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ABSTRACT ‘

The aspen parkland of east central Alberta offers a
variety of grassland, shrubland and forest plant communit;és'
from which cattle can select their diets. This study was
designed to determine the plant'community and‘fotage
preférences bf cattle during two seasons (June and October),
_under two grazing intensities (light and heavy) aﬁd_in two
years (1980 and 1981). Secondly, é study of the determinants
of observed preferences was underGaken with pafti;ular<focus
on the relative quality, aQailébility and dry matter intake
rate (foraging efficiency) of forest anakgfasslénd forages.
Fihally, use and mortalify of more ﬁhaﬁ 200 aspen suckers
were-monitored each year in four tréatments‘to assess the
impact - of cattle dpon aspen ihvasiqn of grasslands.

Grassland ﬁlant.communitiéSawere generally preferred by
catple over forests or shrublands. However, exceptions did
occur in portions‘of some grazing beriods. Under drdgght
conditions and heavy grazing in June, 1981, cattle
selectivity’betweeh rasslands and forest d;creased sha;ply
in an apparent response to forage availability. In Oétober,
1981, an abnarmally late *killing frost delayed the
sgnescéhce of paiatablé fdrbs and abscission _of browse
species until the second Qeekiof tﬁe grazing period. Prior
to the fgost, cattie utilized these foragés heé@ily and in
turn showed high preference for'forest'and Shrﬁbland
communities. quﬁally, grasslands were more preferred and

forest more avoided in October than in June-due to the lack



of available leafy browse. Grasslands were more preferred
under heavy.érazing than light in-both seasons.

Cattle were principally grazers. However, browsing was
éignifiéant in éll treatmenﬁs, and rahged from 7~£o 28%.05
total foraging time. This repregenteé‘an increase of 40 to
400% over data in other report; in the literature. Time
spent Qraziné was greater undeﬁ~a heavy grazing‘intensity,
in October and in 1980, the non-drought year. Grasslana
hérbage was~thelmajor source of forage ranging from 62 to
. 92% of theAcattle.diet._Important secondary diet cqmponénts
included foreét and shrubland herbage, éspen, rose, western
snowberry and saskatoon. |

Cattle exhibited significantly higher bite rates (48
’bites/minute),‘bite sizes (0;99 g dry ‘-matter/bite), and
foraging efficiencies (52 g dry ﬁatter/miqute) when
éelecting grassland forages rélati§¢ to forest forages (22
bites/minute, 0.58 g dfy matter/bite, 13 g dry
matter/minute,frespecfively). Forest forages weré more
’ z.quickly depleted, especially under a heavy grazing
inten;ity. Bite sizes were smaller and bite rates greater
under a heav§ grgiing intensity. Bite rates were also higher
in the'year of drought 41981). The barrief effect of woody
stems upon grézing'Was negatively correlatedgwith bite
ratés; bite sizes and fo:aging efficiencies of cattle.

Diet. selection by.cattlé was positively corfelated with
foraging efficiency (dry matter intake rate). Quality

attributes showed no consistent relationship with forage or

¢



community preferences. Animal reseense at the community
level was an integrated response largely dependent upon the
dry matter intake rate for each forage‘and its relative
availability. o |
Cattie use of aspen suckers on the forest margiﬁ of all
treatments occurred prior to severe depletion of* herbaceous
forage supplies. The number of browsings per sucker was’
twice as great uhder heavy grazing as under light and four
times greater in.June than 'in October. As the number of
browsings‘per sucker ipcreesed, mortality rates also
increased. Mortality rates were greater under a heavy
grazing intensity (37%) than under'light (21%), and greater
in June (47%) than in October (7%) Accordingly, heav;
grazing 1n June resulted in the highest aspen ‘sucker .
mortallty (58%) among treatments. o
Foraglng efficiency (dry matter ihtake rate) was the
prlmary factor determlnlng cattle response to forages and
communltles. Quallty was of secondary 1mpo tance. However,
food density or forage availabilitx‘served.to»alter the
relative importance of those two factors. As forage
availability and‘cattle’selectfbity increased, quality -

became an increasingly important determinént of foraging

behavior while dry matter intake became less important.
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1.AINTRODUCTLON.

The aspen parkland covers much of central Alberta. It
has been described a;\g large tension area or ecotone
between the boreal forest and mixed prairie (Moss and
Campbell 1947; Coupland and Brayshaw 1953). Most of the
remaining native aspen parkland range occurs on strongly
undulatlng topography developed on glac1al moraine or till,
knbwn locally as knob -and kettle\terraln. The resultant
var1ab111ty in mlcrocllmate accounts .for numerous vegetatldn

- types expressed along a catenary gradlent ‘There are several
«+ kinds of grasslands on upper slopes, then shrubland forest,
~willow and flnal/& Sedge wetland in swales (Wroe 1971),.This
" rangeland prov1des a wide var1ety of plant communltles and
<f/forage species from whlch cattle select the1r diet. . &
Consequently, the preferences and avoldances of plant
: communltles and forages must be known to be 1ncluded in
_range management grazing strategies. However, at present
stocklng rates 1n the aspen parkland are determlned on the
ba51s of herbaceous productlon (Smollak et al 1976; Wroe et
al. 1981). Con51dg}atlon of cattle preferences for browsé
specfes'as ﬁorage\and the_effects of environment and
dstocking rates_on forage_palatability, availability and
animal selectivity is lacking. Ad]ustments for these factors
might quallfy present value estlmates of varlous plant
‘communities and forages. .
Fundamental tO\th/\above problems ig the need to
,determlne the major factors governlng foraging behavior:

v



Diet selection by ‘cattle may be based‘on'eptimization of
nutritional balance (Rapport 1971; Ellis et al. 1976) .
Cattle maintain a nutritionally wise feeding'strategy by
certain adaptive mechanisms. They select a diverse diet
(Zahorlk and Houpt 1977) and prefer leaves and new growth
(Arnold 1964; Zahorik and Houpt 1977). This strategy usually
makes the diet higher in quality components and limiting
nutrients (Arnold 1964; Zahorik and Houpt'1977). However,
while Sensory responses are developed enoughtto provide
adequate nutrition, universal_relationships of herbivore
preferences with nutritional fractions show numerous
inconsistencies (Arnold ‘and Hill, 1972). This is likeiy
related to the fact that cattle are classified as one of the
ieast selective ruminant herbivores due t0>the1r dlgestlve
anatomy, mouth'horphology and food habits (Riee,et‘al; 1971;
Ellis and Travis 1975; Willms 1978). Accordingly, cattie
have relatively high intake rates. Chacon and Stobbs (1976)
estimated dry matter (DM) intake rates reaching 18 g/mlnute
for cattle. This exceeds observed foraging rates for wap1t1
(13 g DM/mlnute) (Hudson and Nietfeld j984) and smaller
»species‘such‘as reindeer (Trudell and White 1981), mule deer
(Collins and Urness 1983), and domestic sheep (Allden and
thittacker 19705. However, Hudson and Nietfeld (1984) noted
higher intake rates for bison (23 g DM/hinute). Intake rates
for cattle appear largely.dependent on two positively
related factors, bite-size and leaf yield (Chacon and.Stobbs

1976). Whatever the COntrolling‘factors, studies of foraging

~



behavior have additional significance for aspen‘parkland
range. Observation of cattle use of browse species, in
particular aspen, could provide information needed to
develop brush controltstrategies.

Settlement of the prairies .and the conseguent,control
of fire has favored aspen forest encroachment onto the
Festuca scabrella grassland (Moss andlCampbellq1947; Malnl
l1960). The‘average increase in aspen cover has ranged from
0.05% per year (Bailey and Wroe 1974) at the dry southern '
edge of the parkland to 0.75% per year at the Un1vers1ty of
Alberta ranch, Kinsella (Scheffler‘1976) and in the
Porcuplne Hills of southwestern Aléerta (Johnson and Smoliak
1968) . Aspen invasion causes a decline in grass production
(Bailey and Gupta 1963; Whysong'and Bailey 1975). Hilton and
Bailey (1974) noted annual herbage production of 2039 and
125 kg/ha in grassland and aspen forest, respectively.
Bailey and Wroe (1974) found 1944 and 154 kg/ha,
respectlvely; in the same two vegetation types. Obviously,
forest invasion into grassland has negative effects on
carrying capacity. | |

\‘ The literature reports wide variability in cattle use
of aspen (Smith et al. 1972;_Hilton\and Bailey 1974). The
”@ajor determining factors of aspen ﬁse‘are poorly understood

/ and rarely documented. FitzGerald Cl982) and Smith et al. |
(19725 found that cattle‘browsed aspen more readily in the

second half of the growing season. Bailey et al. (1980) also

noted a seasonal effect whereby aspen use in October

i
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(usually after leaf fall) was lower relative to June. in the
same study, Bailey' also observed greater aspen use under
heavier grazing intensities. Age of aspen suckers has been
discussed as a determinént of aspen use Ey cat;le. Smith eé
al. (1972) contended thét‘aspen sprouts were most palatable
at emergence but Sampson (1919) foUnd no preference for
younger suckers in the first 4 years of‘growth. FitzGerald
(1982), noted suckers in the secénd year of growtb after a
forest bPrn were more preferred by cattle than new sprouts.
< -

Research into the effects of season, grazing

intensities and alternate available forages upon cattle

response to aspen appear essentigLfsQ define brush control

\

strategies. Thus, a study of changes M foraging activities,

<

community and species preferences under different seasons

:nd grazing intensities is desirable. Such an approach may
indicate methods of aspen control in concert wiéh other
shrubby species anduprovide strategies to obtain optimal'use N
of various plant communities.. | - |
' Therefore,‘thisvresearch project was designed wi£h the
following objectives in mind: . |
1. To determine pattefns in community preferences displéyed
by cattle over two seasons, two grazing intensitiés and |

I )

two years.

-~

2. To determine foraging activities and forage preferences
among communitilies, seasons, grazing intensities and years.”

3. To determine differences in the foraging efficiency
o .

'Bailey, A.W. 1980. Qﬁ’ﬁonal communication.



(g DM intake/minute) or the profitability of grazing’

in forest and grasskind.

4. To determine if cattle select plant communities and/or
] .

forages in direct response to herbaceous productivity and

quality or in proportion to foraging efficiency.

5. To determine cattle use and mortality of aspen suckers

in the grassland at the forest edge under different seasons,
grazing,intensitiesﬁﬁand years; and secondly, to relate
aspen use to herbége availability and aspen sucker
parémeters.

An in4depth literature review regarding these
objectives was divided into introductory sections within
respective chapters othhishstudy. This was done to expedite

publications from this manuscript.



2. STUDY AREA

2.1 Location

The study area was _ocated on NW28-47-11-W4 of the
University of Alberta Ranch at Kinsella;_Alberta
(approximate latitude 53 02 degrees North, longitude 111 33
degrees West) at an elevation of 700 to 900 m above sea

level.

2.2 Geology and Soils
The soils in the Kinsella area developed from the heavy

textured till of Viking moraine, deposited about . 15,000

‘ N

years ago by recession of the Kehewin ice sheet (Wyatt et
al. 1944). The moraine ove;%&@s bedrock of the Pale beds
division and is.responsible”for the strongly'unduiating\
surface expression known‘locally as knob and kettle
topography. Soils are generélly of medium loam tekfure with
few to many stonfs and blaék topsoil averaging 7-10 cm in
depth. Profile depth and texture vary from shallow.énd heavy
on knoils to deep and friable in dgpréssions. §oils are"
gsually classified as thin black.-Chernozems although pc kets
of dark brown chernozegﬁ (knblls) and gleysolic soils

(depressions) are often found (Scheffler 1976; Wheeler

1976).

Ny
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‘ 2.3 Climate '. : ~

’ The Kinsella area is generally cla551f1ed as a "dry
subhumid" cl1mate with cold winters and mlld dry summers.
(Wonders ,1969). Approximately.75% of average anqual
precipitation falls in the growing season (April—Septenber)
(Environment Canada 1981). Average monthly precipitation and
temperatures recorded at the Un1vers1ty of Alberta Ranch’
from 1962 to 1981 are presented in. ‘Tables 2.1 and 2.2 along
with data\for 1980 and 1981, the two experimental years |
There was above average rainfall during the growlng season
of 1980 while 1981 was an abnormally dry year. Ralnfall and
temperature were recorded about 9 km south of the study area
at the summit of a large hill. Consequently, when killing
frosts were noted at the”Study area, teﬁperatures recorded
on the hill were higher than those, usually required for a
killing frost. Evapotransplratlon averages 120-180 mm per
annum while the normal frost-free period between mid to late-
May and early September is 100 to 120 days (Wonders 1969) .
Prevailing winds are normally from the west and northwest
(Wyatt et al. 1944).

3

2.4 History and Treatments

The study‘area became partdof a homestead in 1916 ayd
was heavily grazed from that time until about 1947?.'From
about 1947 to 1970 it had been cut for hay on an alternate

year basis. By 1972, the area was typical aspen parkland in

~*Bailey, A.W. 1380. Personal communication.



Table 2.1 Monthly precipitation_(mm) at Kinsella for 1980,
1981, and the 20-year average.

Month 1980 1981 1962-81 Ave.
January 26.5 4.0 23.1
. February 17.2 4.7 15.6
March 32.6 . 8.4 17.1
'‘April o 4.9 27.5 18.3
May 51.4 10.0 43.3
June ‘ 179.1 24.5 75.2
July ' 119.3 65.2 85.3
August ‘ 123.2 20.0 56.6
September 30.5 16.1 = 36.2
October ' 16.2 20.0 15.5°
November 4.3 8.5 , 14.8
December 33.9 11.0 : 19.8

Total 639.1 219.9 420.8

Table 2.2 Mean monthly maximum and minimum temperatures
(°c) for 1980, 1981, and the 20-year average.

Month | , 1980 1981 . 1962-81 Ave.
Min. Max. Min. Max. Min. Max.
January -20.6 -10.7 -10.8 -2.0 -20.3 -13.4
February -15.0 -3.5 -13.5 -2.6 -15.5 -7.5
March -12.6 -1.6 -5.6 5.2 -10.2 -1.4
April 2.1 16.0 -1.5 11.4 -0.3 8.2
May 5.4 20.6 - 5.4 19.5 6.6 16.3
June 9.7 20.6 6.9 20.8 10.6 19.9
July 10.0 23.2 11.5 23.1 12.7 22.0
August 7.9 18.9 12.1 27.1 11.2 21.
September 4.0 16.8 6.0 "19.8 6.2 15.5
October 1.3 13.8 .~ -1.4 9.2 1.1 9.7
November -4.7 5.1 -4.6 4.0 -8.7 -1.7
December -19.7 -10.3 -15.0 -6.9 -15.7 -9.9
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excellent range condition. The expefimental site was grazed
heavily in October, 1972, to uniformly reﬁove the heavy .
littér accumulation on the .ungrazed native grassland range.
At that time, a grazing research projec? was designed to
study differences over two ‘seasons of growth (early summer
and autumn) and two intensities of grazing (ligh; and heavy,
8 animal unit months (AUM'S)/field and 24 AUM's/field,
respectively) (Bailey et al. 1980}.'Four fields ranging in
size from 7 to 10 ha were then fenceduto each include abouﬁ
6 -ha of'rough fescue-western porcupine gfass gtéssland..Then
the fouf treatments described in Table 2.3 were applied each
year beginning in 1973. | |

This 'study was conducted in 1980 and 1981, the ‘8th .and

.

9th years of treatments. Yearling heifers were used in both

experimental years. The methods used to achieve the

objectives of this study are presented in each chapter.

2.5 Vegetation

Nine plant communities were defined in the study area

-(Table 2.4). Criteria were selected to highlight differences

in species composition and habitat structure that might
affect animal response.

The open phase gfassland community exhibited the
dominant grassland‘éssociation of Festuca scabrella - Stipa
spartea var. CUPtisefa, typical of the aépen parkland
(Coupland and Brayshaw 1953):-In that association, Festuéa

scabrella dominates on mesic, undisturbed sites while on
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Table'2.3 Treatmentsvapplied to the experimental site,
1973 to 1981 (using one-month grazing periods). ’

Treatment " Grazing Intensity ‘ Season
"t light (8 AUﬁVfield) , June
2+ : heavy (24 AUM/field) June
3 . heavy (24 AUM/field) : October
4 ' light (8 AUM/field). October

)

T Treatments 1 and 2 were stocked at 4 and 12 AUM/field,
respectively, in 1973 and 1974..



Table 2.4 Definition of Plant Communities.

Community .

Determining Criteria

References

Carex wetland

Salix wetland

\

Aspen forest

Shrubland

Open grassland

'Forest edge
phase grassland

Snowberry,phaée
grassland

Silverberry
phase grassland

Brushed
fencelines

inundation for part of

. growing season;

Carex spp.

or Calamagrostils spp.

dominant.

composition similar to Carex

A7

wetland but with greater
“ than 75% cover of Salix spp.

nearly continuous overhead

canopy of aspen
presence of low
rich or sparse,

strata of herbs.

trees;
shrub layer,
and a lower

- absence of aspen tree

canopy; presence of shrub

layer of Rose,

understory with

. 25% cover.

grassland with shrubby cover

less than 25%.

Snowberry,
Saskatoon with cover greater
~than 75% and a herbaceous

less than

herbaceous cover dgreater
than 90%; presence of aspen
suckers in a 5 to 30 meter
band from forest margins;
less than 75% cover of

Snowberry.

herbaceous cover greater
Snowberry cover

than 90%;

greater than 25% and less

than 75%.

herbaceous cover greater

than 90%;
less than 25%;

Snowberry cover
Silverberry

cover greater than 25%.

bulldozed in

1870

[ g

or

. Scheffler

Walker and
Coupland 1970;
Wroe 1971;
Scheffler 1976.

Wroe‘1971;
Scheffler 1976.

Moss 1955;
Wroe 1971;

Scheffler 1976.

- Wheeler 1976.

Wroe 1971;
Wheeler 1976.

1976;
Bailey 1978.

Wheeler 1976.

Wheeler 1976.
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more xeric sites it codoﬁinates with Stipa spartea var.

curt iseta, Agropyrbn spp. and Bouteloua gracilis. Other
‘sLbdominants include Agropyron subsecuhdum, Agropyron
dasystachyum, Sollgagg\spp., Cerast ium spp. and upland Carex
spp. (Sinton 1980). Shrhps”found‘on moister, lower slope.
positions of the grassland provided the distinction for
three shrubby.phase-grassland-communities; despite the same
herbaceous species as open grassland (Wroe 197f; Wheeler
1976). The first of these was the forest edge(phése
grassland where aspen invasion was occurring. Presence of
Populus tFemQIOides suckers on the.forest margin
distinguished it {fom‘other grasslahd communities (Scheffler -
1976; Bailey 1978). The snowberfy ﬁhase grasslahd community
had a cover of Symphoricarpos occidental is exceeding 25% but
not'greater than 75% (Wheeler 1976). Finally, the ‘
silverberry phase grassland had a coveerf Elaéagnus
commutata exceeding 25% with Symphoricarpos occidentalis
cover less than 25% (Wheeler 1976); Excessive cover of
shrubby épecies causing herbaceous cover to be less than 90%
of that in open~grassland resulﬁed in non-classification as
a grassland community, O§er the eight year expdsure to
treatments, Bailey et al. (1980) noted a gradual decrease in
grass production and an increase. in forb préduction/in.the
grassland communities under heaﬁy June and October
t;eatments. Increases in forb and gras; production were

noted in the light June treatment. Personal observations

(1980) confirmed that the greatest changes in composition of
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grasslands occurred under heavy June grazing.'Festuca
scabrella had been largely replaced by Agropyron
“subsecundum, Bouteloua gracilis, and other grasses adapted

o

to more xeric conditions as well as a varletz of forbs The
major grassland forbs included TheropSIS Phomblfolla
Selaginella densa, CIFSlum arvense, Achzl]ea millefolium,
Frageria virginiana, Artemisia ludoviciana, Artenisia'
frigida, and Gal ium boreale. Aster laevis and Sol idago
mlSSOUFIenSIs were the two most palatable forbs available.
Under light June grazing, an excellent stand of Festuca
ScaEPel7a still dominated throughout all grassland
communities after'eight years (Bailey et al. 1980).
Increases in cover of the forb»species-noted above occurred
only on small locally overgrazed areas such as hilltops or
cattle resting sites. fhe light October treatment area was-
also.largely unchanged in terms of the original specles
compositlon and preductivity of grasslands (Bailey.et al.
1980). However,'the forest edge phase grassland waslbecoming
progressively wider in\area and structural diversity than 1in
other treatments. The heavj October'treatment showed

increased forb cover throughout grasslands, particularly

Cirsium arvense, Thermopsis rhombifolia, Galium boreale,

. -Achillea millefol ium, and Artemesia ludoviciana. Déspite the

'~ low grass productivity noted by Bailey et al. (1980) in this
treatment, grasses were still the major sward component of

grassland communities.
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The flfth community was the Populus rPemu]opdes forest.
It had an overhead canopy of aspen trees, a rich or sparse‘
-low layer of shrubs and a lower herb stratum (Moss 1955;
‘Wroe 1971). The shrub layer was comprised of Symphoricarpos
occidental is, Amelanchier alnifol ia, Rosa woodsii, Rosa
acfcularis, Rubus strigosus and Salfx spp. (Hilton 1970) .
The herb layer'consisted of Rubus pubescens, Asté; spp..,
Vicia amerlcana Lathyrus ochroleucus Pyrola secunda,
Fnagerra virginiana, Gal ium Doreale Eplloblum
angust/follum, Viola adunca, Smllaczna stellata, Thal ictrum
venulosum, Calamagnostis spp., Anemonevcanadensis, and
Agfopyron tfachycau]um Changes in composition and structure
of the aspen forest after eight years of the heavy June
treatment were apparent. That forest lacked a productlve‘
lower shrub layer of rose,’ aspen saskatoon, or snowberry7asv
well as the taller herbs normally found 1ntertw1n1ng such
shrubs. Vicia amenlcana, Lathyrus ochroleucus and Smilacina
stellata were. the herbs most notably lacking in abundance A
_51m11ar but much less pronounced differentce’ was dlscernable
in portions of the forest in the heavy October gra21ng
treatmenta

The sixth community was‘the shrubland.llt lacked the
aspen tree canopy but had a shrubby cover of Rosa
acicularis, Symphoricarpos occidentalis or Amelanchier
alnlfolia exceeding 75% (Wheeler 1976). Furthermore, the

rather continuous shrub cover had an obvious negative effect

on herbaceous productivity. Thus, the herbaceous understory

el



normally had avcover of less than’25%. Compositional and
structhral differences ‘among treatments after eight years
were m;nlmal in .the shrubland communlty

Two wetland communltles were present in the catenary
Sequence. Localized wet depressions or fresh water sloughs
doninated by various Caﬁex spp., Calamagrostis inexpansa,
Calamagr'dgtis canadensis Glyceria grandis, Beckmannia
SyZIgachne Slum suave and others represent the Canex«
wetland communlty (Walxer and Coupland 1970; Wroe 1971) The
Amarglns cf these wetlands are dominated by Salix petiolaris
and Salix dlSCOIOP in a shrubby communlty leading into aspen
forest (Bird 1961). ThlS Salix wetland community exhlblted
,Salixlspp. cover of 79 and 88% as determined by4Wroe (1971)
Iand'Scheffler (1976), respectively. Differences in community
‘'structure and ccmposition among treatments were not apparent

in the two wetland communities. The final community was the

- disturbed area along fencelines.of the study area. It

consisted‘of any areas cleared gf brush in 5970 to
facilitate fencing. Herbaceous cover and production in this
"brushed fenceline community was relatively low and nighly
\variable. Differences amongltreatments after eight ‘years
were apparent with regards to the cover and density of‘aspen
~suckers. In 1980, the two October treatments showed heavy |
aspen domination of fencelines. Aspen ranged in helght from
new suckers to 4-m trees that represented successful
regeneration from the clearing operation. Theé two June

treatments showed less dense aspen growth and lower aspen
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cover. The light June treatment-exhibited varying degrees in
aspen sucker height (0-3 m tall) while the heavy June
treatment showed no brush species taller than 1-m and by far

the lowest aspen cover of any treatment.

L.



3. PLANT COMMUNITY éREFERENCES

3;1 Introduction
Grasslands are usually the major source of dietary
components for caétle, while shrublands and forests are
relatively miror (Séith et al. 1972; Miller et al. 1976;
Hansen et al. 1977). In the aspen parkland, such preferenée
‘patterns appear to be less congistent. In Cglorado, Ellison
and Houston (1958) and Paulsen (1969) observed that cattle
did not use the aspen forest as'much aé the grassland.
Similafly, Hiltoﬁ and Bailey (1972) observed minimal use of
the foresf in central Alberta under late August - mid
September grazing. Howéver, the next year they noted
preferential use of forest relative to grassland.dgring a
June drought. Bailey et al.‘(1980) also found significant
use of éspen in June. FitzGerald et al. (1984) noted cattle
preference for spring-burned grassland in early July bu;
preference for spring-burned forest in August. Thié was
aésociatqd with increased browsing in August.
:Thefeffect‘of grazing intgnsity upon.community

‘preferences ap?ears largely unstudied. Howevgr,'humerbpé
-repofts indicate increésed use of'bfowse species and brpwse
'type'communities:as grazihg intensity 1is increased (Samﬁéoﬁ
'1919} ngfé et-al. 1977;;Bailey.et ai.'i980).

,iThe objéctive‘of tﬁis‘chapter was,to‘detefmine‘the
plant qommunitybpreferencgs and avoidances'of'catﬁle under

.different seasons, grazing intensities and years.

17
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3.2 Methods

A 1:990 scale aerial photograph with . a 1-cm? grid
overlay was used as a base map of the study area. In May,
1980, communities were mapped in the field on the gridded
photograoh'using'the criteria noted in Table 2.4 to identify
plant communities. An electronic planimeter was used to
determlne actual proportions of communities available forq
cattle use within each of the four fledds

Grazing periods were about ¢ yeeks in length and the
number of yearling heifers required to~achieve stocking
rates’varied among treatments accordfng.to animal weight

(Appendix A). Cattle use waé\gonitored by observation of d

groups of graz1ng cattle, normally done every day with never -
more- than a 3- day span between observatlon sessions. Most
group observatlons were performed during the major gra21ng
‘perlods, early morning and even1ng (Dwyer 1961). A lesser
number were conducted in late mornlng and early afternoon.
Observat1on sess1ons normally lasted 2.5.to 3 hours, were
recorded via portable tape recorder and later transcr1bed §
) Details of the number of cattle per group, the number

‘grazing or browsing, the number foraging in respectlve'plant
conmunitles and the spatial positlon of the group with

I regards to the grid map were recorded approximately every 10

: minutesl Freduenc1es on use of the plant communlties were
determlned as\a'proportlon of the total number of group
observations within treatments.'Erequencies were yeighted.'

o

for the_number of animals per .group divided by the average

o s
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number of animals per group in respective communities.

Following Neu et al. (1974), observed frequencies of use

‘were—tested against the expected frequencies of use

(proportions of plant communities in each field) to obtain a
chi-square value. This chi-square value was called the index
of cattle selectivity among éommunities. It measured the
probability that cattle used plant communities in proportion
to their available area. Continuing the procedure, goodness
of fit comparisons of the observed and expected.(the

available proportion) use of individual communities were

performed to indicate preference and avoidance responses via

confidence intervals on chi—sqﬁare valﬁes (Appendix B). In
other words, a preference index (observed use/expected use)
with confidence limits was calculated for each community in
each treatment..wﬁen observed use exceeded—expected use, the
resultant index value was gfeatér than 1. This was
indicativeléf a preference response. éonversely,'an index

value. less thénv1 indicated an avoidance response. Patterns

4+.in response were then identified across seasons, grazing

AV

- intensities’ and years.

3;37Result5' .

Catﬁle exhibited significant plant cémmunity
selectivity in both yéars of every treatment (Table 3.1).
Selectivity among communities was consistenfly higher in

[

October. Further inSigHt‘into the. relative use and

_prefetrence of specific plant communities demands closer

[
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Table 3. Indices of cattle selectivity among plant

communltles (X*), and the probability that cattle use
was proportlonal to community area (p) under various

treatments, 1980 ar = 1981. ’

1980 1981
Treatment X p X? D
light June gra21ng 43 .00 29 .00
‘heavy June grazing 112 .00 39 .00
light October gra21ng a1 .00 . 120 .00
heavy October gra21ng “133 .00 75 .00

scrutiny of individual treatments.

!
&

3.3.1 Light Grazing in June

The two major communities utilized both year§ in the
light *June treatment were the aspen forest and the open
grassland (Fig. 3.1). However, the aspen forest was hlghly
avoided by cattle while open grassland use was proportional
to it's available area. The snowberry phase grassland Qas
also heavily used in 1980. Cattle grazed throughout
grassland communities in 1980, and often.-circled or turned
about when reaching a shrubland or forest perimeter in order
to remain in the grassland. At the forest perlmeter, anlmals
would freguently graze the grassland along the forest edge
rather than using open grassland or forest. Upon entrance
into the forest, the animals foraged in a dominantly
un1 -directional manner until another communlty perimeter was

reached. Then the cattle usually left the forest in
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preférence fof a grassland comnunity. The animals often
camped for hajor rest periods at the water or salting areas.
The watering area was separatéd from the(main_body of open
grassland by a large shrubland area heavily interspersed
with snéwberry and silverberry phase grasslands. Thus, the
cattle often grazed or trailed directly through this area
after leaving the water site.

In 1981, a fe@ minor behavioral changes were observed.
Firstly, the animals speh€ more time browsing in the
shrubland community near theiwater than grazing in the
adjacént’snowberry and éilverberry phase grasslands.
Similarly, the forest was more preferred by;cattle in 1981
than in 1980. Altﬁough their behavior upon leaving the
forest did not changé, the cattle seemed less.apt td turn
away from the forest perimeter and regraze grasslands. To
summarize, the cattle were less discriminative among
communitiés in 1981,

Over both years, the forest edge grassland was the most
consistently preferred community,'refiecting the grazing
behavior observed at foresf perimeters. preference for
snowberry'and silverberry phase grasslands was inversely
related to shrubland preference in both years, one
determinant being the close spatial proxi@ity of these
communities to the water source. All three shrubby phase
grassland communitiés were preferred over open grassland in
1980 but only the forést edge grassland showed a similar

response in 1981. However, total shrubby phase grassland (3
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communities pooled) was still more preferred than open

grassland in both years (Appendix B).

3.3.2 Heavy Grazing»in June

Cattlé consistently avoided the aspen forest in both
.years but because of its large area (52%) it was still use§
considerably (Fig. 3.2). The most heavily used communities
were the various grésslands. Behavior appeared la;gely
dependent upon species preferences and the guantities of
alternate available-forages. In 1980, the céttie exhibited
" consistent use of all grassland communities throughout the
grazing period (Fig. 3.3). Initially, 'the animals
concentrated on selection of palatéble forbs and.green‘
grass, and gsually grazed along the forest edge prior to
entering forest or returning to open grassland. However, by
the second week, animals Qould usually enter directly 1into
the forest upon reaching its perimeter. Foraging within the
forest varied between grazing and browsing, depending on the
thlckness of browse cover. Anlmals would often stop squonly
after a period of forest foraglng and trall to the near;;t
grassland before resuming grazing. They would sometimes
trail through the forest from one grassland to another and
then resume grazing. These observations increased in
frequency as‘the‘grazing period proceeded: accompanying the
depletion of readily available forest herbage and browse.

Conversely, in the grassland communities animals rarely quit

grazing unless they were about to lie down or trail to water
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Figure 3.3 Availability and weekly use of aspen forest and
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avoidances are significant at p<.05).
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. o
~or salt. The cattle avoided wetland communities éithough‘
infrequent use was noted, éspecially in the Salix wetland
‘where Salix leaves were highly preferred in comparison to
, _ .

adjacent sedges.

In 1981, a year dissimilar from 1980, there was a large

decrease in selectivity among communities (Table 3.1i.
Grazing behavior was’'very similar to 1980 for.the first two
weeks. However, as the grazing period progressed, animals
spent less time in the grassland and more time in the forest
(Fig. 3.3)} Unlike 1980 when green regrowth on grasslands
maintainéd a source of readily available forége, the 1981
drought forced cattle into forest and shrubland communities.
By the fourth week of June, 19817 animals were heavily
Utiiizing unpalatable plants including Western snowberry,
éilverberry, yafrow and buffalo bean; Indeed, by'the end of
the fourth and final week' the only o%@ervable selectivity
was a reluctance to graze buffalo bean and older, woody
portions of trees and shrubs. However, there was still a
consistent avoidance of the forest and wetlands, and a
preference for all grassland communities in both years.
Comparison of the selectivity indices for the light and
heavy June treaﬁments corfirmed greater discrimination among
communities under heavy grazing (Table 3.15. Preference for
the gfassiands as a whole was greater under heavy June
grazing. In both treatmenfs £ e total shrubby grassland’was
cohsistently preferred over the open grassland. Similarly,

both treatments showed decreased forest avoidance and
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increased shrubland preference in 1981.

3.3.3 Light Grazing in October

The open grassland was obviously the most important
community to foraging cattle (Fig. 3.4). Silverberry phase
grassland and thé shrubland in 1981 were the major secondary
sources of férage. Cumulative use for all g;assland
communities was over 97 and 75% of the total in 1980 and
1981, respectively. Cattle showed a strict preference for
‘the open grasslaﬁd in 1980. They tended to congregate on
hilltops and‘soutﬁ-facing slopes within the grassland when._
grazing. This patchy distribugion resulted in local areas of
heavy utilization where grazing and regrazing occurred,
thereby preventing the build-up of standing litter. When
grazing in less well utiiized areas, catfle were muc e
seleétive in attempting to avoidlthe litter. Loéall;
oyer-utili;edvareas were also observed in the.silverberry
: phasé‘grassland community. - The inability of animals to graze
in this manner in the snowberry phase grassland because of
" the barrier effect‘ofXMestern snowberry stems and lifter
build-up may partially explain their indifference to that
‘community in béth years. Use of the forest, shrubland, and
forest edge phase grassland communities was minimal in 1980.
As:notedAin Chapter 2, the structure of inner portions of
the forest edge in the light October treatment was similar

to that of the forest. The only observed grazing in the

forest edge phase grassland occurred in its extreme outer

.
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limits where grassland structural characteristics
predominated. Similar observations were made in the brushed
fenceline community, structurally similar to forest and the
inner limits of the forest edge.

In 1981, the summer drought resulted in'relatively low
available herbage supplies in grasslands in October. Then, a
late killing frost nine days into the grazing period (0°C on
Sept. 23 and -1.0°C on Sept. 25 at the hilltop recording
station) resulted in abnormal availability of forbs in the
fdrest and shrubland communities. Unlike 1980 when the
killing frost preceded the grazing period (-2.5°C on Sept.
18), cattle highiy preferred the forest during the first
week of October, selecting leaves of woody plants and
rapidly senescing forbs, primarily Lathyrus ochroleucus
(Fig; 3.5). However, by the end of the first week, Lathyrus
had senesced or had been largely depleted, makiﬁé it
difficult for animals tovhérvest..Subsequently, a dramatic
return to the norm of forest a;oidance and grassland
prefegehce was observed in week 2. The first three weeks of
bctober, 1981 also featured heavy utiliéatioh of the |
shrubland ;ommunity located near the water (mig. 3.6).
Unlike forest forb senescence, leaf abscission of woody
plants was aimuch\slower process following the killing
frost. Thus, browse was a&ailable as a forage source well
intoqthe third and fourth weeks of grazing in the shrubland
community. Howeyer,‘by.the end of week 3, use of shrublands

was considerably less extensive, perhaps due in part to
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~depletion of auailable browse as“well as the effect of
. abscission. Nevertheless, Selectivity among communities .S
greater in 1981 due to the environmental changes favorlng'
browse availability and use, (Table 3.1).
Overall, “the aspen forest forest edge phase grassland
and brushed fencellne communlfies were con51stently avoided
- while openlgrassland and silverberry phase grassland
- communities werg preferred (Fig. 3.4). The shrubland was the.
most preferred in 1981 although only a.secondary community
in terms of use. Preference for open grassland was greater
than for total shrubby phase grassland (pooled) in both
Years; Likewise, the most open of :the shrubby phase
r‘grasslandﬁcommunities, the silverberry phase grassland, was
more.preferred than‘either the forest edge or snowberry
‘phase‘grasslands.:l H |

N S

Comparlson of select1v1ty indices for the light June

~

and light October treatments shows greater select1v1ty awong <

-communltles in October (Table 3.1). In both years, a greater
preference for open grassland and greater avo1dance of

. forest and forest edge phase grassland was observed in
October relatlve to June (Appendix B). Preference for total

grassland (pooled) was greater in October than in June both

years.

3. 3 4 Heavy Grazing in October
The most heav1ly used communlty was the open grassland

" while the largest community, the aspen forest, was avpided -

.
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both years (Fig. 3.7). The grasslands as a,whole represented
92% and, 74% of total use in 1980 and 1981, respectively. In
1980, the éattle.grazed ahd regrazed ﬁhe grassland several

' times. Cattle continued grazing throughout the various
shrubby grassland communities, but the woody stems created
an impediment to the gra21ng act and in turn, the 1ntake
rate. ‘Thus, anlmals would ‘sometimes guit gra21ng in a N
shrubby phase grassland community’and trailgsto an open
grassland, espec1ally when the woeody stem den51ty and

M

impediment to grazing were.relatively high.

Cattleyusually avoided the forest perimeter. Howe;Lr,
use in the forest was sometimes noted where forage was,
available in quantity. The brushed feneeline and wetland
communities were also generally avoided, although
considerable use of a dry CaPex wetland was noted durlng the
final week of”graaing when grassland forage supplies were
largely depleted This heavy use during the final week
contr1buted to an insignificant av01dance index for Carex
wetland in 1980.

Minor differences in behavior were observed in 1981.
Cattle used the forest and shrublands more‘in an appérent
response to the late growing season and lage frost. The
increased use was a function of the lncreaSed availability
of forages, particularly woody leaves and current annual
growth. An increase in use on the forest edge and snowberry

phases was also noted, particularly during the first week of

grazing when palatable browse was still available. However,
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under heavy grazing, the more palatable sources of browse
were largely depleted by the end of the first week and
cattle returned to more available forage sources in the open
grassland. In the third week of grazing an incfease in. use
of western snowberry was noted. It was the only remaining
source of browse withlleaves and berries attached and, due
to grassland herbage depletion under heavy grazing and
summer drought, it had become a relatively preferred source
of forage. Thus, an increase in use of sﬁrubland, forest,.
forest edge grassland’and snowberry phase graésland was
evidentﬂ The fourth and final week of grazing showed another
return to herbaceous foraging in grassland communities
following snowberry depletion.

Overall, the aspen forest was avoided and open
érassland prefefred (Fig. 3.7). Forest and shrubland were
avoided %ess and the forest edge. ‘and snowberrj phase
gfasslands more preferred in 1981. Conversely, the two most
open communities, the silverberry phase and open grasslands,
showed lower preference responses in 1981. However, open
grassland was still more preferred than total shrubby phas@sg
grassland (pooled) in both years.

Comparison of selectivity indiceé with the light
October treatment showed greater selectivity among
communities under heavy October grazing in 1980 only (Tabléjf”
3.1). Consistently greater preference for grassland as a
whole (pooled) was observed under heavy grazing, in

agreement with June results (Appendix B).
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Comparison of the selectivity indices fqr the heavy
October and heavy June treatments showed greéter
discrimination among communities in‘October, consistent with
results of the two light grazing treatments (Table 3.0,
Actual preferences showed consistently'greater avoidance'of
forest and shrubland and greater preference of open
grassland in October (Appendix‘B).'The open grassland was
more preferred thén shrubby grassland (pooled) in October
and the opposite was observed in June, a result consistent

with the light grazing comparisons.
3.4 Discussion

3.4.1 Seasonal Patterns -

Cattle.weré more selective among communities in October
than in June. This differencé was reflected by greater
avoidance of closed communities (forest) and greater
preferencé for more open communities (open grassland). The
most obvious determinant of this behavigr was a decrease in
available forest forage from June to ngober. This was
demonstrated in 1981 when a late killing .ioc: aelaYed
abscission of leafy browse and senescence oi sacculent forbs
in forest and shrubland communities in latc September.
Sﬁb;equent use of those two communities 1in both light and
heavy treatments was greater than in 1980, especially in the
first week. These observations support FitzGerald (1982) who

observed the apparent readiness of cattle to graze within
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the forest rather than the adjacent grassland in late
August. Hilton and Bailey'(1972) observed similar
preferences for aspen forest during August. In both reports
it wasksuggested\;hat the August shift towa;ds'forest
preference was due to grassland forage maturatipn and the
relatively high moisfure content of forest forage spécies.
Indeed, Gesshe and Walton (1981) noted a strong positive
correlation betweeﬁ moisture content and.selection of mature
forages. From the observed behavior in autumn, it appears
that this shift in preference may last'ﬁntil leaf fall for
browse‘species; or gnﬁil killing frost or depletion of
forest forbs occurs. Fall grassland regrowth under favorable
growth conditions may further modify.preference. In June,
cattle also showed greater use of.closed communities in 1981
than in 1980. This was lérgelf due to the lack of palatable
herbaceoué regrowth on grasslands under drought conditions
in June, 1981. The lack of green regrowth“contributed to a
rapid decline in herbaceous guality and availability. Tpese
results support the studies cited above. Cattle efhibitéd a
shift towards forest and shrubland preference undé: summer
drought condifions (Hilton and Bailey 1972; FitzGé¥ald
1982). This shift was a function of forage quality as well
as availability.

In addition to:quality and availability, other factors
were involved in scasonal differences in community
preference. The negative effects of standing litter and

woody stems upon the selection process and intake rate were
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observed in both seasons. Yet, cattle showed consistently
greater preference for shrubby phase grasslands over open
grassland in June, and vice versa in October. In the light
June treatment, the shrubby phase grasslénd communities
contained higher amounts of palatable forbs, native grasses
and available browse relative to the open grassland. The
tall forbs and long tillers of grassés tended to grow ‘
through or were spatially above the true‘litter layer.
Cattle were quite adept at selecting grass or forbs above
the litter layer with their mouths and then uprooting it
with a quick jerk of the head. Under heavy June grazing, the
shrubby phaée grasslands provided higher levels of dead.
ﬁerbage biomass and browse than ﬁhe open grassland. These
alternate supplies of forage were more impoftant under heavy
grazing becausé'live herbage was often depleted. In October,
forbs and grasses were often mature and/or intertwined with
the accumulating litter layer while most browse species were
less preferred due to leaf abSéission. Caftle in October
were observed in loqg‘and often unsuccessful attempts to
separate green forage from litter using their tongues andi
muzzles. The autumn leaf fall of shrubs also contributed to
litter biomass in shrubby grassland communities. Thus; in
addition to a direct barrier effect on the grazing process
(Bailey 1970), wdody stems contributed to the litter
accumulation which in turn iphibited selection of palatable
herbage. These factors made prefé?red herbaée more

accessible and available in the open grassland.



39

3.4.2 Patterns across Grazing Intensities
Thé major pattern discerned was greater discrimination

between communities under heavy grazing. It was consistent
throughout except for October, 1981, when relatively large
sustainable sources of browse under light grazing caused an
increase in seledtivit? for forest and shrubland.
Nevertheless, consistently greater preference for grassland
was observed under. heavy grazing. This 1is in agreement with
Royama.(1970) and others who noted that consumers sﬁend most
of their foraging time in places where food acquisition is
most profitable, and that they may select less preferred or
lower quality food if it is more abundant than preferred
food. Thus, cattle apparently found the grasSlands more
profitable as sources of forage. However,‘the effects of -
June droﬁght in 1981 caused increased forest use, perhaps
due .to eventual depletion of graésland forage and a léck of
green ;egrowth, Hilton and Bailey (1972) noted similar
decreases in grassland use under June drought conditions in
the aspen parkland. The effect of drought upon grassland
fofage regrowth vigor, quality, and availability appears 'to
cause a lowering of the "profitability; threshold for cattle
grazing the forest.

. The foraging behaviér of cattle in plant communities
has been demonstrated in this chapter. However, the
preferences and avoidances of comhunities»are mostly a

function of cattle response to plant species or species

groups. This will be considered next.



4. FORAGING ACTIVITIES AND DIET COMPONENTS

4.1 Intfoduction

The preference of cattle for open habitats is a
manifestation of their foraging strategy. Therefore,
differenées in activities and diet proportions of specific
forages should help clarify the community preferences and
avoidances observed in Chapter 3. Moreover, diet proportions
of forages will ehable relation of animal response to
*\quélity, availability and foraging effiéiency for specific
forages.‘ -

Most diet'coﬁposition studies have used fecal,
‘ésophégeal-or plant utilization estimates (Table 4.1). They
indicate‘that browsé speciéé genérally contribute less than
5% of forage coﬁsumed_kor of total foraging time) by cattle
foraging in summer on native rangelands. In aspen parkland,
utilization estimates show that use of herbage generally
exceeds that of broﬁsé (smith et al. 1972;.Hiltbn and Bailey .
1974). However, FitzGerald and Bailey (1984) obsérved
‘extenéive browsing by caﬁtle in regenerating asben forest.
They'also noted a seasonal ffect whereby cattle deferred
browsing in June and eérly Juiy until herbage was depleted
to 750 kg/ha, but would inftiate browsing in mid to late
August when herbage levels still exceeded 2000 kg/ha. In
spite:of thése implications of greaﬁer browse use, the
proportion of time'speht grazing or browsing on native aspen

parkland range remains essentially unstudied.

40
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Table 4.1 The proportion of browse in cattle diets (%) as
estimated by various experimental methods. :

% Browse Range type

Method =~ = in diet (location) Reference

‘ \
Plant 4 Ponderosa pine-Blue bunch Miller and
utilization wheatgrass-Orchardgrass Krueger 1976.
estimate (Foothills-NE Oregon)
Fecal | <5 Sagebrush-Pinyon pine- Hansen et
analysis : Needlegrass-Wheatgrass al. 1977.

(Douglas Mtn., Colorado)

Fecal <5 Southern pine-Bluestem Pearson
analysis (Louisiana) : ‘ - 1976.
Esophageal 5 Blue grama shortgrass ~ Vavra et al.
fistulae ‘ range 1977.

: : (NE Colorado)

" Fecal <5 Mesquite—éide oats grama- Sanders et
analysis Texas wintergrass al. 1973.

(North central Texas)

Plant <5 Aspen-Spruce-Wheatgrass- Smith et al.

utilization Bluegrass 1972.
estimate (Subalpine range in Utah)

Direct <5 Blue grama shortgrass Reppert
animal . range _ . ' 1959.
observation .- (Eastern Colorado)

The objective of the work described in this chapter was
to determine-the major forage sources in the diet of cattle

/ .
and the relative time spent utilizing each forage.

4.2 Methods
The group observations of cattle described in '‘Chapter 3
were used to .determine activity freguencies. These

- frequencies répreSented the proportion of animals grazing
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and browsing in each group observed. Thus, the two
frequencies were inversely related. Mean browsing and

A . g

grazing frequencies across communities, treatments ang years

were weighted for the number of animals in each group\f
observed. To maintain proper degrees of freedoﬁ, eac%
observation was also weighted for the average number of

animals per group in respective communities, treatments and
‘Yearé. Analysis of variance tests were perfo%med to

determine if there were significant‘effects of community,
season,.graging intensity'énd'fear on foraging activity.

Sample means weréjtesfed for differences according to Steel

and Torfie's (1980) method of testing unéqually-replicaﬁed

means with the Studeﬁtizéd multiple-ranige test. Although

sample means were not least squares means, the test‘can be.
considered valid in that-the differences were between pairs

of means in logical groupings (Winer 1971). Furthermore, the
.number of observations obtained for each cell’was.certainly
large*enoﬁgh to produce acceptable sample means °.

Behaviour of randomly selected indi&idual animals was %
observed and recorded during the intervals between group’
observations. These individual observafions normally lasted
.3 to 5 minutes.'Subsquently; thogsands of:biteF of various
forages selgcted-by~cattle were observed (Appendix C).
Recorded behavior included the length of time observed, the‘
plant community, the foragés selected and the number of

"bites of each forage. Forages or forage sources were defined

*Hardin, R.T. 1980. Personal communication.
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according to species for browse plants while herbaceous
species were pooled into one forége source called herbage.
It was not possible to consistently recognize individuai
herbaceous séecies without disturbing the animal. Time spent
by animals that lifted their heads to trail to another
locale or break from feeding for more than 5 seconds was
subtracted from the total time observed. The proportion of
each forage source in fhe diet was determingé by dividing

~of bites by the total number of bites

taken<iR* N Jation. The length of each observation,

average length of observations 1in

Lo e e . Q.. ‘ :

respective~Qomgpnities?°treatments and years, was used as a
- L ’ '

-

weighting factor Qﬁen mean dietvproportions were calculated
across treatments and years. Then, apalysis of variance in -
;he proportion of each major forage source in the,diet was
performed to determine the effect of seasons, grazing
intensities and years.

’ Finally, an analysis of variance in aiet diversity or
breadth was performed. Diet breadth was defined as the

number of different forage sources selected by ‘an animal

during an individual observation..

4.3 Results

Browsing répresented a éignificant portion of total
foraging time in.all‘treatmeht—by—year combinations (Fié.
4f1). The proportion of foraging time spent browsing rather

than grazing was greater in the drought year of 1981 than in
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1980. Differences in the time spent grazing by cattle were

noted among communities (Table 4.2). Shrubland and forest
i )

communities showed the lowest grazing frequency while'the

- Carex wetland, silverberry phase grassland, and open

grassland communities were essentialiy free of browsing
act1v1ty The tlme spent grazing in forest and shrubland
communities was less in October than in June (Table 4. 3)
Grassland herbage_was ‘the major forage source and
ranged from 62 to 92% of the cattle diet (Table 4.4).

Important secondary d1et components were forest and

" shrubland herbage, aspen, rose, western.snowberry and’

saskatoon. Grassland herbage represented a-greater portion

of the diet in 198b than in 1981 (Table 4.5). Accordingly,

forest: and shrubland herbage use was less in 1980 and

greater_ln T981. A 51m11ar inverse relationship was observe@
for the effect of season. Grassland herbage ?n the diet was
greater while forest and shruband herhaée,was lower lh
October than in June. Other seasonal effects-showed lower

and higher diet proportions of aspen and western snowberry,

respectively, in October. Diets in thé two heavy gra21ng

. treatments had greater proportions of grassland herbage.

Diet diversity was greater in.dune than in October
(Table 4.6). The.forest and Sal ix wetland communities showed
greatest diet diversity with shrubland, forest edge and
snowberry phase- grassland communities intermediate (Table
4,7). Lowest dlver51ty was exhibited in Carex wetland,

51lverberry phase and open grassland communities. D1et

- (.1 A ,,\’5
- '\f".-J'-J

—
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Table 4.2 Proportion of foraglng time (%) spent grazing
rather than browsing in nine plant communities.

Plant community. ’ © proportion of -time grazing (%)
Shrubland o 29 e

Aspen. forest S : 40 d

Salix wetland - 4 R ‘ 40 de

Brushed fenceline . 584

Snowberry phase grassland .84 c

Forest edge phase grassland - 88 - bc

Silverberry phase grassland - 100 a ,

‘Open grassland . - 100 a ' AL
Carex wetland ' 100 ab ' '

Means followed by the same' letter are not 51gn1f1cantly
different (p<. 05).

»
N
13
i

Table 4.3 Effect of season of use on the proportlon of
foraglng time (%) spent grazing rather than brow51ng in
nine plant commun1t1es

0 ,-,‘
e
e

4 Season
' W ¥
" Plant community ‘ ' h June . October
, ‘uy o e . o
Shrubland L 38 * % 4
Aspen forest = s S - 7 * % 217
Salix.wetland c 18 . %% 71
Brusged fenceline ) 67 ** 25
erry phase grassland 83" ns 84
‘Fore8t edge phase grassland -89, - ns 86
Silverberry phase grassland . 100 ns . 100
Open grassland : 100 ns 100
Carex wetland , 100 ns 100

>

*¥ means are 51gn1f1cantly different (bS 05).

>

3 G T,

X



: 47

... .Table 4.4 _Majoraforageé in cattle diets (% of total bites).

w Treatment
| ’ . :
/ : light heavy light heavy
‘ June June October Octdber
Forage source 1980 1981 1980 1981 1980 1981 1980 1981
Grassland 68 62 77 71 85 72 92 79
herbage Lo - : .
Shrubland or T 12 6 11 2 6 + 2
forest herbage T =
Aspen : 4 6 5 3 0 0 + +
. Rose” . 18 /"6 8 8 3 12 + -
,';Western 0 0 + 3 S 7 7 12
snowberry , ' .
Saskatoon .2 -7 . ’ 2 4 0 2
Total herbaceous 74 74 8z 82 87 Co¥ 92 i
forage . g : ‘ ’ : R
"otal browse 26 26" 17 18 13 23 8 19 -
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Table 4.5 Effect of year, grazing intensity,
on the proportions of major forages in cattle diets (%).

“
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and season

Season

Year Intensity

Fbrage source 1980 1981 1light heavy June Oct.
_ N _
Grassland S 78 *x 71 69 xx 77 71 *x 83
‘herbage - ' -
‘Shrubland or. | -5 %% 9 8., 6 9 k% 2
forest herbége"c T v R
Aspen e e 4 -3 3 3 4 k% +
Rose - . ™M a8 7 11 6 9 4
Westifrn l LT 2 5 2 4 1 *x 9
‘snowberzy o ‘ »
Saskato@nt . 2 4 4 2 3 1
Tot'al ‘herbaceous 83 80" 76 x 84 80 85
forage - :
Total browse- 17 20. 24 ¥ 16 20 15
3 b ' R

x* denotes significant difference between means (p<.05).

)
b

Q

~* denotes ‘significant difference between means (ps<.10).
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Table 4.6 Effect of year, grazing intensity and season of
use on the number of forage sources selected during an
observation.

Year Intensity Season
. ¢ ) $‘ f_—
pan’ 1981 light heavy June; ,;Oct.
. ';<%Q<
.l ‘ii;- YA )
number of forage 1.79 ns 1.67 1.84 ns 1.68 1?¥?"ﬁ% 1.28

sources

¥* denotes significant difference between means (p<.05).

Table 4.7 The number of florage sources selected durlng an ,
observatlon in nine plant communltles w

, &

puy

ed®

Plant commuhity number of forage sources
(’“. . S

Carex wetland 1.00 de
Open grassland 1.10 e
Silverberry phase grassland 1.15 e
Snowberry phase grassland 1.78 d
Forest edge phase grassland ‘ 1.87 cd ‘
Shrubland =R 2.11 ¢ : |
3rushed fenceline s 2.46 bc
Salix wetland 2.89 b

., Aspen forest ,~3.66’é z

s

Means followed by the. same letter are not 51gn1f1cantly
different (p<.05).

A~

~z
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diversity was greater in the forest, forest edge phase
grassland and snowberry phase grassland communities in June
than in October (Table 4.8). There was a consistent trend of

greater diet diversity in June than in October in five of

the six other plant communities.

4.4 Discussion

Grazing was the major fora®ing activity of cattle but
browsing was significant in all treatmeﬁts and in most'pfént
communities at Jevels usually exceeding thoseldocumenteduin
the literature. ‘

The summer-long drought 0f- 1981 resulted in 1é55‘5~f

foraging time spent grazing and more browsing than inyféﬁbéf‘"

Drought inhibited regrowth of grasses and forbs following
grazing iq June. This had nggative effects on availability
of green»herbage and the overall quality Sf herbaceous
forage. The effect on quality was more imﬁggéant under light
June grazing where forage availability and selectivity were

relatively high. The ample grassland forage remaining after

o5

initial grazing was predominantly poor quélity dead herbage.

This dead herbage included carryover,f;dm‘previous growing
seasons as well as standing drought;ﬁfiled herbage from the
current growing season. Thus, animals increased use of
palatable broyse and foresp forbs. Coﬁversely, the lack of
regrowth undéf heavy June graz¥ng cadused animals to deplete
dead herbage 3upplies as well as browse supplies. In this

treatment, the increase in use of browse species was largely
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Table 4.8 Effect of season of use on the number of forage

sources selected during an observation in nine plant

communities.

number of forage
sources selected 1in:

Plant community June October
Carex wetland 1.00 ns 1.00
'Open grassland .1.14. ns 1.03
Silverberry phase grassland 1.22 ns 1.00
Snowberry phase grasslapnd 1.88 xx 1.57
Forest edge phase grassi&id ™ 1.95 *x 1,35
Shrubland ) 2.18 ns 1.98
Brushed fenceline : 2.53 ns 1.40
2Salix wetland - ) ' . 3.00 ns 1.00
Aspen forest 3.80 *x 2.50
x%* denotes significant difference between means (p<.05).

- a function of declining food availability and;seletti?ity

,(Em&en 1966; Menge 1972). The drought also resulted in lower

supplies of grassland forage in October. In addition, leaf

abscission in browse species was delayed due to thé-late

killing frost. Thus, an increase in browsing occurred in

October, 1981, as:cattle heavily utilized leafy browse and

forbs in shrubland and forest communities. However, forest

forbs were_generally depleted or senesced by the middle of

'ﬁ.tbe‘second week of grazing (Fig. 3.5), while an abuﬁﬁancé of

Ll

o ;wéstern snowberry, rose and saskatoon leaves remained

.- available imsthe shrubland until the final week of gTrazing

& (Fﬁb.v3.6). ﬁéQpEdihgly;>use.df these browse species was

I

greater than"in Og;opér, 1980.
- ' R R : )

-
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Proportion of time spent grazing was greater in October
than in June due to the lower‘evailability of browse leaves
'as alternate forage. As documented in Chapter43; cattlebm‘
sbent considerably more time in grassland communities ib

October than in June. Similarly, more time was spent grazing

—

under a hea&y.intensity because cattle were forced back onto
grasslands'following shrubland and forest forage depletion.
This rapid depletion of shrubland and forest forages was
4partially due to the low productivity and vigor of shrub
layers after 8 years exposure to the heavy grazing
treatments (Chapter 2).

- The most significant determinant of foraging activity
was the plant community and, its interaction with season. The
Carex wetland, open grassland. and silverberry phase
graseland commuhities had essentially no palatable cattle

. browse. Cattle browsed aspengirose, and western snowberry in

the forest edge and snowberry@phése grasslands in_both June
and October. The cattle preferred aspen and rose over
western snowbérry in June. The opposite was- true in October

¥ [N

because western snowberry waSche only browse spec1es to
normally retain leaves and berrles throughout October.
Indeed, foraglng‘act1v1t1es in the brushed fenceline,

- similar in composition but lacking the herbaceous
prodUCtivity of these two grasslands, illustrate the use of
western snowberry in autumn. ThlS communlty exhlblted
brow51ng for 33 versus 79% of foraging time in June versus

October, respectf%ely. The Salix wetland was mainly browsed
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N

in June and grazed in October. This was'due.to the heifers’
preference‘for Salix leaves in June and their relative
unavailability in October following abscission.ijThe forest
and shrublahd commgnlties showed the greatest changes.in
activities between.seésons. Cattle spent considerable time

grazing succulent forbs in June while in October these

‘communities were predominantly browse sources; this due to

R
the quick senescence of palatable forbs following the first

killing frost of autumn.

At the forage source level, the results confirmed the

dominant foraging activities and community preferences

discussed in Chapter 3. Herbaceous forages dominated cattle

diets in both June and Qctober, in agreement with major

C gyt s
2 e "’9‘/.1;

pﬂblished works‘   arsoﬁiﬁ3567 Hansen gi al. 1977; Miller.et

al. 1976: Vévra'et‘al. 1977{ ﬁgppert 1959; Ellis and Travis
1975) . However, total browse as forage_ranged'from 7 to 26%
of.the diet in various treatments. This ranges from ébout 40
to 400% higher than previously reported. -
With the excepfién of western snowberry, cattle used
less browse (especially aspen) in autumn than in June.
Western snowberry‘showed a dramatic increase in use in
éﬁtumn becausé it'retaiﬁed leaves and palatable bérries long‘
after leaf abscission had occurred in déhér‘browée species.
However, use of western snowberry under light October
grazing in 1981 was less than theAprevious autumn becaEse

N : ‘
the prolénged growing season had delayed abscission of other

browse species. This caused an increase in use of other
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.Brone species, spe;ificaily rose and. saskatoon, and
abnormally available forest and shrubland forbs. Similar
behavior occurred in the heavy October treatment, but
increases in use of forbs, rose and saskatoon were limited
by the relatively ng productivity of those strata in that
treatment (as noted in Chapter 2). Accordingly, grassland
{%erbage use was substantially less in October, 1981. This
effect of fearjupon grassland and forest herbage use was
apparent throughout 1981. The drought in June of 1981
inhibited grassland regrowth and caused increased use of
forest and shrﬁbland herbage. Hilton and Béiley (19745 énd
FitzGerald (1982).observed greater use of sprayed and burned
aspen foreéﬁ, respectiVely, during extended periods of dry
weather. In Soth studies it wés suggested that quality
factors, particﬁlarly moisture, played an important role in
determiﬁing the‘shift in preference. This stﬁdyﬂ§ results
support those suggestions. In 1981, unlike the previous
year, a rapid decline in moisture ahdAcrude §€§tein content
of grassland forages occurred durggg the secbhd half of both
June treatment_grgzing-periods (appendix E). These changes
acéompaniegﬁghe shift towards increased shrubland and forest
use. fhe.d}?ferences‘in quality of herbage between grassland
communities and forest'@r shrubland communities was also
obvious (Appendix E). Further@ore, the quality of certain
available browse,spécies alsé favored use of cloééd

communities under drought conditions. Greater use of

grassland herbage under heavy grazing was due mainly to the
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'rapid depletion .of forest and shrubland forage sources

forcing animals to return to graéslands for forage. The low
productivity of herb and low shrub strata under heavily
graied treatments contributed to the rapid depletion of
forest and shrubland forages.

Diet breadth or diversity was greater in June than in
Ocﬁober. The greater availability of green and leafy browse
species in June was the main cause of this behavior. |
Similarly, the browse specieéﬁcémposition of the forest
community made:it the most diverse in terms of diet

composition. The largest decreases in diet diversity across

seasons occurred in the forest and forest edge grasslaha

communities. In the forest, senescence of forbs and
abscission of browse species like aspen, dogw- !, rose and
saskatoon’éont:ibuted to the large decrease in,divefsity.uln
the forest .edge phase grassiand,_the main reason for the
decrease in diet diversity in October was cattle avoidar e
of aspen suckers and o;her b:owse species on the forest
fringe, excepting western snowberry. Similarly, diets for

- : . . Wy
all other communities showed decreased diversity; I¥rgely

- associated with changes in browse species morphology.

Grézing was the major foraging activity of cattle and
was closely linked to domination of tHe diét by grassland
herbége. However, the greater browse use by cattle in 1981 .
under drought indicates that forage and community
breferences are related to the quality, abundance and

availability of various férage sources.

LAy
AT



5. FORAGING RATES AND EFFICIENCIES

5.1 Introduction

Forage and community preferences indicate that
grasslands-likely contain the most profitable sources of
forage..The apparent differences in DM intake rates among
forages and communities represent the effects of forage
abundance, composition and structure upon animal response

Cattle are generally considered relatively '
non-selective ruminant herbiyores due to their rate of food
passage, rumen and mouth‘morphology (Rice et al. 1971; Ellis
- and Travis 1975; Willms 1978). Ellis and Travis (1975)
_classify them as non-selective bulk and roughage eaters that
pack thelr large rumens w1th coarse fibrous foods durlng
lengthy and 1nten51ve bouts of gra21ng Nevertheless, they
Lare known to prefer leaves and new growth (Arnold 1964;
Chacon and Stobbs 1976). As the leaty component is® removed
from the sward, cattle are forced to take small.bites in
efforts to harvest remaining leaves. Cattle cannot fully
‘compensate for reduced bite size and available herbage by
1ncrea51ng foraginc ates and g£a21ng t ime (Chacon and’
Stobbs 1976), unlike wap}tl and other smaller ruminants
(Hudson and Nietfeld 1984). Therefore, bite size and leaf
'Yield are major factors determlnlng intake rates for cattle.
~Indeed, their large 1ﬁclsor row width (Clutton ~Brock and

Harvey 1983), enables them to increase intake rates at

biomass levels exceeding 3000 kg/ha (Chacon and Stobbs
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1976). In comparlson,.carfbou and wapiti are unable to
1ncrease intake rates at .biomass levels greater than 1000
and 2500 kg/ha, respectively (White et al. 1975; Hudson and
Nletfeld 1984). |

The major objective of this part of the study was to
determine dlfferencesgln b1te'slze, b1te rate,'nnd DM intake
rate among major grassland and forest forages. These
comparisons should indicate whether foraging behavior 1is

largely dependent on food abundance and. the relative

profitability of- intake amongst forages. At the same time,

the measures will provide the data base necessary to

formally test the relationship. They will also assist in
v

interpretation of ferage and community preferences.

S.Z.Methods
Observatfbnsvof individual, heifers (Chapter 4) provided
ghe measures needed to‘detenmine bite fates for the various

communities, seasons, gra21ng 1ntens1t1es and years. The

total number of b1tes taken in each individual observation

was divided by the length of the observatlon (in minutes) to

determlne the blte rate. Overall bite rates were we1ghted

for the length of observations and the average length of

observations in respective communities, treatmentsvand*

years. An analysis Qf vatiance was performed on bite rates

and sample,means tested for leastvsignificant differences’
y : .

according to Steel and Torrie's (1980) method for comparing

~

unequally replicated means (Chapter 4).
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fn June, 1981, bite size estimates were collected by
mimicking actual bites of heifers during ﬁhe individual
observatiéhs. Each bite estimate was hand picked to
duplicate as closely as possible the amount and species
composition %ngested; then retained in a separate bag for"

. weighing. Three randomly selected bites of not less than

vy

five animais were estimated for eight forage types on each
of six days in both June treatments. These estimates wefe
obtained during days 5, 6, 7; 20, 21, and 22 of the
four-week grazing period. This gave a minimum tékél of 45
ﬁite estimates pef forage type . for days 5/ 1 20—22,
respectively, in each treatment. Fc..ge typcs-we:e defined
as certain forage-sources obtained . 'm certain plant
' éommunities.-The forage'tYpes sampled included aspen, rose,
sas!"atoon, and.herbage froﬁ the forest community, and
herbage from the four grassland communities. An analysi§ of
variance'of bite size (g) across forage types, day of
grazing périﬁd and.grézing intehsity was‘éérformed and
sample means were tested for least significént differences
according to Steel and Torrie (1980). Similar procedures
were then applied to ﬁhe estimaped DM intake raté, the
product of bite size and bite rate. |
Measures gf herbaceous bjomasé (kg/ha) for the major
;}comﬁunities were obtained from 0.5 m? plots clipped before
and after grazing periods”(Appendix D). These plots were.
"plaéedxin the four grassland commuhities, the aspen forest

and shrubland communities at ten randomly chosen points per

'y
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cemmunrty in each treatment-by-year combination; Plgﬁﬁwgere
harvesteg prior to and after grazing and biomais wasd
separared into live and dead herbage in each of the ten‘clip‘
points per community. Samples were placed in paper bags in
the field, then dried at 64°C for ‘24 hours and weighed. In
addition, combined samples made up of small portions from
the ten live and dead samples were ccllected for each

community and retained in a plast? bag in the field.

M01sture was determlned by weighing the sample prior- to and

after oven drylng for 24 hours Dr1ed samples were then
ground With a 10 cm diameter Wlley mlll (1 mm screen 51ze)
and subjected to chemlcal comp051t10n analys1s for acid

detergent fiber, phosphorus and nitrogen (crude proteln)

~levels. The herbaceous biomass levels fkg/ha) determined for

‘the communities were regressed with bite rates

(bltes/mlnute) and b1te sizes (g/blte) " The crude protein
quallty attribute (%)"was tested for any addltlve effect to

DM intake (g DM/mlnute)vas the best indicator of foraglng

‘behavior by regressing crude protein intake (grams crude

protein/minure) with the same atrributes.

Fiaally; plant communities_were»ranked according to the
degree of barrier imposed by brush upon grazing animals
(Table 5.1). Rankings were subjective assessments of the
physical barrier to grazing based on % cover, shrub density,
and growth hablt. For example, western snowberry usually.

represented a greater 1mped1ment to gra21ng than 511verberry

due to its low, w1devgrowth hablt,vhld% cover and stem



Table 5.1 Deflnltlon of ranklngs for the barrler effect

of -brush on gra21ng

L

Ranking Barrier "Plant communities typified
’ to grazing

1 “none Opeh grassland, Carex wetl

2 : light Salix -wetland, Silverberry -zse
grassland, Forest edge grassland

hav1ng Snowberry cover < 25%.

3 moderate ‘Snowberry phase grassland, Forest

edge grassland having Snowberry
cover 2 25%, Aspen forest.

s heavy  Shrubland.

density. These arbitrary rankings were used for

nohparametric correlation with bite rates, bite sizes and DM

. intake rates.

5.3 Results

.o
.

The bite rates of cattle varied signifitantly by year,

grazing intensity and community. Interaction of community

with grazing 1nten51ty was also a ?rtnificabt source of °

”T*varlatlon. Bite rates were greater in 1981 and under heavy»

‘grazing treatments (Table 5.2). Wlde varlat1ons in bite

rates among communltles'were also noted Blte rates were

lowest 1n shrubland and forested communltles and became

,‘;'5" B

progressively higher on more'open communities, the hlghest

rate occurring in the open'grasslandrg@ablé'SQB). Greater

bite rates were apparent under heavy grazing for all.

e
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Téble 5.2 Effect of year, gra21ng intensity and season of
use on the bite rates of cattle (bites/minute).

. " $ 

Means followed by the slame letter are r-t significantly
different (p<.05)s - S

" Year " Intensjity . Season
) : . , 1980 1981 -light heavy June . Oct%
. . v . ' . ) . - \:»")’~
Bite rate . -. - 42 %% 49 40 *x 47 .44 ns. 47
(n/min.) e °. ‘ . T ~¢%A e R
¥+ denotes significant difference between -means (p<.05).
Table 5.3 “Bite rates. of cattle (bites/~inute) in nine
plant communltles. X » '
“ . o R —b
_Plant ceommunity , L . bit. -e (n/min.)"
Salix wetland .. - . - e 19,279 ~ Z
SRrubland: s oL e o194 T v
Aspen- forest ° s 21,98 R
Brushed fenceline ~ - - 7 % 29.6e . .
" Snowberry phase(grassland - . .. 37.9,4 SR
Carex wetland - ™ et T.os w0 42.3 bede
Forest edge phase'gxass and L 42.9 c - _
Silverbesry phase  grass ‘and -; '~ 52.4.b _ .
Open grassland a2 I cxw 59.2a .0
. b { N - . L Y
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graésland’cdmmpnities while forest and 'shrubland communities

showed no differenqes in bite rates between grazing

[l

Jnten51t1es (Table 5.4). In grassland commupities, a
&

s1gn1f1cagt“%egat1 e relatlonshlp of bite’ rate to total

) N .
yina's s prlgr to gra21ng was apparent (Fig. 5.1). .

" Nerbaceo 5

+

flf <No'consiste A relatlonshlp was: establlshed in the forest and ..

1 N -

shrubland communltles. L 'mﬁf

o

0y o ¢

'a' i ) : » ' M N
%ﬁg 51ze varled 51gn1f1cantly by forage type and : : g,

Sl

gra21ng 1nten51ty 1n Juné 1981 The 1nteractlon of them

.number of . days of gra21ng (1n thé%Zﬁ day gra21ng perlod) and .

N 'e« e T oW

e

7 gra21ng*ﬁnten51ty also had a 51gn1f1&bnt
A W
size. Overall, bite. 51ze was | greates

,Effect*on bite - e A

e

h;}i (Table 5 5) However, thlS df%%erence between“treatments was

ls u"

. . “‘«
4}‘§ . apparent only ‘on the second sampllng date (Table 5.6). The
dlfference was’ due to the*apparent unllmltlng supply of .

avallable forage on the grassvahds of the 1lght June - -

BRI f@,treatment as\ev1denced by the\
SR ot . N » 4

- size with days of gra21ng forxthat treatment (TahgéfE'V) Iin o
a

7. 5 <

s
&{ﬂ,contrast the. grassland under heavy gra21n§’showe
. P R
Do negatlve but 1n51gnff1cant relatlonshrp,of ‘bite 51ze with

.days of gra21ng Both forest communltles Qxhibited a . : s

\v

decreasing bite 51ze also, 51gn1f1cant under 1ight gra21ng

and 1nd1cat1ve’of some degree of forage‘depletlon.-

-

Bite sizes- were, on avetrage, higher-for grassland

u-

forages than for forest forages (Table Séﬁ) However,
3

dlfferences in bite 51ze amongst 1nd1v1dual“’orages were

4

less dramatic’ than for blte rates./Blte 51zes for rose,

o 2

® : o AF

<
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Téble 5 4 Effect of gra21ng intensity on the bjte rates’ of
cattle (bltes/mlnute)‘1n nine plant communltles.

/ N\ ) St
. T " Intensity e
Plant community F_Jhl' . .}'  light : 'heévy‘
- o ’ : K “-’3 P
Salix wetland : - 19 ns I 28
Shrubland o o : \ 20 . ns_ 19
Aspen forest - .. . . ‘23 - ns 21
Brushed fenceLlnev N - 24  ns 31 .
Snowberty" phase grasslanﬁ . 32 kX 40
Carex wetXand = o - 42 ns 42 o
Forest edge phase nrassﬁand R 40 . o* 44 S
‘Silverberry phase gra . 48 ** - 54
Qpen grassland™ - U*’ 54 - *x 62
B 37 . R L B ' .
** means are 51gn1f1cant1y dliferent (pS.OS) ety
*A@eans ar%551gn1f1cantly different (p 10) . &f“ﬂ
» K - s <5 : R
: - . Y
d_,.;.:g)w B A
P 3,0 - G,?’ %
&{f 4 /&1"\' 0 ' '

g v

e
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shrublands {n all tréatments and both years (Regression

equations: fot'gfasslands-Y=—,OO7X+61.9ﬁat‘pS.02,.R2=;H3;ﬁ

for forest and shrublands not significant at ps

biomass prior to grazing for gra Elandé,'forésts'and
‘ e gr [ grayg | :

.05>.

.

Figw;é,5.1 Regresgibn of bite rates with total herbaéeous

-
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" Table 5.5

A

Effect of grazing 1nten51ty and number of days

of grazing (during a 28-day grazing perlod) on bite size
(g DM/bite).

w

Intensity

Day of grazing

. . [
light heavy 6th 21st
. .~ .
"bite size . ) 0.97 =*x 0.69  .0.81 ns 0.84

(g DM/blte)

~
2

b

Table 5.6 Effect of day of grazing'on bite

'** denotes significant deference between means (p<. 05)

ot

size (g DM/biteﬁa

under light and heavy June grazing, 1981.
s. ¢ = . Treatment and day of estimates ’
" - %ﬁf“r— n — <;'>Q ‘
R ‘light June - heavy June - light -
6th day ‘= "6tk day - 2Tst
bite size - 0.81 b .. 0.81b ~  1.17 a 0.58 b " .
(g DM/bite) : ; S : .
Means followed by the(same letter are not 51gn1f1cantly
different (p< 05). R . : 3
o . J
. @ >
' [
PR . i . ' ) -
‘ " - o N
A : ' R
” S



66

Table 5.7 Effect of number of days of grazing on bite size
in forest and grassland communities under light and heavy

- June grazing, 1981, as expressed by the simple correlatlon
coeffi¢ient (r) and its significance level (p).

t.Correlating

bite size -

BE S

with day of grazing for: forest 'grassland .
- . J# At - iy
r P roobp A
light June grazing -.60 057 o 81 007 @ ©
’ . . ' ' o ';? - ‘
heavy June grazing ~.39 . ns - ,45 ns . %
As-not significantiattps.id. i g , o o
R ,{C\"?\ - ; 5 ;0 -
.JJ . ;:) o v ; . ’
. :':?'. 7 2 - .L.“
Table 5.8 Effect of forage type on blte size (g DM/blte)
g ;g'”' [. - ]
Forage typew(p‘ t- communlty) pibe weight (g DM)
o | E
‘Herbage . (forest) 0.42 c
Rose (forest) 50.49 bc,
Saskatoon (forest) ~0.56 bc” ’
Herbage. (Snowberry phase grassland) 0.83 abc
Aspen (forest) 0.85 abc i
‘Herbage (Forest edge phase grassland) 0.89 ab e
Herbage (Silverberry phase grassland) .03 ab S -
Herbage (Open grassland) ; .22 a R R
| -~ o en 4 e
Mean of the four forest forages e 0.58 b ‘9 :
Mean gf the four grassland forages 0.99 a

Means followed by the same letter are not 51gn1f1cantly
'd1fferent (p< 05). :

EEet A
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saskatoon~andraspeniin the forest and the forage in the

. three shrubby phase'grass1and communities were not : o

. were‘the herbagewin'the forest aS% open grassland

AL
.both treatments. Thus forest forage deplet1on ‘from Day‘6 to

LT 2O

Lo

;;showed that blteg.of forest edge and open grassland forages‘

fwere smaller under heaVy gra21ng, 1ndlcat1ve of repeated

Signifioantlyfdifferent;nThe only two extremes in bite size . i

]

communlb1es. The former had a smaller bite size than three

grassland forages whlle the latter had a bite size greater

than three forest forages.;However, by day 21 of the grazing

£
period, b1te sIzes of all forest forage types were

51gn1f1cantly lower than any of the grassland forages in

s

Day 21 vWa's® apparent under both gna21ng 1hten51t1es. iéng

'~‘<,,% R -~

The 1nteract1on of gra21ng\<nten51ty and forage type

DY f ',

Qe 0 - to, .

grassland use follow1ng forest and shrubland depletlonsln

<) .

that treatment

B1te SlZe showed no relatlonshlp w1th total herbaceous

blomass levels in the forest commumrtywbut there was a

m'up051t1ve relat1onsh1p in grassland communltles (Flg 5.2). —_—

kS Y

In grasslands, bite, rgtes were lower and bite 51zes greater
in areas w1th hlgher herbaceous biomass.

The DM 1ntake rate was the product of b1te rate and

hite size. It represented a measure of the’ foraging ','. : Ay
efficlency of oattle. The foraging effic{enoy'of cat ‘
varied significantly among forage types. Forest rorages had

the lowest foraglng efficiencies while forages from shrubby ;;;///

]

phase grasslands were 1ntermed1ate (Table 5.9). Dry/matter//,
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‘Table 5.9 Foraging efficiency (g DM Intake/minute) of
various forages in June, 1981.

Forage type (plant community) g DM Intake/minute
Rose (forest) o ' . 1.2 ¢ °
Saskatoon (forest) 12.9 ¢

- Herbage (forest) , 14.2 ¢
Aspen (forest) o) ' 14.3 ¢
Herbage (Snowberry phass grassland) 33.6 bc
Herbage (Forest edge phase grassland) 38.9 bc
Herbage (Silverberry phase grassland) 59.3 ab
Herbage (Open grassland) , 74.1 a
Mean of the four forest forages 13.2 b lég‘ .‘
Mean of the four grassland forages 51.5 a
Means followed by the same letter are not 51gn1f1cantly . o

different (ps.05).

A
[
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w

intake was hlghest in the open grassland five times more
than the" greatest intake rate {or a forest forage. Intake
was p051t1vely related to blpg_xates and bite sizes in
grassland and forest, forest forages being associated with
the ‘lowest 1ntake rates (Figs. 5.3, 5.4). Dry matter intake
showed no 51gn1frcant relationships with total herbaceous
biomass levels for forest or grassland forage types over the
whole grazing period (Fig. 5.5). However, a positive
relationship between foraging efficiency and herbaceousE:>
biomass was apparent in grassland at the SeCOnd sampling
date. By that date, herbaceous biomass levels in all )
grassland communities had been depleted to less than 1500
kg/ha. under heavy grazing. Accordlngly, foraglng eff1c1ency
was also ‘lower 1n@that trea ‘nt, 1nd1cat1ng the 1mportance
of bite 51ze in dg$§§g1n1ng antake ;ates. The mult1pl1catlon
of a|forage. quallty“ﬁxotor (crude proteln) w1tH’DM intaKe -
rates produced measures of qual1ty 1ntake rate§ for- cattle
(g of crude proteln/mlnute). However, they d1d not 1mprove
clarity of the relationships noted above.

e : - A ,
Finally, the barrier effect of- brush showed a

“Y

N T egtz
LR e '

eon51stent negative effect’ gﬁo itk rates, bite s1zes and

-

foraglng efficiency ove all communities and amongst

grasslands. alone (Table 5- 10).

[

To summarize, pattle exhibited. h1gher b1te rates, b1te

,,“,.‘ <

51zes an@Jforaglng eff1c1enc1es in more open grassland
&5

communltles Forest forages were more qu1ckly depleted than

¥

grassland forages. Crude proteln, a quallty 1nd1cator,

. . Lo -

ot L L v
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.

.Table 5.10 Barrler effect of brush on bite. rate, bite

size and foraging efficiency (DM intake rate) in June, 1981,
as expressed by the Spearman's correlatlonncoeff1c1ent (r)
and significance level (p)- .

13

[P . ' v I

Corrélating the  »

barrier effedt with: bite rate bite size DM intake
, r p r P r p
for all forage types -.85 .000 ~-.58 .001 .78 .00
for grassland forage -.74 .001 .45 :040  -.67 .002
types only '+ : c : ~

p' : . ' T ?ﬁ

'9,,

Ji
showedgno.addltlonal predlctlve effeé% to DM 1ntake as’ the,
@ .

-;f of foraglng\Effltlency for cattle

5.4 D1scuss1on T S SR : "'ﬁ

® | , -
éb Yearly effects upon the foraglng rates of cattle were -
observed These yearly dlffeances were largely due to the

| "
'pronounced drought in 1981 that affected forage “‘Tfﬁw

o

“avallablllty Unllke 1980 the drought 1nh1b1ted grassland

R
. et
AR

T
E . e Emtene s
o T <,

g . [

herbaceous regrowth after the first grazxng by cattle in

¢

June,,ﬁ981 Cattle responded by 1ncreaszng the1r b1te rates

!

in attempts to 1ncrease 1ntake (Chacon,and Stobbs 1976)

"_Thls decreased select1v1ty under 51tuatlons of - #owered food

2

’ den51ty or avallablllty has been conflrmed in other studles

(Emlen 1966 Menge 1972) mhese observatlons are furthes

/

[ A
,quallfled by the effect of 1nten51ty whereby blfe rates were v

) greater "under heavy gra21ngtsThe cattle exhlblded 2 foraglng
’ \ o R o o 3 i 0

- K . (IR
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strategy based on maximizing intake. Conversely, cattle
unaer light grazing were more selective amongst numerous
abundant food types and utilized“palatable forbs and browsé‘ T\J,
species longe? without depletion. This supports work by }
Ellis et al. (1976) who stated that "when the choice of
available foods is limited by food availability, preferences,//////
play ‘a less important role in determining diet composgition”.
Furthermofe, grasslands in the light grazing intensity
treatments often conéainéd large amounts of litter that
inhibited selection. of palatable herbaceous species,
Finally, the simple gffect of forage abundance upon bite
size” could be expected to result in lower bite rates under
light grazing treatments (Chaconrand Stobbs 1976). Thus,
bite rates in grassland communities were negatively
correlated to téﬁal herbaceous biomass levels priér to
. grazing. However, thesé differences in bite rates with
respect- to grazing intensity were }estricted to grassland
fommunities only. Forest and shrubland bite rates were

consistently low for both intensities and showed no

relationship to total herbaceous biomass, in part a function-

of the limited range in herbaceous biomass levels among the
forests of respective treatments. It was also likely due to
the highly selective response to the diverse diet available
as well as the absence of litter as an effect on.seleétion
in the forest. Furthermcre, animals were unable fo harvest
browse and forb species as quickly as herbaceous material in

grasslands due to differences in species morphology and the
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spatial proximity qf plants. ~ /

The open grassland community exhibited the highest bite
rate. Bite rates in grassland communities were similar to
those determined by Chacon and Stobb§ (1976) on tame
pasture. However, rates'in that study were based on a 24 N
hour period whi;gﬁﬁn this study they were determined during
major feeding periods. Theréforé, foracing ictes In this

study were likely lower when average: ov-~ a [+ hour period.
Such a method would havé aécounted fc- periocs of less
intensive grazing (Dwyer 1961). A strong negati?e
relationship of bite rate wiFh the woody stem barrier to
grazing was established amongst the grassland communities.
This supports research by Bailey (1970) who obsefved the
barrier effect of silverberry ﬁpon grazing. Silverberry and
aspen growth habits were notably less inhibitive to grazing
than rose, saskatoon or western snowberry. Bite fates in the
shrubby phase grasslands indicated as much. The snowberry
phase grassland, which containe@ the highest cover df
_western snowberry and rose,_had Ehe.lowest‘bite rate. The
forest edge phase grassland, having aspen and some western
sﬁowberry as the dominant shrubs, had an intermediate bite
rate. Finally, the silverberry phase grassland, having only
silverberry as the dominant shrub, exhibited the highest
bite rate of the three communities. The barrier effect of
"woody Stems’cgntributed to litter build-up as well (Bailey
1970), which in turn had addltional negative effects upon |

bite rates in shrubﬁy phase grasslands, especially under
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light grazing.

VBite rates within communities were generaily not
different between seasons. An exception was the forestledgé
grassland which showed greater bite ratee in October. This
was likely due to»the‘relatively greater grazing pressure in
grasslands associated with the non-use of forest in C.tober
(Chliker 3) and the lower use of aspen suckers as forage.

Bite sizes of cattle in this study ranged from about
0.25.to 2.0 g/bite. This is_significantly more than
estimates by Chacon end Stobbs (1976) ranging from 0.07 to
0.35 g/bite on tame pasture in Australiar Hudson and
Nietfeld (1984) found bite sizes for wapiti ranged.from‘o.
to 0.36 g/b1te in grass openings of an aspen boreal forest.
The similarity of that habltat to the study area and the
documented difference in mouth size between wapiti and
cattfe“rndlcates the bite size estimates in this study were
reasonably reallstlc

Over the complete gra21ng perlod of June, 1981, bite
_sizes were lérger under light grazing. However, this
difference was not apparent at day 6 of the grazing period.
Cattle were selectlng palatable herbaceous species and green
grass at thlS time. This preference for E§ve and leafy
biomass has been confirmed by Chacon and Stobbs (1976) and
‘others; Then, byrday 21, bite size increased unoer light
.grazing. This happehed because grassland regrowth on localiy

overgrazed areas had been inhibited’by drought thereby

forcing cattle to utilize less palatable herbage in areas

———
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containing considerable amounts of herbaceous litter. Unlike
grassland forages, bite-siiesAfor forest forages actually
decreased from day>6hto daé 21 under light grazing. In.
essence then, forest”foraées were largely depleted by Day 21
relative to the grasslands. On the bas1s of herbaceous |
biomass levels within the forest, depletlon could be
expected in spite of the light grazing intensity. However,
use of the forest forages was not due to severe limitations
on grassland forage'availability since similar“levels otv
browse use were observed in Jnne, 1980 (Chapter’4)..Under-
the heavy grazing 1nten51ty, b1te 51zes in ‘both forest and
‘grassland forages decreased (1n51gn1f1cantly) from day 6 to.
day 21. Due to the lackbof grassland regrowth under drought,
cattle used the forest and'shrublands heavil; as emergency
sources of foraoer Thus, both grasslands and forest were
largely depleted of forage supplies by the end of the
grazing period, seleotivity was almost nil and use was
éoverned predominantly by ayailability (Chapter 3):'

As.wlth bite rates, bite sizes were greatest in the
- open grassland community where the impediment to gra21ng by
brush was m1n1mal Woody stems, partlcularly western
snowberry, impeded bite'seleetion in the forest edge and
snowberry phase grasslands.-

Foraging efficienoy estimates averaged 52 g/minute in
grassland communities. in thls study That exceeds previously
documented maximum 1ntake ra.es of 18 g/mlnute for both

cattle (Chacon and Stobbs 1976) and wapiti (Hudson and

A
Yr
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Nietfeld71984); The estimates from this‘study may be overly
large in that foraging rates and bite sizes were dete}mined
during major feeding beriods when maxima are most likely
attained (Dwye; 5961). Nevertheless, based on their larger
mouth size and ability to increase intake rates at h;gher
biomass levels than wapiti, la:gerhestimates than 18
g/minute>could be expected for cattle.}Indeed, larger
estimates than 18 g)minutevare especially likely when
‘considering that the estimates from this study and the
wapiti estlmates (Hudson and Nietfeld 1984) were obtalned in
very 51m11ar habltat types. ‘
Foraglng efficiency, dependent on bite rates and sizes,
was more profltable in grassland communities than in forest
or shrublands. In the forest, low productivity and irregﬁlar‘
spatial p;eximity of morphologically variable fofage'speéies
contributed tb low bite rates and sizes. Conversely,‘in'the
\grasslands, foods had relat1vely unlform growth hablts, were
spatlally close, densely populated. and easily acce551ble
“w1th a m1n1mal barrier effect by 'shrubs. Accordingly,
amongst the grassland communities% the open gfassland had -
"the highest bite rates, bite sizes and DM intake-fates.
Differences in foraging effiqiency due to grazingvintenefty
were ‘not apparent in‘grassland communities at aay_s of the
grazinglperiod. Howe?er, by day 21, herbaceous biomass ‘
depletion -of grassiaﬁds under heavy grazing caused lower

foraging efficiencies than under light grazing. This concurs

with Chacon and Stobbs (1976) who-noted a close relationship

\.
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. of forégihg effic;ency with bite size and leaf availability.-
The foraging efficiency bf cattle'appgaYs té'be a maﬁor
déterﬁinant of their foraging behavior. Therefore, a formai‘
test of this rglatiohship is desirable. However, direct
effec?s of specific quali;étive énd guantitative atfributeé

of forages upon animal response must also be considered.



6. DETERMINANTS OF RESOURCE USE BEHAVIOUR

6.1 Introduction

Grasslands are generally preferred by cattle over than
‘shrubland or forest communltles. Furthermore, higher bite
ratesfvbite size$ and foraging efficiencies were exhibited
in‘prassland commpnities; This implies that cattle favor

1

_plant communities where there is a high relative efficiency
of forage intake. The alternatlve hypothesis ;s that cattle
respond to spec1f1c forage attributes like moisture and
| chemlcal comp051tlon Formal tests of these hypotheses are
needed

Many studies have been conducted regarding the
determinants of cattle response. Most have focused on the
direct effects of specific forage quality components on

\

forage preference (Table 6.1). However, while many workers
have fdund S1gn1f1cant positive or negative relatlonshlps,
-the reports are often conflicting. This may be due to the
confounding effects of environmental or animal variables,
forage paiatabilityhand availability (Heady 1964; Ellis et
al. 1976; Willms 1978). Work by Emlen (1966,1968) and others
has demonstrated that,consumers may select less preferred or
lower qualitj foods when those foods are more available than
preferred ?%ods. Conversely, consumers will become more
selective when food.densit§ or availabilit? is high (Emlen

1966; Rapport 1971;“Menge 1972). Palatability has been noted

as an important determinant of forage preference (Heady

81 e
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to forage preference.
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Relationship of selected quallty attrlbbtes

Attribute

Relationship References

Protein or

Nitrogen

Crude fiber,
ADF or cell

walls

Ether

extract or

fat

Minerals or
total ash

Cellulose

~ Carotene
Vitamins

Organic.
acids

% Moisture

Dlgestlbll-

ity

None

Positive

None

Negative

Positive

None

Positive

None

Negative

None
Positive

None
Positive
Positive

Positive

Archibald et al. 1943; Reid and
Jung 1965; Reid et al. 1966;

" Reid et al. 1967; O'Donovan et -

al. 1967;: Buckner et -al. 19685.
Hardison et al., 1954; Cook 1959;
Blaser et al. 1960; Burton et
al. 1964} Gangstad 1964; Heady
1964; Fontenot and Blaser 1965

Leigh 1961; Reid et al. 1966 and
1967; '

Archibald et al. 1943; Hardison
et al. 1954; Buckner 1955

Blaser et al. 1960; Gangstad
1964; Arnold 1964; Heady 1964;
Fontenot and Blaser 1965.

Hardison et al. 1954; Blaser ‘et

- al. 1960; Gangstad 1964;

Fontenot and Blaser 1965; Louw et
al. 1967. B

Marten and Donker 1964; Reid and
Jung 1965, , .
Beaumont et al. 1933; Hardison et
al. 1954; Ivins. 1955; Cook 1958}
Cowlishaw and Alder 1960; Leigh,
1961; Gangstad 1964. :

Brown 1961.

Cook 18589.

Buckner 1955.
Archibald et al. 1943.

Hardison et éi.a1954; Reid ané
Jung 1965. :

Allen and Porter 1954;~Jone5'and\
Barnes 1967. '

Hilton .and Bailey 1972;
Gesshe and Walton 198 QQ

.Beaty and Engel 1980;
Gesshe and Walton 1981 J



‘Sugars. Positive Bland and Dent 1964; Gangstad
' . : 1944; ‘Marten and Donker 1964 ;

Reid et al. 1966; Reid et al.

1967; Hironaka and Bailey 1968.

7

Tannfns " Negative Wilkins et al. 1953; Donnelly
' 1954; Burns 1966.

Coumarins Negative. Ashton and Jones 1959.

Isoflayones None Arnold and Hill 1972.

Alkaloids Negative Gordon and Henderson 1951;

Roe and Mottershead 1962;

Yates and Tookey 1965; ,
Bush et al. 1970; “Glad: ;tones 1970;
Kennedy and Holgate 1971.--

d1964- Arnold and Hill 1972; zahorik and Houpt 1977) Chacon
and Stohbs (1976) noted the availability or yield of leaves
and the leaf to stem ratlo as major factors determlnlng
forage preference. Animal factors such as 1nd1v1dual anlmal
1 varlatlon previous experlences and phy51ologlcal condltlon“
“¢are known to have effects on forage preferences (Arnold and
Hill 1972- Zahorik and Houpt 1977 ElllS et al 1976).
Env1ronmental varlables such as cllmate, 5011 andk
_’topography are also recognlzed as 1mportant factors (Heady
1964; Arnold and Hill 1972~ Willms 1978) Less d1rect
‘determlnénts have also been noted The dead components of
yavallable DM may fnfl:ence preference 1nd1rectly by -
;affectlng dlgestlblllty and palatablllty (Beaty and Engel
13980)d Woody shrubs may 1nf1uence preference by creatlng a
Lphy51cal barrler aga1nst Selectlon of available foragéﬂ

R

tBalley 1970).
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Recognition of this multitude of determinants provides

the basis for the 1nttgrated response hypothe51s That is,
N

N

cattle may have the ability to assess changes’ 1n numerous

env1ronmental and food variables and ad]ust their foraging
\\/. :

strategy accordingly (Ellls et al 197?7 "The-objective of -
ALy, Ry i B

.this chapter is to relate observed‘commt\miﬁtr> preferences and

diet proportions of forageseto forag:ng ef 1c1ency and to
RN

specific attributes represehglng-commghity and forage

"productivity, avallabi}qty, quality .and structure.

6.2 Methods

Preference indices for plant communities determineo
from group observations (Chapter 3) were correlated with
specific eommunity*attributes for various treatments and
years. Measurements of the commUnityiattributes were
obtained from the herbage biomass clip plots described in
Chapter 5. Dry matter weights of live and’ dead herbage were
~measured before and after grazing periods in the six major
communities (Appendix D). In.addition one combined sampie
of live herbage from the ten randomly located clip plots
within each communlty by treatment cell was collected befofe
‘and after grazing fortthemical analyses.‘The herbage was
-analyzedrfor DM}‘acia oetergent fiber, phosphorus, nitrogen
“and crude protein (Appendixaé). The above attributes were
then correlated with community preferenoe indices for,the
"first and second halves of grazing periods to obtain Pearson

correlation coefficients‘andlsignificance levels. These
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h)

coerficients were averaged to obtain a mean'coefficientvfor
the gntlre grazing perlod One additional . plant commun1ty
att:ubute was measured The barrier effect of brush as
defined in Chapter 5, was nonparametracally correlated with
‘the rank .order of community.preference indices to obtain
Spearman's correlation coefficients, l
'Diet.proportions of eight forage sources, as determined

from 1nd1v1dual observatlons of foraglng cattle (Chapter 4)
were correlated with spec1f1c attrlbutes of forages. Forage
sources.measured for attributes 1ncluded five herbaceous
forages and three browse species (Chapter 5). Attributes
used for .these correlations were the same as those used for
‘the commun1ty correlatlons descrlbed above. However these
\correlat1ons only used attributes measured prior;to grazing.
Measures of attributes for herbaceous forages were derived

from the herbaceous biomass clip plots described in Chapter

5 (Appendices D and E). Measures of biomass were not

~obtained for the three browse specles, However, chemical

analyses were performed on samples oﬁ.leavesfand~current
}annual'grOWth clipped according to the same~sampling methods -
Used for herbaceous forages (Appendlx F). Samples for the
October gra21ng treatments were collected prior to leaf
absc1551on. ‘Then, diet proportlons of. the e1ght forage §
sources were correlated with the correspondlng attr1bute
measures obtalned in. varlous-treatments and years.

F1nally, diet proportlons of the same elght forage

sources were regressed with thelr correspondlng DM and



protein intake rates (Chapter 5) for June; 1981; As in
Chapter 5, crude protein intake provideano‘additiénal
clarigy to any relatiohships. Thus, DM intake was assumea\tos
be the best measure to relate to animal response.

Community preferences during.JQne, 1981, were then
related to animal response at the fprage soqurce level.
.Community preference indices (proportion\of time spent
.foraging/proporfion of total area availqble)'determined in
Chapter 3 Qere regressed with preference indices for major
forage.sburces (p;oportion»of total bites/proportion of
total area available) found in each comﬁunity. The indices
wefe determined for fhe first and second halves of the.
grazing period. Each grassland community-héd one major
-foragé source (herbage) while the forest community had four
(aspen, rose,'séskatooh and herbage)} The use of indices
adiuéted for the effects of area on community use and diet
proportions of forages. This clarified the relationship and

allowed an indirect relation of community preference to

foraging efficiency.

6.3 Results ;

. No consistent rélationghip was establisheé with any
specific cohmunity or forage éttribute but cattle
éreferenceskwere, in general/'positively correlaté& with
cohmunities.éohtéihing lower quality forages and higher

biomass levels. However, preference for forest and shrubland

“ . .7 .
forages was sometimes apparent. Cattle diets were™highly

e
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dgpendent on fdraging efliciencies among forages and
communities.
6.3.1 L1ght June Grazing : o g
Plant communltles with greater herbaceous biomass and
lower quality herbage were preferred in 1980 (Table 6.2). In
1981, 'no community preferences were apparent from these |
4corre1at1ons. Forage sources with attributes typical of
grassland herbage were p051t1vely correlated with dlet
proportlons in both years (Table 6.3). The dlscrepancy
between the correiations for community'preferences and diet
‘proportlons of forages in f981 was likely due to differences
between the group and 1nd1v1dual observations. Diet |
proportions of forage sources were determined from the
numbe%‘ef bites of individuals (Chapter 4) while communlty;
preferences were determined fromfthe relative timz epent:

foraging by groups of cattle (Chapter 3). Thus, woen cattle

exhibited higher bite rates-utilizing grassiand’foragea;_the o

resultant diet proportlons were also weighted for that

effect. A notable difference in preference for live and dead

components of fprage sources was also apparent (Table 6.3).
J : T o } c .o

Cattle disliked dead herbage in spite of ' their general

preference for COmmunities containing low quality herbaceous

biomass (Table 6.2).

g
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Table 6.2 Relationship of various €ommunity attributes to
cattle preference indices for six plant communities under
light June grazing, as expressed by the simple correlation
coefficient (r) and significance level (p).

|

| 1980 1981
Community attribute r o) r p.
o i
Live herbage biomass .80 .029 .21 ns
S

" Dead herbage biomass .91 .009 -.03 ns
Total herbaceous biomass .87 .014 -.16 ns
% Dry matter of .64 .089 -.16 ns
live herbage .
% Acid detergent fiber .72 .057 -.53 ns
of live herbage ' '
% Phosphorus .71 .060, -.13 ns
of live herbage
% Crude Protein -.58 ns .11 ns
of live herbage ,
Barrier effect ’ -.52 ns .05 ns

of brusht

ns-not significant at p<.q0. ,
t Correlation coefficients are Spearman's r values. J



Table 6.3 Relationship of various forage attributes to
diet proportions of eight forage sources under light June
grazing, as expressed by the simple correlation
coefficient (r) and significance level (p).

' 8

1980 1981

Forage attribute r , p . r p

Live biomass .82 .023 .68  .067
~Dead biomass ‘ .51 ns .19 ns

Total biomass .74 .048 .58 ns

% Dry matter of .59 .036 ~ .66 .013

live biomass v '

% Acid detergent fiber .58  .047 .49 .077

of live biomass , .

% Phosphorus of -.47 .087 -.51 .068

live biomass

% Crude Protein -.54 .052 a -.72 .009

of live biomass’

ns-not significant at p<.10.

4

.6.3.2 Heavy June Grazing

Diet proportions of forages were pqsitively correléted
with some attributes of grassland forageé in both years,
consistent with the lighf\Juné treatment results (Table
6.4). Correlations.of community preferenées with attributes
also showed similar results to those under light June
grazing. Cattle preferred communities with lower gquality,
high biomass herbage in 1980 while no preferences were
apparen£ in 1981 (Table 6.5). However, differences in

response to communities were observed within the grazing

period under heavy grazing (Table 6.6). In 1981, animals
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Table 6.4 Relationship of various forage.attributes to

grazing, as expressed by the simple correlation
coefficient (r) and significance level

© . diet proportions of eight forage sources under heavy June

1981

of live biomass

© 1980

Forage attribute r P r p

Live biomass .56 ns .69 .066

Dead biomass .23 ns .39 ns
‘Total biomass .43 ns .64 .084

% Dry matter of .40 .ns .79 .003

live biomass '

% Acid detergent fiber .69 .013 .55 .051

of live biomass

% Phosphorus of -.64 .023 -.89 .000

live biomass |

% Crude Proteln .51 .068 ~.83 © .001

ns-not significant at ps.

10.



91

~ Table 6.5 Relationship of various community attributes to
cattle preference indices for six plant communities under
heavy June grazing, .as expressed by the simple correlation
coefficient (r) and significance level (p). ‘

1980 1981
A .

./£ommunity attribute r p r P
Live herbage biomass .75 .046 - 14 ns.
Dead herbage biomass; .54  ns .43 ns \\
Total herbaceous biomass .70 .064 .05 ns \\
% Dty matter of .57 ns -.42 ns
live herbage .

% Acid detergent fiber .59 ns .46 ns
of live herbage ‘ .

% Phosphorus. -.78 .0459 -.43 ns
of live herbage :

% Crude Protein -.65 . .,099 » .28 ns’
of live herbage A

Barrier effect . -.63 .094 .17 ns
of brusht ‘ : .

ns-not significant at p<.10.
t Correlation coefficients are Spearman's r values.
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Table 6.6  Relationship of live and dead herbage biomass to
cattle prefarence indices for six plant communities in

the first and second halves of the heavy June grazing
period, as expressed by the simple correlation coefficient
(r) and significance level (p).

1st half 2nd. half’
-1980 1981 1980 1981
\ : _ _
Attribute r p r p T p r p
Live herbage .77 .038 .07 ns .72 .054 -.35 ns
biomass ,
Dead herbage .53 ns .91 .006 .55“ ns .-.06 ns

biomass
v

ns-not significant at p<.10.

preferred communities with high levels of dead herbage
during the first half of the grazing period. Then, during
the second half of grazing, animals showed no preferences
for live or dead herbage levels among communities. The
drought during that month forced cattle to use live and dead
herbage supplies in grasslands during tge\first half of the
gra21ng perlod Then, with no live herbage regrowth or . ..
remaining supplles of dead herbage, animals exh1b1ted
non-selectivity among communities during the second half of
the grazing period. This was reflected in the correlations
of commun&ty preferences Qith attributes in 1981 (Table

\

6. 5) onversely, anlmals preferred communities with High
-

levels of 11ve herbage and low levels of dead herbage

throughoﬁt'1980. Obviously, the above average rainfall of

. N
™~
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that month allowed animals to utilize live herbage regrdwth

e

o

instead of dead herbage supplies.

6.3.3 Light October Grazing

No significant correlation of an attribute with

{
AN

community preference was apparent in 1980 or 1981 (Table
6.7). A trend indicating preference for communities with
poorer quality herbage was apparent in both‘years. In 1981 a
- trend indicating preference for communities with low
herbaceous biomass. levels occurred . This was due to the late
killing frost which resulted in abnormally high use of
forest and shrubland communltles. The diet wasCéomprlsed of
forages with relatively high levels of % DM in both years
(Table 6."8). This supportedﬁyéeftrend of preference for
communities with low quality forages. However, no
relationships were established with biomass levels of
herbaceeus forages. This indicaree that while forage
preference wee based largely on dry matter intake, forage .
soerces wirh the highest levels of biomass were not
neceSsarily prefegred. This relates to rhe large dead
component of herbacedus forage sources in this treatment.
There was a definite.trend for preference:of communities’
with ‘high levels of live herbage but that effect was

cqnfounded with the variation in levels of dead herbage.



Table 6.7 Relatlonéhlp of various commuhify attributes to
cattle preference indices for six plant communities under
light October grazing, as expressed by the simple

of brusht

.03

correlation coefficient (r) and significance level (p).
‘ . \
1980\ 1981

\ | \
Community attribute r \p r p
Live herbage biomass .32 né -.42 ns
Dead herbage biomass .02 ns ~-.37 ns
Total herbaceous biomass .18 ns -.40 ns
% Dry matter of .30 ns .07 ns
live herbage . : ‘ _ :
% Acid detergent fiber .33 ns .19 ns
of live herbage
% Phosphorus .29 ns -.52 ns
of live herbage" . Com
‘% Crude Protein .31 ns -.17 ns
of live herbage _
Barrier effect .55 ns ns

‘ns-not significant at ps.10. »
t Correlation coefficients are Spearman's r values.
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Table 6.8 Relationship of various forage attributes to
diet proportions of eight forage sources under light
October grazing, as expressed by the simple correlation
coefficient (r) and significance level (p).

1980 1981
Forage attribute r p r p
Live biomass .41 ns .52 ns
Dead biomass ~.07 ns .17 ns:
‘Total biomass : .23 ns .42 ~ ns
% Dry matter .49 077 .63 .025
% Acid detergent fiber .16 ns .20 ns
% Phosphorus ~-.26 ns -.14 ns
% Crude Protein -.30 . ns -.31 ns

ns-not significant at p<.10.

6.3.4 Heavy October Grq?ihg

In 1980, community preferencé was positively correlated
with many attributés of grassland communities (Table 6.9).
Similar but fewer significant correlations were observed in
1981. Catﬁle'préferred communities with high levels éf live
herbage iﬁ bofh years.‘Howevef,_differences in response to
vcommunities'were apparent within the grazing periods‘of 1980
and 1981 (Table 6;10). In 1980, an above averégg year for
‘rainfall, cattle showed preference for communities with.high.
levels of live herbage throughout the grazing period. In

1981, cattle preferred communities with high levels of live
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Table 6.9 Relationship of various community attributes to
cattle preference indices: for six plant communities under
heavy October grazing, as expressed by the simple-
correlation coefficient (r) and significance level (p).

1980 1981

Community attribute - r . P r D
Live herbage biomass .73 ° .050 .66 .095
Dead herbage biomass Y . ns .51 ns
Tdtal herbaceous biomass .59 ns .61 ns
% Dry matter of | .79 .034 .78 . .056
live herbage i
% Acid detergent fiber -.76 .042 .54, ‘ns
.of live herbage : . - A
%- Phosphorus’ - -.84 .019 -.60 ns
of live herbage :

% Crude Protein ' .14 ns -.34 ns
of live herbage ' :

Barrier effect ‘ -, 86" .015 -.60 ns
of brusht -

ns-not significant at ps.10.

t Correlation coefficients are Spearman's r values.
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Table 6. 10 Relationship of live and dead herbage'biomass to

". cattle preference indices for six plant communities in

- the first and second halves of the heavy October grazing
period, as expressed by the simple correlation coefficient
(r) and significance level (p).

st half- " 2nd half
1980 . 1981 1980 1981
Attribute. - A r. . p r b r .. p r P
Live herbage . .77 .036 .85 .016 .69 .065 .47, ns .
biomass - ' . , ‘ :
Dead herbage. - ' .50 ns - .79 .031 .31 ns .22 ns -
biomass : . . ’ o

‘ns-not significant at p<.70.

v

éna dead herbage during the first half of thé‘grazing
‘périéd..During the second halfvof'graiing{ no preférences
were apparent. Correlation of dietuproportiéhs of forages
with'apfributes in@icated(that‘grassland foréges were the
ﬁain dieﬁéry cémpoﬂen;g for cattle (Tablé_6.f1). In 1980,
‘ﬁorages wi;h low améunts of,ph05phofﬁs were pfeférred. A
trend'indicating higher diet proportions of foréges with
higher he;baceous\biomass levels was also observed. In 1981,
bioméss ievels and % DM of forages were the most‘important
attributes affeéting foragg use. These results support thé
aforementioned severe depletiqn of herbaceous biomass in
October, 1981. uiet selection could be expected to be.highly

dependent “on DM intake rates and biomass under those .

conditions.



Table 6.11 . Relationship of various forage attributes to
diet proportlons of eight €orage sources under heavy
October grazing, as expressed by the simple.correlation
coefficient (r) and significance level (p).

- 98

1980 198j
Forage attribute . , r p- S p
Live biomass ‘ .51 - ns .63 .090
Dead biomass .24 ns .50. ° ns
Total blomass" - a2 ns . .62 . 096
% Dry matter ' -.01 -~ . ns - .84 ;QOTr
% Acid detergent fiber._ .23 ns .27  ns
% Phosphorus-- . -  =.52 .060 - - -.35  ns
% Crude'Protein, R & : ;ns‘ﬁi : *-37j:'f ns

ns-not significant at p<.10.

To- summarize, the lower quallty foods found 1n

grasslands were the major food source in-all treatments

Percent dry matter was the 51ngle most 1mportant forage,

attrlbute determlnlng d1et proportlon in the October graglng

\

treatments. Biomass levels were of greater importance under

héavy grazing than under light grezing in October,
.especially in 1981. Other attrioutes were of little
importance. In»Jnne, the preference for live herbage
relative to dead herbage in grassland communities had the
most prominent effeot_on animel‘response. Various guality

attributes were significantly correlated with community
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1

preferences and diet proportions of forages. Biomass levels
were most important under a heavy grazing intensity.
Community preferences of cattle in the two heavy grazing
treatments showed more chanées Withintérazing periods than
thdse of cattle in the light grazing treatments, especially,
in 1981. o

| Diet;proportions of\major forage SOprces showed a'
positive relationship with DM intake rate or fdraging,’
etficiency (Fig. 6.1).htower'diet propcrtions'were
associated with forest forages.thatvexhihrted.smaller.intake:
rates.'Despite ‘the lack.bf.DM intake‘rates at the:cdmmunity
‘ievei an 1nd1rect p051t1ve relatlonshlp of foraglng |
eff1c1ency with communlty preference was apparent in the
v-p051t1ve relatlonshlp of communlty preference to forage
preference (Flg 6.2). Obv1ously, response to major food

sources was .an 1mportant determlnant of response at the

communlty level.

6.4 D1scuss1on

A There were no attrlbutes td Whlch cattlearesponselwas
fconslstently 51gn1f1cant Indeed Arnold and Hill (1972)
quallfy such attempts at’ unlversal relatlons w1th the
.,statement,'"In51gn1f;cance of a correlatlon of one attribute
with-preference indicates only that4it is not of great
importance, while significance is not proof that it is the
main determinant‘unless all factors are adjusted for."

Furthermore, correlations with preferences must be related
: >
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to specific.compounds or physical properties of plants since
animals cannot select food simply because it is high in
"protein" or "energy" (Arnold and Hill 1972; Zahorik and
Houpt 1977). The differeﬁces in attribute corfelations
ihdicated that the selection process was a multidimensional
response. The wide variation in environmental conditions in
1980 and 1981 served to emphasize this. However, the
correlations did relate community and forage preferences to
forage quality ané guantity in a general sense. Cattle |
showed a general preference for lower gquality forages
ava{lablé in large quantities in grassland communities. This
concurs with Emlen (1966,1968) and Menge (1972) who noted"
that consumers may select lower quality foods when they are
available in greater abundance than higher quality foods.
However, animals utilizing the "low quality" forage referred
to in the grasslands of this study were far from the point
of sufféring nutritional deficiencies (Appendix E). The
grassland forages were of lowerwquality only in a relative
sense when compared to forest and shrubland foragesp Within
grassland communities, cattle exhibited preference for the
llve component of total- herbaceous biomass. This supports
research showing cattle prefer new growth over old and
leaves over stems snd‘dead matérial‘(Heady 1964: Chacon and
Stobbs 1976; Zahorik and Houpt 1977). It also indicates that
while response was largely governed by DM intake, forage |
quality was important in situations of ample forage

availability. That is, cattle were more selective in
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sitﬁations of ﬁigh food density (Emlen 1966; Menge 1972;
"Ellis et al. 1976). The drought conditions of June, 1981,
enhanced the effects of availability on animal response.
Increased use of high quality forages in forests and
shrublands in the second half of the grazing period occurred
under both light:and heavy grazing. This was a response to
.the lack of herbaceous regrowth on grasslands and the
preference for green forest forages over the_dead grassland
herbage that remained after the initial grazing. Under light
grézihg, forest forages were less quickly depléted resulting
in insignificant correlations of grassland attribu: : with
community preferences. Still, when forest depletion did
occur, the grasslands provided unlimited suppliés of forage.
Under heavy June grazing, cattle depleted live and‘dead
herbagevsupplieé in’graséléﬁds during the first half of the
grazing period. Then, forest forages were quickly depleted
and cattle had to return to grasslands for‘forége. Thus, in
'spite of a non-selectiveness among plant communities in the
second half of grazing, cattle diets werenstill‘dominated by
grassland forages. Agaih,bthe low productivity and poor |
vigor of forest forbs and browse after long-term exposure to
heavy grézing was a prime contributor to grassland over-use.
In October, 1981, the late killing frost resulted in
abnormally available forage sourceg in the forest ahd
shrubland'communities. This promoted short term increases in
high quality'forage use. It also indicated that fofagg

quality was of greater importance when food availability was
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relatively high. When ieaf abscission and forb senescence
occurred, obvious negative effects on foraging efficiency
and quality caused use of forest forages to decrease
dramatically. This supports Chacon and Stobbs (1976) who
noted that intake rates for cattle were largely dependent on
a high leaf yield and leaf to stem ratio. The effects of
frost on foraging efficiency were obviousiy most important
because after leaf abscission browse species were still
higher dzslity forages than dead herbage. Thus, due to the
relatively high abundance and availabilityuof grassland-
forage sources, overall_preferences in the light October
treatment were still pre-dominantly governed by DM intake.
~Under heavy October grazing, forage availabiliEy was of
greater importance. In 1980, herbacebus-production provided -
a supply of live herbage sufficient for the entire grazing
period. However, animals were forced to utilize live and
déad herbage supplies in the first half of the grazing
period~in October; 1981. Then; live and dead herbage
supplies were largely depleted during the second haif of
grazing. Non—selectivity among communities was the result.
Thus, the summer-long drought and late killing frost of 1981
‘affected forage availability such that the relative
"profitability"»of feeding in forest and shrubland
communities increased over the short term. The drought
limited herbaceous forage production while the frost delayed
leaf abscission of shrubs and senescence of forest forbs.

Thus, both quality and availability of forages were factors
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contributing to increased use of forest forages. Cattle
exhibited the ability to assess the profitability among
forages and communities and adjust their foraging strategy
accordingly (Royama 1970; Smith ana Dawkins }971; Simons and
Alcock 1971). Under average environmental conditions, cattle
indicated grasslands provided the most profitable forage
sources, as indicated by the‘pigh foraging efficiencies. But
under heavy grazing intensities, drought, or in late summer
prior to the killing frost, this profitability may favor
shrubland and forest use.

To summarize, animal response at the community level
was related primarily to foraging efficiency at the species
level. In other words, community preferences depended on
diet selection of forages. Diet selectipé was an integrated
response largely dependent on the relative foraging ,//’Mﬁ\
efficiency, quality, and availability‘of major food gou~;es.
Forage quality became a more important factor as food
availability increased due to the increése in cattle
selectivity. Under average range conditions in the aspen
parkland, the effect of av;ilability is such that cattle,
find the highest foraging efficiency amongst grassland
forages. However, the effects of environment (drought) and

management (grazing intensity) may alter. this behavior.



7. CATTLE USE OF ASPEN SUCKERS IN THE FOREST EDGE GRASSLAND

7.1 Introduction

In view of the negative effects of aspen invasion on
the productivity of grassland forages (as noted in Chapter
1), aq in-depth analysis of cattle response to aspen in the
forest edge grassland community is desirable. The forage
preferences and dominant foraging activitieé of cattle
within the community have beem elucidated. Further study of
the impacf of cattle grazing bn aspen invasion is desirable.
Patterns of qattle use and the extent of_aépen mortality may
be useful -in developing control strafegies;to curb aspen
invasion. : -

There is little published research copcerning strategic
brush control péing cattle, despite the early recognition of
aépen in their diet by Sampson (1919). Moss k1932)
hypothesized that cattle could prevenf aspen invasion while-‘
Johnson et alz (1971) recognized cattle bfowsing and
trampling as inhibitory factors to brush invasion. Hilton
and Bailey (1974) found utilization levels by cattle on
3-year old aspen ;egrowth.ranging from abdut 15 to 25%.
Smith et al.. (1972) attributed aspen injury rates of 2?, 8,
and 9% respectively in the first three years following a
clearcut in Utah to the effects of cattle browsing and
trampling. However, mean utilization of aspen in that study
" did not exceed 10% in-any of £he three years. Greatest use

(53% of suckers) was observed in the shortest height class

106



107
Y S
of suckers (<60 cm) while use of suckers talier than 150 cm
was minimal. Smith et al. (1972) also noted that cattle
browsed aspen more réadily as the éummer season advanced.'
This agrees with observations by.Eingerala and Bailey

J

(1984) and Hilton and Bailey (1§72) who found greater asbeq
use in Aﬁéust tﬁan}in early spring or summer. Results.from
this study generally support such observations within the
summer season but also indicate‘a dramatic decrease in aspen -
use after leaf fall. FitzGerald ahd Bailey (1984) also
'demonstrated successful control of aspen regrowth using
heavy grazing in August. However, Ehey noted an inability to
control succession of other shrub species, particularly
wesfern snowberry, without additional application of
seasonally timed grazing periods,‘o; other control measures.
Thus, this'part of the study was désiéned to determine,
the levels of aspen use and subsequent mortality
attributable to cattle across seasons, grazing inténsities
and years. Secondly, it was desirable to relate cattle use

and the mortality of aspen to specific plant parameters and

community attributes. i

7.2 Methods

‘Use and mortality measurements of aspen suckers‘dufing
grazing treatmenﬁs‘weré dbtained from 20 to 25 mapped
suckers in ten randomly chosen transects or areas inlthe
forest edge grassland community of each treatment. New

-transects were selected each year. Within each area, suckers
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were mapped relating their distance and order of coincidence
to a string stretched between two markers aligned
: - v .

perpendicular to the forest margin; The markers extended
from the inner to outer limits of the forest edge-phase
grassland community and mapped suckers were within 1 m of
the string (on either side). When more than 25 suckers were
available within a transect areé, suckers were selected
randomly. Individual suckers were monitored approximately
every 3 days during tbe grazing period. Measurements
includedtheight, numﬁer of main bra;ches, age, the number of
times browsed, and any changes in the above measures due to
browsing. Mortality and reason for mortality were also noted
during and following the grazing period, and during the
following spring. \ | N

One portabie 2-m? exclosurelwas set up near each
transect before grazing ;nd randomly relqcated approximately
every week of the grazing period. Before the weekly
relocation, herbaceous biomass was harvested in two 0.5-m?
quadrats, one inside and one outside each exclosure. Biomass
was separated into live and deéd herbage fractions for
inside and outside quadrats, bagged, and later. weighed.
Weights' of inside ‘and outside quadrats for weekly exclosures
within transect areas were used to determine live, dead and
total herbaceous biomass levels throughout the grazing
period. Biomass levels in each area were based on t

quadrats. For example, live herbage fromiﬁhe outside quadrat

harvested before grazing was averaged witﬁ}the live herbage
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harvested from the inside quadrat 1 week later.“similéfly,
ﬁh; outside quadrat harvested after 1 week was paired with
the inside quadrat after 2 weeks of grazing and so on Thus,
the weekly herbageedS\bjomass estimates for various
treatments (Appendix G)\bere means based on 20 guadrats (2
quadrats for each of 10 transect areas). Measures of the
asben density (number/m?) and canopy cover estimate (%). of
western snowberry were also made for.each guadrat harvéstéd.
Cumulative use of marked aspen‘suckers and the rglative
depletion of herbaceous biomass over the grazing period were
plotted for each treatment. Analysis of variance tests were
performed on the number of browsings pér sucker and-
mortality r tes across seasons, grazing intensities and
years. The number of browsingé per sucker was calculated by
diQiding thé toﬁal number of observed browéingé by the
aQérage number of live aspen suckers available each day of
the grazing period. Mbrtality rates were calculated using
only marked suckers that could be accdunted for. Suckefsl
used by rabbits or other rodents or for which no remains
could be.found the following spring were not included in
moftality rate calculations. Sample means were tested for
least significant differences according to Steel and
Torrie's (1980) method for unequally replicated means
(Chapter 3). Finally, multiple geg;eésion analyses were
performed to determine the relative effects of_ aspen
”density, snowberry cover, sucker height, dumber of branches,

age, initial live, dead and total herbaceous biomass
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(Appendix H) on aspen sucker mortality rate and number of

browsings per sucker.

7.3 Results
Cumulative use of aspen suckers under light June
grazing showed that fewer trees were browsed twice in 1980

than in 1981 (Fig. 7.1; 7.2). There were 41 and 23% live

unbrowsed suckers at the end of the grazing periods in 1980

and 1981, respectively. Conversely, no live suckers remained
unbrowsed under heavy June grazing. (Fig. 7.3, 7.4). Over 29%
of the suckers were browsed two or more times in this
treatment. Immediate‘death of suckgrs during ﬁhe grazing
period was higher under heavy June grazing in 1980.'Two
major factors that contributed to immediate death'during the
grazing period in.June were ‘trampling and uprooting by
browsing cattle. The average age of suckers was lower 1in
1980, esbecially in June. (Appendix H). Thus, more young
suckefs were uprooted by cattle during‘June,'1980. In‘

October, hare browsing was the most significant cause of

sucker death during the grazihg‘period. However., sucker

deaths were fewer than in June. Immediate death due to hare
browsing was more extensive inf1980 when theré were mdre'
young suckers. The light October grazing treatment showed a
relatively low number of browsea suckers (15 and 18% in 1980
and 1981, respectively) aﬁa a large number of live unbrowsed
suckers followihg gra;iné, despite the severest effect of

mortality due to hares (Fig. 7.5, 7.6). The heavy October
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treatment showed similarly large numbers of live unbrowse?.
sﬁckers‘following grazing in both years, although aspen use
in 1981 was greatér (Fig. 7.7, 7.8). The majority of aspen
use in October, 1981, came inm the first ten days of grazing
prior to widespread abscission of leaves.

Live, dead ang total herbaceous biomass lévels were not
severely depleted by cat;le_ﬁgder light June grazing in
either year (Figures 7.9, 7.10). Depletion of live and total
herbage was greater in 1980 but levels after grazing were
still f300 aﬁd 1900 kg/ha, respectively. Initial levels of
live and total herbage were greétér in 1981 because of an
earlief start to the Qrowing season than in 1980. In Appil}
1981, precipitation had been above the long-term average.
Then; in May, although precipitation was below average, it
" occurred at regﬁlar fntervals ﬁh:oughout the month
'(En;ironment Canada{ 1980). Rainfall was recorded in 11 days
"of May while.the ldngeét interval between rains was 5 days.
Thus, combined with gnowmelt and.April rainfall, the May
precipitation was sufficient to maintain growth until June.

- Conversely, in 1980, a slow start to the growang season
resulted in relatively low initial levels of[hefbaceéﬁs
biomass in June. This was becauseiéfecipitation had been far
below average in April aﬁd ﬁost of the rainfall in May
occurreé in the last 5 days of the month. Dead herbage
levels increased during the final week of grézing in June,
1981. This was associated with a decrease in live herbage,

probably partiall: due to plant death caused by drought.
. . \

2



115

100 —————— ; 100
) At D Dead :
so | T e J 90
»® ) '
gBO L { 80
~ W
10 ¢ { 70
w
g 60 | ] 80
< Live unbrowsed o
S0 | ‘ o {4 S0 -,
3 £}
" Ew | : ] uo
§ o ¢ ' '
$ 30 | _ 4 30
® - ) :
Q.
w20 { ]l 20
=
<
5 10 L : ] 10
é. / Browsed once
S0 T 15 1 [ A S | 1 ] 1 ) ] ] 0
o 0 2 Y 6 8 10 12 1y (6 18 20 22 24 26 28 30
&

DAYS OF GRAZING

Figure 7.7 Cumulative use of aspen suckers by cattle under

heavy October grazing, 1980.

Loo _ 100
___________________________________ Dead
80 | ' N 1°°
3 » 4 ‘ ” ,

5 80 | 1
[+
2] 70 ) " 17
2 .
3 50 } B
é Live unbrowsed ' .
., 1 so
> -
S 4o L . 1%
E [ |
g 30 | B. twice { 30
g A "l
S 0| 1 20
-
g o | Browsed once N 10
3

0 NS SN RS WSS RS U BRS RE 0

0 2 4 6 8 10 12 4 16 18 20 22 2y
. DAYS OF GRAZING ‘
- : ' . ce
Figure 7.8 Cumulative use of aspen suckers by cattle under

\:J

heavy;bétbber grazing, 1981.



3000
2700
2400

2100

KG/HA

1800

1500

HERBACEOUS FORAGE RENAMNMNG
© o
o o
o o

-
o
o

w
[=]
o

1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1

0 2 4 6 B101214 1618202224 262K
DAYS OF GRAZIING

THevrre  totol herboge

——=— live heibage

Tmet ot dead herbage

Figure 7.9 Live, dead and total herbaceous biomass levels

(kg/ha) undeT 'light June grazing,

3600

2700 |

2400

— — — N
n w [ —
o [} (=) o
[e] o o (o]

HERBACEOUS FORAGE REMAINING, KG/HA
T w
o
o

o
[=]
o

w
o
o

1980.

“'""‘*".'*"""‘"“**~.,..,,....‘,4,_,~ﬂa‘,_

1 I 1 1. 1 1 1 ! 1 |

D SRS S R B |
0 2 4 6 8

101214 1618202224 2628
DAYS OF GRAZING

G ‘

T \otadl herbage

live herbage

"""" dead harbage

Figure®7,10 Live, dead and total herbaceous biomass-levels

(kg/ha) under light June grazing, 1981.

116



117
-

Under heavy June grazing, depletion of live and total

~—

herbage did not approach critical levels until the last week
of grazing (Figqures 7.11, 7.12). However, total herbaceous
biomass remain: after grazing was consistently less than
half that remaining in other treatments. As in the light
June treatment, initial levels of dead and live herbage were
lesser and greater, respectively, in 1981 than in 1980.
Under light Oéﬁober grazing, live and total herbage were not
depleted below 1000 and 2900-kg/ha (Figures 7.13, 7.14); In
addition to cattle use, depletion of live hefbage was
enhanced by senescence of green hérbage after the first .
killing frost. This effect was more pronouhced in 1981 when
the initial herbaceous biomass guadrats were harvested prior
to the first killing frost. Accordingly, dead herbage levels
showed mone-dramatic»increases dur&ng the 1981 grazing
periodﬁafter the frost occurred. Total herbaceous biomass
levels were generally higher in 1981, perhaps ﬁneipected
considering the summer;long drought in that year. Howéver,
these levels were partially related to dead herbage
carryover from the previous year. The yéar 1980 was preceded
by a dry year (1979 had only 335 mm of précipitation) while
1981 was preceded by an above average year for rainfall.
Thus, more carryover likely occurred-into 1981 than into:
1980. The timing of quadrat harvesting was also an important
factor. Peak biomass levels occurred just before the killing

frost. Therefore, the 1981 grézing period coincided with

peak biomass levels while the 1980 grazing period'occurred
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after this peak. Finally,'in spite of the initial
differences, levels of herbaceous biomass reméining after
grazing were very similar between years, especially when
considering that the‘grazing period was 6 days shorter in
1981. Under heavy Octqbef érazing, live and total hérbage
were depleted to similar levels in both years (Figures 7.15;'
7.16). The delay of the killing frost in 1981 resu}ted'in
lower initial levels of dead herbage than in 1980, but
.levels remaining after grazing were similar. The summer-long
drought had a greater effect én levels of total herbage
-under heavy October graziné. Unlike the light October
treatmenf, initial levels were less in-1981 than in 1980.
Levels of total herbage remaining after heavy grézing were
higher in October than in June by 600 and 325 kg/ha in 1980
apd 1981, reépeétively. ‘

Grazing intensity and season had the greatest effect on
_the number of browsings per aspen sgéker. The number of
browsings per sucker was two times greater under heavy ~
grazing and nearly five times higher undeerune grazing
(Table 7.1);'Aécordingly,,the_greatest Qse of aspen Wycurred
in the héavy June treatment (Table 7.2).

Under light June grazing, cattle preferreé shorter
suckers\having fewer terminal branches (Table 7.3). Areas'
with high amounts of initiallherbaceous litter showed’é
lowef-number:of‘browsings per sucker. Aspen density and
sno&berry cover had little effect on aspen use in the light

June treatment. Under heavy June grazing, sucker height was
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Table 7.1 Effect of year, grazing intensity and season of

use on the number of browsings per aspen sucker. :
]

-

Year Intensity Séason
1980 1981 1light heavy' June Oct.
Average number 0.57 #% 0.75 0.44" x% 0.88 1.02 #% 0,22

of browsings

** denotes significant difference between means (ps.05).

f

Table 7.2 Effect of grazing intensity on the number of
browsings per. aspen sucker. in June and October.

¢ -

Treatment
light heavy light | heavy
June June ° October October
Average number. 0.63 b 1.43 a 0.20'b°  0.24 b

of browsings

Means followed by the same letter are not significantly
different (p<.05). '



123

Table 7.3 Effect of various attributes on the number
of browsings per sucker, as.expressed by the simple
correlation coefficient (r) and the total variation
accounted for (R?).

Q

Treatment
light heavy light heavy
June June October October
4
‘ e '
Attribuc.e R* " r R? r R? r R? r

.07 -.43 .19 .43 .16 -.51 .07 -.35

Height of sucker

Age of sucker: .15 ns .03 ns .06 -.43 .05 - ns
Number of main .30 -.55 .06 ns .32 -.57 .00 ns
branches ‘
Aspen density :05 . ns .05 ns .00 ns .19 -.44
in area s
Snowberry cover .02 ’"ns .09 'ns .04 ns .08 ns
in area '

nitial total .05 ns .03 ns .00 ns .00 -.31
herbage biomass. ' v

Initial live .00 ns ‘.00 ns .06 -.44 .00 ns
herbage biomass '

Initial dead .00 -.47 .00 _.ns .02 ns .16 -.36
herbage biomass ® ' '

ns-correlation coefficient not significant (p<.05).
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the only attribute significantly correlated with aspen use.
T;ller suckers ‘were browsed more aften while the number of
branches and age showed no relationship. Under light October
grazing, the nﬁmber of browsings were greater on younger,
shorter suckers with fewer main branches. Transect areas
with high inifiél levels of live herbaceous biomass showed
fewer browsings per sucker. Under heavy October grazing,
taller suckers Qere browsed less often. Areas having a high
aspen density.or high initial levels of total énd dead
herbaceous biomass. exhibited fewer browsings per sucker.

Grazing intensity and season had the greatest effect on
aspen mortality. Mortality was nearly two timés greater
under heavy grazing\and o§ef six times greater in June than
in October (Table 7.4). Thus, the greatest mortality was
observed under Beavy June grazing (Table 7.5).

The number of browsings éer sucke? accounte or most
 of the variation in aspen mortality under light June grazing
(Tablé 716)..Mortality was higher for suckers that were
gro@sed more often. However, taller suckers with more main
branches shbwed\lqwerﬁmortality rateé.'Similarly, sﬁckers
found in areas having‘high westc-n snowberry cover or high
initial levels of dead herbage were also more likely to
survive. Under heavy June grazing, sucker height was the
major determinantAof,aspen mortality. Shorter, younger
suckers with. fewer main branches had higher mortality rates.

Suckers in areas with a high aspen density also showed lower

mortality. This related directly to the number of browsings

'
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Table 7.4 Effect of year, grazing ihtensity and season of
use on the mortality rate (%) of aspen suckers.

Year Intensity Season

11980 1981 1light heavy June Oct.

s

Mortality rate (%) 26.1 #% 32.3 21.3 #% 37,0 46.7 ** 7.4
of aspen suckers -

**x denotes significant difference between means (p<.05).
LT ‘ N

4

Table 7.5 Effect of grazing intensity on the mortality
rate (%) of aspen suckers .in June and Octobher. ‘

Treatment -
light heavy light heavy
June June October October
Mortality rate (%) 35.1 b 57.9 a 3.9 b 10.7 b

of aspen suckers

Means followed by the same letter are not significantly
different (ps.10).
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Table 7.6 Effect of various attributes on the mortality
rate of aspen suckers, as expressed by the simple
correlation coefficient (r) and the total variation
accounted for (R?).

Treatment
light - heavy light heavy
June June October October
Attribute ' R? r R? r R? T R? r

Number of times .36 .60 .11 ns .52 .72 .30 .55
browsed

Height of sucker .06 -.49 .24 -.49 .02 -.50 .04 ns
Age of sucker .06 ns .02 -.39 .01 -.30 .00 ns
Number of main .08 -.52 .00 -.44 .01 -.34 .00 ns
branches '
Aspen density .08 ns .02 -.30 .02 © ns .00 ns
in area

Snowberry cover .07 ~-.34 .01 ns 00 ns .13 ns
in area *° ' .

Initial total .04 ns .00 ns .00 ns .00 ns
herbage biomass

Initial live .01 ns .07 .33 .08 ns .00 ns
herbage biomass

Initial dead .00 -.40 .00 ns .09 ns .02 -.33
herbage biomass

ns-correlation coefficient not significant (p<.05).
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per sucker whereby afeas of higher aspen density had ﬁeher
browsings per sucker (simple r=-.39 at p<.05). Finally,
areas with high initial levels of live herbaceous biomass
showed'higher mortality of aspen underfheavy June grazing.
In the light October treatment, the number of browsings,per.
‘sucker was the major positive determinant of mortality.

Taller, older, multibranched suckers‘had lower mértality
‘rates. Initial levels of dead herbaceous biomass had an
indirect relationship with mortality. Dead herbage levels
were positively correlated (simple r=.39 at p<.05) with the
number of main branches per sucker. Thus, areas with higher
initial levels of dead herbage were often areas where
euckers had many branches and were less suseeptible to
mortality. The number of browsings per suckef was the major
determinant of aspen mortality under heavy October grazing.
It was positively correlated with mortality rates. Areas
with higher. initial levels of dead herbage shewed lower
aspen mortality. Dead herbage levels were also p051t1vely
correlated (simple r=. 49 at p<. 05) with western snowberry
_cover, an indirect indication of lower aspen mortality in

areas of high snowberry cover.

7.4 Discussion

Season of grazing was the most important factor
affecting aspen sucker mortality. Cattle preferred aspen as
a browse species in June when current annual growth was

green and leafy. In October, after abscission of leaves,
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aspen was less preferred than saskatoon, rose, and western
\ : _ _

snowberry. The leaves of western snowberry remained attached

longer than aspen after the first killing frost making it
particularly attractive browse. In October, 1981, the
extended green season resulted in an increase in aspen use,
notably in the first two weeks of grazing prior to the = §
killing frost and leaf abscission. In all grazing

tr -atments, bréwsing_of aspen ogcufred prior to-any se&ere
depletion of livg herbage or total herbaceous biomass. This
supports-a "diverse diet" foraging strategy where cattle
confinupusly sample varidus forages in search of the most
efficient food éoufce (Royama/}970; Smith,ana Dawkins 1971;
Simods and Alcock 1971; Zahorik and Houpt 1977);

| Under light June gfazing,.herbaceous_biomass levels
were never limiting in éither year. However, the June

drought of 1981 inhibited herbaceous regrowth in smali,

locally Qvergrazed areas of the forest edge phase grassland.

: ' B
These areas had supplied cattle with green herbaceous

~regrc .- void of dead herbage throughout the grazihg period
in 1980. But, under drought, animals were forced to utilizeJ
areas where live and.dead herbage were mixed (as the bite
sizes indicated from day 6 to day 21 in Chapter 5). Animals
responded negftively to the forced use of dead herbage by

increasing use of aspen and other browse species in 19871,

This concurs with work by Hilton and Bailey (1972) who noted

that cattle use of aspen forest increased under a June

drought despite ample available herbage in grasslands. It
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indicates that cattle may consider aspen and other :-- :se as

SaAY]
V‘

more profitable aTternate forage than dead herbage over the
short term. The dislike for dead herbage > cattle also had
negative effects on aSpen nse._Areas.with high initial
levels of dead herbage showed fewer browsings and lower
mortality of aspen: This is likely related to the direct
avoidance of dead herbage by cattle. However, the dead
herbage layer also protected younger,'shorter suckers from
browsing, particularly those in the first’year of.growth

having one terminal branch. This effect has been confirmed

by Sampson (1919). The protection of new suckers,fcombined

withoavoidance of older, taller, woodier suckers resulted in

.1n51gn1f1cant correlatlons of age with brow51ngs per sucker

and mortallty rates. Preferred plants were suckers in the

second or th1rd year of growth that had extended one or two

terminal branches above the litter layer. This was confirmed‘w

by neéative correlationsvof sucker height and number of main
branches with browsings per sucker and mortality rates. The
greater use of shorter suckers and avoidance of older,
taller suckers was con51stent w1th research by Smith et al.
(1972). Western snowberry had additional negative effects on
aspen mortality. It promoted dead herbage build-up and

<

impeded forage selection by acting as barrier to grazing

animals (Bailey 1970). Herbaceous biomass depletion was

greatest under heavy June graz1ng Levels of herbade reached

critical levels by the flnal week of grazxng in both years.

However, in 1980, cattle were able to utlllze green

O



130 -

herbaceous regrowth throughout the grazing period due to
above average rainfall. Conversely, in‘1981; the severe
dfought inhibited herbaceous regrowth.véecordinglyj cattle
use of aspen and other browee species was greater in 1981,
consistent with results for the light June ereatment.
However, aspen use was much higher under heavy grazing given
that depleﬁion'of live and dead herbage supplies were |
equally extensibe. This increasd browse use indicates a
dietary adjustment by cattle in response to low availability
of preferred foods (Emlen 1966; Menge 1972; Ellis et al.
1976). Since no live qnbrowsed'smckers remained after
grazing in4either year, more suckers were browsed twice,
three and four times in 1981. Due to the high number of
browsings, older multibraﬁched suckers had a shorter'growfh
habit than those in the light Sune treatment.,The taller
suckers were often,in‘the.second:or third year of growth and
had only two or three long termina; branches. Therefore,

these suckers had considerable current annual growfh‘

g

. ) g8
available after the initial browsing. In contrast, young

suckers in the first year of growth were often totally
depleted of leaves or uprooted by one bite. They Qere not
protected by a heavy litter layer as in the light Juhe
treatment. Thus, taller suckers were browsed more often.
However, multibranched- suckers, usua]ly older than ¢ years,
were less‘preferred because they had many short terminals
that were less efficiently harvested by_cettle. This was due

to the proximity of the woody attachment to current annual
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growth on 'twigs. Animals had trouble severing woody tissue
¢
when their bites extended onto the woody portion of twigs.

In contrast, animals easily severed the current annual

growth of twigsvhaving long terminals. These responses to
older, multibranched suckers resulted in insignificant
correlations of age and number of branches with browsings
per sucker. Aspen mortality wasvhigher for younger, shorter
suckers with fewer main branches. dbviousiy, young suckers
totally depleted by one bite could be expected to have
hlgher mortality than older, less easily depleted suckers
Since the number of. brow51ngs per sucker was con51stently
high under heavy,Juge grazing, its predictive effect on-
mortality was largely a function of age, height acd number
of branches per sucker. Nevertheless, the number of
browsings per sccker waslgreater in areas with a low aspen
density. These areas also showed higher mortality. Cattle
were less.selective and used aspen more heavily in
51tuat10ns where aspen density was low, con51stent with

23

research by Emlen (1966) and Menge (1972) Aspen mortality
was also higher in-areas where initial levels of live
herbage were greater. Obviously, cattle used these areas
more.often for forage acquisition. Therefore, use and
mortality of aspen was also greeter on the basis of the
contlnual sampling of forages by cattle (Royama 1970; Smith
.rnd Dawklns 1971; Zahorik and Houpt 1977). By the same
“azory, tt- high levels of aspen use and mortality observed

in thi- _ nt indicated that cattle recognized aspen as
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a profitable alternate forage source for much of the , azing

period. This was in part due to the low availability of
herbage. Under light October grazing, herbaceous biomass

levels were the highést among treatments before and after

a

grazing. Cattle‘preferred to graze in locally overgrazed

areas where, following initial use, they could regraze any
fall regrowth'without the hindrance of high dead herbage -
biomass or woody stems. Areas with high initial levels of
1ive herbage sﬁowed lower aspen use. When cattle could
obtain preferréd live herbage, aspen became an unprofitéble
alternate forage in October due to its lack of leaves
following abscission. Wgsternrsnowberry Qas a more-
acceptable alternate forage for cattle because it ;etained
leaves and berries long after the killing frost. The late
frost in 198i emphasized the effect of abscission on cattle
response to aspén'in October. Leaf abscission of aspen did
not occur untilvthe second week of‘the grazing period that
Year.‘Accordingly, aspen use was abnormally high during the
first half of the grazing period. Then, after leaf
abscission, use plummeted in the second half of grazing in a
return to the norm of aspen avoidance in October. This- 4
behavior supports research by FitzGerald and Bailey (1984)
who noted the readiness of cattle to browse aspen during
.ugust in the prescence of ample herbaceous biomassf‘
FitzGerald (1982) and Hilton and Bailey, (1972) sugges£édv

that the quality of herbage in late summer was such that

aspen and other browse became more acceptable forages.
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Certainly, cattle exhibited a similar foraging strategy
prior to leaf abscission in this study. This study also
indicated that a lower rénge in forage quality exists
between browse and herbaceous forages in October than in
June (Chapter 6). Cattle prefefred léafy suckers in the
first or second year of growth with oﬁe or two terminal
branches. Unlike the light June treatment, new sucke:s had
completed a full growing season. Therefore, most were well
established and extended abéve the dead herbage layer.
However, while more available, a single browsing was less
Tikely to totally deplete or uproot suckers as in June.
Numerous suckers in the second year of growth having two
tetminél branches wére observed;’a direct observation of
lower mortality in October. Obviously, light use when plants
are entering the dormant state results in a multibranghed
growth habit less easily aepleted by browsing (FitzGerald
1982). Sucker mortality was highly dependent on the numbér,
of browsings per sucker. This indicates that while suckers
were more resistant to mortality in Oétober, they were not
immune to the stress inflicted by browsing. .

Sucker mortality under heavy OéEober grazing was also
highly dependent upon the number of browsi, 38 per sucker. As
in the light October treatment, the vast meority of aspen
use occurred prior to leaf abscission. This treatment showed 
greater deplétion of herbaceous biomass than the light
- October treatment. Yet, unlike the heavy June treatment,

cattle were able to utilize dead herbagé.Supplies produced

*
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over a full growing season. Thus, because live herbage
supplies were quickly depleted under heavy grazing aﬁd fall
regrowth was minimal relative to that in June, cattle
preferred éreas with high levels of dead and ;otal herbage;
Use and mortality of aspen was lower in these areas because
preferred forage was mbre available and aspen was a iess
profitable alternate forage éfter abscission. A second
reason relates to the poéitive correlation of dead herbage .
levels with number of main branches per sucker. Since cattle
were continuously éampling all foréges,.areas used more aue
to high ﬁerbage level,s also attained a light use of aspen..
The resultant growth habit of these lightly used suckers
made them less susceptible to depletion by browsing.
FitzGerald (1985) noted this effect on the growth habit of
aspen browsed léte in the)growiAg season. The absence of a
heavy;dead herbage layer in this treatment resulted in less
prbtection of young suckers. Aﬁimals were selecﬁing forage
largely on the basis of abundance and availability} Thus,
shorter suckefs within close range of the herbacebds and low
shrub layers sufféred higher usé and mortality; Autumn
preference for Qesternvsnowberry resulted in greater‘\use of

older suckers than in the iight October treatment. This was

because o}der, multibranched suckers were'about the same
height as the.western snowberry shrub layer under héavy
grazing. Conversely,ﬂolder suckers in the light treatment
had much taller growth habits due to fewer browsings over

the years. Furthermore, the western snowberry shrub layer
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was used more under heavy gfazing due to the lack of
abundant herbaceous biomass. These factors ;esulted in
insignificant correlations of age and number of branches
with aspen use and mortality under heavy October grazing.
Aspen use was also greater in areas with a iow aspen
densiﬁy. Again, this demonstrates the decrease in
selectivity noted when food density is lower (Emlen 1966}
Menge 1972; Ellis et al. 1976), consistent with behavior in
the heavy June treatment. Howevér, the wide differences in
aspen use and morgality bet;een the two heavy grazing
treatments indicated that aspen._was not considered a
profitable alternate forage source in October. Animals
éreferred dead herbage supplies and western snowberry leaves
and berries more than leafless aspen when depletion of live
'herbage occurred in October. However, significant use of
aspen as an alternate forage source was observed prlor té
leaf abscission and in June. |

Both light grazing treatments indiéafed that-cattle
preferred specific types of suckers based‘on height, agedand
number of main branches. Thus, under high food deﬁsity,
cattle were more selective regarding spécific plant
attributes (Emlen,1966; Menée 1972). The response to
morphological attributes of suckers implied a possible
relatidnship to diﬁferences in quality. One would suspect
that the youngef, preferred suckers were of higher quality
than older suckers. They likely contained less fiber, more

moisture, more protein and were more digestible. However,
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the direct relationship of animal selectivity to such
nutritional fractions can be considered unpredictable and
‘inconsistent based on the‘conclusions of Chapter 6 and other
studies (Arnold and Hill 1972; Zahorik and Houpt 1977).
Rather, response is more likely related to some specific
chemical compound influencing response at the sensory level
(Arnold and Hill 1972). Such compounds may or may not be a
chemical derivative of quality fractions. The morphological
attributes measured may also relate to physical factors
affecting animal response. For example, ease of harvesting
might be the factor determining preference for younger
suckers, pqihaps related to fiber and lignin content or
simply the gtem diameter. Cattle had notably more tropble
severing woody'stems than current annual growth. These
factors certainly affected the intake rates for browée
forages. The interaction of quality and physical factors
~with environmental variables further confdunds explanations
of animal response. Considering the integrated response |
theory confirmed in Chapter 6, all of these féctors play
some role in determining response. But, a lim&t to the
separation of effectsbexists due to cohfounding by the
interaction of variébles.

. The animal response to aspen suckers is largely
governed by certain morphologicgal attfibutes of aspén and
the relative density aﬁd avéilabiiity of all food types,
especially‘live and deaa‘herbage. Conversely, aspen sucker

mortality is dependent on the number of browsings, its
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morphological and thSiological stafe, and the indirect

effects of the environment upon animal response.



8. CONCLUSIONS

Grassland communities were generally preferred bver
forests or shrublands;'This was directly relaﬁed to the
relatively high fbraging efficiency cattle ac@ieved-Using
graésland forages. Bite rates, bite sizes and DM intake
rates fér grassland‘forages were greater than.for forest_
forageé. Nevertheless, browsing was a significant foraging
aétivity in all tréatmepts at levelslggceedihg prév@ous
reports in the literature. Browse species represented higher
proportions of cattle diets under a lightlgfazing intensity,
‘especiall§ in June when browse-leaves were available.

.Supplies of forest forages were more quickly depleted
than grassland forages. This depietion was more pronounced
under a heavy grazing intensity, thereby imposing additional
graziﬁg pressuré‘on grassland communities. Accordingly,
grassland forages contfibdted a gréater proportion to cattle
‘diéts underia ﬁeavy grazing intensity.

Cattle weré normally more selective among plant
cpmmunities_in Octobér than in June. They showed dfeaté;
avoidance"of forests and sﬁrublands and Qreatef preference
for graéslands in October. However, abnormally high use of:
forest and/shrubland commﬁnities occurred in October, 1981,
whea leaf abscission of shrubs and senestence of pélatable
fbrest'fqrbs were delayed by a laté'frost. Animals utilized
these unusually ava;lable forages as profitable alternatives
to grassland herBage over the short term. Once depletion of

these forages occurred, cattle diets were again dominated by

138
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grassland forages. Thus, cattle were able to determine ‘the
relative profitability of food acquisition among |
.communities. They did this by continual sampling of(gorages‘
and selection of a diverse diet.»Their response was an
integrated response largely dependent on the relative
.foraging efficiency, quality and availability of forages.
Forage quality had its biggest effect under situations of
high food availability. Cattle preferred live herbage over
-dead herbage, especially in June and under a light_grazing.
infensity.JSimilarly‘ leafy bféwse was preferred over dead
herbage when ample supplies of live herbage wére available.
However, browse species were avoided after leaf.abscission,
largely a response to the negative effetts on foraging
éfficiency. This demonstrated the dominating infiuence bf_
foraging efficiéncy oﬁ férage preference, considering that
dead herbage was a lower quality forage than abscised
browée.

The diverse diet strategy employed by cattle
contributed to significant use and mortality of aspen in all
treatments. Aspen mortality was two times greater under -%va
heavy grazing than under light grazing and five times
greater in June than in October. Aspen was avoided in
October because it was one of the firét browse species to
undergo leaf abscission. Browse that retained leaves and
fruit longer was preferred, especially western snowberry. In
June, aspen suckers wefe a‘preferred alternate source of

forage, especially under heavy grazing where depletion of
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grassland hefbage'was most severe. Aspen mortality was -
. highly dependent on sucker height and the number of
browsings per sucker. Shorter suckers and suckers browsed
more often had the highestlmortality rates in all
treatments.

This study has elucidated some of the effects that

grazing intensity and season of use have on cattle 'response

and- ey the range resource. The results have
cefp%;nx s to management. Firstly, greater use of
gfgﬁsi i ®Wiserved under heavy grazing intensities.

years haé ﬁaé ﬁegagiQe effects on range condition and
productivity in this study, especially in June (Bailey
*1980). In addition, the suhmér—long drought during 1981
caused gregter 6veruse of grasslénds. Obviously, stocking
rates should be adjusted for environmental conditions that
IVaffect forage production. Repeated application of light
grazing treatments for eight years has resulted in
unnecessarily high levels of dead herbage. Locélly overused
patches of rangeland that are g;azgd and regrazed in
.attempts to avoid the unpalatable litter have also
developed. Obviously, stocking rates and seaso; of use
should be varied to avoid these problems. Cattle would
utilize dead herbage more readily under a heavy graziﬁg
intensity applizd in October Qhen live herbage regrowth ana

palatable browse species are less available. Likewise,

forage species suffering from repeated overuse and

¢
S . oy
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competition with unpalatables under heavy June grazing would
benefit from a change in season of use. Grazing.in the
dormant state in October when carbohydrate reserves are most
plentiful is less stressful on herbaceous species., Shorter.
grazing periods Fsing higher'stéckihg rates would also help.
reduce preferential grazing of preferred forages while at
the same time forcing greater use of competitors.

On the basis of this study, cattle are a potentially
inexpensive method of controlling aspen invasion onto |
grasslands. However, their effectiveness is highiy dependent
on the grazing intensity, season 6f use and morphology of
suckers. Grazing stratégies_géared to achieve high aspen
mortality'should use a heavy grazing intensity in June,
based on these results. However, high leveis of aspen use
prior to leaf absciss&on were noted in October, 1981. This
éupports other research indicating a high cattle preference
for aspen énd other browse in late summef (Smith et al.
1972; Hilton and Bailey 1972; FitzGerald and Bailey 1984).
Further study of aspen mortality rates in response‘to |
browsing during late summer are desirable. Resulté of such
research could be compared with the aspen mortalitflrates

achieved in this study.
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