun{ty where it occurred as the
dominant in six stands (Append1x C). Other distinctive
species included Rubus pubescens Calamlx\bstfs canadensis, ‘
Lathyrus qghnoleucus

The éhird level of separation illustrates a subdivision
of the wétgand community into 19 shrub fen stands and three
grass-sedge fen standé (Figure 7). The distinctive species
of the shrub fen community 1is Ca}amaénostis canadensis,
dominant in all except three stahds (Appendix G). Less
characteristic species were Carex atherodes and C; rostrata,
domjnants in two and one stands respectively; and Equisetum’
arvense and Scutellaria galericulata.

Three stands were characteristic of the sedge fen i
community (Figure 7?5 Carex atherodes was the dominant sedge
in two stands, while other typical species ingluded w
Potentllla palustris, Galium trifidum, Carex aqgetri:s and
Calamagnostls canadensis (Appendix H). ’
Classification and Description

Forest (Populus-Aralia) Community
‘ Populus tPemuloides~was'the sole dominant tree sbecies
in the forest community’(Plate 1). Its presence set the

forest community apart from the other communities. Average

tree height, bagal area and dbh are given in Appendix B. The



Plate 1 The forest plant community (and Walter Lake) as seen
from afar (above), and from within (below), showing the
dense understory of shrubs. -

9
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two cd\dominant shrubs in the tall Ehrub layer (261 cm) '3
were Rosa acicularis and Corylus cornuta (Table 2).
Amelarchier alnifolia, Populus tremuloldes and Prunus
VIPginfana were much less important than the co- dom1nants
Of ‘these three species, Amelanch]ep alnifol ia was the mos t
important. having a density and Frequency greater than
either Populus’tremuloides or Prunus virginiana, but a
‘dominance value greater only than that of Prunus virginiana.
In the low shryb layer (<61 cm) therg was nearly equal
_impor tance in Rubus strigosus, SymphOrlcarpos occrdentalls
and Rosa acicularis (Tab1e>2; Appendix C). The ddm1nant herb
.was Aral ia nudicaul is which had preminence and cover va[uee

I

"approximately three and four times greater than those of

,_LRubus pubescens, Calamagrostls canadens:s, Lathyrus

?chroleucus and Maianthemum canadense, respect1vely Other
spec1es in order of decreas1ng impor tance 1ncluded Mértens:a
panrculata Fragarla vtrgwp:ana, Gallum boreale, Cornus
cornuta, Vicia americana, Sol idago spp. and Thal ictrum
venulosum. A]]_herbaceoue species were relatively evenly
distributed. i
Shrub Fen (Saltx Calamagrostvs) Commun1ty

The shrub fen community was character1zed by an
adm1xture of shrubby and herbaceous vegetation (Plate 2).
Salix planifolia and S. pyrifolia were the mos t prominant;

£
_co-dominant shrubs (Table 2; Appendix D}. The density and

Ittt Il

13 This height is actually related to an average snow depth
where shrubs 261 cm would be available, and those <61 cm
would be unavailable.

A"t& . 2
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Refers to a value of < 1%.

o- ) 41
Table 2. 'Relative'density (%), dominance (%), frequency (%) and
) _ importance (%) of shrubs ' > 61 cm in the forest (n = 10)
and shrub fen (n = 12) communities.
S Forest . Shrub Fen
Species. .
i dens 2 dom b freqC imp d dens dom freq imp
Rosa aciculangs 43 ‘29 200 92
Conylus cornuta 31 40 16 86 + 1 11
Amelanchier alnifolia 12 9 20 41 + + 1.1
Populus trhemuloides 7 16 10 33 12 + 10 21
Prunus virginiana s 3 16 24
Salix discolon +& 4 6 6 7 11 24
Populus balsamigera +e + 2 3 2 * 5 7
Salix bebbiana + + 2 3,4 Tar 12017
Ribes oxyacanthoides + + 72 3 5 + 8 13
,Connus stolondiferna + + 2 2 + + - 1 1
Betula papyrifera + + 2 2 15 + 8 ﬁ$ﬁ s
Vibwinum edule ’ + + 2 2 : .
Other Ribes spp. + + 2 2 2 + 6 8
Satix planifolia 28 31 13 72
S, pyrigobia I o 8 &
S. maccalliana 12 &, 6 26
S. petiolanis . 3 4 7 15
Lonicera spp. : + + 1 2
Alnus spp. _ - . + +\ + +
i - N . ‘*)
a . . Number of individuals of species
Relative, density _ Total number of individuals x 100.
. N : Total basal area of species
Relative dominance - roo7 basal area of all species x 100.
c » , Number of points of occurrence of species'
- Relative frequency - Occurrence of all species x 100.
Impqrtaa;e value - Relative density + relative dominance +
~ relative frequency. ) R
¢ \
e

e i b e

P
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- -

‘ “A, A .‘~"“<- 1“
Plate 2 The shrub fen plant community showing willow clumps ‘
in a matrix of grass and sedge vegetation.



<

- 43

frequency of S. planifolia was considerably greater than
that of S. pyrlfolla wh1le the oppos1te was true for
dominance. S. maccalllana, S. discolor, Betula papyrlfera
and Populus tremuloides were much less 1mportant but

relatively similar to one another. S. maccal l iana and

Populus tremuloides, the most and least important of the

latter four species,_were&§qually as“dehse but differed
markedly in frequency . and dominance. Betula papyﬂifera‘and N
S. discolor were equally as important but Qpposites in
dens1ty, dominance and frequency

Grass-Sedge Fen (Calamagrostls -Carex) Commun1ty

¢ Calamagrostis canadenéfs was the dqm1nant species of
the ghass—sedge fen community (Plate 3) where it was evenly
distributed and had the highest co;er value of all species
(Table 3; Agpendix E). Caféx atherodes was relatively |
uneveply distributed but this was offsét by its high cover:

value wherever it occurred. Much less dominant -but

approximately equal in impor tance were Carex aquatilis,

" potentilla palustris, Equisetum @rvense and Scutellaria

galericulata. Scutellaria galericulata was mos{ evenly

distributed and had the lowest cover while the opposite was

true for Carex aquatilis. Potentilla palustris and Equisetum

arvense were very similar with respect to distribution and

‘cover. : ' v

Grassland (Poa-SymphoricaPpos) Community

Ihelmost promihent species characieristigfof the
‘/ .
grassland community (Plate 4) was Poa pratensis (Table 2;
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-~

Plate 3 The grass-sedge fen plant community showing 'sedge
.vegetation in the centre and marsh reed grass near the edge.

E2
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Table 3. Average cover (%), frequency (%) and prominance of impoz'tmta species in the forest (n = 10),
shrub fen (n = 12), grass-sedge fen (n = 10) and grassland (n = 8) communities..
1

X Forest Shrub Fen Grass Fen Grassland

Species :F £€ p"‘l c f P c f P c f P

Woody (< 61 cm) 3 90 3 2 50 1

Rubus sLrigosus 3 90 3 ;2. S0 1

Symphoriearoos occidentalis 3 100 3 16 100 16

Rosa acicularis 2 80 2 4 87 4

Amelanchien' alnd folia 1 60 1 -

Vibwunum edule 2 60 1

Lonicera involucrata 2 58 1

Herbaceous

Aralia nudicaulis 29" 90 27

Rubus pubescens 0 100 10 ,

Calamagrodtis canadensdis 9 100 9 53 100 S3 56 90 sS4 2 38 1

Lathyrus ochrofeucus 9 * 100 9 A

Malanthemum canadense 7 100 7

Mertunsia paniculata 4 100 4

Fragaria virginiana 3 100 3 6 100 6 .

Gatium boreate . 3100 3 17 100 17

Conrus canadensis 3 80 2

Vicia americana 2 80 2 6 100 6

Solidago spp 2 70 2 14 87 13

Thalictum venulosum 1 80 1 3 87 3

Equisetum arvense 8 75 7 3 60 2

Carex atherodes 6 67 5 28 40 18

Scutellarnia galericulata 4 75 3 2 90 2

Mentha arvensdis 2 100 2 2 50 1

Impatiens capensis 2 92 2

Asten puniceus 2 7 2

Canex rostrata 4 25 2 2 40 1

Galeopsis tetrhahit 300 42 2

Arennania spp 2 58 1

Unknown sp. § 3 25 1 :

Canex aquatilis N 6 20 3

Potentilla palusinis 3 50 2

Galdium trigidum 2 60 1

Petasites sagittatus 2 50 1

Poa pratensdis ’ 41 100 41

Agropynon ‘subsecundum A ‘' 88 1B

Achillea millefolium : .17 100 17

Bruomus ciliatus 16 100 1§

Taraxacum ofgicinate 10- 88 9

Adten Laevds 6 100 ]

Anemone - canadensis 6 75 3

Trifolium nepens 3 63 2

Artemisdia fudoviciana 4 2 2

Calamogrostis neglecta 2 25 1
1 100 1

- Agastache foeniculum
e

¢

Average cover - mean over all plots.

Important species are those having a pies 1.

Frequency - % of the plots in which species occurred.

Prominence index - average % cover x v% frequency + 100

<
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Plate 4 The grassland plant community showin
phase (foreground) and the shrubby phase (back

the grassy
und) .
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Appendi x f). Agropyron subsecundum was. also a prominent
species, even though its'cover.and prominence index were
slightly less than half these of Poa pratensis. Gal ium
boreale and Achillea millefolium, with essentially the same -
distribution and cover, and Bromus ciliatus, were all
s]ightly less prominent than AgFopyPonisubsecundum. Othe;\
minor species in order of decreasihg impor tance incluhed

Sol idago spp., Taraxacum officinale, Asteﬁ laevis, Fragaria
vinginfana and Vicia americana. Symphoricarpos occidentalis
was the dominant shrub, with Rosa acjcularis and Rubus
.stPigosus somewhat lesshimportaﬁt. ‘ '

The gr;ssland community actually consisted of two
phases; a grassy phase and a shrubby phase. The grassy phase
occupied the centre portion of the grassland. The shrubby
phase is a successionaT stage, occurring between the.
grassiand (grassy phase) and the aspen forest.

The relative association and ﬁreal extent of the four
major communities are illustrated in Figure 8 and Table 4.
The communities are arranged in a complex pattérn,
chaFacteristib of the Bbrea] Mixedwood. The forest community
occupied the greatest percentage of the total area,
approximately 58%. The grass-sedge fen made up approximately
14% of the total area, while the:shrub fen‘énd grassland

made up 8% and 4% of the area, respectively.
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L / . .
Table 4. Areal extent of the 4 major communities, and of water,
in the study area as determined from 1972 aerial

photographs.. SR

. i %
Community ha % (minus

water)
a N
Forest 415 58 ' - 69
Grass-?bdge Fen 97 14 o 16 !
Shrub Fen - 59 : 8 , 10°
Grassland s 28 4 5
Water 120 17
. ' ~

Total 723 100 100

Dqgs not include 3 ha of white spruce forest.

K



B. Discussion

In plant community classification, a number of samples
(Standsj;rep;esenting'cbmmunities are grouped togéther based
on shared characteristics into an abstract unit or class of
plant communities (!hittaker 1978). Such units of

classification may be referred to as community typés. When-

vegetation samples have been classified into a community

‘;en_determine for this type the ranges of

on the three Ieve)s is termed grad1ent analysis (Wh1ttaker

¢

1967).. Samples from plant communities may be arranged in
seqﬁence\by_their bdg?tjons a]oﬁg a gradient-of the
envirpnment (or of community characteristics). In this
sequence of samples (a transect) changes in ssecies
pobﬁlations and community characteristics are related to
changes in thé environment:'ln.many cases samples are
arranged in relation to a coordihéte system of two or more
environmental ‘or community gradiepts. The arrangement allows
one to interrélate samples {(and species populations) as
parts of an abstract pattern of variation in spec1es
compos1t1on and other characteristics of commun1t1es, and to
seek understanding of vegetation in relation to the maJor
directions of variation of thét pattern.

The process of arranging samples (or species) in
relation to environ%ental gradients or axes is termed
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ogéination (Goodall 1954). Ordination is an essential
technique of gradient analysis.

Ciuster anélysis is another means of vegetation
c1éssificatiqn whereby samples (stands) are grouped together
according to their similarity. The resultant dendrogram
illustrates the degree of similarity among stands and
. thereby allows one to recognize communities and/or community
types from similar stand groupings.

Community Classification and Description: - e

Forest, grassland ;nd wet land (shrub fen and
grass-sedge fen) were fhe majof community types initially
recognized by a subjective, physiognomic approach to the
classification of vegetation. These community types were
later verified by a secpndffobjective approach to community
"classification based on the field layer. )

The structure and floristic compositionﬁoflthe forest
community closely resembled’ that of the “aspen poplar
consociation‘described for central Alberta by Moss &1932).
Tree, shrub and herb strata were cleér1y eVident, The tree
stratum, dﬁminated by Populus tremuloides, formed an almost
contiﬁuous canopy except'Where open wetland or grassland
areas occurred. However, these areas were often bordered or
overgrOWn by aspenﬁsaplings. evidence of forest succession
through suckering, also reported by others (Jeffrey 1961;
Bailey and Wroe 1974; Sheffler 1976).

Although the tall shrub stratum included the dominants

Amelanchier alnifolia and Prunus virginiana, it did not

A

-

4
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include Cornus stolonifera. The high palatability of this
species probably accounted for its scarcity and therefore
its lack of dominance. Whereas Rosa acicularis and Corylus
cornuta were co-dominants in the short shrub stratum,
Sheffler (1976) reported Symphoricarpos occidental is and
Rosa acicularis while Moss (1932} reported Rosa acicularis
and Rubus s%rigosus to be co-dominants. These differences °
ﬁay be explained partial]y by differences in locality. Also,
Rubus strigosus was relatively much less prominent because
it was considered to be a cane and therefore was eliminated
in sampling woody species. Dominant species of the shért and
tall jerb stratum were very s1m1lar to those repor ted by
othé?_researchers (Moss 1932: Lynch 1955; Bird 1961:
Sheffler 197?). : ‘ | ‘ 3

The grassland community is probably a relict of the
once vast nortaern prairie grassland which, in the absence
of fire, has become largely forested by invasion of Populus
tremuloides (Maini 1960). It is related, geographically and
floristically, more to the Agropyron—Stipa assoc{ation than
to the Festuca scabrella association (Moss 1932; 1955).

The grasslamd commuhity was aiso very similar to that
which occurs after a poplar forest has been burned, cu£ or‘
otherwise disturbed (Moss 1932). Such communities were
claiffed to be seral stages in succession to poplar forest
(Moss 18932). Species'characteristic of these seres include
Agnopynqn spp-, Bnomus CJIlatus Calamagrostls canadensis,

Aster sﬁﬁ' Solldago PP . . Eplloblum angust ifol ium, Rubus



spp., Rosa acicularis and Symphonicaqggs occidentalis. After
two or three years ‘these species are suppressed and replaced
by young Populus tremiloides and there is a gradualéreturn
to the original composition of the community (Moss 1932).

Grazing may delay nanra1 succeséion indefinitely (Moss
1932: Lynch 1955 Bird 1961). Consequently, shrub, grass or |
sedge communities commonly arise that are almost stable
under the artifici&J conditions- imposed. These communities
(socies or associes) may be dominated by Symphoricarpos
occidentalis, Salix pefiolaris,‘Carex spp., Poa palustris,
'P.'pratenﬁig or Koeleria cristata (Moss 1932). Since the
grasslaﬁdﬁis_dominated by Poa pratensis and the shrub s
Symphoricarpos oecidental Is, it may be such an associeé.
Undoubtedly, its stability has been greatly influenced and
‘maintained through grazing by the uﬁgulate and rodent
population, and by topographic position and drain;ge.
4Howe§ér,'the predomjnancezof Symphonfcarpos occidentalis
suggests its invasion of the ‘grassland, a fact which is
' -éﬁéracterjstic’of the zone between grassland and aspen
forest (Pelton 1953: Bailey and Wroe 197; Sheffler 1976;
Wheeler 1976,

The wetland community type was characterized by marsh
(grass-sedge fen) %nd‘swamp.(shrub fen)dformétions, as
opposed to bogs (Ahti and Hepburn 1967)€:which reflect
generally less accumulatiop of peat and more influence of
mineral soil water (Jegluy ™72). The complexity of

vegetation within 'the wetlands was evidént through a

,I

v
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~was d‘hd as a basis for class1f1cat1on .

. ~ ; 54
. ¢ ' '

v
discrepancy intstand numbers between the sedge‘fen‘ahd shrub
fen; 12}§gd 10 stands for the shrub fen and‘sedge fen
respectively, h;;h the sub}ective classiflcation. compared 3"
to 19 and three stands with the obJect1ve class1f1cat1on
In the f1rst instance;, the two oommunItleh were broadly
defined on the bas1s of phys1ognomy. where 25% Cover of
shr@bs‘d1st1ngu1shed “shrub caer’ _(Shrub fen) from open J ¢ %
"meadoué" (grass-sedge fen) (Wh.ite 1965) . H;)wever the more ;
subtle differences and similarities between the shrub’ fen
‘and graﬁ’-sedge fen were apparent when herbaceous vegetat1on B
The variability of wetland vegetatlon is due largely to |
an ‘environmental complex grad1ent deglum (1972) reporfeg “V;J' .,
moigture and nutrients to be more 1mporjent than d1sturbance
(wave @tion) in influencing wetlands in the M1xedwoodl
Section of the Boreal Forest in Saskatchewan .“ugn lprly, v
- Walker gpd Coupland (1968) found that the d1str1but1on of
herbaceous spec1es in S'skatchewan s loughs was strongly

afﬁected by water reglmé and somewhat less by sal1n1ty, : 5

while soil data showed very little a55001at1on with species

dwstr1but1on : o
The<floristic composition of"hé'shrub fen and sedge

“fen communities compared favorqply to other stud1es of .

/‘Qw’

wetland vegetatvon in the M1xedwood SectJon (Lew1s and

“ -

- ,Dowding 1926; Lewis et al 1928 Moss M955 Moss dhd-Turner

1961, deglum 1972). Spec1es part1cularly characterﬁst1c of

these communities were CaPex spp., Calamagrostfs sSpp. and

» . f . <

12
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Salix spp. - 0 )
Figure'8 illustrates the relationship.of vegetatio&Dto

topography'and soils. Grassland occurs on the Unpermost
slopes-where’solar radiation is gfeatest and drainage is
rapid. Forest vegetat1on occup1es mtd slope position, atop -
wélb,to m0derate+y well dra1ned soils. Shrub fen and
ggas‘*sedgé r’h commun1t1es ccupy lower slope positions

“ f;: bove BOOr‘]y drained so1ls This complex pattern of

&w@gbtat1on topography and soils is a reflection of

‘:&‘ e
49 dna1nage .and the underly1ng parent material or glacial
. )
v '_: x? .dr1ft (Lang 1974) Consequently, a diverse habitat exists

throughout the study area4

A
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V. Production and Utilization |

A. Results

Browse

Neither CAG yield nor use of browse differed
significantly by year (Table 5). However, there was a slight .

upward trend in yield the second year (1978} in both the

s

forest and shrub fen communities. There was 'a similar upward

'trend in browse use in the forest conmurﬁty, but a downward

S %
trend in the shrub fen from 1977 to 197~8‘ *,FerCén’( USe ‘ w‘,
re]atwe to CAG, was slightly lower in b%n;onﬁmmhes the "\ ;_
S d | %’3’:' ““&q—g.‘":‘ ‘.‘.lv. ":\ . |\v ‘ >
second year. ’ , “ﬁﬁ a3 B )

Both yield and subsequent use also differed gf"""“ . “W"h
community type as 1nf1uenced by species compos1t1on and '
product‘\v1ty (Table 5). The shrub«en had about eight t1mes
as much CAG biomass as did the forﬁ community. However,
the forest conmumty is approx1mate1y four times greater in
area _than the shrub fen which would balance yield and use
. between th‘ése\\ two communities. Percentage use, re]atwe to
CAG of browse was essentially equal for both corrmumt1esJ ¢
and served as an mdex of browsing pressure Current annual

growth, and also part of the two and three-year-old wood

NS
N

consumed. . : . ?
s

“In the forest comgum'ty,‘. 70% of annual biomass yield and
more than 75% of total use was of Corylus cor'nuta (Table 6).
The remaining }Jﬁomass that was produced and consumed was

v

relatively evenly divided among five other spec1es. Of

! , o
- : SN
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these, ONly Amelanchier alnifolia and Populus tneéulofdes
had bioMags yield or u§e equal to or greater?. than 1 kg/ha.

Consymption relative to CAG also differed by year and
species (Table 6). Use over all species was afgeut 24% lower
in 1978 than 'in 1977. Populus tremuloides appeared to be
most heavyjly ytilized in 1977, followed by Corylus cornuta \
thch Was five times more productive. Consumption of Populus
palsamifera was 50% less than Ame]anchié%.afnifolia but 50%
greater than Salix bebbiana. _ |

Sa’ix spp. accounted for approximatefy 95% of the yield
and corfegponding use ofbiomass in the shrub fen community

(Table 7) 'Salix discolor, whigh was someWhat more

product ive, ggngalIx p]anlfolla contributed more than 50%

' to overalj biomass yield in both years. when Salix pyrifolia

is included, the three species contributed 85% of overall
use in 1977, But in 1978, 75% of overall use was attr1buted
to SaliX planifolia and Salix pyrifolia. Most of the
remaining total‘annual biomass that was yielded and consumed
was divided fairly evenly among four other Speéies. Near 1y
equal 1O one another but much less productive were Betula
paPYfifé“e and Populus.balsamifePa, which were also more
pr‘odUC“\"e than Populus tr'e/mJIoides,@pd Amelanchier |
alnifolia ' - a»
Consymption of browse in the shrub fen, as in the
forest, Vvaried by Year and species (Table 7). Overall
consumptiéa in 1978ndecreased by 20% from that in 1§77.

Salix Planifolia, S. pyrifolia, and Populus tremuloides were
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most heavily utilized during both years. Salix bebbiana and ’
S. petiolaris were utilized least in 1877, whereas S.
discolor and Amelanchier alnifofia were utilized least in PR
1978 ” | ‘jﬁazk
Herbaceous Forage

Grassland _

Annual yield of herbaceous and woody forage in the
grassland Varied by year and community (Table 8).
Above-ground biomass was markedly gfeater in 1977 as
compared to 1978. Of the two grassland phases, shrubby
grassland was slightly more productive than grassland.
Herbaceous biomass was evenl& divided'betweeﬁ grasses and

forbs (Table 9). Grass yield differed sigr ficantly among

Q
¢

grassland phases but forb yield did not. There was a .
consistent trend in both years.for forbs to be more
productive in the shrubby grassland.

Similarly, browse'4 differed among phases and forage

' classes in the grassland (Table 9). Twigs and leaves

;;égntributed substantially to overall forage yié%b in the

shrubby grassltand but not in the .grassland bhase. Litter
also appeared'to differ relative to year and phase.
The grassland communfty appeared to be grazed both |

summer and winter, ‘as noted by the difference in biomass

~between caged and uncaged plgts. Less forége was available

~in uncaged plots in both phases during the summer of 1978

14 Includes mostly Rosa acicularis and Symphoricarpos

~occidental is which happened to be present in the plot;

browse was not measured per se,'in the grassland.

-

‘.»



‘A1aatTidoadsax “3ydtem Aq osmouq xvooz.wo pue p Arazvurxoxdde apniduj

£

q ‘e

' g
“(10°0 > d) 3s91-3 paxted ay3 o3 Jurprodde paded ueyl SsSI] A13ueostyTuldIs
. X
) . : (yz = u)
1¢ 0101 ¢*omNﬁ Svee £SeF nmmmm 1 9¢ ¢Igs  ¥98¢C 6£¢+ ,006¢ Te30l
2
w < ,
_ L (zt = ) »
(44 SIL LOvs  V8ST 8¢S+ 661% 0 0 L87F 161¢ -~ T+ 010% pugysseay
. i Aqqnayg
. (z1 = )
v v0gl a;hwmﬂ L061 16¥® 11C¢ 6 1ST 9Zv+ 8¢S 9S¢* 6842 pueisseiy
: ,. 2
% ueap 4577 UueoN 4SZF¥ UEIN %  UEB3l 5S¢y Uedn pw dS¢F¥  Uvap
- as() padeoup pade) - asqy padeoupn paden , aseyy
8L61 - “ LL61
. e ‘(pz = u) A3Tunumod puersserd ay3 »
ut 3urzead ssuums x93je osmoLy pue 93eI0J SNO3IIBQISY JO IsSh pue (ey/3y) piatk 1enuuy - g 31qes



<r
0

‘esSmoxg 03 I3F3Y

- LL6T

q‘e
‘ “(10°0 > d »x $S0°0 > d »)
1593-1 paated syl ol Jurpiodde ‘soseyd u99M]ISQ SSBWOTQ UT IDUDISIFIP juedtyrudig
»
8 i
r = g
€877 166 061F 89S S8I% ' 6¥01 9657  ¥STI 123311
€Z1% 97 011F  9¥1 9027 65S 78 ¥ 88 31
: T a , i
08 ¥ 892 06 ¥ zIIT 8 ¥ 207 Ve ¥ LS GO IML
¥ -
1LSF  $S81 ~  €£6£F 00SIT 86zs 08T  £0g¥ €£SET qI04
oLTF _ ThL LOSF S5V 081% 068 99¢7 151 ssexp
{ 4577 UROR 4577 uesy 4SzF  ue9W 457 UBOW
© PuEissein pueyssexn _
URTSSBIL ueyssed ssei> o8eaoO
AQqnavs puerssery KQERIYS PUB[SSEBID SSBI d

I 4

~

L 4

*(pe. = u)y A3tunuos
pue(ssexd ay3 uT asmoiq pue 93el03j SN0O3IVDLQIdY 3O {ey/3%) PI91L Tenuuy. 6 91qQel

ISR =CIR
ER

-~

->-§

«~o



65

(Table 8); and except for the shrubby grassland in 1979,
during both spring seasons (Table 10). _

Use during the summer of 1978 was much.;reater than in
1977 (Table 8). Grasses, forbs and to a lesser exteHF
litter, were all grazed thd second summer in the grassland
community (Table 11}, and its two phases (Table 12).
Consumption of férbs was almost twice that“of grasses, while
browse consumption was similar to that of grasses. Use was
greatér in the grassland phase than in the shrubby
grassland.

OYFrall utilization during spring 1978 was somewhat
~greater: than in 1979 (Table 10). But, whereas the grassland
phase appeared to be more heavily grazed during the.second
sprihg season, the shrubby grassland was very heavily grazed

during the spring of 13978, but lightly grazed the following

spring.

Grass-Sedge Fen

Annual yield of herbaceous wetland forage was
approximately 20% greater in 1978 than in 1977 -(Table 13).
This was primarily a consequence of an increase in
precipitation.

Deadbplant material from previous years’ growth was
- much less than annual biomass production‘(Table 13). As wi®
~annual yield, CaPex‘épp. accounfed for more litter tHan
Calamagrost is canadensis, especiaily in 1978 when this

amount was significaQtfy greater.
' ¢
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i copré’spondmg wdﬁﬁ of unbrowsed tw1gs, as weH as tw1g

v

. &
;4? also, to acCo%t fqr greater d1ameter wewght “of browsed Vs

W

-r.'

:‘.

»

3 - | b

-sd(’"piscusswn L : _ T e -

\'y .

Browse | . X T
. . 4«3" e

Na

P !nnual y1eld of browse in the forest and shrub fen wa%‘

c:ons‘stentby less than cortsumption 1arge1y because of
d1ffere‘nces in tw1g d1ameter weight rel&%‘&onsh;ps of current
annual growth’ (Append1x I, and number of Browsed twigs’

&
(Appendwesy and K) Mean tmg d1ameter and therefore

14

*nurber. were 4es' :

of CAG cannot e}

W gA ’ . Y’d‘

in chameter than that jor‘ CAG tw1gs) wt ha\grbeen browsed
e

o

¢ * v . ’ﬁ A =
. ur'ibroWsed tmgs This ‘i{sﬁnot Unexpectéd since Telfer (1976)

&
aAso reported more than 100% use for sdme. h1ghly palatable
&y S E &

- b;b,owig speCTes in parts of EINP not nearly as hea.vﬂy . -

a

-stocKed as the study area. If cont*mued such{‘&xcesswe use

may eventually Iead to.‘brpwsmg out of ‘many shrubs " since

few sp;mes are to nt of more than 60 to 75% removal of

a CAG durmg fa,}l and ‘winter before being destroyed (dulander

{ .4 Tu
1937 Young and Payne 1948’A1doui 1952; Garrison 1953b

h."'

Penner 1978) Conversely, these researcheri 1nd1cated that
light to moderate browsing pressure- tended to favour greater
browse yield. - . L
Natural success1on would be affected by proﬂonged heavy
use. A range trend: study ‘conducted in var1ous exclosures and

elsewhere throughout EINP, showed that moderate to heayy
browsing impeded succesSion of Populus tremuloides and



tremuloides, P. balsamifera, and Betula papyrife which in

%

. . - B v 3o P . . ) '4",
resulted in gréater.ggﬁal;stem density and therefore ﬁgﬁ?
. " L] \

\ ,‘
J \\ *‘[ 71
retaraéd normal growth of shrubs, théugh stem-density 3
remained uné#fecfed (Milner*.1977). Iﬁ'a similar assessment. =~ ¥ -

w \J

of browsing condi tion insThe Park (Bouckhout' 1971),

L K T 4 R N -
browsing signi?ic:jy"‘ etarded sapliﬁt grSWth' f Populus &
* o * . "

. o . N . . “
turn:retarded succession to forest. Growth of otheg\brqwseﬁn

speciés was impeded but not seriously depleted. \\
The 'shrub fen was much more productive than the ﬁohgstﬂ
‘ \ . N

ot LIS . . - \
because of the predominance of Salix spp. Its gng@th form,.
: - . o v ' K

PN ;

that of a muitiple-stemmed Vs a sing?e-stemmed shruba

7 __ \ ‘ . , - {zy
annual twigs éﬁppendjéaé .and K)* Also, av;i?ge %3,
diameter-weight bér~£W§g'Wéé much Tqrger for Sal ix spb. -in
. N h 5 ‘\J‘ O o ’ . ‘
the shrub fen then for either Corylus cornuta or Amelanchier .
. _'r' : . ‘ 7

agnifolia in the forest community (Abpendix,Iﬁ?’ P  .
., Differences in stem density, fiequeﬁcy. twig numbér -and’
N um a R A N . .
diameter-weight also accdinhted forwvariablé\yield of species

within and between communities. The presence\or asence of

par‘ticulaerecies was the most irnportant-deteﬁminant that

influenced species yield between communities (Appendix L).
I ) -

It‘ex?lained‘the'Wiq§ digierence in yield forusbmg species

that occurred in bbth.f@rest-and‘shrub fen.

A )

~

Despftg consumption excéeding ®0% ofifnnuaiJgrthh, a

. ' s ) .. o N s -~ ‘ . ) '
‘substantial pertion of annual’'growth for most ¢speci e Y N
R . 4 3§§§f§?5§zzf.“‘,ﬁ

s v

remained unbrowsed -.and thérefqrefstillfavailabléf(Apbéndi
J ahd K). In additioh, consumption varied markedly ahong~

species (Tables 6 ‘and 7). These observations may partially
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reflect food selection and preference of the -ungulates in
question.

Although:these results oear some similarity to those of
Telfer (1976), they differ markedly.becaUSe of'digferences
in methodology. stocking rate and locat1on For instance,
aspen ‘@and balsam poplar together contr1bu§ed approx1mately
64% of total'browse y1eld north of H1ghway 16 (Telfer 1976)

but only a neghglble amount in this study In th1s as

opposed to the fg;;mer study, methodology‘did not '.ali‘low for

adequate sampling of "edge" where the two poplar species

were most abundant Also, the stockmg rate of elK and moose'

Y

in the study arw £10. Sémmals km2 in 1977; &.F animals (
Km2. in 197,8)( was greater than that of The Park m general

- >part1cuﬁfly i*19” This may- exp"lam the exﬁ
'thderate

; u},1l1zat1on in the &udy .‘rea, as comparéd to

to heavy use over the remamdef‘ of The Park. The. l1ghter
stockmg rate in 1978 also accounted for less’ browse )

utilization that year, compared to 1977 (Table 6). ‘

v

\ Q érassland
‘ \\ Herbacgbus forage yield was substantially greater than
that, reborted by Telfer t13972) and Milner 1977) for upland
'meadows north of Highway ° 16. Th1s d1fference became sti l'
. ‘ greater when annual tw1gs and leaves, which were _more
%’V'Q*\ prevaTent‘ ‘ih ‘tﬂe sl'rﬂbby grassland than in the grassland
.se were included w1th herbaceous forage. Late placement

'of exclosure cones in. 1877, thereby allowing for an extended

)

&
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~

grazing period, as wetl is less precipitation that year

4 probably accounted for seemingly less yield than in 1978.

4f% The grassland was 11ght1y to moderately grazed dur1ng
the winter,- and espec1a11y dur1ng the summer of 1978 Th

was somewhgi less than, but‘comparable to, E%Eiw1nter

e

grazing received by a port1on of The Park north of H1ghway

16 (McGillis 1968). Whereas both 1?jgsand31979 seaéorfé ot
winter and spring graz1ng were relatively comparable,s L
larde discrepangy ex15ted between summér graz1ng seaso@’
‘The difference in qtmé of cage placement»vﬂong ifter 1eaf * .
LR f]ush in lage spr1ng of 1977 compared to*before leaf f]ush S

in the‘spr1ng of 1978 part]y accounted for this drfferéﬁbe.
Th1s-was'rhobab1y further cqmpobnded through preference by

: o
For the ¥1rst greeo shoots of grass in spr1ng

< (Holsworth 1960 Ca1&$9'76)~ ' gL

|
e o«

Usg was greatér in the grassjand phase than in the

t ol ‘
shrubby grassland phase because of the barrier effect of
shrubs (Bailey 1870), and the preponderance of more ' .,

palatable species, especially grasses. ?ramp]tng, as welfﬁ%s )
Fd .

replacement of some cages that became uprooted through

»

. animal acfivity, atso’contributed;to the difference in use
between the two phases. Ugilization’may have been less than
actually observed due to ‘the influence of cages on |

}{ e 'm1croc11mate Owensby _( 19694 nepor ted forage productxon

b 4%, under cages . 1n-Tn¥gFRta1r1e vegetation to be 717 kg/ha
@

o

greater than ‘in uncaged are\7/1n ungrazed pastures Apparent.

p1fferences‘2n percentage consumption among species and
o .

) e . ) )

-,

:



_forage classes may have suggested forage preferehce

-

(Stoddart et al. '1975)

Grasf Sedge Fen—

Annual y1e1d 1n the sedge fen community corresponded
¥ .
?avourably with that o? s1m1lar communities described for
) g w Wl }
The Park (Ee]fér 1972¥’ahd elQEWhere (Corns and Schraa 1962;

Corns 1974 Penner 1978; Reynoldsnet al. 1978). The slight

:§jﬁ¥ ‘p1ffe$ence 1n y1e1d betwegp the two “ma jor spec1es may have—

t:ffy“ been due to d1ffer1ng growth hab1t rqqu1rements and i

F.J' ' 1nd1v1duai %pec1és character1stlcs " . |
l'%@:“ Co E.rodut:tﬂ\‘?ﬁ ty éf hefbaceous we-t T’andvvegetahon is

'éﬁOSely ¥1eﬂ to waber reg1me part1cularly durat1gp extent
oo and death;of waber dur1ng sprlﬁb run-of £ (deglum 1972) .
. ' ' Waber 1eVe1 may be altered by prec1p1tatlon and thereby
affect herbage ynetd This may expla1n partly the increase
in product1v1ty in 1978 over 1911 51nce praﬁépitation was,
greater the second year (fable 1). Cd ‘

‘ Ut1]1zat1on of the sedge fen was not assessed since
gison, the prime forag1ng ungulate of th1s community type,
was excluded from the exclosure. Holsworth (1960), Cairns
(1975) and Telfer and Cairns (19797, reported that in The

Park, sedge fen vegetation formed a major portion of the'

- diet of bison during the winter season: Similar findings
. . : e

.were.repOrted for bison during‘all seasons in the Northwest'

Territories (Reynolds 1978). These studies clearly 1nd1cate

‘ the/s1gn1f1cance of the grass- sedge fen as a source of

-
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>
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VI. Chemical Composition

A. Results ' ' ' . .

trude brotein

Crude protein Q’ffered markedly among fohage types ‘
(Table 14) . Brow;é ‘eaves contained the greétest amount ;7'\
crude protein of both woody and herbacgous fqrage types .
more than double that of twigs. Upland grassqibconta1ned _ 4'
crude pro§e1n in amounts §imilar to twigs but less than the
other three herbaceous species |

Slgn1f1cant variation in crude prote1n was obifrved
among leaves and twigs of woody spec1es (Table 15). The
h1ghest crude protéin was in Salix pyr¥folia. Among tw1gs, -
Corylus cornuta and Amelanchle:palnlfolra contained the |
least amount of crude protem.& .

Crude protein did not differ between summer and wintér
twigs (Table ®4). Some species, particularly Salix spp.
decreased in crude protein while Corylus cornuta and
Amelanchier alniﬁﬂ)iéxinéreased in crude protein during the
same period.A-' 4 | |
qusphorus

Phosphohus varied thsiderably-among woody and -

~

-

herbaceous forage types (fable 14)", Woody 1eaves contained

the h1ghest percentage of phosphorus Tw1gs and upland

grasses contained the least phosphorus . - S
'Phosphoﬁus levels differedﬂwidely among species of

browse leaves and corresponding twigs (Table 15). . "

L}
] . -

7% - . -
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Amélanchier alnifolia and Betula papyriferafuhich contained
* the greatest amounts of phosphorus.,differed from one
another and from the remaining species. Corylus cornuta
twigs contained the least phosphorus. Phosphorus content was

more variable in winter twigs than in summer twigs.

- ‘r’

Twig phosphorus. content declined from summer to wir“ ‘* ]
N

for all species but Populus balsamifera and Amelancvhier

alnifolia. ‘
Calcium ' o . C

Calcium differed widely among forage types (Table 14).

Forbs and woody leaves had the greatest arpounts of ca1c1um.'

A

Twigs contained moderate am&mts of calch substantmlly
more than grasses and‘ sl1ght1y more than sepges

Calcium varied wndely ?mng spec1es of' br‘bwse leaves
and twigs (Table 15) Salix pyr'rié?lla and S. Namfol ia Py S
contamed least calcwm among leaves Ca¥c1um COnten-t o* T

- ‘summer twigs 1d not d1ffer among Sal ix spp. ‘but d1ffered

?’f

| among othe;!emes Cor'ylus coﬁ'tuta twigs contamed the &
. .Y . .' .

greatest amdint of calcium during both seasons.

Calcwm e1ther%1ncreased decreased or remamed v

unchanged fr‘om summer to w1n~ter for tw1g spec1es .fT'able 15). ‘
However these d1fferences were 51gmf1cant only for Sallx ‘
'petlolams | ) o ” .
Ca1c1um Phosphorus | ' '

. ';..‘g . -
Cafcium to phosphorus ratios varied ,éonsiderably among

forage classes (Table 14) and browse species (Table 16). = . %‘z
«-Ememally high ratios. among. forage classes were observed - 1o ao
' P .

P R <o . .
. ,
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for winter twigs and forbs. Ratios'Were relatively high for
most. leaf and twig 'species, particularly for twigs of

° . @ .

Lo .

Corylus cornuta.

AQ\ . -

Ash differed considerably among forage classes (Table

+

[y

14). Forbs contained the greatest amount of ash; P w
significantly more than other herbaceous types and more than
woody types. Twigs contained the least®amount of ash with
comparable but greater amounts contained in sedges, upland

grassés and leaves ¥

) Ash d\ffered w1de1y among spec?es of browse\leaves and -
conii pbnd1ng tw1gs (Table 16). Populus balsamlfera and
Amelanchler alnffo}iascontavned the greatest amount of ash
within leaves of browse specmes Except for Betula 7? ‘ﬂc
gepapyrifera, Corylus cornuta and Populus balsamifera no .
difference in ash existed among sped1es of suﬂmer tw1gs The%
ash content of- w1nter tw1gs of Sallx spp. dgffered from. that

of other spec1es Cbnylus cornuta contaxned the greatest

amount of ash.

+ Ash varied s1gn1f1cantly between summer ‘and w1nter

-

seasons for most tw1g spec1es (Table 16), Five spec1es

decreased in ash content, whereas COrylus cornuta exh1b1ted '

¢

an upward trend in ash.
Acid Detergent Fibre
ADF was quite comparable among woody and herbaceous

4

forage classes except for summer twigs and leaves whlch

represented the greetest and leadt’ amounts of ADF, ‘
N I ‘ »‘ ’ o

/ >

. -
s , - N ‘ ©
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respectively (Table 14). Sedges and forbs had less ADF than
grasses, marsh reed grass and winter twigs.

ADF’varied among species of browse leaves and twigs
(Table 17). ADF content of -browse leaves was lowest for
" Betula papyrifera and highest for Populus balsamifera. ADF ,
content of summer twigs wag lowest for Corylus cornuta, and
highest for Salix pyrifolia. ADF among winter twigs was
highest and lowest for Populus balsamifera and Amelanchier
alnifolia, respectively.

Tée decrease in ADF from summer to winter was highly
significant for most twig species (Table 17). Only Corylus
connu;a.increased'whereas two other species remained
unchanged.

Acid-Detergent Lignin

ADL differed greatly among wbody and herbaceous forage
types (Table 14). ADL was much greater a@ong woody as
compared to herbaceous fofége classeé, particularly summer
twigs, which cdntained the greatest ADL. Forbs contained the
greatest amount of ADL among herbaceous forage.

ADL varied among leaves of browse species and twigs
(Table 17). Leaves of four species contained the least of
ADL. Corylus cornuta contained the least ADL, whereas Salix
spp. exhibited the most ADL for summer twigs. ADL of winter
twigs varied less than that of summer twigs. Betula
papyrifera contained the most ADL.

ADL differed between summer and winter twig species

(Table 17). A1l species decreased in ADL from summer to
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’

winter excebt Betula pépyrifera. Corylus cornuta and
Amelanchier alniFoI;a which increased.
Ecid-Detergent Lign1n:A¢1d-DetergentKF1bre

The ratio of ADL:ADF varied markedly between and within
species of leaves and twigs (Table 17). Leaves of Corylus
cornuta contained the smallest proportion of ADL:ADF, less
than 25%. while three of four willow species contained the.
highest ratios. Similarly, Corylus cornuta and to a lesser
extent Amelanchier alnifolia, exhibited the smallest ADL:ADF
ratios among summér twigs. This-ratiq _was simi]a;‘for winter
twigs except for Betula papyrifera which>poésessed-the .

7
7

highest ratio.

B. Discussion

Forage quality may be evaluated by an assessment of the
nutrieht components contained within a plant. One o; the
most important nutrient constituents is crude protein (%

nitrogen X 6.25) which represents protein and non-protein

nitrogen (Dietz 1970). Protein provides the amino acids used .

by rumen micro-organisms to effectively digest carbohydrates ~

and fats (Dietz 1970).

Carbohydrates provide the chief source of energy in
forage (Oldemeyer 1974). Readily digestible carbohydrate;
include sugars and starches whiéh are' contained within the
cell. Less readily digestible, or structural carbohydrates,
| are contained within the cell wall and include cellulose,

hemicellulose and undigestible lignin (Dietz 1970). The

- Biten coaemon
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determination of ADF permits the calculation of
hemicellulose (cell walls minus ADF) and cellulose (ADF
minus lignin) (Van Soest and J;ore 1965). Hemicellulose is
of greater benefit to ruminants than cellulose, while lign%ﬁ
is undigestible.

Ash indicates the mineral composition of a plant
(Kubota et al. 1970: 'Kubota 1974). However , “the presence of
silica may result in a misleading interpretation of actual
minera{ composition.\i:;sphorus is the most impor tant
mineral and is vital 1n many body processes, especially in
the prq@uction of muscle energy through the actioh of
adenosine triphosphaten(hTP) (Dietz 1970). Calcium 'is the
seconé most vital mineral. It is important in skeletal .
development, and as a component of blood. Winter forage
usually contains adequate- levels of calcium, buf ;ften
contains marginal or inadeqyate levels of phosphorus (Dietz
1970).. A wide Ca:P ratio adversely affects phosphorus
metabolism. Therefore, a Ca:P ratio of 1:2 to 2:1 is
recommended for cattle. However, a ratig of 7:1 may be
acéeptablé if sufficient vitamin D is pré%ént {Maynard and ~
Loos1i 1969).

Crude Protein

There was cqnsiderab]e variation "in crude protein among
forage classes. Of particular note was the relatiVe}yAhigh
. and low crude protein content of browse leaves and grass
respectively, and the relativejy low content of twigé.

Kramer and Kozlowski (1960) reported that leaves and
. ] .
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meristematic tissue contain most of the nitrbdgen content in
trees and shrubs. This would explain the high concentration
of crude protein in leaves compared to twiaé. Similar
results were borne out by Aldous (1945}, Short and Harreil
(1969), (Dietz 1972) and Penner (1978).

Grass was comparatively low in crude protein because it
was collected in mid-summer while in an advanced stage. of
maturity. Nutriiional stuaies of range forage in southern
Alberta, alpine areas and elsewhere, have shown that by
mid—summ?r. crude protein levels in grasses have been
reduced by 50-75% (Johnston et al. 1962; Smo{{ak and Bezeau
1967: Johnston et al. 1968). Values of crude protein for
sedge agd marsh reed grass were similar to those obtained by
others (Corns and;Schraa 1962; Corns 1974). Forbs were .
reasonably high in crude pfotein silnce- they generally
maintain comparatively high nutritive content well into late
summer (Diétz 1972)ﬂ )

Specjes and seasonél differences in crude protein were
observed for legves and twigs of browse. éuch speciesf
VAriation has been influenced by'factors.sﬂch as soil
moisture (Tew 1970), overstory (Halls and Epp 1969; Laycock
and Price 1970), succession (Cowan et a]x 1850), glevation
(Deitz 1972), ve etation type and site (Cook and Harris
1950a), and soi fiHundley 1859) . Crude.protein of twigs did
not change appﬁgpiably from éummer to winter, comparable to

results reported by Penner (1978), Deitz et al. (1958) and

others. \

»
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Crude protein requirement for the maintenanse of elk
and moose Kas not been confirmed but has been documented for
other ruminants. Values of 5.8 - 9.0% thave been suggestéd as
adequate.fqr the maihtenanca of white-t?iled deer (Bissell
and Strong 1955; French et alt. 1956: Dietz 1972; Holter et
al. 1979). Greater levels of crude protein. in the order of
13-16%, bhave bgeh reported as necessary for growth and
reproduction (French et al. 1956; Murphy aad Coates 1966).
NAS-NRC (19%6) recommends a minimum of 5.9% crude protein as
necessary for beef cattle on a maintenance aiét. Assuming
that similar amounts of crude psotein are required by elk
and moose for maintenance, all forage classes. and species
provide an adequateAaﬁount of this nutrient.

Carbohydrates -
The variability of ADF among forage classes ‘and browse

species was reasonably consistent with that reported by

™
/f’

-other researchers. Highest levels of ADF were foﬁnd in
twigs, grasses and sedges while moderate and low levels were
observed in forbs ana browse leaves, respectively. These
were due largely to differences in stem:leaf ratios among
$orage classes. Fibrous carbohydrates are usually much more
" «£oncentrated in stems than in leaves (Cook and Harr1s 3950a.
Dietz 1972). Season of growth g‘abably influenced these
differences too;_especia]ly between forbs and grasses, since
some forbs mature later in the growing season and thereby

contain less fibre.



The level of ADF among browse species varied in like ,
manner with that in other studies (Cowan et al. 1950;
Gagtler et‘{l. 1951; Dietz 1972; Penner 1978). The decrease
in ADF from summer to.Winter for Salix spp. is consistent
with Penner~(1978) but contradicts spméwhat, the generally
he l1d bélief that ADF increases with seasonal progression,
particularly during the winter period. Dietz et al. (1958)
and Dietz (1972) reported that five of seven, and four of

. five deciduqus browse species respectivgly, increased in ADF
from spring through winter, albeit some increases were very
s]ight, especially from late summer-early fall through the |
dormant period. Gastler et al. (1951) also, reported
increases in ADF from summer to winter for aspen, hazel,
birch and saskatoon. The apbarent wide difference in summer
levels of ADF among the four species\of Salix»and the other
five browse species appears to be inconsistent. A seasonal
difference of this magnitude was not observed in Penner’s
(1978) work. "

Lignin, a complex, relatively indigestible portion of
cellulose that }ncreases witlR seasonal progression, has been
found to be inverse]y corretated with the digestibi]iiy of
cellulose and hemicellulose (Kamstra et al. 1958; Short et
al. 1974). fherefore, ADL and ADL:ADF’ratfos among grasses

. and domestic forages partia]ﬁy indicate their comparative
. digestibility. Among woody species, ADL and ADL:ADF ratios

were not correlated with digestibility (Oldemeyer et al.

1977). Among forage classes the digestibility of herbaceous



species is markedly greater than that of browse (Short et .
al. 1974). Because leaves contgin only one half as much ADF
as twigs, they receive a much greater forage quality'rat%ng.
Among woody browse, CAG contains lower.levels of lignin than
old wood and therefore is relatively more digestible (Penner
1978: Short et al. 1972; Van Soest 1964). Woody forage wood
be less digestible fherefore, because old wood, as well as
CAG, was consumed.
Minerals ' ' - \
Calcium, phosphorus and ash differed in felation to
forage class and species. Henbaceous forage, particularly
browse ]éaves and forbs, contained the greater amount of y
these three minerals than did é:ésses and twigs, similar to
results reported by Cook (1972), Dietz (1972), and Short et
al. (1972). These differences were probably a consequencé of
plant part and stage of maturity, two factors that influence
nutritive values (Clarke and Tisdale 1945; Johnston et al.
1962: Short et al. 1972). The variability & calcium,
phosphorus and ash among browse species was in accord with
results of similar species reported by Cowan et al. (1950),
Gastler et al. (1951), Cook (1972) and Penner (1978).
Variation of these minerals may be attributable to a
.combination of site and vegetatfon factors (op cit.).
Studies have suggested the minimum requirement of
phosphorus to be approximately 0.25% (French et al. 1955)
and B.16% (NAS-NRC 1976) for white-tailed deer, and cattle

and sheep respectively. Ideally the Ca:P ratio should lie

.
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somewhere betweeﬁ 1:2 and 2:1 although a ratio of 7:1 may, be
acceptable i? sufficient vitamin D is present7}Maynard and
Loos1i 1969). However, Dietz et al. (1972) contMuded that
where ratios were greater thaq\5:1, calcium interferred with
phosgﬁorus metabolism. Assuming that similar levels apply to
elk ané moose, it wbuid-abpear tha£ all forage classes and
most browse species furnish marginal calcium and phosphorus
within acceptable ratios. .

A1lthough herbaceoug forage contains a suf%icient amount
of calcium and phosphorﬁs, phosphorus may be deficient
during. the critical winter period (Dietz 1972). At the same
time, the increase in calcium results in a wider, and
therefore le§s desirable Ca:P fatio. I

Ample ca]&ium. adequate phosphorus and acceptable Ca:P
ratios were apparent in leaves and twigs of most browse
Specie;. Leaveg contained adequate phophorus but the
“relatively high Ca:P ratio for most sbecies may offset this.
Although Corylus cornuta was the sole.twig species defic¥ent
in phosphorus during summer,, several species appeared to be
pho§phor9§ deficient during winter, coupled Qith
unacceptably high Ca:P ratios. Phosphorus~of these and other
deciduous browse species has been reported to be deficient
during the dormant season (Dietz 1972; Penner 1978).
However, effects of these deficiencies may be counteracted

by utilization of other species which provide adequate

levels of these nutrients (Cook 1972).
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U could not be determined if ash contained;gn adequate
1 \
amount’ of minerals since silica often makes up a Jarge

proportion of ash (Morrison 1957). L .
S o N
Although it appeared that the'foragefdontanned a
RES0NY
sufficient quantity of nutr1en€ ~t0'me§i_ A
. f ﬂ
requirements, less than thea&yamouuk? ﬂmy ha've

eavailable due to the consumpkﬂ?n odeﬁﬁiﬁnd three-year-old

»
wood. Nutrients such as Qrude Qrotelﬁ phosphorus, and

tenance

;actually been

calcium are present in lesser amounts in old wood, whereas
greater 2mounts of ADF and ADL are present in old wood

(Short et al. 1972: Short et aij 1974 Penner 1978).



VII. Discussion‘

A. Resource Uti]izatfon

Habitat Préferanaé

Insufficient data precluded a sfatistica] qetermination
of habitat preference. However , some insight iﬁto habitat
preference may be gained through inspect{on of these data
and results reported byWrovo (1980).

The forest, shrub fen and grassland communities were

used extensively, based upon forage use within each
community (Table 18). The grass-sedge'feﬁr;eceived little
use although this observation cannot be positively confirmed
since foraée use data were not-collected in this community.
The forest agd shrub fen communities were equally preferred,
as judged byvthe simi13rityrof percent f@rage use relative
to yield i; both comnunities.

The apparent equal preference shown toward the forest
and shrub fen commuriities was the result of a heavy stocking
rate; and’a mixea ungulate population. Heavy stocking rate
Timits free choice of forage, resulting in diet expansion
and ultimately nabitat selection (E1lis et al. 1875).
Specific foragé preferences of elk and moose are
complementary and therefore promote use of all habitats.
Provo (1980) suggested that elk selected for the farest
community, whereas moose selected for the shrub fen
communify when these two ungulate species were placed

together. Preference by moose for shrubby communities,

g2
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particularly those containing willows, has aJso been“r
reported by others (Holsworth 1960; Berg and ﬁhillips 197);
Cairns 1976; Telfer 1978; and Pennar 1978). Roupds (i§e1) .
.reported elk preference for grassland, shrubland and recent
burns, and reJect1onQqun1xed forest of quak1ng aspen- white
spruce, white spruce, jack pine (Pinus Danks:ana) and bog ' S
communities. Moose showed preference for immature aspén

Vs o '
forest and rejection of shrubland, white spruce anq bog : -,
A . N

communities. S RN

The grassland community was utilized during_bofh'summer
and winter seasons (Table 18? ‘Use was attributeh maihiy.to
‘elK. Food habits and hab1tat studles of elk indicate thetr: , |
preference for herbaceous forage espec1ally grasses and .
sedges (Holsworth 1960: Knight 1970; Cairns 1976; Hurlt 1977
‘ Telfer and Cairns. 1979). The grassy and shrubby“phases of

b3

the grassland were not equally preferred accord1ng to a,
comparison of their relative forage use. The grassy phase

was preferred due to its relatively greater abundance of

grass, and the barrier effect of shrubs (Ba1rey 1970)

e -

Very minimal use was observed in the grass sedge fen
gince neither moose nor elk exh1b1t much prefenence toward
-this community, except perhaps in early spr1ng (Holsworth

1960. Cairns 1876). However Telfer and Cairns (1979) . |
réported e sumher diets consisted of 95% herbage, 71% - = <.

Ay

being sedge. The extensive use of all communit%es'eicept?the

R ' &
grass-sedge fen, indicated the importance of ha91tat Sl
diversity. “

&
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PR
Forege Preference

Forage ereference was measured for 10 species of browse
in the shrub fen, based upon the ratio of percent of total
yield to.percent‘ofitotal use of forage. Ratios greater than
1 indicated speeies preference, whereas ratios less than 1
indicated sbeeies avoidence (Teble 19). Chi square and the
Bonferroni z statistic (Neu et al. 1974) -indicated Salix
planifg]ia fo be the only species that was significantly
preferred. Several speciee wereﬂsignificantly avoided, 5}
were beither preferred nor avoided.k

| The relative prefere?ee or avoidance among species and
between yearsl}s illustra;ed in Figure 10. Preference and
avoidance geﬁera]ly remained stable from year.to yeae.
However Salix bebbiana th Betula papyrifera exhibited less
yearly stability than the other seecies. |

The variable preference portrayed among the 10 browse
species was~a result of some facet of.palatability:
Eharacteristics or conditions of a plant whieh‘stimulate'a
selective (or avoidance) response by-an;mals (Heady 1964).
These 5nc1ude physical characterist{es such as morphology,
viger, availability, and chemical characteristics such as
ﬁDtEjent composition.

Species preference was reiated to absolute weight,
~frequehcy and Qhemical‘go;posit{en. No relationship was
evident between absolute weight end preferenee, as judged by
.inspectioh, but a positive relationship did ex{ig\ge;weeh ‘

frequency and preference. This may explain partially the,
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Table 19. Preference (+), avoidhncé (-) or indifference (0) for
species of browse in the shrub fen community.
Preference-Avoidance Indices
Species
1977 1978
Salix bebbiana .21 - .45 0
S. discolon 49 -2 18 -
S. maccalliana ..7'1’ 0 .64 0
S. petiofands .00 - .39 -
S. planifolia 2.35 0 2.36  + ‘
S. pyrifolia 1.57 0 1.18 0 !
Populus tremuloides 1.20 0" 1.90 0
Betula papyrnifera 68 - 101 0
Populus balsamigera .66 - .53 - ]
Ameﬁandhie& alnifolia .50 0 .50 0
. |
a, b avoidance (-) or preference. (+) according to chi square test ‘
(P < 0.05):
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preference for Salix planifolia, which exhibited the
greatest frequency of all specie; (Appendix L}. Nystrom
- (1980) also, repofted‘feeding moose calves genoraliy sample
shrubs in proportion to thein availability, ultimateiy
oon;uming more browse from stgms of preferred soecie;\gnd
less from others.’ | . |
" Quality or chemical composition of'applant' espec1olly
protein' has been found to be correlated with palatability\
and. u]timately with preference (Dietz and Yeager 1859; Dietz
1972, and Lindlof et al. 1974). However, no correlation was
found between protein and preference. Nor was there a
correlation between overatll cnemical comgosition, and
prefenence or avoidance, according to Hotelling’'s T-squared
or the F-statistic. These observations appéar to be similar
to those noted by Penner {1978) who concluded that no
relationship existed between the chemical content of wiTIOWS'
and their preference by moose. However, .Penner (op cit.) did
report lower ADL:ADF ratios in'browsed twigs as opposed to
unbrowsed twigs. Arnold&;nd Hi 1l i1972), in_a_nevie&.oi |
findings related to chemioﬁi factors in plonts and animal
selection, concluded that no relationship exists betwoen
chemical composition of a pTant and the preference animals
;how for it. | '
Neithen chemical composition nor availabilipy were

solely responsible for the apparent preference exnibited for

some browse species. Other additional palatability factors

likely influenced preference. Penner (1978) Concluded that



moose repeatedly selected willow plants_that~had been
previously browsed, regardless of species; but left
untouched those plants which had not been previously
browsed. Penner (op cit.) attributed this apperent
preference for browsee plants fo the excessive quantity of
new, succulent shoot growth in comparison to that of .
unbrowsed plants. Longhurst et al. (1968) found that taste
played a s{gnificant role in the pelatability of certain
browse species by deer. Tannins and coumarins have beeﬁ
associated with negative se}ectioh. Depth of snow has a159
been found to influence sélection of forage (Telfer 13978).
These and other combinations'of factors such as associated
species. pfevious Know l1edge angtphysiology, probably

influenced selection (Heady {éélih'

B. Carrying Capacity
Carry1ng capac1ty of the study area may be discussed by
a cons1derat1on of da11y forage intake, particularly as
. applied to the browse resource. Browse is the ma jor type of
forage in the diet of moose (Peek 1874), and is oftep its-
sole serce of forage during winter. Browse Kesgeneﬁally
supp leme ta] to herbaceous forage in the diet of elk (Hunt
1977) . Brd wse becomes increasingly important as herbaceous
forage becomes limited, or is ﬁendered otherwise unavailabtle
because of snow cover. ‘ |
Hypothetical estimates of daily forage intake are

presented in Table 20. These estimates were based upon a
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number of assumptions and were derived in the following
manper : browsg consumption attributed to moose was assumed
to be from leaf drop to leaf flush, or from'épproximately
October 1st to Apri¥ 20th; a foraging period of 202 days.
This foraging period, multiplied by the number of animals of
each species for each of two'years, represented the number
of -animal use days. The total use of browse or herbage,
divided by thp number of.anima] use days for each specieé.
resulted in an estimate of daily forage intake/head/day.
vThe hypothetical'esfimate of daily forage intake by
moose during thé 1957—78 fall-winter foragfng perioa, was
f similar to that reported by Gasaway and Coady (1974), and
Créte and Bedard k1975), approxihate]y 2.5 Kg/heéd/day. This
estimate was probably considerably less thén calculated du;
to browse uti]ization’by elk. The estimated daily forage
intake of herbage by elk appears to apﬁboximate that
suggested by other researchers (Thorne and Butler 1976;
Robbins et al. 1981). Holsworth (1960) reported as much as
30% browse in the rumen of elk slaughtered during December
in E;NP. Daily forage jntake’for both species actually may
be higher than calculated due to consumption of browse from
broken ﬁ}ems.which were not accounted for.

During the 1978-79 foraging period, estimated dai.ly
forége intake of moose doubled, while overall browse |
consumption decreased by approximately five percent from the
previous yeé:g In actuality, this marked change in estimated
daily forage intake was due to a drastic decline in the

-
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hoosg population. As in the previous year, elk would be
expected to again supplement their diet with browse. If such
supplementation were in the ratio of 50% browse,/gb%
herbage, not unrealistic for elk winter diets (Hobbs et al.
1981), both species wduld still realize a net increase in
daily forage intake over the previous year.

Theoretical estimates of daiiy forage intake for both
speciés in 1978-79, adjusted for browse consumption by elk,
appear to approach more closely, typical daily voluntary
intakes; app;g;{mately two percent of body weighf ( Thorne
and Butler 1976). This value is generally lower during
winter, since animals require less energy due to decreased
activity (Knorre 1959). The reducéd modse’population
resulted in a more favorable daily forage intake rate for
both species. However, these levels of daily forage intake
may stifl be insufficient in meeting requirements for
maintenanqe..The substantial ahount of second and third.year
growth which was presumably consumed, is much less
digestible than CAG (Penner  1978). Also, daily forage intake
decreases with a decrease in digestibiiity of forage |
(Robbins and Moen 1875). .

The initial stocking rate within the study area of 10.5
animals per Km? was probably in excess of carrying capacity.
However, as stocking rate declined, it probably began to
approdach carrying capécity and progressive stabilization of
habitat. RoJ:ds_(1977) suggested that fluctuations in the

» moose and elk population of Riding Mountain National Park,

’
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Manitoba, eventually became coincident through habitat
stabilization. Telfer and Scétter (1975) suggested that 4.4
moose and 4.4 elk, or 8.8 animals per km? was a feasible
stocking rate for these species in EINP. Except for the
proportion of moose to elk, this corresponds to the overall
stocking rate within the study-aréa for 1978-79. The
apparent heavy browsing throughout the duration of the
study, even at the lower stocking rate, suggests a stocking
rate ih excess of carrying capacity. A stocking rate of less
than 8:7 animals per km?2 would be more in line with carryin;
" capacity of the area.

A stocking rate in excess of carrying capacity
dramatically affects animal behavior and yegetatiop. Blair
and Brunett (1980) reporfed that an increased use of low
choice or non-prefer?ed_Species by deer, suggested excessive
preséure was being exerted on the decreasing supply of more
preferred browse. They concluded that this sigha]]ed an
overpopulation of deer in relation to their food supply. In
an assessment of food selection by North American deer and
their response to over-utilization of preferred plant
species, Klein (1970) concluded that when food becomes
limited, either through ecolog%cal change or increases in
population density, the preferred plant species of highest
forage quality are reduced and often e]im;nated by the deer.

The apparentkheavy browsing as ajconseqdence of heavy
stocking raté, if sustained, may result in the eventual

elimination of some species. The relatively different levels

AN
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of browsing intensity tolerated by species wou'ld undoubtedly
compound this situation. The apparent scarcity in the study
area a;a throughout The Park in general (Telfer 1976) of
highly preferred species such as red osier dogwood,
chokecherry and cranberry, may be a result of past heavy
browsing, coupied with the variable resistance of these
species to browsing. A further indication of the effects‘of
past heavy browsing was.exemp1ified by severe hedging, low
stature and a general lack of vigor observed for many
plants, especially of saskatoom and willow species. Where
these species were protected from browsing, plaqts appeared

to be robust and vigorous.

C. Management Implications and Recommendations

The results of the study indicated various
relationships between the range and- its unguiate population.
Forest, shrub fen and grassland communities were utilized
extensively, whereasi;he grass-sedge fen was utilized
rarely, if at a]l.‘Fbrest and shrub fen were especially
favoured because of their relativeiy H}gh prowse

productivity. Very heavy use of browse was evident due to

‘the large population of moose and elk. CAG as well as two

and three-yearrolé wood was consumed. Consumption of old

"wood, in addition to CAG, pEovided additional bulk for rumen

.fill. Despite this, however, poor digestibility of old wood

may. leave animals nutritionally deficient, particularly in

energy and protein.



Ve g mews ey -y e A PR o T Lokl RNSNCISTRE ISR e £l e S TUNSSIVS O S

105

Gradual deterioration of range, and the consumption of
browse that is poorly digested, are two of the major }“
. problems which result from overstocked range. The following

recommendations are suggested to minimize these problems:

1. Decrease and maintain stocking rate to more closely
approximate the carrying capacity of the range; perhaps
three moose and’three elk per km?2; less elk if bison are to

be included in.the animal population.

2. Prescribed burning or other method of brush
L -4

manipulation to increase grass production in the grassland.

3. Clear small portﬁons of the forest to increase
habitat diversity, and the growth and availability of

nutritious browse.

4. Periodically monitor forage yield, use and range

condition, and restock accordingly.



VIII. Summary and Conclusiﬁhs
A-study was conducted in EINP, Alberta, during 1977-1979 in
an enclosed, 723 ha area that contained an initial
population of 34 moose and 29 elk, and a final population of
16 moose and 34 elk. The purpose of the study was to collect
data relative to the production and chemical composition of
forage, and to its use by the ungulate popdtation.

Four major communities were recognized by means of a
bhysiognomic classification of vegetation: forest
(Populus-AfaIia) community (415 ha), grass-sedge fen
(Calamagrost is-Carex) community (97 ha), shrub fen
(Sal ix-Calamagrost is) community (59 ha), and grassland
(Poa-Symphor icarpos) community (28 ha). A principle
compoﬁénts analysis of species and stands indicated that the
most important environmental gradients determining
floristics were moisture and light intensity. A cluster
analysis of stands indicated their degree of association,
and thereby provided an objective means of communi ty
classification and sélection. Each community was described
by its species composition as related to canopy cover and
frequericy of herbaceous spe7ies; Pnd frequency and density
~of woody species. A

| Average annual growth of browse pfoduced within a
0.5-2.5m héight range was 8 and 65 Kg/ha in the forest and
shrub fen, respectively. Average browse utilized within the
same height range was 18 and 140 kg/ha in the forest and

shrub fen, respectively. Corylus cornuta and Amelanchier

-
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alnifolia contributed most to browse production in the
forest community, whereas Salix.spp.. particularly Salig
plaﬁ}folia, S. pyrifolia and S. discolor, contributed most
to browse yield in the shrub fen. The difference between
yield and use of browse indicates that two and
three-year-old wood, in addition to CAG, was consumed. Such
heavy utilization, if prolonged, may eventually lead to
"browsing out" of some species, and an alteration in plant
succession. L4

The grassland community was grazed extensivgly during
summer and winter, as evidenced by significant differences
?etween the weight of caged and uncaged forage.‘The average
yield and use of forage after summer grazing (1978) was 3%55
and 1010 kg/ha, respectively or 31% use. This compares to an
average winter use of 30% for 1978 and 1979. The marked
difference in percentage use between the grasslanq and
shrubby grassland phases during summer and winter grazing
periods, indicated a preference toward the former community
relative to the latter. Prefgrence for the grassland phase
was due to its greater yield of grass th;n the shrubby
- grassland, 1392 versus 816 kg/ha, respectively; and the *
bartier effect of shrubs in the latter phase.

Yield of annual herbaceous forage in the grass-sedge
fen averaéed 3807 kg/hé and was significantly greater the
second year. Gheater precipitation during the spring period
~of 1378 may have accounted’for greater forage yield than in

1977. Yield of Carex spp. averaged 4018 Kg/ha, whereas
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Calamagrost is canadensis averaged 3596 kg/ha.

Chemical composition of annual herbaceohsiforage and ) Ny
browse collected in summer, and summer and wiﬁfer,' : o i N
respectively, was determined by an analysis of crude - l¥
protein, calcium, phosphorus, ash, ADF and ADL. Generally,”
each constituent varied significantly among forage class,
species and season. Herbaceous species contained éyea£er
amounts of crude.prbteinl phggphorus, calcipm and ash thep
woody species. Conversly, woody species contained greater
amounts of ADF and ADL than did hereaceous forage.
Phosphorus, ADF and ADL in woody twigs decreased from-late
summer through winter. Salix spe. in particular, showed a
consistent trend in tﬁe decline of all nutrients during?the
dormant periéd. In general, tﬁe chemical composition of

&
forage was adequate to meet requirements of animals on a

" maintenance diet. Ca:P ratios were within acceptable levels

except for summer and winter twigs of Corylus cornuta which
containee exceptionally high ratios. '

Habitat preference by elk and moose could net pe ‘\3§.
determined statistical]y because of insufficient daté. C )
However, it did ﬁot appear .that any one habitat was
preferred since utilization was evident in all communities
except the grase-sedge fen. ’

Forage preference and avoidance of 10 browse species
was evfdent. Preference'was thought to be.related to forage

availability, as well as to other factors. No relationship

was evident between forage.preference and chemical
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composition. —\>

[}
Hypothetical estimates of daily forage intake suggested‘

the range was ét or neér carfying.capacity‘before
int?oduction of thé elk population. Upon introduction of
élk, carrying‘cqbaéity was exceeded put was gradually being
restofed as the moose population declined, anq the habitat
became more stab\e. A1though estimated daily forage intake
éppeared rgasonéble, it was prébably insufficient to meet
maintenance requirements due to the‘decreased,d{gesxibiliiy

of two and three-year-old wood that was consumgd.

743
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‘Appendfx A. Twig diameter-weight relationships.

Standardized twig diameter-weight relationships weré
determined n thewfolfowing manner: 50 CAG twigs 2.5 cm 14
length were collected over théarange of basal diameters as
browsea/by the aniha]é. Each Fwig was marked and its basal
diameter measured to the nearest 1/100 cm using a vernier
caliper;vaigs of each species were separately placéd in )
paper bags and allowed to air-dry for several days at room
temperature, éfter which their basal diameters were again
measured. The bags of £Wigs were then placed in a forced-air
oven for 24 hours at 70'éentigrade.to drive off any
remaining moisture. The oven-dry weight of the twigs was
theh determined..Correlation and linear regression of twig
diameter- weigHt was used to define an equation to predict

twig weight from twig diameter for each important browse

species.
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Appendix C. Prominence index of important species in the forest community (n = 10).

" Stands
Species -

' 110 159 170 179 155 148 136° 206 152 228
Woody -
Riebus sLrigosus 5 4 8 4 8 1

Viburnum edule 5 3 2 1 S
Symphoricarpos occidentalis : 1 6 2 4 10
Amefanchier alnifolia - 2 1 "2 2 7
Rosa acicularnisd ) 3 1 8 4 4
Lonicera diodica / 1 2 1 2
Conylus cornuta : 2 L 1
Prunus virginiana 5

Herbaceous
Aralia nudicaulis a0 23 u 6 a2 3¥ 335 14 0
Calamagnostis canadensdis 6 g 27T 25 T 3 5 g ]
Macanthemum canadense 8 4 17 4 11 2 4 u 3 9
Lathyrus ochrofeucus 36 . 4 7 12 3 5 6 6 3 4
Rubus pubescens 16 30 9 10 8 20 6 5 5
Mertensia paniculata 6 3 10 4 6 3 2 1 S
Fragarnia virginiana 3 8 4 6 1 3 4 3
Galium boreale 3 4 2 10 . 1. 2 1 v 4
Connus canadensis 2 2 2 7 8 S 1
Viola adunca ¢ ) oL 1
Thalictrum venulosum 3 2 5
Aster ciliolatus 3 2 1
Epilobium angudaﬂol,uun 4 1 3
Awndea corndifolia : 2 1 2
Vicia americana ° . 4 3 6 S 3 1 1
Petasites palmatus 4 2 2 1
Mentha arv o 1
Solidago spp. . 4 8 8 3 1
Pynola asarifolia : - 1 - 3 3

(%]
w

Heracleun Lanatum
Equdsetum arvense
- Lysdmachia thyrsigfolia
Angmone canadensis . . )
Sanicula marilandica , .
‘Lysmachia ciliata W
Disporum trachycatpum . . 2 1
Carex $pp. : ‘ 3
Aster conspicuous , 1 )
Urtica gm\uaé _ 1 N .
N

—— N~

includes Rosa wooddii. ) _ - .

<



Appendix D. Prominence index of important species in the shrub fen community (n = 12).

vy Stands

Species

603
.Y

605 563 604 555 548 544 503 511 S06 508 534

Woody
Londicera {nvolucrata
Ribes spp.
Rubus strigosus
Ledum g/wenland,c'cum

Herbaceous
Calamaghostis canadensis ’5
Canex athenodes
Canex nostrata 2
Equisetum arvense
Scutelaria galericulata
Stellaria fongifolia 1
Aster puniceusd . .
Mentha arvensdis
Impatiens capensis 11
Galeopadis tetrahit
Galium trdfddum .

Rubus pubescens
Atennania spp. 11
Potentilla palusinis
ex occldentalis
chys palusinis
Cieuta douglasii
Galium triflorum
Urntica gracilis
Fragaria virginiana
Glyceria grandis
Andnomeda polifolig
Polygonum amphdibium
Carnex fasdiocatpa

Species "6" o 9

. Species "g"
Moss
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Appendix F. Prominen

’

important species in the grassland community (n = 8).

129

Species

Stands

9

399

. 367

311

Woody
Symphoricarpos occeldentalis
Rosa aciculanis
Populus batlsamifera
Rubus strigoaus
Amelanchien afnifolia

Herbaceous

Poa pratensds
Agropyron subsecundum
Bromus ciliatus
Galium boreate
Achiilea millefolium
Solidego app.

Vicia amernicana

Aster Laevis

Anemone canadense
Fragaria vinginiana
Thalictrum verwlosum
Phieum pratense
Agastache foeniculum
Trifolium nepens
Calamagrostis canadensis
Ldthyaus ochroleucas
Artemisia Ludoviediana
Calamagrostis neglecta
Juncus balticus ]
Carex spp.

Agrimonia striata
Aster pansus

Cinsdum arvense
Agropyron trachycaulum
Specdies "h"

Carex foenea

Carex Lasdocarpa
Eleochanis palustnis
Viola spp. "
Potentilla gracilis
Pyrola asarifolia
Antennandia neglecta
Species "i" )
Lathyruus venosus :
Campanula rotundifolia
Sanicula marilandica
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Appendix H. Prominence index of important species in the .grdss-sedge
fen community (as determined by cluster-ordination)

' {n = 3).

Species : Stands N
330 318 351

Potentilla palustris v 7 7 13

Galium iniﬁidum C 5 1 10

Cartex atherodes : | 85 ‘ _ 38

Carex aquatilis ‘ 44 20

Calamagrostis canadensis 2 43

Sc_zi,te,uma galericulata 3 9

Canex Lasiocarpa 4 | 2

Epilobium glandulosum . 4 | ’

Moss spp. .

Eqme/tﬁm a/wemex ' 6 | .

EReocharnis palusiris ' : 4"

Rumex occidentalis : 3

LyM’ch‘h,éa thyluszﬁo!;éa L ‘ 3

Bidens cernua . , 2

re e don cm, AR, st e b



132

e s o ey s o

Ly'o

80°0

v Y rvhdod vyMyay

, 06'z €10 TT°T Z£°0  85°C 06°1
8T°T: " ZS't 6L°0 1IS'v 86°0 . 92°'v Tv'0  L9°S " vvaYrumeyvq smmdog
¥9°0  $v's 1170 9%°C Z8°0 0L°S 80°0  €1°C * yopyoymuany ymymdog
92°0  SZ'z U0 16°1 L2°0  92°Z 80°0  ¥9'T vYg0$ U o ryUDFIUY
o5t 05’z 210 S0z 8570 SS°T L0°0  LL°T ©opmy0d smphivo)
W1 0’y vw'0  61°€ 89°T 1€V 920  ¥LT vygofrufid s
£v°T  18°S 92°0 S£°C 0£°T  69°S 91°0  20°C vygo0frimgd 5
081 si's 657 svw 65T 6S°C 8§°T SV yrwgoryed °S
J60 ors 0st0 ootz S9°'T  ZI'V 92°0  65°T DUYYQIUOIMU *§
9€°C  S€°v 9T 6L’ 0£°'z I£°v S0°T  ¥S°SE ¥0g0I7YP °S
LU'T 1SS L0 1TS 2Tl SP'E 8970 st DUvYqq29 X¥30S
M gdd UM 90@ IM gd0 3w 9da :
. : so129ds
8LET . LL6T

, . *satdads wwzo&n 11 3o (3) siydtom FtMm3 m¢ﬂvcoamouwoo pue (uw) (d44q)
dutsmozq 3o autrod e xajawetp ‘(uw) (9)q) Y1MoIT Jud1INd JO I33dwelp uesw paiydtom 1 xtpuaddy



R

. o ———— . et g e - “s -~ P R e DI L T PR,
° 2
« ‘ N
. .
A :
ISLULTF  0BEST  TZYUISE  pES'9s VO6°'PYT  BLSUI8 SOTTO0ST  $Z9°Sh  101°92F S10°SH SO08'¥ST  9£9°06 icaog
. BT Ty 6v v 9p2 ¥030397p s
£IE 7 951 . o F o0z 4T S V2 168 3 961. oSt 5 gL . LyvS 7 pLz DUDYQQ2q XI13vs
vy 3 (8 641 3 -sg 142 N S 73 { L9 7 bEl e0z ¥ {01 [T 1 S ¥/ vvo§ruweug smymdoy
S99°1 F 6¥E T 68Z°1 ¥ ZES'1 £SS°T % 188'z - 818‘1 3 6o1'z o12'Y ¥ z81'l ££8°C 7 v8T'E . vpropmnyy emmdog
P91 P s1Z'z 82F°'L 7 1Vp'ZI IS9°8 ¥ #S9°P1  SL0°'S ¥ 959'9 Zv's ¥ 669°8 1P0°01%  SSE'ST  »¥3092u7v varpuryawy
996°€1%  S/S'IZ: S6v'zzF 0ZI'Zv  666°7EF  S69'€9  (S0°zz: 882°9¢  TIV'61F  €£56°VE  sis'opy  ova‘is DYV mghun)
- ~,
4S¢3  ueap 7 4sZ3 ueap HSZT  urey 4Sg7  ueay ases ueay 35¢5  ueay o
pasmoxaqugn pasmoug paadnpoay pasmoxqun pasmolg paonpoay sa12adg
8.61 LL6T
“(01 = u) A3runwmos 1saxoj Y1 ur sardads asmorq 103 pasmoriqun pue pasmoiq ‘padnpoxd s3tmi [enuue jo saqumy - r x:.Em.E<

s

)

)



134

I

0S2'023 $19°15  0OZ9T3

92686 £90°Sps  2sS'9sy it os1's8 1Z1°SE7 822°601 £22°S9F  0v6°667 18301 :
21t 5 yet 4§ S T 13 | ‘16 1 LS1 6 3 £51 PEIMYOD INiNe]
9¢ & 3 79 41 F ¥ 4 :34 F b8 (44 E I 74 9¢ 7 23 801 1 L8Y vYJoFINGD VI IYIUDINY
¥0S 3 968 680°1 1 9861 £65'1 ¥ z88‘Z 885 1 1v0°% BII'Y 3 €16°C 90L°T 5 #50°Ss . vwefiwwszvg smyndog i
- £0S°C ¥ €94°¢ a9t‘'c 1 64C°6 076'S 3 TIT‘LY SO’y T pRI‘EL LIVT7 900°T  ¥89°9 ¢ SLL°1Z vwaY rvhdod vynyag
981"t F 152°¢ 601 T SI0FY - S6I'T ¥ $97'9 610°2 7 898°% Sh. T 69 ¥9L'Z 3 ‘ 9s£’s sproymayy swndog
109°1 ¥ 289°S ¥SE'f ¥ £8Z'€1 9L8°Y T S96°81 mmm.m T '8 866°C * 81S°I1 ¥LI'S 1 066°61 - priofnhd s
Z0s'T ¥ 165°21 106°01% (SE°ES 9T6'E15  ¥S6°S9 7£9° 01+ 9Ly 8T 099°6IF £84°S9 0G90°0ET  6ST'¥6 vryofrunyd -5
€1 T £S5 3 181'2 0£E 3 €£0Z°Z 9zt 3 €8¢ LSL T YB¥'T IS8 7 B9L'Z yrwyoryed °§ i
an—lm 3 69y°21 16L°C 7 999'8 LZv'9 3 9511z 906°'F 7 866°SI L88°T ¥ 068°S NQWA' F 88817 . DYIIVON S
LZ8°S T ¥6L Y o'y W 0.8'2 ¥E879 T $99'sSH ¥9L'T. ¥ 6¥Z 0l oLL'y ¥ Su;‘. 9Z°L 7 0¥S'IT . ¥03007p °§ A
98 ¥ £68°C 906 ¥ 002°'S 96v'I = ¥60'9 B6¥'1 ¥ (SZ'9 ISt 3 0IL°T 050'Z %  869'® PUDYGq29 XIVS
4573 ueay 573 uean 4SZs  ueay aszF  uman 352F  unop Lt4 ueay - .
posmoxqup pasmoag pasnpoag pasmoaqupy posmouig pasnpoxd . _sardads
w 8461 Li6l .
. . N {Z1 = u} xuw:iov U3 guays Yl uy nwmuoﬁ_m ‘.om)oua .3..« pasmolaquil pue pasmoiq .eoo:aowm s8im1 tenuue jo JogqunN 'y xpuaddy



) ‘ | | T ueys ssa7

3

135

 8LEVF  IZI6I $9677 cossT. Te10L,
[ L9t ¥ 018 rd + ) m%f 6% oY rumyyrg veproymdoy
i L g Viv T 7911 Tar s sy : vvalrifidod vymyey
:\ ] 2 Z00TF 6061 81 - vi 967 ¥ 60ST yopyogmuwy ymgmdod
. N 22N S 4 82 €2 1S9 ¥ . LESS  vrg0%uap waryouvpyouy
. . v o5 9 8y 09 ° 9I61F  £EYOT vIMUK0Y TTYhiY0)
18 2z 89 ¥  s10z : " ;go¥ndid s
o ¥ Sy SLETF 8618 . cT vy3oYyuvyd s
N
S v . 0¢T ¥ T£S : . vy 0ryod S
1 o1 €25 ¥ 6981 ,- | vUTYFyvIIDM S
8 o1 shL s stz z 1 vy ¥ 101 , ¥0J0997P S
8 v 82T 7 SS9 z et ST ¥ 68 PUPY4q2q° XY9DS
7> _3st¥ _ueajy . , 3SZF  ueap
Aouanbaxg A31sua( zoquny Aouanbaux Auﬂmcmm zoqumy mw~oonm
usj qniys - | 3s9104 , . . y

‘csar3tunumod (g1 = u) uajy qniys pue (g = U) 1s3X0F 9yl ur sstrdads asmoxq (1 FO .
(sdumy2 10} swels 3o (g) Aduanbaxj aAatle(al pue (%) AITSUIP IATIETAX .Aﬂ-mzu Jsquny - 71 xtpuaddy

B



\

Appendix M. List of Species

etula papyrifera
Populus balsamifera

Populus tremuloides

Amelanchier alnifolia
Alnus crispa

Cornus stolon}fena

' Ledum groenlandicum

Cinnaea boreal is
var. americana

Lonicera dioica
var . glaucescens

Lonicera involucrata
Prunus virginiana
Ribes lacustre
Ribes oxVacanfhoides
Ribes spp.

Rosa acicularis '3
Rubg§ strigosus
Sali§ bebbiana
Sal{x“discolor

Sal ix maccall iana

Sal ix petiolaris

Sal ix planifolia

15 Includes Rosa woodsii.

TREES
Paper Birch
Balsam Poplar
Aspen Poplar

SHRUBS

Saskatoon
Gréen Alder
Dogwood

' Lébrador Tea

_Twin—floweb
Twining Homeysuckle

Bracted Honeysuckle
Chokecherry

"Bristly Bl§ck Current
wild Gooseberry v
‘Current Species
Prickl;/ Rqse .
Wild Red Raspberry
Beaked Willow
Pussy Willow
Willow
wﬁllow

Willow

136
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_

" Salix pyrifolia Balsam Willow
Sympﬁqucarpos occidental is  Buckbrush

Viburnum edule * . Cranberry
o o  HERBs -
. Forbs

AchiTlea millefol ium Common Yarrow

Achi;lea sibirica M%l*oil

"Adoxa moschatellina - . Moschatel

Agastache foeniculum Giént Hyssop
Agrimonia striata Agr.imomy

Anemone canadensis | CanadaiG Anemone
Andromeda polifolia Bog Rosemary
"Antennaria neg}ecta Pussy-toes
 Apocynum androsaemifol fum ' Spreading Dogbane

Aralia nudicaulis Wild Sarsaparilla

Arenaria lateriflora Sandwor t |

Arenaria sﬁp.- . Sandwort Species

Arnica cordifolia o  Arnica . |

Artemisia campestris d Wormwood

Artémisia ludoviciana Prairie Sagewort
Aster cjliolatds Lindley’s Aster

Aster conspicuus : ‘Showy Aster .

Aster hesperiué | Western Willow Aster
Aster laevis Smooth Asfer o

var. geyeri - .

" Aster modéstus A Aster !

Aster pansus Tufted White Prairie Aster

. - .";‘
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.
Aster puniceus Purple-stemmed Aster
Aster spp. Aster Species
Bidens cernua | - Nodding Beggarticks
Campanula rotundifolia Harebell “
Caltha palustris . Marsh Marigold
Castillgl? miniata o Indian PaintBr §h
Chrysosplenium iowense Golden Saxifrage\\\
Cicuta douglasi i R ‘Water Hemlock o
Circaea alpina ‘ Enchantér’s‘Nithshade \
Cirsium arvense Canada [Ql§14g¢/¢' C h
Comandra pallida Bas%éia”féad-flax \\\\
Cornus canadensis Bunchbérry | B g
:Disponum trachycarpum Fairy-bells
Epilébium angustifolfum Fireweed:
Epilobium glandulosum Willow-herb =

Equisetum arvense Common Horsetail .K“\ﬂqb)

« Erigeron philade)phicus F leabane

Fnaéania virginiana wild Stfawberry
_ var. glauca ) " '

Galeopsis tetrahit Hemp Nettle

By Gal ium bobeale: ‘ Northern Bedstraw
Gal ium trifidum Small Bedstraw
Gal ium triflorum . Sweet-scented B~ !straw
Geum allepicum | | Yellow Avens *

var. strictum ’

Geum macrophy I lum Yellow Avens
Habenaria viridis. : Bractéd_Orchig

Halenia deflexa | Spurred Gentian

-~



Heracleum Ianatﬁm
Hieracium canadense
Impatiens'capensis '
Lactuca pulchella -
Lathyrus ochroleucus
Lathyrus venosus
Lyéobus uniflorus

Lyéimachia ciliaia

Lysimachia thyrsifoliaj

Maianthemum canadense
var. interius

Q

Mentha arvensis
var. villosa

Mertensia paniculata
Mitella nUda

Monarda fistulosa
var. menthaefolia

Moss spp.

Parnassia palustris
var . ‘heogaea

Petasites palmafus
Petasifes sagiftatus
Potentilla gracilis
Potentilla norvegica
Potentflla.palustnis
Polygonum amphibium.
var. stfpulapeum
Pyno;é asarifol ia

Ranunculus macouni i

139

Cow Parsnip
Canadian Hawkweed

Touch-me-not

Common Blue Lettuce

Pea Vine

Purple Peavine

'Water Horehound

Fringed Loosestrife
Tufted Loosestrife

Wild Lily-of-the-Valley

‘Wild Mint

Tall Mertensia
Mitrewort

Wild Bergamot

~

N

Moss {Species ’/Aﬁ
= '/

Grass-of-Parnassus

Palmate- leaved Co]t§fdot

¢

Arrow-]eaved'Co}tsfooq g
Graceful Cinquéfoil ‘
Rough Cinquefoil

Marsh Cinquefoil

‘Water Smartweed "AJ'f e

Comhon Pink Wintergreen !

\
.

Macoun’s Buttercup

3
/
A~
g



ébnripa islandica
Rubus acaulis

| Rubus chamaemorus
‘ Rubus pubescens

Rumex occidentalis
var. fenestratus

Sanicula marilandica
Scutellaria galericulata
Sium suave

Smilacina trifolia
Solidago lepida
Solidagd spp -

'Stachys palustris .

var. pilosa
“Stellaria longifolia
Stellahié spp. -
Sisy;iﬁchium montanum
Taraxacum off icinale
Thal ictrum venulosum
Trifolium repens
Unticé gracilis -
Vi&fa amer icana
Viola adunca
Viola rugulosa

Viola spp.

- Agropyron repens

Agnopgnon subsecundum

140

Ye]]ow Cress
Dwarf Raspbérry_
Cloudberry

Dewberry

Western Dock -

' Snake-root

Commén gkullcap

Water Parsnip *
Three-leaved Solomon’s-seal
Goldenrod_

Goldenrod Species N

Hedge Nettle

Long-jeaved Chickweed -
Chickweed |
Blue-eyed Grass

Cémmon Dandéfion‘
Véihy Meadow‘Rue

White Clover

€damon Nettlé

Wild Vetch
éarly‘Blue Violet
Western Canada Violet

Violet Species

Grasses

Quack Grass

Bearded Wheat GMass'
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Agropyron ‘trachycaulum

Bromus ciliatus

Calamagrostis canadensis

Calamagrost is neglecta

Deschampsia caespitosa

Elymus innovatus

o

Glyceria grandis

Koeleria cristata

Phleum pratense

Poa pratensis

Carex
Carex
Carex
Carex
Carex

Carex

Slender Wheat Grass
Fringed Brome

Marsh Reed}Gra§§
Nor thern Réed}l%rass
Tufted Hair.GPasé
Hairy Wild Rye
Manna Grass

June Grass

Timothy

Kentucky Bluegrass

Sedges and Rushes

aquatilis . .
atherodes

foenea

lésiocarpa
rostrata

spp.

Eleocharis palustris

Juncus balticus

Water Sedge )
Awned Sedge
Sedge

Sedge

Beaked Sedge
Sedge Species
Spike Rush

Wire Rush

UNIDENTIFIED SPECIES

b

‘Species "C"

Species "D"

~Species "E"

~
N

Species "F"

Species "G"
SpécieS'"H"
Species "I"

Species "J"
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