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Abstract:

Data were compiled for a grazing study over a 24 year period between 1932 and 1956 at the Livestock
and Range Research Station, Miles City, Montana. Previous research based on these data suggests that
climate is the major controlling factor of range condition and production.

The objectives of this study were: (1) to investigate the correlation between plant community
composition and precipitation, (2) to examine the effect of grazing intensity on the correlation between
plant community composition and amount of precipitation, and (3) to examine management
alternatives that maximize desirable plant communities for livestock production under variable climatic
conditions.

Basal cover data were collected annually from permanent meter square chart quadrats by using the
pantograph method. Data analysis employed multiple regression techniques with basal cover as the
dependent variable and precipitation parameters as independent variables. A series of predictive
equations were obtained to evaluate relationships among factors such as annual precipitation, preceding
annual precipitation, cumulative precipitation, and growing season precipitation. A total of 142 species
were recorded from 1932 to 1 956. Of these, predictive equations were developed with a coefficient of
determination (r2) of 0.70 or greater for twelve species. These included western yarrow, western
wheatgrass, fringed sagewort, red threeawn, blue grama, buffalograss, threadleaf sedge, needleleaf
sedge, tumbllegrass, scarlet globemallow, needle-and-thread, and green needlegrass.

Predictive equations were developed for three grazing intensities, for exclosures, and for all quadrats
combined. Cover was predicted for several precipitation regimes using each predictive equation. These
predicted cover values were then used to develop three dimensional graphs, which were used to
examine the precipitation regime that determines cover for a particular species. The response of each
species to precipitation is discussed. Each species responds to a different precipitation regime,
indicating that fluctuations in the precipitation regime will cause fluctuations in species composition of
the plant community By comparing graphs for the same species under different grazing intensities, the
effect of grazing upon plant cover is also discussed. Moderate grazing (.92 ha or 2.3 acres/AUM) was
recommended as the optimum for maintaining a composition most conducive to livestock production.
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ABSTRACT

Data were compiled for a grazing study over a 24 year period

between 1932 and 1956 at the Livestock and Range Research Station,
Miles City, Montana, Previous research based on these data suggests
that climate is the major controlling factor of range condition and
production.

The objectives of this study were: (1) to investigate the corre-
lation between plant community composition and precipitation, (2) to
examine the efféct of grazing intensity on the correlation between
plant ‘community composition and amount of precipitation, and (3) to
examine management alternatives that maximize desirable plant commu-
nities for livestock production under variable climatic conditions.

Basal cover data were collected annually from permanent meter

square chart quadrats by using the pantograph method. Data analysis
employed multiple rggression techniques with basal cover as the depen-
dent variable and precipitation parameters as independent variables,

A series of predictive equations were obtained to evaluate rélation-

ships among factors such as annual precipitation, preceding annual
precipitation, cumulative precipitation, and growing season precipi-
tation. A total of 142 species were recorded from 1932 to 1956, Of
these, predictive equations were developed with a coefficient of

determination (r<) of 0.70 or greater for twelve species., These.

included western yarrow, western wheatgrass, fringed sagewort, red
threeawn, blue grama, buffalograss, threadleaf sedge, needleleaf
sedge, tumblegrass, scarlet globemallow, needle-and-thread, and green
needlegrass,

Predictive equations were developed for three grazing inten-
sities, for exclosures, and for all quadrats combined., Cover was
predicted for several precipitation regimes using each predictive
equation. Thése predicted cover values were then used to develop
three dimensional graphs, which were used to examine the precipitation
regime that determines cover for a particular species. The response

of each species to precipitation is discussed. Each species responds

to a different precipitation regime, indicating that fluctuations in
the precipitation regime will cause fluctuations in species
composition of the plant community, By comparing graphs for the same
species under different grazing intensities, the effect of grazing
upon plant cover is also discussed. Moderate grazing (.92 ha or 2.3
acres/AUM) was recommended as the optimum for maintaining ‘a
composition most conducive to livestock production: ' )




INTRODUCTION

Clima;e appears to be the major-controlling‘factor of plant
g;owth in the Great Plains, _Beed and ‘Peterson (1961) and Hurtt (1951)
stated that major trends in vegetation chéracteristics are determined
by fluctuations 1n'elimatic»conditions, and that changes within these
qajor trends are influenced by grazing intensity,

At the present time, there are generalized ideas of £he influence
of precipitation and grazing intensity on rangeland plant coﬁmunitieso‘
but little effort has been made to quantitatively describe changes in
these plant communities as influenced by fluctuating precipitatipn
regimes. Researchers have developed models to predict or est;mate
forage production, but literature ﬁas not been found which atéempté to
predict plant cover under fluctuét;ng precipitation regimé;s°
Predictions of forage productiqf are very useful for determining
stocking r;tes. Howevér', by determining changes in basal cover of fhe
plant species present, a more concise understanding of the changing
ecological roles of the species can be aehievéd, and hence a better
unéerstanding of cpmmunity Qynamics of the range ecosystem can'be
realized.

The purpose of this thesis is to qgantitatively describe changes
in basal cover of'vegetétion in response to variation in precipitafion

and grazing intensipyo
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’;‘he specific objectives of this study were:

1. To investigate the relationship between plant community
composition and Iamount of precipitation. ‘

2. To examine the effect of grazing intensity on the relationship
between plant community composition and amount of
precipitation.

3. To examine ‘management alternatives ‘that maximize desirable
plant communitiqs for livestock production under variable

climatic conditions.




LITERATURE REVIEW

Climate appears to be the‘major factor controlling plant groét?r\
in the Great Plains. ' Reed and Petérson (1961), Hurtt (i951), an&;/
Clark, Tisdale and Skoglund (1943) stated that major trends in
vegetation characteristics are determined by major changes in climatic
,conditions and that changes within these major trends are influenced.
by grazing inteﬁsity. Whitman, Hansen and Peterson (1943) stated that
drought is the primafy influence of vegetational change. Forag;
production may decrease due to abnormal climatic conditions am‘l’~
increased grazing intensity (Albertson, Riegel and Launchbaugh 1953).
Climatic conditions greatly affect the quantity, quality, and
availability of forgge (Clark et al. 1943). |

Soil moisture content has also been considered the major factor
controlling plant growth, whether it be biomass production.or
tillering, which increases basal are# (Clark et al. 1943; Schumachen
1974; Coupland 1958). However, fluctuation in soil moisture is due - to
~variation in precipitation (Schumacher 1974). Therefore,
precipitation; wﬁich is an element of clim#te, appears to‘be‘g major
controlling factor of plant growth, There is a direct relationship
between the amount of precipitation and’forggé production (Aibertsbn,
Tomanek and Riegel 1957L'

Other climatic factors have beep reported in the literature és
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limiting vegetational growth. These include high temperature, low

humidity, high winds, and burial by dust, along with low soil moisture

(Weaver and .Albertson 1936). Clark et al. (1943) stated that

temperature is a controlling factor in the eafly spring, insofar as’

determining when pl;nt growth.begins. Ehis is also a period when soil

moisture is usually plentiful. It appears that other éiimatic factors ’

“also affect availabiiity of moisture and the plant’s ability to use

it, so available moisture remains the major controlling factor,
Several authoré have discussed soil related factors that control

plant growth. Yoéng (1956) stated that plant death loss due to

drought can be related to soil type and land management, Ballard and

o

X

Ryerson (1973) stated that forage production varies more due to range 3%

site -and condition than precipitation., They reported that, in

northern Montana, only four of ten grass specles showed a significant
relationship between forage production and precipitation using
regression and correlation techmiques., When considering sandy soils,

Herbel, Ares and.lright (1972) reported a direct relationship between

drought damage and depth of soil. They stated that a shallow soil is %

better because it holds moisture closer to plant roots, where it is

more readily available. Cook and Sims (1975) stated that soil type;¥\

and past grazing use deterﬁine changes in species composition, with

dry years emphasiziné these changes. In contrast;, Abel, Rosenfield
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and Stephens (1962) refute this, stgting that precipitation has the
major influence\on‘plént growth, with other climatic factors, soil
type, topography, écological factors, and management practices, such

as stocking rate or breeding programs, having less influence, Weaver,

Stoddart and Noll (1935) reported similar findings, stating thatx

drought effects are mostly due to reduced soil moisture, with little

effect from low humidity or high temperature.

Only two researchers, Johison (1981) and Craddock and Fonslihg;g

(1938) stated that grazing effects have a greater influence on the
range ecosystem than does climate. Craddock and'Férsling (1938)
discussed use of spring-fall sheep range in southern Idaho, which may
not be comparable td summer cattle use in southeastern Montana.
Effects of drought can also be increaéed~by other factors which
occur as a result of the drought éonditions° These factors usually
intensify adverse effects of dréughto Grasshoppers are influential in
the deterioration of rangeland during dyought (Cook and Sims 1575;
Reed and Peterson 1961). VWhitman et al. (1943) reported that

grasshoppérs increased during drought; which greatly  increased their

use of grasses, Litter cover is also lost from the soil surface >

during drought py'unknown means (B.¥W. Sindelar, personal |

communication). Therefore, the insulating and reflective dualities'of
the litter cover are lost, allowing increased evaporation of soil

moisture -and heatiné«of the soil profile. Organic. matter content of
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the soil profile is also decreased because less litter is available to

be incorporated into the soil,

Climate of the Great Plains ranges from sub-humid to semi;arid
(Cnupland 1958). At.Miles_City; Montana, where this ;tudy is located,
the ciimate is semi-arid, Hurtt (1951) reported that average annual
precipitation is approximately 325 mm (13yinches‘), of which '705
typically falls between April fingt and September 30th, EThroughout
tne Great Plains, precipitation on a monthly or an annual basis varies.
widely from the long term mean ﬂClark et al. 1943; Cook and Sims 1975;
Craddock and Forsling 1938). . Extended periods of dronght are common
(Cook and Sims 1975). By the samé,token, extended periodﬁ of above
average preeipitation can also occur, Smoliak et al. (1976) stated %
~that wet. or dry years tead to occur in sequence, Thus, dronght'
periods and periods of normal or high precipitation alternate
regularly over time to develop weather cycles (Cook and Sims 1975).
Vegetation of the short and mixed grass prairie has evolved to reacti
in a relative equilibrium which changes continuousiy in relation to
1climatic fluctuations (Clark et al.‘1943; Newbauer at:al; 1980).
Thus, ‘different Plants will react differently dqriné wet or dry
cycles (Cook and Sims 1975) ~

Preeipitation fluctuations below’ normal are termed drought

(Reynolds 1954) Various definitions have been given for droughto
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The USDA Heather Bureau defined drought as a period when precipitation
is 30¢ of the average foé 21 days or longer (Ryerson unpublished; Cook

and Sims 1975). Another definition,is: a period when annual

precipitation is 7T0% of normal or monthly precipitation is 60% of

normal (Cook and Sims 1975). The Society for Range Management uses
the definition: %prolonged dry weather, 'generally when precipitation

is less than 75% of the average annual® (Bedell and Ganskopp 1980).

" Hurtt (1951), reporting on drought in southeast Montana, defined it as

being when total precipitation is less than T0% of the 229.5 mm (9.18
inch) spring-summer average for the area, This would be less than 160
mm (6.4 inches) of precipitation. He also stated that a seéious
moisture deficiency in the first four mpnths of the growing season
will result in greatly retarded plant growth. | '

One of the greatest problems with drought is that its occurrence

cannot be reliably predicted‘(Ryébson unpublished; Cook gnd Sims 1975;

Schumacher 197%4). ~The probability of‘Idrought can be estimated

(Schumacher‘1974). The probability of drought in southeast Montana .is
one year out of every five (Hurtt 1951) and in southern Alberta it isl
one year out of ev;ry four (Johnson 1981). Howevér9 the sequence
c#nnof be predicted (Hurtt 1951). Because of this, it has been.
difficult to ﬁanage rangeland for fluctuating 6limatiglconditions
(Cook and Sims 1975).

Drought pas a déleterious effect on tpe econony of the‘ranching
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ipdustry. Livesfock gains are greatly reduced during drought (Reed

and Peterson 1961), réesulting in lower tbtal production. This has the

- effect of lowering income. At the same time, in many cases, livestock

have to be removed from the range, They méy be sold, moved t6 a
region that has not been affected by drought conditions, or féd hay or
other supplements;' All of these alternatives are costly and incur
large economic losses for ranchers. Because of this, drought has

received considerable attéhtion, with many reports written on its

" effects (Newbauer et al. 1980; Coupland 1958). Most of these studies

were initiated to 1pvesfigate the effects of grazing on range, but the'
effects of climate.were superimposed on them (Coupland 1958)5 In
contrast, relatively few reports are available on the effects of above
average pregipitation on réngé (Newbauer et al. 1980;‘boup1and 1958),
Recent interest has been shown 1n'above average precipitétion to
determine the‘effeéts of weathér,modificatiop on the Great Pléins
range eeosystém‘(ﬁewbauer et al. 1980). .Aléo,‘above avéragé.
precipitation needs to be better understood to make full use of the
increased growth that QSuﬁlly”oeeurs‘with increased preeipitation;
wi}hout lowering range condition, |

‘ 4 compfehensive understahding of the responses of the‘éange

ecosystem to weather and ghazing is desirable to improve management

"(Reed and Qetebsoh 1961). As of now, drought cannot be controlled,

but its impact can be lessened by propeﬁ livestock managemgnt, To do
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this, actual changes in plant communities need tb'be known so .that the

effects of'drought on the range can be Better understood, {

Abrupt "and fundamental changes in the amount and kind of living
plant crown area may result from severe drought and last longer than
ordinarily subposed (Reed and Peterson 1961).. The frequency and
dﬁr;tion of’drought are bofh‘importaﬂt iﬁ determininé'the severity of
the effect of éliﬁate on vegetation (Ryegéon uﬁﬁublished; Cook and
Sims 1975; Herbel gf al; 1972). The}elis a close relationship betﬁeen;g
" the time and ;mount of precipitation aﬁd pla'}nt growtl; (Albertson et
| al. 1953). One'wet or dry year will affect production, -but two or
more wet éé dry years are reqﬁiﬁéd to change the Sasal co?er'(Ryérson
unpublished; Smol;ak et al. 1976)=: Th; maghitude'Sfrchangq will
depend‘upon gnazing pressure, fiie, small hérbivorqs,land insects
(Ryerson unpubliéhed)a — o

Effeefs'of‘drought years can bé carried over into non-drougﬂt%v |
years, espéeially in sevefe afbughts, Sarvis (1941) reported thg£ in
the Qrought of the 1930"59 1934 and 1936 were the only tbﬁe drought
years. However, drought‘effécts were precorded thbouéhqﬁt the entire
period of the 1§30°se_ Also, récoxi_ery dqes not occur immediately af’ce‘r
a drougﬁt bréakso couplandg(iQSB) ahq Cgok and Sims (1975) reporteﬁ
two major reasons for fAiS{‘first,'it'takes time' to produce seed crops

and haveﬁideél eqnditiops:for seed’tolgermingte,and establish; and

’
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second, after plants have been dormant for a long time, it may takez<
two years to break dormancy, due to low vigor. - Albertsom et al.
(1957) reported that in 1940, a normal precipitation year which
followed a prolonged drought, deterioration continued throughout the
summer. In northern Montana, during a drought ih the early 1960,
basal cover continued to decrease in 1962, eve'n fhough it was a year
of normal preéipiﬁatiori _(Ry'erson unpuplished)° Ellison and Woolfolk X
(1937) reported that the effect of Qroughti ‘on ‘plam: viéor extends into
the year followuing dr‘ought. '

Native vegetation has developéd under conditi.on,s' of t;:ide clima_tic
variation (.Alber‘tson ét al. 1957). Marked changes in botanical
composition .oceur,' 'but the'plarit ﬁopulatidfxs are. not destroyed (Cool{
and Sims 1975). Thesé changes are slow, whether for betZtez' or worse
(Sarvis 1941). Nailti;.ve.' grass sSpecies will ’re'mai'n‘ dominant im prairies

unless they are severely overérazed or buried by &ust (Cook and Sims

1975; Schdmaehe‘r 1974; Albertson et al. 1957). Reed and Peterson

(1961) reported that in southeast Montana, perennial grasses continued
to make up most of the plant cover _tﬁ;;oughout all climatic conditions
or grazing inteps:!,tiese Cover fiid not deteriorate to weeds br
unpalatable gré;ée’s;‘ 'Tﬁe;ré' was.no elimination of any componeat or -
;tal destructi’on" '.c;f‘ir"a.ngle~ eovgn; dh"xying drpdght in :nt;rtheg'n ,Montam‘-.\
(Ryerson unpubliléh'éd')lg"“Ryler'a;r‘n,'f;tuzrl’th_er,' Stated vt'hat c?mpo'sition was

comprised of ﬂspeeie‘s that can ioleryate“drought conditions. This
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indicated high tolerance of such range to adverse conditiqns. Mixed
grass prairie in gestern North Dakota is highly stébie‘during
fluctuating moisture conditions (Whitman et al., 1943). Studies from
various areas of thé western rangeland iﬁdicate that foraée'
production, basal area cover, and species composition may be changed
dréstically by major weathér fluctuations, bﬁt'uéu;lly the dom;nant
species are not completely lost from the st;nd (Cook and Sims 1575L
A few species are temborariiy completely killed, but they recover
after drought from seed or vegetative spread. Only two reports
contradict these statements, Hurtt (1951) stated that a small declihe
in annual precipiﬁatioﬁ may result in reduced growth‘or even in total
failure of all but the most drought resistant species. Albertson:and
Weaver (1946) reported that drought and dust, unaided by grazing, had
reduced an area of mixed grass prairie to a disclimax of short
gra.sses° However, ‘it appears that these aﬁthovs considered only the
immediate effects during the very severe drought of the 1930°'s, and
=did‘not consider post drought recovery; ‘

Drought effects range from reduction in vigor, or size,'including;&
height growth, basal diaﬁeter,,and root length, to actual death of the
plant (Ryerson unpublished; Cook and Sims 1975). Thus, drought causes
a reduction in basal cover by mortélit& of parts or all of individual
plants (Pieper ané Donaré 1975; Cook and Sims 1975)..

Different speciés have different drought tolerances and therefore
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significantly different mortality rates (Chamrad aqd Box 1965).
Strategies used to incréase drouéht tolerance include deep rooting,
spread by stolons aﬁd rhizomes, making maximum use of light showers,
greater ;Qteral:distribution of roots, or'reduced palatability, which
will reddce grazing stresé during Qrought stress (Chamréd and Box
1965; Weaver and‘A;bertson 1939;'Weaver et al., 1935). Because of
'inherént aifferences in drought tolerances, -species react and chénge
in different amounts during and following drought (Cous and Sims
1975) .

There are seve}al general responses that vegetatioﬂ undergoes
during drought. The earliest response of vggetatiﬁn is a reduction in
forage yield (Weaver and Albertson 1944). Young and shallow rooted
plants die first (Coupland 1958). Decrease in cover is more rapid in
eariy years (Albertson and Weaver 1942). If drought ﬁerSists for an
extended period, cover may actually increase slightly due to spread
into bare areas by more drought resistght species. During drought,
losses of cover seem to be greatest on more densely covered areas
(Coupland 1958).'_However, dominant species that decréasé most }apidly
during drought appear to’incrgase most rapidly following drought (Cook
"and Sims 1975). ‘

\ Vegetation response during drought recovery proceeded through
definite seres of secondary succeSsidq (Coupland f958).‘ The'initial‘

sere depended upon the amount of deterioration that had occurred. The
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order of the seres was: annual fdrbs& annual érasses wiﬁh pefenniai‘
forbs, early perennial g}asses, and late perenh;al gfa;ses. Rate of
recovery deéendea oﬂ several factors:

1. predrought cover

2. degree of depletion of vegetation during drought

3. plént species remaining ", , -%

k. dusi‘burial damage ‘

5. grazing intensity beforé,‘during? and after drought

6. trampling after drought

7. amount and distribution of precipitation after droﬁghti
(Coupland 1958; Ryeérson unpublished).

. Drought“génerally causes ‘a decline\in baSal cover, Qith»species
composition shifting toward short grasses (Newbauer et al. 1980).
Reed and Peterson (1961) reported ‘on the effecits 61‘ the 1930's drought
in southeast Montana., Im 1933, prior to the drought, basal cover of
all grasses was 28%,.but by 1937, it was reduced to 2%, Moét major
grass species cover deciined, but oﬁe, Sandberg bluegrass (Poa
ggngggng;;1), which increased during the drought period. Recovery to
the original amount of basal cover of grasées w;s completed by 1944,
Houston and Woodward (1966) reported on a.different phase of .the samé
study betwegﬁ 1945 and 1956. During this period, total basal cover
declined. Precipitgtion‘was below aerage for most‘of'thisﬁperiod.

i

TNomenolature taken from USDA Soil Conservation Service (1982)
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This decline included most species, with the only species increasing

cover being Sahdberg:bluegrass,threédleaf sedge (Carex £ilifolia),

and big sagebrush (Artemisia tridentata). Ryerson (unpublished)

reported on a drought occuring from. 1960 to 1962 in northern Montana.

Total basal cover was reduced from 14.,5% in 1960 to 6.7% in 1962, with

gfass and. sedge basal cover reduced f}om 1i.4 to 6.2%. Hhitman et él.
(3943) reported on the effects of drought in western North Dakota.
The ef‘fécts in North Dakota were not as severe as in Montana. Basal
cover decreased from 30% in 1933 to 13% in 1936. Recovery was
relatively ﬁapid, with many species attaining greater basal cover. than
previous to drought. In eastern Wyoming, basal cover decreases of 50%
or‘more can be expected when wet years are followed by dry years
(Lange 1945). In southern Alberta, bésal cover declined throughout
the drouéAt of the 1930's, with a similar amount of decrease in basal
cover occurring whetﬁer the vegeéation was grazed oi proteéted (Clark
et al. 1943). Several repofts have been writtgn about the effects of

drought in the Central Great Plains, mostly in Nebraska and Kansas.

"By 1936; at the height of the drought, perennial grass basal cover had

declined by 20% (Weaver, Robertson and Fowler 1940). By 1939,

perennial grass cover had increased to twice what it had been in 1936.

" Annual grasses increased basal cover profusely (56&%'increése)

immediately after 1936, But had décreased-by 96% of this ihcrease‘by»

1939. Weaver and Albertson (19h0)‘5eported that basal cover was
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reduced by two thirds to one half of the original basal cover during
drought. .WQaver and Albertson (1939) alséfreported hhaf the major -
dominant grasses suffered the most loss in basal cover and were also
slow to recover. ﬂeanwhile, other peremn;al grasses that weren't
dominant prior to the hrought, butrhad xefic qualities, 1ncreased‘and
became dominant during the drought. The fact that these species had
incréaseq was qvident by the age class sﬁructure being characterized
by,young, newlf established plants. Annual grasses increased rapidly

during diought, but were repléced,quidly following drought. In mixed

grass prairie of the Central Great Plains, midgrasses were lost and

the shortérass blue grama (Bouteloua gracilis) dominated (Coupland
1958). Craddock and Forsling (1938) reported that total basal area
decreased j9% from 1923 to 1932 due to drouéht in gouthern idahQ.
Pechanec, Pickford and Stewart (1937) stated that basal cover of
grasses decreased by ép%,at the same site during droughé, o

Coupland (1958) reported that during long périods of above

‘average moisture, which occurred during the 1940's and 1950 in

Alberta énd Saskatchewan, succession moved toward more mesic
eommunities. Tﬁis included increased total basal cover and a
compositional Shift toﬁard midgraséesAwith prqpoﬁtionately less short
grass cover. In southern Canada, total basal cove; iqcreaseq 23%
during’the préiioualf mentioned period (Coublaqdl1958),4 In -

southeastern Montana, total basal cover increased 61% and composition
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shifted toward more midgfasses during a 13 year period:of above

average precipitation (Newbauer et al. 1980).

Compositional changes due to fluctuating precipitation varied due
té location in‘the Great Plains and type of grass cover (Coupland
1958). Western wheatgrass (Aggggxngﬂ Smithii) basal cover decreased
drastically during extended sevére drought in southeastern Montada,
losing 87.9% of its cover from 1933 to 1937 (Hurtt 1951; Reed and
Peterson 1961). In contrast,  western whéatgrass increased to be the
dominant species during the same period in North Dakota (Coupland
1958), Nebraska, and Kansas (Weaver and Albertson 1940; Weaver and
Albertson 1939; Weaver and Albertson'1936). Recovery of western
wheatgrass to the pre-drought level of basal cover was siow in
southeast Montana (Reed’and Peterson 1961). They reported that
complete recovery from the 1930°s drought had not yet been reached by
1945, Recovery of western wheatgrass ﬁas also slow in western quth,
Dakota (Whitman et al. 1543); but it made rapid increases in basal
cover following drought in central North Dakota (Sarvié 1941).

Most wheatgrﬁssesILAggggxggn SpPPp.) generall& increased basal
cover during peridds of above average precipitation throughout the
Great élains (Coupland 1958). Newbaueé ét al. (1980) reported similar
results during a period of above avérage precipitation in soutﬁg&st |

Montana.
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Blue grama basal cover decreased more rapidly during drought in
. southeast Mont;ng ﬁhah'diq midgrassés (Coupland 1958)o Blue grama is
-a‘warm seasoﬂ species, thle most midgrasses are cool season species.
Consequeptly, midgrasses probably had thg advantagé of using]availéble

moisture before blue grama initiated growth, Ellison and Woolfolk

(1937) and Reed and ?étersoh (1961) reported high death losses of blue -

grama in southeast Montana as a result of drought. Hurtt (1951)

. ,hepor;ed that biue gréma actua}iy lost 95.59 of its basal cover

between f933 and 1937. In northern Montana;:basal cover of blue grama
decreased from 6.2 to 4.1% over a two year drought periéd (Ryepson
unpublished). In central North Dakota, on range dominated by blue
grama, Sasal cover of blue gramé Qecréased little durimg drought and
recovered quickly (Sarvis 1941). This response was attributed to an
ability to respondfto light rain showgrs,‘making it poséible to use

any available moisture. In the eastern part of the Central Gréat

Plains, blue grama colonized bare areas that were previously occupied

by taller species (WeaVer‘and‘Albertson 1939; Albertson and Tomanek
1965). Further west in Kansas, where the effects of drought were more

severe; even blue grama basal cover decreased (Weaver and Albertson

1940). Blﬁe grama ' was slow t6 récover to pre-drought cover levels .

where it had suffered large losses (Reed and Peterson 1961; Whitman et

al. 1943). Pre-drought basal cgven\of blue'érama had not been reached

by 1945 in southeast Montana (Reed and Peterson 1961). Newbauer et-
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al. (1980) sfated that blue grama\gppéare& to be one of the most
drought tolerant species when éonsidering the entire Northern Great
Plains., | “

Under above average precipitation, blue grama basal cover tended
to decrease in southeast Montana and southern Canadé (Newbauer et al.
1980; Coupland 1958). However, this response varied, depending on the
range site being considered.

In southeasy Montana, buffalograss (Buchloe dactvloides) lost as
much basal cover during drought as blue grama. It was reduced by
95.9% of ité cover from 1933 to 1937 (Hurtt 1951; Reed and Peterson
1961; Ellison ahd HWoolfolk 1937). After the drought, buffalograss
increased basal cover rapidly, It reached. pre-drought amounts of
cover by 1942, .and achie‘ved 50% greater éover than ‘pre-drought' amoﬁfxts
by 1945 (Reed and Peterson 1961). Studies iﬁ the Central Great Plains

reported various responses of buffalograss to drought. Some studies

reborted that buffalograss decreased during drought (Coupland 1958;

Weafér and Albertson 59“0; AlBentson and Tomanek 1965). These reports
stated that buffalogra;s generally decreased more than blue 5ramé°
These authors also s£ated that buffalograss increased rapidly
following drought. 1In céntrast, Weaver and ﬁlbertson‘(1939) reported
that buffalogra;s iqéreased during drought. |
Newbauer et al. (1980) classified threadleaf sedge as one of the

most drought tolerant spécieé throughout the Northern Great Plains,
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In’southeast Montana, threadleaf 'sedge basal cover decreaSed only half.

as much during droqght as blue'grama, buffalograss, or needle-and-
thread (Stipa comata). It lost 54,73 of its cover from 1933 to 1937
(Reed and Peterson 1961; Hurtt 1951)f It had recovered to -pre-drought
levels by 1942 (Reed'and Peterson t96i). Threadleaf sedge.tended to
react to above average precipitation similar to blue gramaw with an
inerease or decrease in basal cover depending on the range site
(Newbauer et al°1980) .

Prairie junegrass(Kgﬁlsliﬁuaxnﬂm$gaﬁafbasal cover decreased
during drought in North Dakota (Sarvis 1941). Prairie Jjunegrass
appears to be one of the species on the Northern Great Plains which is
least drought tolerant (Newbauer et al. 1980). Prairie junegrass
increased its basal cover during above average precipitation in
southeast Montana (Newbauer et al. 1980)

Sandberg bluegrass.was the only perennial grass’species that
increased basal cover during drought in southeast Montana (ﬁeed and
Peterson 1961; Hurtt 1951; Ellison and Woolfolk 1937). Sandberg
bluegrass is a minor species'during years of normal precipitation
(Lommasson~1939). These authors disagree on the actual amount of
increase in basal cover. Hurtt (1951) reported that Sandberg
bluegrass basal cover increased 75% from 1933 to 1937» while Reed and

Peterson (1961) reported an increase in basal cover of 4.5 times.

" These increases were especially pronounced on heavly grazed sites and
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during extended drought (Lommasébn-1939$.l It increasedlﬁntil it waé )
the dominant speéies’during drought (Hurtt 1951). Séverél factors
were suggested by Lommasson (1939) which allowed Séﬁdbeig bluegrass to
increase during drought. There is a decrease in compet;tion rrém
other perennial grésses as they dié° Also, Séndher#rbiueghass
develops early in the spring and matures seed before tﬁe hét, dry
summer intensifies drought. It useé winter moistuﬁe Sefore the soil
dries up. It combletes growth in only‘100 to 120 days, so seed is
usually mature in‘June. ‘The plant is then ddrmant‘ﬁhrouéh the summer.
Meanwﬁile, other‘perennial grasses try té m;ture seed during ;he
driest season. Dgring‘recovgry, Sandberg Bluegpass was reduced to its
pre~drought level by_1943‘in souiheaﬁt Mdntana'(need‘and Peterson '
1961). | o |

Needlé-andnéhread basal-cove; decreased during drouéht‘in
southegst Montana (Coupiand 1958; Reed and Peterspn 1961; Hurtt 1951;
Ellisoﬂ and Woolfolk 193%). Basal cover decre;sed 97.7% from 1933 fo
" 1937 (Hurtt 1951). It had regained its/pbe-drought basal cover by
1942 (Reeé and Peterson 1961). It is among the specig; that,rec;ver
from‘drought most rapidly, through establishment of new seed.].ings~
(Ellison and“woélfplk 1§37)w“bﬁriné a tgo'yéér drougit iﬁ ﬁorthern
Montana, bésal cover of needle~-and-thread Has Eedueed from 2.9 £0,0.8§
(Rierson unpubiished).-'Basélﬂeo;ef.6f‘needlé-éﬁd-£hre;d Qés;beduééd\

due to drought in North Dakota also (Sarvis-1941), Newbauer et al.
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(1980) classified needle-and-thread as one of the least drought

tolerant species in the Northern Great .Piaine. However, Hurt‘t ,(1951.)
stated that it seemed to be the _gx;ass s;;ecies most able to recb\rjer
from drought,’ ’ |

Needle-and-thread responded to above average precipitetien in
southeast Montane by increasing basal cover (Newbauer et al. 1980)o
However, during a pet;iod of above average preeipitetien in’southern
‘Canada, needle-end-thread basal cover decreased (Coupland 5953).

Little bluestem (Schizachyrium M&m) basa],"cdver decreased
during drought in North Dakota (Sarvis 1941) and in- the Central Great
Plains (Weaver and Albertson '1191#0; Weaver and Alber‘ts‘on'.i93§‘;

Albertson and Tomanek 1965; Weaver and Albertson 1936).

Forbs are affected by precipitation fluctuation ina similar‘

manner to grasses, Some are more drought resistant than others. Some
species vanish or decrease rapidly, while others 'may-act“ually
increase, at least during the beginning of a dr"ought (Weaver and
Albertson 1939). Different epeeies use different strategies to
survive drought, such as dormaricy or reduced stature (Coupland 1958).
Species »wi'th fleshy roots 'o‘r storage organs are of.tenuabie to .persist
. through drought the best (Weaver and Albertson 1939). |

Duridg the dl;'ought period from 1533 to 1937 in southeast Montana,
total basal cover of forbs decreased by 82. 8% (Hurtt 1951) Du}‘ing a

two year drought in northern Montana, basal ‘cover of forbs was reduced
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from 3.1 to 0.4% (Ryerson. unpublished). In the Central Great Plains,
forbs generally suffered losses due to drought, Qith up té a 50% loss
in basal cover (Weaver and Albertson 1939). ‘weaver et al. (1940) -
reported that perennial forp basal cover decregsed By 28%, while
Weaver and Albertson (1936) reported a complete disappearance of all
native forbs. If appears that forp response to climate'is site
dependent. In southern Idaho, basal cover of perennial forbs
decreased U40%, and ;hnual forbs eompletel& disapbeared during drought
(Pechanec et al. 1937). The loss of forbs on this site.occurred‘more
rapidly than'the loss of grasses.

Recovéry of forbs also varied following drought. Annual‘forbg
increased immediately following drought, but perepnial forbé recovered
more slowly kwhitﬁan et al. 1943). .Thé cover_of perennial forbs. was
128% greater following drought than pre#ious to drought in southern
Idaho (Pechanec et al. 1937). Annual forbs appeared immédiateiy after
drought and comprised a majority of the cover, but théy decreased
rapidly as perennials reestablished (weaver and Albertson 1939;
Pechanec et al. 1937; Sarvis 1941), |

Annual pepperweed (Lepidium g§g§$g;gngm) was often the dominant
annual forb invading the Great Plains region during and immedigtely'
following drought (Sarvis 1941; Weaver and Albgrtson 1939).

Scarlep globemallow (Sphaéralcea gggggngg) basal cbver increased

during drought (Couplana 1958). After drought, scarlet globemallow.
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cover decreased to pre-drought levels.

Forb and shrub basal cover response to above avérage

precipitation varied depending on the site beingyconsidered (Newbauer.

et al, 1980).

Plains pricklypear (Qpuntia gg;gggﬁﬂigg) basal cover‘increased
during and immediately following drought (Reed and Peterson 196f;
Ellison and Woolfolk 1937; Hurtt 1951). The aétua; increase  in cover

in southeast Montana was 108.3% during the period of 1933 to 1937.

This made it one of the major constituents of the plant community

during drought (Hurtt 1951). It appeared to be favored by hotter and

drier weather (Reed and Peterson 19671). . There was a decrease of:

parasites of plains pricklypear during dry conditions (Coupland'1958L
. Also, it ié spread by rhizomes or by distribution of seed and
vegetative parts by livestock. As the weather became wefter and
cooler, plains pricklypear cover was‘reduced'to pre-~drought amounts
(Reed and Peterson 1961; Coupland 19585. By 1946, plains pricklypéar
cover was .basically the same as before the drought in southeast
Montana (Reed and Peterson 1961%

Sagebrush (Ag&gmigia spp.) was greatly reduced by drought in

southeast Montana (Reed and Peterson 1961). Different sagebrush

species recovered from drought to differgnt deérees. Silver sagebrush

(Artemisia cana) reestablished ahd recovered rapidly. Bj 1943, there

were about seven time;‘as many plants as prior to the drought (Reed
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and Peterson 1961). Big sagebrushvdid not recover as rapidly
following drought or to the extent that silver sageﬁrush did. Fringed
sagewort (Artemisia frigida) increased rapidly following drought,

probably due to its ability to invade deteriorated or disturbed sites.

Coupland (1958) reported that fluctuations in 'annual
precipitation are often less important fhan distribution of -
precipitation. When a storm occurs, an area may receive one third of
its annual precipitafion in that one stofm. Different species
characterize the aspect of a plant community in succeeding years due
‘to the timing and distribution of precipitation, which will favor
-various species in successive years (Séivis i941). This is bécause
each species responds differently to precipitation at various periods
inits growty cycle (Abel et al. 1962). ‘

Different moisture regimeés determine forage production in a given
year than the moisture regimes thét de;ermine plant cover, Plant:k
cover is more closely related to wéather cycles, while production is
an indicator of the growing conditions within a single year (Henbel et
al. 1972; Ryerson unpublished; Smoliak et al. 1976). ‘

Herbége produc;ion and the moisture regime that éontrois it has
been studied by more researcher§ than has plant cover, Reporﬁs have
been baéed in'somg cases‘simply on observation, while in other cases,

regression and correlation techniques have been used_to determine

L. N s
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which factors most strongly affect and determine production. Reed and -

Peterson (f961) reported that annual férage production uéually depénds;

on spring precipitation. Ballard and Ryerson (1973) used regression
and correla;ion on forage production data from northern‘Montana., They
reportedythat of éen grass species analyzed, onlj four species are
‘ significantly rélated to or influenced by precipitation., These are
western wheatgrass, .green needlegrass m;&m){ needle-and«
thread, and needleleaf sedge (Carex eleocharis). Westerﬁ wheatgrass
tends to be influenced by growing season precipitation. ~ April through

June pfecipitation faéprs cool season grasses, but generélly disfavors

warm season grasses. Sarvis (1941) reported a high correlation

between April thrqugﬂ June précipitation anq forage productipn in
North Dakota. Rogler and Haas (1947) studied the correlation between
soil moisture or ‘precipitation and forage prodﬁction in North bakota.
Therg is a highly significant correlation coefficient (r) between fall
spil moisture af certain depths and tot;l forgge broduction the
following season. These arers.,72 at 1 m (3 feet) andr=.T4h at2 m (6
feet). They also stated that r=.76 between April through July

precipitation and forage production for the same season. Use of all

of these variables ‘together further increased the r value. In Sbgth:

Dakota, correlation was best between the previous September through
June precipitation and forage production (Johnson 1981). Johnson

further stated that there is aAcomplei internelationéhip between
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season of precipitation, plant vigor, rénge condition, and forage
production, Theref9re, plant vigor and range condition may affect the
correlation between precipitation and forage production (Johnson 1981;#(
Weaver and Albertson 1944). In southern Alberta, fo}age qroductibn is
related to the precipitation/evaporation ratio (Clark et dl.1943)«§
They also stated that moisture from fall and winter did not‘appear'to
be as important as frecipitation dﬁring the growing season. Smoliag
(1956), also working in southern Canada, reported a high correlation
(r=0.86) between Méy through June precipitation and forage»production;

He developed the following regression equation:

Y = 27.17 + 78.48 X (r2=0.74) 4
Y = predicted forage production in 1bs. ber acre
X = May + June precipitation

He reported that there are negative correlations beéween forage
production and seasonal average tempefature, hours of bright sunlight,
wind mileage, or seasonal evaporation., Abel et al¢'(1962)‘used March
through June precipitation plus monthly deviation from average
temperature fqr Mayyaﬁd June to predict forage production for .the
current season in the-Northern Great Plains., In the Central Greatﬁy
Plains, amount and distribution or‘raipfall during the six sﬁmmer
months (April through September) greatly affect groéth of grassland
vegetation (Albertson et al. 1957). This ié especially true of early

summer rains, with late summer rain béing too late to hélp plant
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growth 'if early rain was lacking. In western. Kansas, forage
production shows a stronger relationship with seasonal precipitatibn
tﬁan with preseasbnél or winter precipitation (Huletflénd Tomanek
1969). They hence-reported thﬁt May and J;ne précipitgtion is msst
reliable for predicting”fbrage broductién. They also stated that
production of weedy quciés is correlated with April precipitation,

and short\grass produdtion is highly correlated with July

precipitation. However, Reinert (1962):stated that early season -

precipitation influences short grass production in Kansas, In eastern
Colorado, annual precipitation'from the two previous years and the
depth of moist soil on April 15 gave the highest porrelatibn with

forage production (Dahl 1963). In southeérn Idaho, production is

correlated (r=0.94%4) with precipitation in the previous winter and

current spring (Craddock and Forsling 1938). Sneva and Hyder (1962)
@éveloped’a regression eQuatioh fo;preaict foragg producf;on in the
northern .Intermountain Region:

| Y=1.11X - 10;6

Y

. yield index

X = precipitation index

' These 1ndiees éré in comparison to the median yield and precipita;idn

for a given ;ocation. In northern Nevada, the previous winter and

current spring precipitation determines sqil moi;ture, thch then

detefmines the length of the growing season and foragglproductionifor
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that season (Roundy, Eckert and Evans 1979)éK

Coupland (1958) reported that ‘basal cover decreases only during
prolonged drought. Reed and Petersonr(j§61)rrepbrted that two or nmore
consecutive years of drought are brobably necessary fer an appreciable
kill of plants and extended subsequenteft‘ects° In southeast Montana,
changes in basal area cover are most closely associated Hith
precipitation of the previous grouing season (Reed and Peterson 1961%9%
In eastern wyoming, a relationship exists between basal cover and
annual precipitation beginning on.the preVlous September .15th (Lange>%(
1945)., In southern Idaho, basal coves responds to previeus annual
precipitation (Craddock and Forsling 1938) Nelson (193&) reported
similar results for grasses in the desert southwest, - and further
stated that precipitation during the current summer has little éffect
en plant basal cover for tﬁat year; Herdel.et alo (1972) statedfthat,
thsmemm@,ﬁ@muumdmnmtmnMemMMpuwidme

groﬁing season has the greatest’lnfluence on perennial grass basal

cover.

Climate is the major~coptrolling factor of vegetation growth with
grazing intensity having pioportionately.less of an effect (Reed and
Peterson 1961; Whitman et al. 1943). Under normal conditlons, changesé@
in vegetation due to grazing occur slowly (Sarvis 1941).  In Texas;

for example. three years qf drought decreased range condition about
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the same, regardless of grazing intensity, inéludipg chénges in
exclosures (Osborn 1950). On mixedrgrass‘prairie in thé Central G;eat
Plaihs, losses in basal cover duping drought occurred throughout'all
grazing inteﬂsities.‘ HoweQér, the amount .of loss\varied (Qeaver and
Albertson 1936). Losses'of basal cover were 50 to 60% under no
grazing, 36 to 54% under moderate grazing, and 74 to 91% under heavy
grazing during the drought of the 1930°'s, | |

It 15 general;y acknowledged tﬁat past grazing use affects plant .
species composifion, especially’during a drought (Cook and Sims 19755.
Because heavy use Quring wet years may adversely affecf plant vigor to
the extent that‘érought effects are more severe, it is-unwise to X
reduce grazing inﬁensity only during drought (Albertson et gl. 1957).
Showers received during drought will produce more runoff. However,
Whitman et al. (1943) reported that deteriofation of heév;ly sfpcked'
rangeland in Norfh Dakota was less than that' in other apeés,
apparently due to removal of livestpdk‘dufing drogght.l They furtﬁer
stated that grazing hnder'drought conditions Houla result in heavier
utilization due to reduction in available vegetation, even thquh-
stocking fate may stay the séme. Reméval of l;vestéck couldvlihit
this and speeé recovery. -

Heavy grazing add; to the effecté of drought (Reed and Peterson
1961)f ‘Heavy/grazing not only keduces'yegetation growtﬁ; but glsp

livestock production (Reed and'Peterson\1961; Cook and Sims 1975). It
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aiso results in geneeal deterioration of rangeland, regardless of
precipitation (Cook‘end Sims i975). Range'that,is overgrazed prior to
drought suffers greater loss in stand, vigor, and cerryingvcapacity=£
when drought occurs (Schumacher 1974)., High plant deathnlosses are
usually associated with heavy grazing quring drought (Cook and Sims
1975). Albertson et al. (1957) stated that heavily grazed range
suffers most from erought and recovers slowest. Heavy grazing ean)k
cause unstable soil, low vigor in surviving plants, deereased,
revegetation in succeeding wet years, invasion of inferior plants,
intensified dry conditiens, deereased graeing capecity, and added
instability of livestock production (Helsonr1934). While it took five’
years to recover onlnodeeately grazed range, it took twenty or more
years for heeyiiy grazed'rahge to recever from dfought in the Central
. Great Plains (Albertson et ale1§57). It is sometimes difficult for
range managers to interpret the impact of heavy grazing, because coief
may increase under heavy grazing due to epread of shortgnasses
(Albertson et al, {957) However, after this stage, continued heavy
use often results in loss of perennial grass cover along with
accelerated erosion, Heedy species can then become prebalent.

Cpnservative stocking minimizes losses during dropéht (ﬁurtt'
1951). Moderate grazing may actually be better than no grazing
(Coupland 1958). It may cause a thinner stand, and reduce competition,

for moisture. It especially helps ‘'short grasses, because they are
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usually grazed less. Cover was about the same un&er either
conservative stocking or no grazing (Nelson 1934), and yield on
moderately grazed range was greater than when no graéing occured
(Tomanek 1948).‘

Drought récovefy is differentially influenced by graéing

intensity. Ranée should be used lightly following drought to perﬁit'%%

" rapid recovery (Ellison and Woolfolk 1937; Johnson 1981). Recovery is

additionally accelerated by livestock removal (Whitman et al. 1943).

Weaver and Hanson (1941) stated that even a single year of protecbiong%

from grazing greatly increased the regeneration following drought.

However, moderate gﬁazing may increase recovery due to prampling‘

effects and removal of excess mulch.

Grasses may produce more immediately after a drought because of
reduced.eover (Qéup;and i958). Yield increase response wa$ quickest on
heavily grazed sites, with moderately g;azed sites being delayed a
year or two (Coupland 1958; Weaver.and Albertson 1944), This is
probably due to fhe‘gpeater reduction in cover- on the heavily grazed

site. This increased production from a reduced plant cover can be

misleading, A range manager may think that vegetation has recovered,

while in reality, plant cover has hot yet fully recovered (Sarvis

1941).

Response of‘different species to grazing varies, just as plant

species respond differently to ‘eiim;tic vari.ableé."~ In South Dakota, '
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Lewis et al. (1956) reported that short grasses dominate uhder heavy
grazing, midgrasses déminaté under light grazing, and moderate grazing
maintains a propoftion of both mid and short grasse;° In southeast
Montana, the greétest total basal. cover occurred uhdeé médera£e
stocking after 25 years (1932-56) of continuous summer grazing
(Houston and Woodward 1966). However, in i945, on the same site, the
greatest total basal cover occurred under heavy stocking (Reed and

Peterson 1961).' This was because of an ;ncreaée in buffaiograss.

The response. of several species to grazing has been reported in

southeast Montana (Reed and Peterson 1961; Houston and Woodward 1966)

and southern Alberta (Clark et al. 1943). The graiing intensity which
favors maximum cover for each‘spécigs is indicated in Table 1.

Western wheatgrass response to grazing was variable, being inyersely

related to buffalograss cover (Reed and Peterson 1961). Blue gramé _

was favored by light grazing during drought (Reed and Peterson 1961).
Houston and Woodward (1966) reported that at the end of the study,
tumblegrass was only found on the most lightly grazed range. Reed and
Peterson (1961) stated that although needle-and-thread had the same
amount of basal cover, the cover under heavy grazing consisted of a
greater dens;tyvof smaller;yoﬁnger plants, With different speciés

showing variable fesponse to grazing depending upon the time period

considered, it is further apparent that climate has a gréater:effecp

on vegetation change than does grazing,
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Table 1., Grazing Intensity Which Favors Maiimum Cover of Several
Plant Species )

£razing Antensity ~ no
species light . moderate heavy _response

western wheatgrass 2 . L
red threeawn ’ 1
blue grama 2 -
buffalograss ‘ ‘
threadleaf sedge - A 2. ' - 1
needleleaf sedge : 2. . 1
inland saltgrass 2 -

prairie junegrass- , 1
false buffalograss ’
Sandberg bluegrass

tumblegrass 2 )

sand dropseed . . 2
needle-and-thread 3 2 i
green needlegrass 1 :

8ix weeks grass 1
plains bahai 1 .

Hoods phlox 1
woolly plantain 2
American vetch 1

scarlet globemallow 1 2
silver sagebrush - ’ o2

big sagebrush "2

fringed sagewort 2

winterfat . 2 <

plains pricklypear . 2 2

broom snakeweed g 2

—h  amb
v v N
N W

n

1 (Reed and Petersoa 1961)
2 (Houston and Woodward 1966)
3 (Clark et al. 1943)




Reed and Peterson (1961), Hurtt (1951), Cook and Sims (1975),
EllisonAand Woolfolk (1937), Albertson et al. (1957), and thtman ét
al, (1943) reported that conservative stocking is necessary before,
during, and following drought‘to limit permanent drought damage. Hurtt

(1951) stated that conservative stocking will also minimize livestock

weight losses. Maintenance of high animal numbers also decreases nep&#
income during drought because of increased cost and decreased prices .-

for calves (Boykin, Gray and Caton 1962). Therefore, it is Eest from 4/

an economic as well as an ecological-standpo;nt to feduce livegtock

numbers during drought. Reed and Peterson (1961) and Hurtt (1951)

stated that a minimum of 124 ha (31 acres) per animal unit per year,ﬁ%

or ‘1 .04 ha (2.6 acres) of good co'nditiop range per animal unit month
(AUM) are needed in southégsé Montana. This is appfoximately the
stocking rate of the interme&iate grézing intensity used in the study
that they reportedﬁ Reed and Peterson (1961) stated that this
stocking rate may have shown slow deterioration over a longer period
of time. They also stated that this stocking rate should only be useﬁ
as a guideline or éthr;ing point, and that actuél stocking for a
particular range should bg based on herbage utilization or range
condition aﬁd trend. Sarvis (1941) ré¢ommended a stocking rate of 14

acres per yearling steer per month.

Very fgw management practices have been developed specifically.
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for use during drought. Special practices for drought are to cull )g

early, alter the plan of seasonal use, énd restock slowly after
drought (Hurtt 1951); However, no indication is given as to actual
amount and timing to restock after drough£, Protection from grazing

during drought kept éegeneration of the vegetation to a minimum

(Albertson and Weaver 1944)., Most recommended management practices.

are those that range managers should use regardless of drought° These

include using early, short breeding season, providing salt and wateb,
and managing for even livestock distribution (Hurt¢ vési). Other
recommended practiees are using cpmplementary pastures, crossfencing,
developing wager, and using brush control (Fields 1977). Use of
rotational grazing was considered essential by Craddock and Forsling

(1938).




STUDY SITE DESCRIPTION

Experimental Design

Data for this étudy were compiled over ; 25 year period, from
1932 to 1956, on two areas located on the Livestock and Range Research
St;.ation near Miles City, Montana. One area, consisting of 338 .ha (845
acres) of level to gently rolling range, was used for spring and
summer grézing; while the other area, consisting of 400 ha (1002
acres) of rougher terrain, was used for fgll aﬁd winter.range. This
arranéement afforded protection.for cattle from winter storms, Each
area was uséd for approximately six months, Hith, moveiment from one
area to the other occurrihg approximately on May 15 an,d November 15.
The summer and winter ranges were each divided into thr‘eé pairs of
pastures of different sizes radiating from a central well and handling
facilities., These'éentral wells were.-the only source of permanent
water on »the studj argas‘. This arrangement 'made it possible to graze

8ix groups of ten cows under three rates of stocking. The stocking

rates on the summer range were .76 ha (1.9 _acres) per animal unit

~ month (AUM) for heavy grazing, .92 ha (2.3 acres) per AUM for moderate

grazing, and 1.24 ha (3.1 acres) per AUM for light grazing. Stocking
rates on the winter range were 0.8 ha (2.0 acres), 1.16 ha (2.9
acres), and 1.36 ha (3.l .acres) per AUM for heavy, modgr‘at;e, aﬁd light
grazing, reébectively. | |

The experiinent;al‘ pastures were u's:ed in the same manner in all
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_ years except the summers of 1932, 1936, and 1937, and the winters of

1934-35 and 1937-38. In these cases, grazing intensity was lightened

because the livestock were young or because the range was unable to-

support livestock due to drought. 1In addition, sﬁpplementa} feeding

was increased during drought periods. Because of these two factors,"

the actual adverse effects of drough£ under continuous grazing regimes
were moderated by an inestimable émount. —

For further information conéerning the character and design of
~ this study, see Reed and’Petersoﬂ (1§61), ﬂubtt (1951), and Houston

and_Woodward (1966).

»
eiial at Ll A 1@ A IH

Vegetation was tybical of the mixed grass prairie of the Northern
Great Plains. The range had been stocked conservatively and managed
qell prior to the study, leaving it in good condition., Perennial

grasses and sedges comprised the majority of the cover with the

ponck

remainder being mostly shrubs. Basal cover of all species combined@@ cﬂﬁ%&r

'ranged'from 15 to 80&; and averaged 40% at the beginning of the study.

Five grasses and one sedge comprised 65% of the total cover., These

were western wheatgrass, needle-and-thread, green needlegrass, blue’

gréma, buffalograss, and threadieaf sedge.

Precipitation data for the study were obtained from Miles City
. bl ' P R
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weather records located about g.u km (4 miles) north of the study
‘ site. Although individual precipitation events may have varied
between the study site and Miles City, it is unlikely that the longer
term cumulative precipitation data used for this study were different.
Precipitation fluctuated widely throughout the study (Fig. 1).
Average annual precipitation over an 80 year period was 323.5 mm
(12.94 in.,) (Houston and Woodward 1966). Average annual precipitation

during the study period, 1932 to 1956, was 314 mm (12.56 in.).
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Figure 1. Annual and Average Precipitation (mm), 1931 through 1956
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Precipitation was below the‘lpng ternm average between i930 and 1940,
except in 1932. Precipitation was low enough in 1931, 1934, and 1936
for them to be considered drought years. In addition, average monéhly
temperature$ were higher than the long term averagés during the
1930's. Precipitation w;s above average for an extended period
following this drought period, lasting fr;m 1940 through 1948, with
the exception of the slightly below average years of 1945 and 1947,
Temperatures from 1940‘t6 1948 tended to be clo;er to the long term
average. During the period of 1949 through 1956, brécipitation
fluctuated above and below average‘}n alternate years, with the‘last

three years all being below average.




Ll .t

METHODS AND PROCEDURES

Data Collection

Basal cover data were collected using the pantogfaph method (Hill
1920; Weaver and Clements 1938). The pantograph charté were obtained
from 57 square meter plots located throughouﬁ the summer and winter
ranges. Plots were di;iributed fhroughout the pastures to monitor
each grézing intensity, and were pléced in grazing exclosures to
determine the response of the range to prétection from livestock
grazing. Data were pot recorded in all ye#bs of the siudy period,
Years in‘whieﬁ the quadfats were not mapped were 1946, 1947, 1949, and
1951 through 1§55. ~All quadrats were not recorded in all years.

For ¢this study; only data from thé summer pastures were
evaluated, Growing seﬁson grazing had the greatest impact on
vegetation, as evidenced by the fact that vegetation changes were much
slowver on the Qihter,range (Reed and Peterson 1961, Houston and
Woodward 1966). Also, grazing impact during the Qinter was lessened
due to supplemental feeding. ' |
Data Analysis

Data from pantograph charts were entered ihto‘a file on the
computer as area (cm2) and as density (plants/m2) of each species in
eéch quadrat. Life form (grass, forb; or shrub) and grazing response
(decreaser, increaser, or invadéi) were also entered for each species,

Otheb‘information was -entered into the_daté set for each quadrat,
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including stockiﬁg rate and seasoﬂ of use, Another set cohtaining
precipitation d;ta on.a daily basis for the entire study périod was
also used. The computer was used to maniphlgte the data into the
forms needéd for anélyéis and to perform the analysis;

A total qf 142 species were reéorded on the study area tgpoughout
the séudy. Since many of them were of minor importance, it uaé first
necessary to eliminate those specles that showed no relationship
between their basal cover and précipitation, This was done to
simplify the stétistical analysis used later. The first step was to
examine the species list and eliminate obscure species which are
infrequent in mixed grass plant communities, The number of species

was further reduced by using three graphing methods which compared

basal cover to precipitation. Graphs were plotted by the computer,

The first set of graphs that were examined were of basal cover qf each
species versus time in years (Appendix A). These graphs were ébﬁpared
to a graph of anpual precipitation versus time in years, as shown in
F;ghre T; This comparison was used to determiné £hos§-speciés whose
cover fluctuated in direct response to precipiﬁ;tion. Species that
showed a definite relationship were retained for more in-depth
evaluation and-others were discarded.

The next step involved in preliminaryhspecies évéluation was to

plot the basal cover of the remaining species within each,grazing
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intensity versus time in years. This included 1ight, moderate, heavy
and no grazing. All four lines were plotted on the same graph. This

graph was then compared to a graph of precipitation versus. time in

years. The purpose of this method was to determine if cover of each

species was related to certain graziné intensities only, and to
identify which grazing intensitiés were most critical for each species
being considered. This method was largely unsuccessful because the

number of lines on any one graph made interpretation difficult, and in

" some cases impossible.

Finally, graphs were plotted with pasal cover of each species on

one axis and annual precipitation on the other axis (Appendix B).

This was done only for those species that showed a definite
relationship in the first step. This method plofted poiﬁts 1) thét
the nature of a relationsh;p could be more clearly visualized., These
graphs were subsequenti& used to identify variables that might be used
advantageously in multiple regression equations.

Mﬁltiple regression te¢hniques were émployed on those species
that continued to show a relationship in the last graphing method so
as‘to develop predictive eqﬁations reiating basal cover for each
species to precipita;iép, A yariet& of_equations were evaluated for
their potential ability to predict basal cover.. The’apprgach used'fbr
examining predictive ability énd obtaining an acceptable equation wa$

to use the least variables to establish a reasSonably high coefficiept

-
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of determination (r2). A value of 0.70 was set as an acceptable re
value.

Two multiple regression programs wére used to derive predictive.
equations.'The fi;st multiple regression program ﬁéeé did not have
the ability to add or delete variables in a stepwise fashion. This
provedvto be é problem in determining the best combination of
variables to use without spending a great deal of time using trial and
;error. Later, a second multiple.regress;on program with stepwise
capabilities was used. This program‘énfered variables in both
additive and subtractive modes. However, only the additive mode was
used for this Study. Because two progbgms were used, somé equations
were obtaineq using the first multiple regression program, and some
were derived using the‘stepwisé program. =The4prograﬁ used has been
identified in the results section,

" Two general équations were examined to determine which had the

higher r2

value. The first equation used annual precipitation for
both the current and previous‘year, along'with various interactions
and transformations of these two variables (Table 2, Equation 1).
This equation was used with annual precipitation calculatgd in two

different wajs. In one case, péebipitation was - summed for the

calendar year, from January 1 thfough Deéember 31. In the second

case, precipitation was summed from Névembér 1 of the previous year

through October 31 of the‘year being considered. This will be

o e}
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referred to as the plant year. The second general eduation used
cumulative precipitation by moﬂth during the early growing season.
ihe equation usedrApril; May, and June precipitation, and various
interactions and transformations of these three variables (Table 2,'
Equation 2). . This equation was(deéigned to help identify the segment
of growing season precipitation that most affected basal cover.

The first set of regression equatiﬁns was obtained using mean
basal cover of each species in all quadrats, regardless of grazing
inténsity° Mean basal cover was determined for each year by,averaging
the cover for each species in all quadrats in which the species was
encountered. fhis procedure yie;ded oge value of average cover fér
each species‘for each year thét the quadrats were mapped. Regreésion
equations were'also‘determined for several groups of specigs. Groups
evaluated included blue grama and buffalograss combined
(shortgrasses), all.cactus, all perennial grasses,; all increaser
grasses, all decreaser grasses, all annual grasses, all shrubs, and
all increaser shrubs. The cover of all species in each of these
éroﬁps was suﬁmed fbr each quadfat, and fhese sums were then averaged
for all quadrats in which any meﬁber species were encountered for each
ye;r° Regression equatian were next developed for each species as a
function of each grazing intensity. This was done for each year by
averaging thé\éover~of'each gﬁeéies 1n’the quadrats within eégh

grazing intensity.-
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Table 2. The Two General Equations Used to Determine Which
Precipitation Parameters had the Greatest Predictive
Ability ' : :

Equation 1: . 2 ' _ )

: Y = &+ b1x1 + b2x1 +,b3x2 + buxzz *

X 2 2 2, 2
b5x1x2 + b631x2 + b7x1 X, ¢ b8x1 Xs

where: Y = predicted basal cover (cm?)

PR

current year annual precipitation (in.)

*
X, = previous year énnual precipitation (in,)

a, b1 - b8 = constant terms

Equation 2:
Y=a+ byx, + box 2 + b xl + b X'2 + beX4 + bex 2
11 2™1 3*2 7 4*2 5%3 6*3
+ b7x1x2 + b8x1x3 f b9x2x3 + b10x1x2x3

where: Y = predicted basal cover (cm2)

. %q =-April precipitation (in.)
X, = May precipitation (in.)
X3 = June precipitation (in.)

a, b1 - b10 = constant tergs

The stepwise program 'was set up to add the aforeméntioned
't variables one at a time until an r2 value of atlleast 0.70 was
1. ; obtained., After this was achieved, equations were examined to

determine theiﬁrmathematicgl Validitya ’If necessary, additional
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variables were then added to the original generated equation in order
to achieve a more balanced mathematical relationship. For example, if

2

an r- value of 0,70 was obtained using vériables Xqs x22, and x1x22 in

the stepwise progranm, X, would then be added to achieve 'a more
balarnced equation. This was becalse the tranSformatibn and
interaction)variébies are depéndent on both x; and x,. After
equations were examined and modified to yield more balanced
mathematical relatiénships, regfgssion relationships weére recalculated
using the new combinatién of variables. In the éxample, Xqs Koy #22,
x1x22 would then be used. Recalculation was done using the multiple
regression program which simply used all variables given to it. Thi;
recalculation procédure was done to’obtain the final regression
equation that was subsequently used for predictive purposes (Appendix
C)o

Once meaningful regression equations had been developedb the next
process was to use the equations to preaict basal cover using given
1e§els of precipitatioq (Appendix D)} A total of 25 different
combinations of previous an& current annﬁal precipitation were
examined by :usiné increments of 101.6mm, 203.2mm, 304.émm, 506.4mm,
and 508.0ﬁm (4, 8, 12, 16, and 20 inches, respectively) of annual
precipitation. These predicted Qalﬁes were theg used.to plot three

dimensional computer-generated graphs, also called response surfaces

(Figures 3-&6). These response surfaces can be used to describe the
' !
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species response to fluctuating precipitation over a two year period,
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RESULTS AND DISCUSSION

Graphing Methods

After preliminary screening, 69 species were subjected to the
initial graphing metho&s as listed in Tablé 3 (Sée Appendices A and B
for individual graphs). Visual examination of the initial graphs
revealed that only 21 species showgd‘a sufficient relationship between
cover and precrpiéation to merit further analysis. 'Thes; species were
therefore subjeéted to multiple regression procedures.
Multiple Regression

Multiple regression analysis showed that higher r

values were

generally obtained by using plant year precipitation as opposed to

calendar year precipitation. This was readily apparentxwhen only five

of the eiéht variables froﬁ the genépal equation (Table 2, Equation 1)
were included, The simplified equation that was uéed'for ;his
determination was: |
Y=a +‘b1x1 + b2x12-+ b332,+ b4x22 + bgxqx,-
where: Y = basal cover (cm2)

current annual pfécipitatidn (in.)

b
]

previous annual precipitation (in.)
a; by - bg = constant terms /
The resulting r2 values that were associated with both sets of

precipitation data are presented'in,Table 4, With the exception of

fringed sagewort, the rZ.Valués were higher for eaéh of the
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Table 3. All Species Thaf Were Subjected to the Initial Graphing .
Procedures to- Determine Which Species Showed a Relationship
Between Basal Cover and Precipitation

Common Name ~ Scientific Name
western yarrow Achillea millefolium o
thickspike wheatgrass ’ Agropyron dasystachyum
western wheatgrass A, smithid , &
bluebunch wheatgrass A. Spicatum
slender wheatgrass A. trachycaulum
western ragweed : Ambrosia psilostachya
smallflower pussytoes ' Antennaria aprica
red threeawn Aristida longziseta o
hoary tansyaster Aster canescens -
tansyleaf aster - As rapacetifolius
threeleaved milkvetch Astragalus gilviflorus
slender milkvetch A gracilis
Missouri milkvetch = A. missouriensis .
silver sagebrush ' Artemisia capa &
fringed sagewort ’ A frigida . o
big sagebrush . A. rridentata 4
shadscale ‘ Atriplex confertifolia :
Nuttall saltbush : A gardners,
blue grama Bouteloua gracilis g
Japanese brome ~ Bromus _japenicus .
cheatgrass B. tectorum
buffalograss ‘ Buchloe dactyloides 4
prairie sandreed Galamovilfa lopgifolia
threadleaf sedge , Carex filifelia K
needleleaf sedge . £s eleocharis : G
winterfat Eurotia lanata
western tansymustard Descurainia sophia
inland saltgrass Distichlis spicata var. stricta
snow-on-the-mountain Euphorbia marginata
Scarlet gaura Gaura coceinea
curlycup gumweed A Grindelia souarrosa
annual sunflower . Helianthus appuus

f prairie sunflower Ho petiolapis

| little barley Hordeum pusillum

\ prairie junegrass Koeleria pyramidata

|

|
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Table 3., (continued)

Common Name Scientific Name
rush skeletonweed Lygodesmia _juncea
pincushion cactus Mammilaria missouriensis 4
black medic Medicago lupulina
yellouw sweetclover Melilotus officipalis
false buffalograss Monroa sguarrosa
brittle pricklypear Opuntia fragilis ‘ .
plains pricklypear 9. polyacantba -8
witchgrass ' Panicum capillare
Hoods phlox Phlox hoodii g
woolly plaintain, Rlantago patagonica 8
big bluegrass : .Poa ampla
Kentucky bluegrass ' B. pratensis
Sandberg bluegrass 2. sandbergii 2
Douglas knotweed , Polygonum douglasid
russian thistle ‘ Salsola kald |

. russian thistle Sa pestifer
greasewood ’
tumblegrass . schadonnardus @
little bluestem  Schizachyrium scoparium
bottlebrush squirreltail Sitanion hystrix
buffalobur . Solanun rostratum
scarlet globemallow Shaeralecea cocecinga .8
alkali sacaton ‘ Sporobolus airoides .
sand dropseed . : Sa orypipandus a
needle~and-thread . Stipa comata ‘ &
green needlegrass S. yiridula 8
dandelion . Tarayacum officipnale
field pepnycress (fanweed) Ihlaspi arvense
salsify Zragopogon dubius
clover (trefoil) Irifolium spp.
American vetch Yicia americana
six weeks grass Yulpia octofiora : 8
broom snakeweed Xanthocephalum sarothrae .

meadow death camas Zigadenus yenenosus

aSpecies that showed a sufficient relatiohshib to justify regression
analysis. ' : :
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Table U4, r2 Values Obtained Using Calendar Year and‘Plant Year Anndal

Precipitation
species or group . calendar year . plant year-1
western yarrow ) : 2T .
western wheatgrass oT1 . «87
red threeawn < TH .T6
silver sagebrush .18
fringed sagewort .66 62
big sagebrush © .10
blue grama Y- .
buffalograss -T7 .83
threadleaf sedge 7]
needleleaf sedge «50
six weeks grass 35
pincushion cactus : .21
plains pricklypear ' «50
Hoods phlox , .28
woolly plantain : «28
Sandberg bluegrass 27
tumblegrass - .62 .79
scarlet globemallow °73 .76
sand dropseed . ‘ «53 64
needle-and-thread : ST7 . +80
green needlegrass 60 " .68
shortgrasses ) .69 .80
all cactus - , 50 , .
increaser grasses .63 ’ .60
decreaser grasses <65 .43
all perennial grasses .66 +59
.annual grasses . .16
shrubs , ) 31
increaser shrubs «31

total cover ‘ «17

1Calculations of r2 values for plant year pregipitation were undertaken
only when r¢ values for calgnday year precipitation exceeded 0.60.
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individual species when plant yeér precipitaﬁion values were used in
thé regression equation. When considering groups of species, however,

2

r< values were,greatef,uhen using the caleéndar year data. . Only one

exception, the shortgrasses. grohp, was noted. In general, ré values

'Hefe low for all groups, and in only one instance (shortgrasses) was

the acéeptable level of 0.70 exceeded. It therefore appears that the

use of groups of species for predicting cover is not as reliable és‘zb

the use of individual species. Becéuse calendar year precipitation

proved to be of less value than plant year precipifation (Novémber)%

through October), it was eliminated from further consideration.
Cumulative precipitation‘for April through June was'then compared

to plant year annual precipitation data using the stepwise multiple

regression program (STPWS) and the general equation presented in Table

2 (Equation 2). Resulting r2 values along with the variables used are

presented in Table 5 for the‘nine species that were evalﬁated on a

plant year precipitation basis. The r2 values that are shown were

obtained when all of‘the.;ariables listed'uefe included in the
regression equation. The "number of variables® column lists ;he
number of variables needed to obtain the r value listea, which
include all of the actual.precipitation‘ﬁalues for the three months.
Variables used to reach the r? value indicated are'also listed
according to the order that the& were added to the equation. -This

column has not beeh completed for those species with an.?z value of
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Table 5. ré Values Obtained and Variables Used With Cumulative Early
Growing Season Precipitation (Table 2, Equation 2)

_ no. of
variables
species rz total least order of variables enter-j,ng1

western wheatgrass .85 10 y 2, 8, 6, 1, 7, 10, 9, 4, 3, 5
red threeawn ) .83 10 8 5, 2, 6, 1, 8, 7, 9, 4, 10, 3
fringed sagewort oT1 10 10 9, 8, 4, 5, 6, T, 3, 2, 10, 1
buffalograss «59 10
tumblegrass 265 10
scarlet globemallow .60 10 , .
sand dropseed -TO 10 10 6, 5, 7, 10, 9, 2, 1, 4, 8, 3
needle-and-thread .64 10

green needlegrass X 59 10

1Numbers in this list correspond with tlie order of variables in"
Equation 2 (Table 2), which are also the same as the subscripts of
the b terms. ‘ '

less than 0.70. In some cases, when actual precipitation var;ables .

are last to enter the equation, the number of variables could be
decreased to obtain an r2 value of 0.70. This was done by forcing

actual precipitation variables into the eqhation at the point where

L

0.70 was first reached. The "least number of variables" column lists

the number of variables used when this procedure was followed., Plant

2

year precipitation data gave higher r< values for 6 out of 9 species,

and it used fewer variables for all exbept western wheatgrass, than,

cumulative seasonal brecipita,tion‘data° Western wheatgrass is a cool
season species, so its strong relationship with April through Jdune

f
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preeipitafion is not surprisingu-jﬂoweer, }ed threeawﬁ, nee&le-and-
thread, and green needlegrass are also considered cool season species;
and they did not show sSuch a responé@ to early growing season
precipitatioﬁ° Because of fhese results; plant year precipitation was
considered to have the ﬁosi potential for predicting cover, se
additional efforts to predict basal cover concentrated on it. |

bAlthough cumulative précipi£ation was not the best predictor;
results could be uséd tb examine how precipitation distribution
affects basal cover for eacﬁ spec;es (Tab;e 5). When using the STPHS
program, precipitation variables‘were added to the equat;on in their
order of ability ?o improve the,pred;gtion of cévén, conseﬁueptly the
first precipitation var;ables éntered were those that most strongly
affected basal cover, and the iast variablés gntered had‘the ;east

effect on cover. Using this procedure, variables 1, 3, and 5 are

identified as actual April, May, and June precipitation, respectively; -

while the other variables are transformations or interactions of

actual precip;tation variables, In this case, cover of only four'

species was péedicted accurateiy énough'tﬁat the variables are listed.
In most casés, it appeared that interactions are more important than
" precipitation féﬁ'indiviQuél mOnthsm~Ahpparently, preﬁipitation
throughout the per;od is important, and precipitétion for indiv;dyal
' months does ﬁot play an importént‘roIe, ﬁith % few exceptibns. J;dg

precipitatioh played'an important role for red threeaup9 fringed
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sagewort, and sand dropseed, while Aprii precipitation was fairly
important in predicting cover for western Hheatgrasé and red threeawn.
The annual preéiﬁitation equation (Table 2, Equation 1) was used
with the plant year ppecipiation data in the STPYS program. All 21
species, as indicated with an,ﬁsterisk in Table 3, were exaﬁined with

2

respect to all eight variables. Resulting r¢ values and the variables

used are presented in Table 6. The same precipitation data were

subsequently used with species cover data separated into. grazing
intensities. No grgziﬂg, light, moderate, and heavy grazing are
presented in Tables 7 through 10, respectivély. Only 14 of 21 speqies
were considered éor'regressidn ahalysis within grazing intensities,
The other seven species had such lou‘r2 values in the previous

analysis that additional evaluation of them was not merited. When

basal cover in all quadrats was considered, good r? values of at least

0.70 were obtained for nine'sbecies usiﬁg various combinationsfpf.

variables. When no grazing bccurredi as measured in exclosures, high
r2 values (> 0.70) were achieved for six species, <Undef light
grazing, basal cover Qf eight sSpecies yielded good r2 values,
Satisfactory regressién equations (r2 > 0.70) were likewise obtained
for seven species under moderate graz;ng, and for nipg species under
heavy gfazing. - -

The order in‘which variables entered the eduation provided
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Table 6. ré Values Obtained 'and Variables Used with Plant Year Annual
Precipitation (Table 2, Equation 1), All Quadrats

no. of

variables
species ré total 1least order of variables entering1

western yarrow «35 8
western wheatgrass 091 6 5 1, 75 4, 2, 8, 3
red threeawn «80 6 5 1, 2, T, 4,6, 3
silver sagebrush .14 8 , ‘ .
fringed sagewort oT1 8 T ) by, 3, 6, Ty 2, 8, 5, 1
big sagebrush -19 8
blue grama T2 5 5 b, 3, 2,5, 1
buffalograss .85 7 i 6, 2, 4, 5, 3,8, 1
threadleaf sedge .66 8
needleleaf sedge 062 8
six weeks grass .28 8
pincushion cactus .19 8
plains pricklypear .18 8
Hoods phlox .69 8
woolly plantain .38 8
Sandberg bluegrass .28 8 )
tumblegrass .98 8 5 4, 3, 6, T, 2, 8, 5, 1
scarlet globemallow <73 4 ] 6, 3, 8, 1 )
sand dropseed .66 8 _ S
needle-and-thread -84 T 3 5, 8, 4, 1, 6, 2, 3

6

green needlegrass -T0 6 4, 3, 2, 5, 6, 1

INumbers in this list correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subscripts of
the b terms.

insight into the ﬁelative importancé'of individual precipitation

parameters to basal cover. Upon examination of all tables (6-10), it

can be seen that the relative importance of individual variables

differs among species. Moredver, the entry‘seduedcg of precipitation
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Table 7. r2 Values Obtained and Variables Used With Plant Year Annual
Precipitation (Table 2, Equation 1), No Grazing Quadrats

no. of
variables
species ré  total least , order of variables entering1

western yarrow . +81 - 8 5 4, 3, 2, 5, 6,8, T, 1
western wheatgrass «51 8
red threeawn " 0 02
fringed sagewort 59 8 .
blue grama .80 8 - 7" 6y, 5, 25 8, Ty 3, U, 1
buffalograss . «82 7 6 ¥, 3, 8, T, 2, 6, 1
threadleaf sedge .62 8
needleleaf sedge 25 8
pincushion cactus «50 8 : ‘ :
tumblegrass 77 7 7 3, 8,2, 5, 1, Ty ¥
scarlet globemallow. .70 - 6 6 3, 4, 1, 5, 8, 2
sand dropseed 0 02 . '
needle-and-thread .62 8
green needlegrass - .87 5

4 . 6,2, 8, 1,3

1Numbers in this list correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subsecripts of
the b terms. )

2Species with no values recorded were not encountered under this
grazing intensity

|
variables for the same species was different under different grazing

intensities, By considering the actual precipitation values for the

current and prévious years, variébles 1 and 3, respectively, some

generalifies appear. In the majority of cases, 22 of 39 equations, if .

one of these vgriabIQS‘entered early, the other entered late. Tﬁe

reason for this could not be determined. In 25 of 39 equations,
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:Table 8. ‘rz Values Obtained and Variables Used With Plant Year Annual

Precipitation (Table 2, Equation 1), Light Grazing Quadrats

no., of
variables
species ré total 1least order of variables entering1
western yarrow 0 02 :
western wheatgrass .78 6 5 2, T, 4, 1, 5, 3
red threeawn .92 8 8 1, 2, T, 4, 6, 3, 8, 5
fringed sagewort -84 7. y 4, 3, 7, 6, 2, 5, 1
blue grama <76 8 8 4, 3, 2, 5, 6, 8, 1, T
buffalograss - T4 . 8 6. 6,2, 4, 5, T, 8, 3, 1
threadleaf sedge 0 02
needleleaf sedge 43 8
pincushion cactus +34 8 : 5
tumblegrass 78 T 5 T, 2, 4, i1, 6, 8, 3
scarlet globemallow .75 6 3 8, 1, 2, 4, 6, 3
sand dropseed .66 8 : ) .
needle~and-thread .84 - 8 3 S5y 2, 4, 7, 1, 8, 6, 3
green needlégrase .19 8

1Numbers in this list correspond with,fhe order of variables in
Equation 1 (Table 2), which are also the same as the subscripts of
the b terms.

2$pecies with no values recorded were not encountered under this
~grazing intensity

previous year precipitation entered before current year precipitation,
This supported the theories of Reed and Peterson (1961)9 Craddock and
Forsling (1938), and Nelson (193”) who ‘stated that precipitation .from
the previous yearfhad the greatest influence on basal cover. The

remaining 14 equations, in which current year precipitation entered

first, supported the theories of Lahge (1945) and Herbel et al.
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Table 9. r Values. Obtained and Variables Used With Plant Year Annual
Pmdﬁ&ﬂm(hﬂe&EwnMnU,mummemm
Quadrats . .
no., of
variables
species ) nz tptal least order of variables enﬁering1
western yarrow .23 8 . ‘
western wheatgrass 297 8 5 3, U, 2, 5, T, 8; 6, 1
red threeawn .81 8 6 5, 8, 4, T, 6, 1, 2, 3
fringed sagewort o Th 3 3 4, 3, 1
blue grama -T9 5 5 by, 3, 6, 7T, ¢+ .-
buffalograss . 87 6 3 6, 2, 5, 3, 75 1
threadleaf sedge 062 8
needleleaf sedge .82 8 .Y Ty 65 29 5 8, 35 U, 1
pincushion cactus ' .29 . 8 ‘ o
tumblegrass «35 8
scarlet globemallow .71 5 5 5, 1, 6, 4, 3
sand dropseed 0 02 i
needle-and-thread " .60 8
green needlegrass .68 8

-

TNumbers in this list correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subscripts of

. the b terms.

2Species with no values recorded were not encountered under this

grazing intensity

(1972).

most important,

They staped that precipitation since the previous fall is

which corresponds with the current plant year.

Therefore, nmy resultg support the theory that vegetation response to

climate is specific to each species, with each species responding to a

different precipitation regime.

Predictive equations were compiled for all SpeCieﬁ that had a ré
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Table 10, ré Values Obtained and Variables Used With Annual Plant
Year Precipitation (Table 2, Equation 1), Heavy Grazing

Quadrats :
no. of
variables -
species r® . total least order of variables entering1
western yarrow 032 8 :
western wheatgrass .88 8 5 1, T, 4, 2, 8, 6, 5, 3
red threeawn .89 8. 8 "1, 2, T, 3, 4, 8, 5, 6
fringed sagewort .69 8 ' ’
blue grama .69 8. '
buffalograss L eTT T 6 59 4, 2, 3, Ty 8, 1
threadleaf sedge .70 7 7 55 35 2, Ty 1, 4, 6
needleleaf sedge .89 8 5 3, 4, 2, 5, T, 6, 8, 1
pincushion cactus +61 8
tumblegrass .94 8 4, 3, 2, 5,6, 8, 7, 1
scarlet globemallow .83 8 y 3, 5, 2, 8, T, U4, 6, 1
sand dropseed «53 8
needle-and-thread -84 8 3 5, 6, 2, 3, 4, 8, 7, 1
green needlegrass .73 8 8 4, 6, 2, 1, 8, 3, 5, 7

Numbers in this list correspond. with the order of variables in
Equation 1 (Table 2), which are also the same as the subscripts of

the b terms.
value of 0,70 or hiéher. This was compleﬁed for individual graéing
intensity categories, as well as across all quadrats. These equationé
are presented in Appendix C. An efrort was made to 1;mit the,npmber
of variables to the least number needed to obtain an ra‘vaiue of 0.70.
The actual precipitation variqbles,.if not alreéady included.‘were
added to these equations for better mathematical balance. The

resulting r2 ‘values and the variables used for each category are
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presentedjin‘Tables 11 through 15. Twelve species‘were.considered in
one or more of the categories, including western yarrow, western
wheatgraﬁs, red threeawn, fringed sagewort, blue grama, buffalograss,
Fhreadleaf.sedge, needleleaf sedge, tumblegrass, scarlet globemallow,
needle-and-thread, and green needlegrass,

Grazing intensity categories were further analjzed with.respect
to cumulative early growing season precipitation by using Equation 2
(Table ZLJ Resuiting r2 values and ﬁhe variables used are presented
in tables 16 through 19. Thisiequation yielded better rz_Qalues than
the annual precipitation equation for only 3 of 11 species (western
wheatgrass, fringed s;geuort, and threadleaf sedge) when no grazing

Table 11. r¢ Values Obtained And Variables Used For Predictive
Equations (Table 2, Equation 1), All Quadrats

, ' no.. of ,

species ' ) ré variables list of v‘ariables1
western wheatgrass .87 5 1, 29 3, 4, 7
red threeawn .75 5 19 25 3, 4, 7
fringed sagewort o T1 7 1, 2, 3, 4, 6, 7, 8
blue grama : T2 5 iy, 25 3, U4, 5
buffalograss .72 y 1, 29 3, 6.
tumblegrass .85 5 1, 3, 4, 6, T
scarlet globemallow . . LT3 y 1y 3, 6,8
needle-and-thread © «T6 3 iy 3, 5
green needlegrass " eTO 6 4,5, 6

1, 2, 3,

INumbers in this 1ist correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subscripts of
the b terms. ' ' A .
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Table 12. r2 Values Obtained And Variables Used For Predictive
Equations (Table 2, Equation 1), No Grazing
. no., of

' species r2 variables list of variables1
western yarrow . T2 5 1,2, 3, 4, 5
blue grama «T5 7 1,2, 3,5,6, 7, 8
buffalograss «T9 6 1,2, 3, 4,-7, 8
tumblegrass 17 (f 19025 35 4, 5, 7, 8
scarlet globemallow .70 6 1, 2, 3; 4, 5, 8

'982 ‘l 1g

green needlegrass

2, 3, 6

1Number's in this list correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subseripts of

the b terms.

r2 Values Obtained And Variables-Uéed For Predictive

Table 13. ,
Equations (Table 2, Equation 1), Light Grazing
no, of
species r variables ‘1list of var.j.ables1
western wheatgrass .78 5 19 25 3.8, T
red threeawn .92 8 1, 2y 3, 4, 5, 6, 7, 8
fringed sagewort +73 b4 1, 3, 4, 7
blue grama .76 8 1, 2y 3, 4, 5,6, 7, 8
buffalograss .73 6 15 25 3, 4, 5, 6 '
tumblegrass .70 5. 1, 29 3, 4, 7
scarlet globemallow .70 3 "1, 2, 8 '
. needle~and~thread 75 3 1, 3,5

1Numbérs in this list correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subscripts of

the b terms.
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Table 14. r° Values Obtained And Variables Used For Predictive
Equations (Table 2, Equation 1), Moderate Grazing

, no, of

‘species ré variables list of variables!
western wheatgrass - 87 5 1, 25 3, 4, 5
red threeawn T4 6 1, 3, 4, 5, 7, 8
fringed sagewort STU 3 1, 3, U
blue grama .79 5 . 1, 3, 4, 6, 7
buffalograss : .78 3 1, 3, 6
needleleaf sedge ) -T7 y 1, 3, 6, 7
scarlet globemallow «T1 5 1, 3, 4,, 5, 6

!
1Numbers in this list correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subseripts of
the b terms.

Table 15. ré Valueé Obtained And Variables Used For Predictive
Equations (Table.2, Equation 1), Heavy Grazing

no. of

species r2 variables list of yariables1
western wheatgrass .81 5 1925 39 4, 7
red threeawn .89 8 1, 2, 3, 4, 5, 6, T, 8
buffalograss ' .70 6 1,2, 3, 4, 5, 7
threadleaf sedge .70 T 1, 2, 3, 4, 5, 6, T
needleleaf sedge T T 5 1, 24 3, 4, 5
- tumblegrass _ .87 5 1, 2, 3, 4, 5
scarlet globemallow «T5 i 1, 2, 3, 5
needle~-and-thread +T6 3 1, 3, 5

8 1'203"‘9596’798

green needlegrass .73

TNumbers in this list: correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subscripts of
the b terms, . -
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Table 16, r2 Values Obtained And Variables Used With Cumulative
Precipitation (Table 2, Equation 2), No Grazing

* no. of
- variables
species ré total 1least order of variables entering1
western yarrow . «50 10 9, 2, 6, 4, 8, 7, 5, 1, 3, 10
western wheatgrass Tl 8 7 3, 10, 7, 9, 2, 5, 4, 1
red threeawn' 0 . 02
fringed sagewort . .86 8 5 3,2, 4, 1, 8, 6, 9, 5
blue grama C T 10 9 6, 1, 9, 2, 10, 4, 7, 8, 3, 5
buffalograss LT 10 10 9,8, 6, 2, 10, 1, 5, M, 7, 3
needleleaf sedge o T1 7 7 4, 7, 3, 1, 6, 8,
tumbl egrass .70 10 10 - 5, 3, 4, 6, 9, 1, 7, 2, 8, 10
scarlet globemallow .46 10
needle~and-thread .66 10
green needlegrass «T6 9 9 6, 1, 9, 5, 8, 2, ¥4, 7, 3

1Number's in this list correspond with the order of variables in‘
Equation 1 (Table 2), which are also the same as the subscripts of
the b terms.

2Species with no values recorded were not éncountered under this
grazing intensity

occurred. It.provided a better equation for only one of the same 11
species (green needlegrass) in ligﬂt grazing, but two species
(threadleaf sedge and tumblegrass) vere more effectively handled by it

under moderate grazing. In heavily grazed pastures, cumulative
precipitation provided less satisfactory regression relationships than

annual precipitation in all cases. Because of these results, annual

plant year precipitation was still considered the best. overall

independent variablgvto include in a regression equation involving

et LU R -1{“"; . i o




W WY

65
Table 17. r? Values Obtained and Variables Used With Cumulative
Precipitation (Table 2, Equation 2), Light Grazing

no, -of

1‘»

variables ‘ ' .

species ré total least order of variables entering
western yarrow . 0 02
western wheatgrass .65 10
red threeawn .78 8 8 5, 1, 8’ 109 6, “39 9’ 7
fringed sagewort - .68 10 . - o c
blue grama AT io 10 2, 1, 4, 17, 8, 10, 5, 9, 6, 3
buffalograss .62 10 : . : B
needleleaf sedge = .57 10 g o
tumblegrass .78 9 9 2, 8, 7, 10, 9, 1, 6, 3, 5
scarlet globemallow .70 10 10 6, 2y 7, 15 3, 4, 8, 9, 10, 5
needle-and-thread .72 10 9 5, 2, 4, 3, 6, 8, 9,7, 10, 1

g!‘eén needlegr'ass R .99 - 10- ' 5 39 59 9, ‘59 89 69 7’ 29 10, ]

1Numbers in this list correspond with the order of variables in
Equation 1 (Table 2), which are also the same as the subscripts of
the b terms. .
Species with no values recorded were not encountered under this
grazing intensity
plant basal cover.
The equations that are summarized in Tables 16 through 19 are
similar to other equations that have already been discussed when

considering the'order in which variables enter and the relative

importance of precipitation during each moﬁth. Variables do not enter

in the sane order in any two cases. Only the actual precipitation

variables (1, 3, and 5) were considered to determine whether any’

general similarities appear. 'When this was dohe, there appeared to be

\
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Tabie 18. r¢ Values Obtained and Variables Used With Cumulative
Precipitation (Table 2, Equation 2), Moderate Grazing

no, of : 3 o
variables | : -
species r? total least order of variables entering’ -
western yarrou Y 10 ,
western wheatgrass <94 10 Y 2, 8, 6, 3, 10, 7, 9, &, 5, 1
red threeawn o829 6 5, 2,6, 1,8, 7T, 10, 9, 3 R |
fringed sagewort 43 10 o ' I
blue grama. C o7 10 : B - C L
buffalograss 61 10" - q o A |
needleleaf sedge = .85 9 5 95 2, 1, 3, Ts 10, 6, 8, 5 o |
tumblegrass ‘ .93 9 6 5; 9, 2, 3, 4, 7, 10, 8, 1 ;
scarlet globemallow .66 10 : )
needle~and-thread S50 10 - . R P |

green needlegrass .58 10

1ﬁum‘bers in this list correspond with the‘order 6£ ﬁariab;es in
_Equation 1 (Table 2), which are also the same as the subscripts of )
the b terms. : : ~ SR
‘,an equa} distribution of all of the possible orders of‘Variables 1, 3, -"\  :;1
and 5. This iqdicgted that no particﬁlar monfh was more influentiai
than another with respect to ité overall effebt on,all‘species'on
grézing inﬁensities. Therefore, vegétaﬁi&n response to any
precipitation regime cah‘still be regarded as Specific to each
species, and each graZiné 1nten$ity tO'which avspecies‘is subjected, -
Becguse the groups of'speciesvprevibusly coﬁsidered had ‘not
distinguishedAamohg grazing intensities, sbme of thelgroups were.

’ recalculated using tﬁe STPWS brégpam under @ifférent grazing regimes,
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Table 19. r2 Values Obtained and Variables Used With Cumulative
Precipitation (Table 2, Equation 2), Heavy Grazing

no. of
variables
species 'r2 total least order of variables entering
|

western yarrow <39 i0 :
western wheatgrass .68 10
red threeawn .81 9 9 Ty 8, 6, 5, Ty 10, 3, 9, 2
fringed sagewort . «51 10 ‘ e
blue grama .52 10
buffalograss .56 10
needleleaf sedge .65 10 -
tumblegrass Ny 10
scarlet globemallow .51 10
needle-and-thread <51 10 .
green needlegrass .72 . 10. 10. Ts 8, 6, 1, 5, 10,2, 9, 4, 3

"Numbers in this list correspond with éhe order of variables in.
Equation 1 (Table 2), which are also the same as the subscripts of
the b terms.

Annual plant year precipitation was used as. an independent variable in

Equation 1 (Table 2). Resulting r. values énd.theqvariables used are

presented in Table 20:. The r2 values in this table are much higher

than those presepte& for groups across all quadrats (table 5). &

partial explanation may be that the values in Téble 20 were calculated

by including almost all of the eight variabies, while the all quadrats

results (Table 5) were obtainéd,with'only the first 5lvariables. In

table 20, r? values of 0070'can'be obiaihed using less variables by

ddding the required variables (1 and 3) sooner. It appears that the

1.
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Table 20. r Values Obtained and Variables Used With Plant Year

Annual Precipitation (Table 2, Equation i) On Groups

Of Species, By Grazing Intensities

no, of
variables
no grazing ‘r2 total least order of variabies entering
increaser grasses .88 8 3 6, 5, 4, T, 8,2, 3, 1
decreaser grasses <TT 8 8 3, 2 Ty 5, 4, 6, 8, 1
all perennial grasses .91 6 3 6, 5, 4, 2, 1, 3
light grazing
increaser grasses () 5 5 4, 2, 5,3, 1
decreaser grasses .78 8 5 1, 7, 4, 2, 6, 8, 5, 3
all perennial grasses .71 5 5 §, 2, 5, 3, 1
moderate grazing
increaser grasses .85 7 5 6, 2, 4, 5, 1, 7, 3
decreaser grasses 93 T 5 3, 4, 2, 5, T, 8, 1
all perennial grasses .85 7 5 6, 2, 4, 5, 3, 8, 1
Heavy grazing
increaser grasses o Tl 8 8 ‘Ny'B, 2,'5, 6, T, 8, 1
decreaser grasses .89 8 5 2, T, ¥4, 1, 6, 8, 5, 3
5 5 4, 3, 2, 5, 1 ’

all perennial grasses.

«81

1Numbers in this list correspond with the order of variables in
Equation 1 (Table 2), which are ‘also the same as. the subscripts of -

the b terms.
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last variables of the equation, those not used in the MTREG program, .

wvere important to obtaining a more accurate prediction. This can also

be seen«by looking at the order of the variables in the list of

variables entering in table 20, with variables six and seven often

being among the first to be used, and variables one ‘and three being

the last to be used to reach an rz value of 0.70. Final predictive

equations for these groups of species vere not calculated, so further.

analysis could not be performed.

After regression relationships were examined and the most
appropriate equation determined, values were predicted for each
species using annual plant year precipitation as an independent

variable and basal cover as a dependent variable. Resulting basal

cover values for each species in each category for which a reliable

equation (r2 > 0.70) was available are presented in Appendix .D.

Equations used to predict these values are presented in Appendix C.

These values were then used to develop three dimensional graphs, also
called response surfaces (Figures 3-=40), These:resoonse surfaces
provided a pieture of the overall response of a species to
pmdﬂﬁﬁmcmﬁmumi Mcmmﬁmrwmmewwwof&eum

species under different grazing intensities, the'response‘of.the

species‘to grazing could‘also be evaluated.

Each horizontal axis of a ‘three dimensional graph’representsl
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precipitation for a year, with previous year precipitatibn on the left -

and current year precipitation on the right. Tpe vertical axis

represents theée predicted amount of cover (cmz) geneﬁated’by the

regéeésion equation. As vertiealArise increases, there is more'

predicted basal cover. The vertical legend on the right of the graph

indicates the actual height of the vertical axis in inches on the

left, and the predicted basal cover of the sﬁecies in cm2 on the

right. The actual points that were predicted are indicated by stars

on the surface of the response curve, and all intermediate values were

interpolated by the computer program to create the response surface.

Examination of the response curves indicates that some of them'

predict a negative amount of basal cover, Obviously, this is

impossible in real life, but this situation could result from an
artifact of thé regression procedure. Négative values sometimes
occurred when thé,précipitatioh combination being considered was

beyond tﬁe limits of the data from which the regression equatiqn was

derived. For example, consecutive-years with 1016 mm (4 inches).of

precipitation never occurred during thq stﬁ@y, and the éombinatibn
might therefore result in a negative cover value if artifictally

forced into the equation. Figure 2 contrasts actual annual

precipitation that occurred during the study with the precipitation

regimes for which cover was predicted, Predictions for combinations

outside the line around .the outer perimeteér of. the actual °
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precipitation points may or may not be valid, which cannot be
determined from these results. Therefore, for those points in the
square that are outside this line, care needs to be taken to consider
only the general trend that appears and not the actual values
predicted. In the real life situation, there probably would not be
any cover under those precipitation regimes for which negative amounts
of cover were predicted. Because it is difficult to tell on the
surface of the curve how far the negative values dip below the zero
level, the thickness of the base is the same as the depth to the

lowest negative value.

(mm)
~
&

W
=
U

4

203 1

Previous Ppt.

101 1

-l

109 2080 208 106 508
Curren Ppte (mm)

Figure 2. Scatter Diagram of Points Where Actual Precipitation
Occurred Over a Two Year Period. The Square Indicates
the Outer Limits of the Two Year Precipitation Regimes
Used to Predict Cover
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Cover greater than the amount possible was likewise predicted.

There are 10,000 ou2

in a quadrat, and cover values greater than this
were predicted on some graphs. This situation also resulted from the
predictive equation extrapolating cover for precipitation regimes that
were not in the data used to develop the regression equations.
Mestern XYarrow

Western yarrow could only be predicted accurately for the
ungrazed quadrats (Figure 3). Regression equations for other grazing
intensities had r? values that were too low. Therefore, while
response to precipitation could be considered for this species, the
response to climate may be much different under other grazing
intensities, Basal cover was highest at points where at least one
year of precipitation was high. This was especially noticeable on the
left and right portion of the graph where precipitation fluctuated
considerably from one year to the next. The response was greatest
when 508 mm (20 inches) of precipitation was either preceded or
followed by 101.6 mm (4 inches) of precipitation. Lowest basal cover
was predicted in the middle of the graph, where precipitation was
slightly below average for two consecutive years. When precipitation
was 101.6 mm (4 inches) in both years, cover actually increased
slightly. However, the accuracy of this observation may be suspect
because this precipitation combination never actually occurred. The

response surface appears to have a dish shape with higher amounts of
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covér under extreme conditions and lower amounts under more average or

normal conditions. It appears that this‘species may have evolved an

ability to respond to year to year fluétuaiions in precipitation that

are common in this region (see Figqre J). Loss of cover under
consistent, average rainfall conditions is perhaps due %o competitioﬁ

from other species which have a greater ability to take advantagekéf

"1ess extreme precipitation regimes. Possibly, western yarrow has tlie-

ability to thrive in areas only when the competitive abilities of

erwwmsmWbwn“wwdeamepmummuwcmﬁuma

Basal cover was predicted for all grazing categories éxcept_nonf

use (Figs. 4-7). All curves show a very similar response under

different grazing intensities with the brimary differences being in.

the actual amount of cover predicfed. This seemed to indicate that,

ultimétely5 grazing has relatively little effect on the response of
western wheatgrass, while precipitatién has the major effect. Western

wheatgrassialso Seems to be stimulated by fluctuating précipitatioh

with the greatest amount of cover predicted where the highest year to

year fluctuation in precipitation occurs, ‘The lowest amount of cover

on the response auffacé‘occurs'where precipitation is most consistent

from year to year. Two consecutive years of above average

precipitation appears to cause the most reduced basal cover. It

f

therefore appears that other sﬁeqieé may have a competitive advantage -
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Figure 6. Response of Basal Cover of Western Wheatgrass to Precipitation, Moderate Grazing. For
Description of Graph, See Page 69.




Figure 7. Response of Basal Cover of Western Wheatgrass to Precipitation, Heavy Grazing. For
Description of Graph, See Page 69.
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over western wheatgrass under consistent precipitation conditions,

fluctuating precipitation. Since f;uctuating preéipitation‘is

characteristic of this region; this may give western wheatgrass a

competitivé advantage in most years. Reed and Peterson (1961) and

Hurtt (1951) stated that western wheatgrass suffered large decreases

‘'while western uheatgrass has evolved the ability to respond to

in cover during prolonged drought. These results are consistent with

the predicted cover for consecutive years with low precipitation.
Both reports also stated that }ecovery'wés sloy in the early 1940°%s,
which was a period of consistently above average precipitation., The
regression curves likewi;e provide a possible explanationvfop this
response in that ‘they predicted that cover wquld be iow dun;qg
consistently high precipitationo“ﬁbwever, Coupland (1958) and
Newbauer et al. (1980) reported that wheatgrasses generally increase
cover dﬁring above average precipitation,; which COntradicted'my
results. No research information has been fourd on the effects of
fluctuating precipitation on western wheatgrass or any other species.
Modérate grazing ﬁppeared to favor western wheatgrass since the
greatest amount of cover occurred at this gfazing intehsity° However,
the lowest amounts of cover were also éssociated with ﬁodergte
grazing. Heavy éraéing ranked éecond with respect to cover and'light
grazits-had the lqast amount)of predicte& cover, . However, light

grazing also had the‘s@alleat hegative valués. This means that light
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grazing will probably result in éhe least fluctuation in cover and
éubsequently produce less cyclic fluctuation in the productive.
capability of the range. Houston and Woodward (1966) also concluded
that western wheatgrass was favored by lightlgrazingo Reed and
Peterson (1961), however, reported that response to grazing was
variable and therefore also depended on other variables., My results
also partially agreée with them since fhe eufves for each grazing
intensity are so similar, It theréf&re appears that factors other

than grazing intensity control cover of western wheatgrass,

- Exinged Sagewort

Fringed sageﬁort was predicted and graphs plétfed across all
quadrats and at liéht and moderate grazing intensities (Figs: 8-10).
Each graph is different‘fpom the others to a certain gxtent indicating
that grazing pressure plays an important role in thg nespo@ﬁe of .this
species to precipitation. The graph for all quadrats combined does
not show any .general tréhds that are readily apparent. Except for a -
few points, this species responds poorly to fluctuating,preﬁipitétion,
with negative values at points around the edges which indicate extreme
fluctuations, .In the center, where precipitation fluctuates less
from year to year and is near or slightly above average, basal covepr
appears to Be gréééest. It‘is interesting to note that the hegative
values that were prediéied‘are almost~£wice as large‘aé,the positive

values.: There does noi seem to be ény explanation for this, except
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Figure 8. Response of Basal Cover of Fringed Sagewort to Precipitation, All Quadrats. For
Description of Graph, See Page 69.

\______







83

of Fringed Sagewort to Precipitation, Moderate Grazing. For

ription of Graph, See Page 69,

Desc

Figure 10. Response of Basal Cover
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possibly that this species is simply not favored by the cyclic climate ‘

that is common in this regione

The light and moderate grazing intensity graphs are more similar

to each other than\the graph that combines all quadrats. If other ,

grazing intensities had been séparately graphed, it appears their

curves would probably have been shaped differently to yield the.

results seen on the all quadrats‘curveg. It appears that nigh amounts

of precipitation in the previous year are necessary to obtain high

amounts of basal cover of fringed sagewort. Current year

precipitation.has relatively minor effeets. Basal cover increases
again slightly as precipitation from the previous year becomes
extremelytlow at the1101.6mnm(4 inch) level. Hhen precipitatipn is

high in the previous year, the amount of current precipitation appears

to have more effect on basal cover under light than under moderate~

grazing. This tendency showed the greatest‘response.at intermediate

values of current year precipitation. 1In the case of extremeiy low

precipitation duriné the preévious year, high current year‘

precipitation causes the greatest cover response. In coantrast to

this, the only time that precipitation in the current year affects

cover under moderate stocking is at 1ow levels of previous. year'

precipitation. Under these circumstances, cover decreases as eurrent
year precipitation increases. For fringed sageuort to increase

rapidly\follouing drought, as discussed by Reed and :Peterson (1961%
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it would need to increase cover when current year precipitation is
high and previous year precipitation is low. These curves indicate
that a small increase in‘cover may occur under these circumstances,

but not the large increases that might be expected.

Because fringed sagewort is not comsidered preferred forage for

cattle, lowest levels of this species are usually coneidered optimum.
Lowest predicted cover appears to be the result of moderate stocking,

although differences are minor between these two grazing intensities.

However, Houston and Woodward (1966) contradicted these results when

they reported that fringed sagewort was favored by moderate grazing.
Red_Threeaun
Basal cover response was predicted and plotted for all quadrats

combined and for light, moderate, and heavy grazing intensities (Figs.

11=-14). All graphs are similar in that cover is low in the middie.

This response is characterized by precipitation that is close to the-

average amount for two consecutive years. Differences among curves,
however, were readily spparent at both high and low'precipitation

values: The curve that combined all quadrats looks very similar to

the western wheatgrass curves with the only major difference being the

relative amount of predicted cover. Red threeawn hadionly about one
tenth as much basal cover as western whestgrass; Red threeawn showed
increased cover as-fluctuations in‘precipitation increased.

The shape of the light and heavy grazing intensity curves are

d
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Figure 12.

Response of Basal Cover of Red Threeawn to Precipitation, Light Grazing. For

Description of Graph, See Page 69.
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Figure 14. Response of Basal Cover of Red Threeawn to Precipitation, Heavy Grazing.
Description of Graph, See Page 69.
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almost exact réplicés, while the moderate grazing intensity curve
shows a different response to extreme precipitation conditions (Figs.
12=-14). The princible difference between the light and heavy grazing
1ntehsity response'is thaf almost four times as much cover is
predicted under liéht'grazing. It further appears that red threeawn

increases under light or heavy.grazing when precipitation conditions

are most extreme, whether they vary Substanﬁially from year to year or

are consecutively high or low for two years. The moderate grazing

intensity curve is similar to the curve fdr all quadrats; except it
appears that the relative response io previous préeipitation i§
greater in moderate grazing as opposed to all quadrats° Once again,
cover is least after two consecutive years of high precipitation,

Red threeawn is usually considéred a strong increaser spgcies on

sites which have undergone grazing stress (Reed and Peterson 1961;

Houston and Woodward 1966). My results do not support this theory,’

however, because the greatest amounts of predicted bdsél cover of red

threeawn occurred in the lightest. grazed pastures. Since red thréqawn ‘

is considered an unpalatable species ib livestock, it would therefore
seem that modéréte,grazing is the best management practice to use to

maintain the lowest level of red threeawn and thereby maintain maximum

livestock productivity. In no 'cases does red threeawn increase to

become the dominant species with respect to the amount of basal cover.
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Blue_ Grama

A graph was not constructed for heavy grazing because‘r2 values

were too low. Figures 15«18 illustrate cover response for other
grazing intensities and for‘all quadrats combined. IQ each case, the
predicted.amounts of cover indicate that biue'grama 1s'definitely one
of the dominant speoies‘on this x;ange° The rgbponses found in each

~ category are very similar to those already discussed for red threeawn.

It appears that blue grama has thus evolved an ability-to thrive under’

fluctuating precipitation as indicated by higher amounts'of’cover in

association with extreme precipitation values.

It is interesting to note‘that a negati#e valué of cover was
never predicted for all quadrats or moderate graiing, b@t it is
predicted for protected areas or 1light grazing. Thi§'suggests that
blue grama has a $£rong resﬁonse to graz;ng‘pressdre as well as
climate., Increasing grazing pressure seems to favor the pyesence”qf
blue grama;’ |

The all quadrats curve (Fig. 15) is similar to the other all
quadrats curves’ previously discussed;, in that basal cover is greatest
when year to year precipitation fluctuation is greatest. When
precipitation is uniform from year to year, predicted basal cover
gradually increases as prgcipitation increases,

‘The effect of éxtreme precipitation values on cover depended ﬁpon

individual grazing intensity. Under protection (Fig. 16), it appeared
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that current year precipitation was most important because the

greatest amount of cover occurred when current year précipitation is
highest. This was especially noticeable when previous year
precipitation was gither extremely low or high. It should be nofed

that the highest predicted amounts of cover are presented only to

- illustrate how the species might respond to high prbcipitation values,

because they‘are greater than the amount poséiblé,

thn considering light grazing (Fig. 17), basal cover iikewise
increased under extreqejprecipitafion reginmes. This‘included both
high and low precipitation values that occurred in consecutive years
and precipitation fluctuations from year to year. Because the ﬁighest
predicted amounts were more than twice as muchxasvthe amount possible,
however, such results wvere of use only for establishing trgnds in
cover response. In moder;te grazing (Fig. 18), the greatest amount of

cover appears to occur when previous year precipitation is high and

current year precipitation is low. Because my results indicate that 

blue grama can respond favorably to one or two years of low
precipitation,. tﬁese results therefore do not support the fihdings of
Reed and Peterson (1961) or Hurtt (1951). Houéver9 blue grama's
response to a longer drought cannot be determined. My results do
support Newbauer et al. (1980), who stated that blue grama is a
drought tolerant species. ' |

Although blue grama responds differently to precipitation under
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different grazing intensities, there is no grazing intensity which
strdnglf favors or penalizes this‘species, The greaiest amount of
basal cover appears to occur with light graziqg, and the least amount

with moderate grazing. However;, these values were artificially

derived from beyond the limits of the collected data, and so this is .

probably not a gqo§ methog to determine which grazing intensity favors
cover. Reduced blue grama cover is usually considgred an advantage
because it is such a lowhfoiage producer even though the forage is of
good quality and is preferred by livestock. It would therefore seem
that moderate stocking might be the best management pracitce. It also

appears that cover 'is proportionately higher under moderate grazing

intensity when average precipitation conditions prevail. This would

help to mitigate fluctuations in plént material available from year to
year., My results are contrary to those of previous researchers who
all indicated thgt blue grama is generally sqimulaied by heavier
grazing (Reed and Peterson 1961; Houston and Woodward 1966; Clark et
al. 1943).
Buffalograss

Buffalograss was predicted and graphed in all categories (Figs.

19-23), -High predicted amounﬂs of basal cover confirm that

buffalograss is an important species in the mixed grass prairie of

this region. As discussed breviously, some of the predicted values of

cover exceed the amount'possible aﬁd are.useful only to illustra;e
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trends in cover. This situation developeﬁ only on the graph for the
protected areas (Fig. 20). Response varied a great deal from one
grazing intensity to another indicatiné that grazing pressure played

an 1mpobtant role in the response of basal cover\to precipitation.

When the overall response to pfecipitation was considered without .

regard to grazing intensiﬁy, it was apparent‘that basal cover of

buffalograss increased with increased precipitation (Fig. 19). Cover

was greatest with two consecutive years of high precipitafion with an

apparent linear decrease in cover as either brevioﬁs or curredt year
precipitation decreased. This suggests that the tqtal cumulative
precipitafiqn for both years is probably qost directly related to
basal cover. This hypothesis is further supported by tﬁe'order in
which independent variables entered the buffalograss multiple
regression equations. Interaction variables entered earl;‘rp and  hence
they seemed more important than individual precibitafidn variables
considered alone. In the cas; of wide variation .in year to year
precipitation, response appears to be the same reganlesé'bf?the
relétive order of 1lowu of high precipitation. The cover of
buffalograss has been previously reported to responﬁ‘inversely with
‘western~Hheatgrassv(Réed and Peterson 1961)° This theory is confinmed
by my predicted results with cover for buffalograss being highest
where western Hheatgrass cover is lowest and vice versa,

Buffalograss seemed to respond more to current-year‘precip;tatiop
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under nonuse than previous year precipitation (Fig.zo), This was

indicated by the greatest amount of cover being brqdicted when current'

year precip;tation is high. The higpest valugs wvere predicted when

" previous year precipitation was either extremely high or lowq' This

may indicate that buffalograss is well adapted to precipitation
extremes and fluctuations. The immediate response to high current

precipitation that was shown by my regression eQuatidns'agrees with

results presented by previous researchers (Reed and Peterson 1961;'

Coupland 1958; Weaver and Albertson 1940; Albertsdn and Tomanek 1965).

They reportedgtﬁat buffalograss quickly recévers from drought in a

year of high precipitation. These researchers also stated that-

buffalograss cover decreases drastically during déopght; and this is

consistent with the low cover that was predicted by my»equatidns_a;f

low precipitation values.
Buffalograss responds inversely when under light grazing as
opposed to when it is not grazed (Fig. 21). The greatest amount of

cover is predicted when previous year precipitation was hiéh and

current year precipita;ion is low. There is also a slight increase in.

cover as current precipitation increases, This response dpes not
agree with reports of other researchérs who reported that buffalograss
responds quickly in a year of increased precipitation (Reed and

Peterson 1961; Coupland t958;'weaver and Albertson 19403 Albertson and

Tomanek 1965). th}lthis oceurrs’could not be determined from the -
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inform#tion that was available in my study.

The moderate grazing.curve (Fig. 22) is simlar to the no grazing
curve (Fig. 20), except that éover is high when current year
precipitation is high, regardless of precipitation in the previous
year,’ There appears to be a direct linear response between current
year precipitation ané basal cover. In addition, resulfg from‘Figure
22 further support the hypothesis that buffalograss co;er can
increase rapidly in ; year of hiéh precipitation even if there was a
drought in the previous'}jear°

The heavy grazing response‘(Figo'23) is very simlar Fp the
response with all quadrats combined (Fig., 19)., Cover increased
linearily as precipitation incréased regardless of the,yéar,in‘which
precipitation occurred. However, cover under heavy‘grazing increased
a gfeat deal more when precipit;tion fluctuated widely than it did on
the all quadrats curve. Once aéain it appeared that; to some extent,
buffalograss and western wheatgrass are responding inversely to each
other. i

Buffalograss is a desirable forage species. However, because it
is a relatively }ow'forage broducer, it is usually desirable to limit
buffalogfass cover. This would normally allow'more cover of the

higher producing western‘wh'eatgrass° The greatest covgr_of

. buffalograss was obtaired with no grazing, Frogﬁessively lessfco#er

was predicted under light, heavy, and moderate grazing, respectively.




106

Therefore, it appeared that moderate grazing would be‘most effective

iﬁ limiting buffalograss basal cover,  and would consequently be best
for livestock production. Reed anleétérson (1961) and Houéton and
Woodward (1966) both stated that buffalograss was favored by heavy
grazing, which is n&t in agreement with my results. |
Ihreadleaf Sedge

Regréssion equations for threadleaf sedge.yieldéd acceptable re

values for only the heavy grazing intensity (Fig. 24). Although
grazing intensity might play an 1ﬁportant role in the cover response

of this species to precipitation, only limited effecté of -

precipitation could be réiiably interpreted, It appears that
threadleaf sedge may respond more readiiy to high previous year
precipitatioﬁ during years when current year precipitation is low,
When previous year precipit;tion is not particularly high, cover
increased slightly as current year precipitation inecreased.
Threadleaf sedge appeared to be relatively drought tole;aqt because
theré was some coyer in even the lowest precipitation regimes. This

is in agreeﬁent with results presented by Reed and Peterson (1961),
. i

Hurtt (1951), and Newbauer et al. (1980) who stated that threadlsaf /

sedge is droﬁght tolerant and does not lose as much cover as other

species  during times of drought.
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Needleleaf éedge was graphed at only the moderate and heavy
grazing intensities because.or low r?
intensities (Figs. 25 and 26). When considering both graphs, cover
appeared to bé greatest when precipitétion did not vary in consecﬁtive
years. The greatest amounts occurred when precipitation was highest.

The moderaté grazing curve (Fig; 25) indicates that large amounts
- of cover were predigted‘wpen'current year precipitation wvas high. The
.greatest responseAwas observed at high current year‘precipitafion in
combination with average to above average previous year precipitation.
There was also a slight increase in basal cover at loy amounté of
current year precipitation. Therefore, extremely high or loQ previoug
year precipitation se;ms.to disfavor basal cover, vhile extremely high
or low current year precipitation seems to énhénce cover,

On the heavy grazing curve, only consistent precipitation allows

the presence of this species with year to year fluctuations causing

large negative valués to be predicted (Fig. 26). Cover was greatest .

when 'precipitation was either very high or very low for tuo
consecutive yeagi's,

Moderate stocking appears to favor needléleaf sedge with cover

being 6.5 times greater under moderate stocking, Houston and WYoodward _

(1966) also stated that needleleaf sedge was favored by moderate

grazing, a’lthough.,ﬁééd and Peterson (1961) concluded that there was no

1 .

valhes at other grazing







110

J

vy Grazing. For

of Needleleaf Sedge to Precipitation, Hea

of Graph, See Page 69,

of Basal Cover
Description

Figure 26. Response




111

response to grazing. Since it is a low producer of forage, needleleaf
‘'sedge is not very important for livestock production especially at
these relatively 1ow amounts of cover.
JTumblegrass

Cover was graphed for nonuse, light, and heavy grazing (Figs. 27~
29). Tumblegrass shosep greatest corer under nonuse vhen previous
year precipitation was high and current year precipitation was iow‘
(Fig. 27). éover values were generally very low or even negatire for
all other precipitation'reéimesa The graphs for light and heavy
grazing are very similar with greater amounts of cover being
associated with year to year fluctuation in precipitation (Figse 28 .
and 29). The major. difference between grazing intensities was thatﬂ

predicted ‘cover under heavy grazing was much greater than that under

-light grazing, and this would therefore suggest that heavy grazing

favors this species. However, a even greater amount of cover was
predicted for no grazing, so tumblegrass is apparently also favored by
not being grazed. Therefore, these results agree with those of Reed

and Peterson (1961), as long as the no grazing category is considered.

- Searlet Globemalloy

Good r° values were obtained for scarlet globemaliow and cover
was therefore graphed for all categories considered (Figs. 30=34).
When combining all quadrats (Fig. 30), cover is greatest with

consistently high precipitation,’ and it decreases gradualiy,as
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Response of Basal Cover of Scarlet Globemallow to Precipitation, Heavy Grazing.
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precipitation decreases in the current year. Howeveé, cover does not
decliné as rapidly when previous year precipitation declines,
indicating that_preeipifation in the, previous year may‘be ﬁore
important than current year precipitation for enhancing covers This
spéci§5‘appears'to be fairly drought tolerant, because no negative
values wefe predicted. This may indicate tﬁat it would not be
eliminated by drought or any o@her precipitation regime that was
considered. | \

Scarleg globemallow apparently needs a certain amount of grazing

pressure to remain in the stand. When cover response from ungrazed

quadrats was examined, most predicted cover values were negative. (Fig.

31). The results were just opposite to those obtained for the species -

when grazing occurred. Scarlet glob'emallo'w persisted under nonuse

only when the amount of precipitation'fluctuated widely from year to
year. The éreatest amount’ of cover occurred duriné the qost extreme
f‘luctuations°

The light and moderate grazing intensity curves (Figs. 32 and 33)
are almost identiééi.with the brimary,differences 6ceurring at low
levels of precipitation. Both curves are also very similar to the all
. quadrats combined curve‘(Fig. 305.: The gfeate;t cover occurred when
precipitation was high‘for two COnseéutive years, Under 1light

grazing, the cover decreased linearly as both previous and current

annual precipitationvdeelined;. The éame reépoﬁsg occurred on'the

¢
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moderate grazihé cur?e except at loéer levels of curfent year
precipitation. When this occurred with low lévels of previous year .
precipitation, cover tended fb indrease gradually as current annual
precipitation increas_ed° When it.ocduﬁred at high levels of previous
year precipi;ation, pfedicted cover valués became negative., Cover was
consequently highest ﬁnder low ‘current year precipitation when
tprevioué year precipitation was average. |

Cover was highést under heavy graéing when previous year
precipitation was highest, and current year brecipitatibn was lowest
(Fig. 34). At low levels of previous year preciﬁitation, hpueveé,
éover increésed as current yéar precipitaiioﬁ increased. ' In this
respect, the cu?ve was similar to curves associated with other grazing
intensities. Howevgr, previous year pieeiﬁitation and precipitation
fluctuations between years appeaned to play a greater role in
determining basal cover at heavy grazihg intensities.

Coupland (1958) reported that cover increased auring droughf.
However, my results indicate that cover will decrease with ibw
precipitation except if not graz‘gdo

Scarlet globemallow is considered to be of low value as‘forage
for cattle. A reduction in cover of this species is consequently
desirable for livestock production. Since. heavy grazing resulted in
the lowest amognt of predicted cover,‘thislappears to be the begt

grazing intensity to use to regulate scarlet globemallow. My results
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are in direct conflict with those of Reed and Peterson (1961). They
statedhthat the species responded favorabiy to heavy grazing.
However, my results indicated that curves are similar at all grazing
intensities and that there is actually little difference in,thé aﬁount
of cover predicted. This agrees closely with the results of Houston
and Yoodward (1966) who stated that there was no different respénse

between grazing intensities. It should be.noted that the cover of

scarlet globemallow is so low in all cases that it seldom presents a.

problem on this range.
Needle-and-Thread

Accebtéble r2
quadrats combined, light, and heavy grazing (Figs. 35-37). All curves

are very similar with the highest amount of cover occurring when

precipitation is consistentl& high for two years. Cover decreaseq

linearly as precipitation decreased{ regardless of the year in which

the precipitation occurred. Negative values of cover were never
predicted except under heavy grazing when precipitatidn is extremely
low for two consecutive yeafs. In this case the plants were severely

stressed by both droughi and heavy grazing pressure; This indicated

_ that this species is highly drought tolerant as long as it is not

overgrazed, -The actual amount of cover is much greater when all

quadrats are combined than under either iight or heavy grazing

- intensities. This probab1y~ind1cates'that the predicted cover would

A

values were obtained and cover was graphed for all :
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be considerably higher on either nonuse or moderate stocking. Based on
the grazing intensities that were graphed, it apbears that light

grazing promotes more cover than heavy grazing. The difference in

amount is not very substantial, howe&er. Light stocking is therefore

_more advantageous for livestock production because needleaanduihread

is considered a desirable forage species. Based on the information
availablé, these results do not appear to differ frpm those of Reed
and Peterson (1961), Houston and woodward (19665g or Clark et al,
(1943). . ' | |
Green_Needlegrass

Acceptable rzlvalyes weﬁe bbtained.and cover was graphed for all
quadrats combined,'nénuse, and héavy grazing (Figs. 38-40); The only
portion in common among the three graphs is the cente}'Where
precipitation is consistent between years and near average. Ih this
case the reSulting prédicted cover is loﬁ. Each curve shbws‘a
different responsgtto extreme precipitation §a1ues;

On thé all quadrats curve (Fig. 38), coverii;(high when
precipitation is either high for téo consecutive'years or varies
greatly from year to year with at least one high precipitation year.

- Current year precipitation appears to affect cover more because coyér
is greater when it‘is high and previous yedar precipitation is low,

On the nonuse curve (Fig. 39), basai cover is greatest when

precipitation is h;gh in both years. There is alsé a slight increase,
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.in cover when precipitation is consistently low. The lowest amount of

cover occurred when precipitation fluctuated from yeai to year, Green

needlegrass is often associated with western wheatgrass, and under

nonuse, 1its cover appears to have an inverse relétioﬂship with western -

wheatgrass cover. As discussed earlier, a similar response was

observed with buffalogréss.

With heavy grazing, green needlegrass had high cover values under

any éxtreme precipitation regime (Fig. 40). This was observed when

precipitation amounts were consistently high.consistehtly low, oé>

fluctuated between years. In this respect, it éppeared to respond in

a similar manner as red threeawn., .

Green needlegrass is usually considered to be a highly productivej

and desirable forage species that decreases rapidly under grazing
pressure, Howéver, my data seem to indigate that this hypothesis'may
not be valid. The greatest amount of cover was predicted for heavy
grazing. Furthermo}e, green needlegrass tended to 1ncrea$eAéover
under more precipitatioﬁ regimes under heavy grazinéAthan under
protection from grazing. These results d6 not agree with those of

Reed and Peterson (1961) or Houston and Woodward (1966) who stated

that there is either no responée to grazing or a favoraﬁle reéponSe to

light grazing or nonusé.




LL

d

N S

SUMMARY AND CONCLUSIONS

The purpose of this study was to quantitatively. describe changes
in basal cover of vegetation in response to variation in precipitation

and grazing intensiﬁ&. The objectives were:

1. To investigate the relationship between plant community
Qomposition ;nd amount of precipitation,

2. To examine the effect of éﬁazing ihtensity on the relationship

between plant comﬁunity composition and amount of'

—

precipitation.

3. To examine management alternatives that maximize desirable
plant communities for livestock productioh under variable
climatic conditions.

Basal cover data of 142 species cdmpiled over a 24 year period
between 1932 and 1956 at the Livestock and Range Research Station near
Miles City, Montané were analyzed in this study to détermine which
species showed a relationship between basal covér and annual
precipitation. éeveral plotting techniques were-usea to visualize the
ﬁelationship between cover aﬂd precipitation. Based on these
techniques, 21 species Qere selected for funther data analysis which
empioyed multible,regression teéhniqqes,with basal cover as the
dependent variable énd preéipitation paraméters as the independent
variables. Basal cover under severai graiing treatments was prédicfed

using annual plant year precipitation for two consecutive years or
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cumulative early growing séason precipitation. Théée grazing‘

treatments includgd ﬁhree|djfferent sﬁocking rates, no graz;ng, and
all grazing intensities combined. ﬁasal co&er of twelve species that
are constituents of-the mixed grass prairie of southeast Montana were
reliably estimated based on annual plant year precipitation'for two
consecutive yeéﬁs.,All ofuthese species are common éon&tituents of

i N

most plant communities in this region, and some of them are the most

abundant species in‘many plant bommunities. It appeared that cover

relationships of other species could also be established by using
similar regression techniques and by introducing other independent
variables. | |

After examining the predictgd eovér of each species,_itlwas
apparent that each épecies réacts to precipitafion regimes and grazing
treatments in a unique manner. A species may respond differently to
the same precipitation regime when subjected to‘different grazing
intensities. Because of this, it is difficult, if not impossible, to
predict how cover of the entire plant eommunity‘will respond to a
given precipitation regime. Because each species has its 6wn response
to precipitation;, constant changes can be expected in the composition
of the plaﬁt community as the precipitation regime changes. The
species that are favéred and disfavored will likewise change in

accordance with prevailing precipitation, My results are therefore
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supportive of those of past researchers such as Cook and Sims (1975).

For management phrposes, thé dominant species in the plant community%g

need to be identified, and then consideration can be given to how
precipitation regimes affeét the cover of those species. In thé event
that the precipitation regime changes,'however,‘;t should be feélized
that another specieé hight become dominant. This might'then have an
effect on management decisions, o

It is also apparent that many species have evolved an ability to
respond to fluctuations and extremes in precipitation thét are

commonly é part of the climate of\the_Northern Great Plains. They may

have evolved the ability to obtain maximum cover when fluctuations and’

extremes occur, as western wheatgrass or red threeawn do; or may have
the ability to respohd quickly to any increases in precipitation, as
buffalograss or needle~and-thread do.

For the twelve species considered in_detail, moderate grazing is

the most conducive to the optimum amount of cover desired fdr moreﬂQ%

species than any other grazing intensity. Species with optimum cover:

under moderate stocking included western wheatgrass, red threeawn,
fringed sagewort, blue grama, buffalograss, and needlelgaf'sedge. Two
sbecies (scarlet globemallow and green needlegrass) reached optimum
cover under heavy grazing,‘whilé need;e-and-thread obtained optimﬂm
cover under light grazing. "The optimum grazing intensity couid not ﬁe

détermined for two specieé (western yarrow and tﬁreadléaflsedge)
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because only one grazing intensity was studied. These :conclusions
agree with those of Reed and Peterson (1961) and Hurtt (195:1), who
also recommende;i the moderate grazing intensity on this range. It
therefore appears that moderate stocking of .92 ha (2.3 acres) per
AUM, or 5.52 ha (13.8 acres) per animai‘ unit for the entire six months
of summer grazing would provide cond:;tiqns for optimum.development of
plant cover;, Because the- cover of all species fluctuated from none or
very little to the ma:;imum amount due to changes in the preéipifation ‘
regime, it is al‘so-.apparent that stocking rate needs to be adjusted to
coincide‘with the forage available. Although basal cover is not a%
direct measurement of the forage available for livestock, it provi‘des'
a reliable index to the amount of plant basal'ma‘terial available to
produce forage. My results therefore support the recommendations of ZP
Reed and Peterson (1961) and Hurtt (1951) that aé¢tual stocking rates
for a site neeé to b:le‘ se:t and adjuséed based on forage g,ﬁilization or

range condition,
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Included are graphs of 48 species. For an explanation of ghese
graphs, see page 41, The species from Table 1 that do d&t have graphs’
in appendix A showed such a poor relationship that no graph was
printed for them. In most of these éases, cover was only recorded in
one or two years thrbughout the study period. Therefore, a
relationship could not be‘determingd between cover and Ibrecipitation
for these species.

The vertical axis represents basal cover (cm25 of the species
being considered and the horiiéntal'axis represents yeabs from 1931

through 1968. Data from the period after 1956 was not considered

'because of inconsitencies in the methododogy of recor&ing quadrats.
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Figure Al. Basal Cover (cmz) of Western Yarrow by Years
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Figure A2. Basal Cover (cmz) of Thickspike Wheatgrass by Years
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Figure A3. Basal Cover (cmz) of Western Wheatgrass by Years
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Figure A5. Basal Cover (cm2) of Slender Wheatgrass by Years
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Figure A6. Basal Cover (cm2) of Field Pussytoes by Years
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Figure AT. Basal Cover (cma) of Red Threeawn by Years
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Figure A8. Basal Cover (cmz) of Hoary Tansyaster by Years




Figure A10. Basal Cover (cmz) of Threelea

ved Milkvetch by Years
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Figure A11. Basal Cover (cmz) of Silver Sagebrush by Years
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Figure A12. Basal Cover (cmz) of Fringed Sagewort by Years
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Figure A13. Basal Cover (cmz) of Big Sagebrush by Years
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Figure A14. Basal Cover (cmz) of Shadscale by Years
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Figure A15. Basal Cover (cmz) of Nuttall Saltbush by Years
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Figure A16. Basal Cover (cm?) of Blue Grama by Years
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Figure A17. Basal Cover (cm2) of Cheatgrass by Years
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Figure A18. Basavaover (cmz) of Buffalograss by Years
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Figure A20. Basal Cover (cm2) of Threadleaf Sedge by Years
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Figure A22. Basal Cover (cm?) of Winterfat by Years
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Figure A23. Basal Cover (cmz) of Western Tansymustard by Years
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: Figure A24. Baéal Cover (cmz) of Inland Saltgrass by Years
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Figure A25. Basal Cover (cma) of Snow-On-The-Mountain by Years
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Figure A26. Basal Cover (cm?) of Little Barley by Years
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Figure A28.

Basal Cover (cm2) of Pincushion Cactus by Years
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Figure A29. Basal Cover (cm2) of False Buffalograss by Years
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Figure A30. Basal Cover (cm2) of Plains Pricklypear by Years
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Figure A31. Basal Cover (cm2) of Hoods Phlox by Years

Figure A32. Basal Cover (cmz) of Big Bluegrass by Years
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Figure A33. Basal Cover (cmz) of Kentucky Bluegrass by Years
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Basal Cover (cmz) of Sandberg Bluegrass by Years
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Figure A35. Basal Cover (cm2) of Russian Thistle (Salsola kali) by Years
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Figure A36. Basal Cover (cmz) of Russian Thistle (S, pestifer) by Years
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Figure A38. Basal Cover (cmz) of Tumblegrass by Years
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Figure A40. Basal Cover (cmz) of Bottlebrush Squirreltail by Years
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Figure A42. Basal Cover (cmz) of Sand Dropseed by Years
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Figure A43. Basal Cover (cmz) of Needle-And-Thread by Years
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Figure A4Y4, Basal Cover (cmz) of Green Needlegrass by Years
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Figure A45. Basal Cover (cmz) of Field Pennycress by Years
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Figure A46. Basal Cover (cmz) of American Vetch by Years
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Figure A47. Basal Cover (cmz) of Six Weeks Grass by Years
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Figure A48. Basal Cover (cmz) of Broom Snakeweed by Years
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Included are graphs of 21 species. For an explanation of these
graphs, see page 42. These 21 species are the same as those ihdicated
by an asterisk in Table 3.

The vertical axis ;epresents basal cover (cma) of the species
being considered and the horizontal axis represents .annual
precipitation (inches). Annual precipitation was determined on a

calendar year basis.




* -
e | o ) 8 L TG B g
— -
[ . e R TSI AN e RSSO S
v
N S T AU I R S T NG ST

cover |
]
|
I
1
|
|
|
|
I

5 L 181 3 + R

’ t

t

el AR 7 e A CE S RO VDR oo RN, (U MVRIERS, I S g R R o
e e = I g iyl

PRECIP.
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Figure BT. Basal Cover of Blue Grama (cm?) vs. Fptei (ine)
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Figure B8. Basal Cover of Buffalograss (cmz) vas ppt. (ing)
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Figure B9. Basal Cover of Threadleaf Sedge (cmz) vs. Ppt. (in.)
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Figure B10. Basal Cover of Needleleaf Sedge (cm?) vs. ppt. (in.)
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Figure B11. Basal Cover of Six Weeks Grass (cm?) vs. Ppt. (in.)
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Figure B13. Basal Cover of Plains Pricklypear (cm?) vs. Ppta.ii(ine
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Figure B14. Basal Cover of Hoods Phlox (cm?) vs. ppt. (in.)




Figure B15. Basal Cover of Woolly Plantain (cm2) vs. Ppt. (in.)
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Figure B17. Basal Cover of Tumblegrass (cm2) vs. Ppt. (in.)
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Basal Cover of Scarlet Globemallow (cmz) vs. ppt. (in.)
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Figure B19. Basal Cover of Sand Dropseed (cm2) vs, Ppt. (in.)
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Figure B20. Basal Cover of Needle-And-Thread (cm?) vs. ppt, (dn3)
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These predictive equations were used to prédict the r2 values
presented in Appendik D and to develop the response surfaceé presénted
in the results and discussion (Figs. 3-40).,

The format of these predictive equations is the same as that in
Equgtion 1 (Table 2). The limits of the precipitation range for which.
these equations were developed and can therefore be considered
accurate is described on page 70. Thg r values for each equation are

presented in Tables fl through 15.
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Table C1. Predictive Equations For Each Species,- All Quadrats

western wheatgrass:

Y = 314.94552 - 128.279 X, + 11.8775 X,2 - 4.83999 X,

+

2 2
3055881 x2 - 0525034 x-l XZ

red threeawn:

+

Y'= 127.04529 = 28.5771 X, + 1.75123 X2 + 1.81926 X,

.30904 X, = .0578837 X,2X,

fringed sagewort:

Y = =116.48492 + 5.15864 X + .30566 X2 + 18.6792 X,

.978152 X,2 + .0258527 XX,2 - .112216 XX, +

2y 2
.00449175 X49X5

blue grama:

Y = 168.71558 = 250.312 X; + 32.4161 X2 + 241.647 X,

+

17.4964 X,2 - 45.7052 XXz

buffalograss:
Y = -596.02415 - 4.92507 X, + 4.75403 X% + 104.578 X, +

.269783 X{Xp°
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Table C1. continued

tumblegrass:
Y = 135.59773 + 5.3621 X, + 7.08009 X, - 67.8864 X,2 -
428921 X,X,% +°.194891 X,2X,
, scarlet globemallow:
Y = 3.2561017 = .244123 X, + .612354 X, - .00347786 X X,2 +

000226045 X42X,°

needle-and-~thread:

Y = =115.84551 + 9.36894 X, + 8.69832 X, + .0897017 XX,

green needlegrass:

Y = -388.33155 + 24.7982 X, + 1.05042 X,2 + 82.3713 X -

2.7HU64 Xp2 - 7.92769 X;Xp + 301237 XyXp°
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Table C2. Predictive Equations For Each Species, No Grazing

western yarrow:
Y = 20.046803la 661224 X1 + .192152’)(12 - 4,382 XZ +

2

bBlue grama:
Y = ~10089.855 - 414TT4 X, + 137.308 X, + 1101.26 X, +

157,195 X X, - 12.4052 X X, - 25.0029 X;°X, +
1.23554 X,2x,2

buffalograss:
Y = -15490.895 - 291.462 X, + 160.399 X,2 + 2709.16 X, -

102.35 X,2 - 23.3204 X,%X, + .903136 X,2X,°

scarlet globemallow:
Y = -71.783237 + 9.29841 X, - .148333 X,2 + 7.75859 X, -

.0900293 X;2 - 851612 XX, ~ .00120556 X12Xp°

green needlegrass:

Y = 730.63662 - 48.8834 X, + .506737 X;% = 59.8564 X, +

.27439 X4X,°
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Table C3. . Predictive Equations For Each Species;, Light Grazing

western wheétgrass:
Y = 281.96973 - 84.4277 X, + 7.30098 X,2 - 1.79236 X, +

v 2 2
2.14408 7302763 X%%5

red threeawn:
Y = 9534.872 - 1497.58 X, + 57.702 X;2 - 1616.18 X, +
68.1226 X52 + 249.923 X X, = 10.3495 X X,2 =

9.49594 X 2Xp + 387236 X,%Xp?

fringed sagewort:
Y = 6.5587718 + 1.58895 X, - 4.84677 X, + .349201 X,° -

" 2
.00660262 X4°X;

blue grama:
Y = 104550.85 - 17246.5 X, + 706.303 X;2 = 16595.5 X, +
663.123 X, + 2685.71 X1X, - 104.505 X;X,°2 =

107.697 X,2X, + 4.10807 X,°x,2

buffalograss:
Y = 10500.415 = 1077.36 X, + 294025 X4 - 1716.08 X, +

95.8159 X, + 112.903 XX, - 5099788 X,X,°
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Table C3. continued

tumblegrass:
Y = 49.302923 - 25.6069 X; + 2.22567 X2 + 1.45874 X, +
.635546 X2 - .0984811 X,2X, |
scarlet globemallow:

Y = 5.4501815 - .227872 X; - .113289 X, + .000191289 X,%X,2

needle-and=-thread:

Y = 23.302652 = 7.02391 X, - 2.08849 X, + 1.71237 XX,
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Table ClY. Predictive Equations For Each Species, Moderate Gbazing

western wheatgrass:

Y = =1133743 + 61.6811 X; + 9.20687 X;% + 126.245 X, +

6.14131 X,2 - 22.9712 XX,

red threeawn:

Y = 161.2628 = 4.41035 X, = 13.382 X, + 1.79356 X,2 -
g 1 2 2

2.96938 X;X, + .211868 X,2X, - .0070872 X,2X,°

fringed sagewort:

Y < 19.196825 - 0487076 X-l - 3037“32 X2

blue grama:
Y = 4125.9981 - 143.617 X1 - 897.905 X,

5.58251 X1X,% + 3.19802 X;%X

buffalograss:

Y = -350.33276 + 108.94 X, - 40.9804 X,

needleleaf sedge:
Y < 2'1617686 - 4.45732 X1 + 502“831 X2

.0585517 X4°X,

+

+

.230495 X,°

r

92.1704 X, -

1.21977 X4X,°

2.
0459848 XX, +

> PR



183

Table C4. continued

scarlet globemallow:

Y = -20.80817 - 1.30123 X, + 5.49619 X, - .253495 X, -

.28289 X,X, + .0159205 x1x22
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Table C5. Predictive Equations For Each Species, Heavy Grazing

western wheatgrass:
Y = 235.62474 - 105.6 X, + 10.1142 X,2 + 1.04026 X, +

2 25
3.01918 X,2 - 445206 X,2X,

red threeawn:
Y = 2747.7708 - 428.534 X, + 16.3466 X, - 452.976 X, +
1805732 x22 + 6903053 X1X2 - 20785“5 X1X22 -

2.59423 X2, + .102359 X,X,?

buffalograss:
Y = -1569.4267 - 70.8638 X, + 24.9654 X, + 240.621 X, +

10,713 X,2 = 15.9065 X{X, - 672488 X;2X;

threadleaf sedge:
Y = 113.85799 + 7.55602 X, - .822696 X2 - 35.0759 X, +

3.74578 X,2 + 506401 X,X° ~ 269074 X,X,2 +

2
.167261 X1 X,

needleleaf sedge:
Y = 41.26365 - 745211 X, - .0918709 X,2 - 5.45874 X, +

0774817 X2 + 24617 XX,
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Table C5. continued

tumblegrass:
Y = -216.91736 + 9.10557 X; + 2.21234 X,2 + 20.1123 X, +
2.03869 X,° - 5.17404 X{X,
scarlet globemalloy:
Y = -3.6343506 - ,879599 X, + 0722715 X;2 + 1.51661 X, -

.0769598 XX,

needle-and-thread:

Y = -58.564653 + 3.47362 X, + 4.17649 X, + .609354 XX,

green needlegrass:
Y = 16930.547 - 2686.29 X, + 104.01 X,2 - 2790.2 X, +
112.95 X,2 + U37.841 XX, - 17.4778 X X,2 =

160781‘2 X12X2 + 06631‘31 X12X22
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Values presehted were obtained using the predictive equations

presented in Appendix C. These vaiues were used to develop the

response surfaces (Figs. 3-40).
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Table D1. Predicted Cover Values of Western Yarrow for Given
Precipitation Regimes
prev. current all no light mod. heavy
yr. ppt. yr. ppt. quadrats grazing grazing  grazing grazing
4 y 4,2
8 8 -3.1 .
12 12 -1.9
16 16 8.0
20 20 26 .4
y 8 0.2
8 12 0.2
12 16 8.9
16 20 26.1
20 y 47.5
4 12 8.5
8 16 16,0
12 20 32.0
16 y 27.5
20 8 23.8
y 16 29.1
8 20 4.0
12 ] 13.6
16 8 8.6
20 12 12.3
y 20 62.1
8 ] 5.8
12 8 -0.3
16 12 2.1
20 16 13.2
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Table D2. Predicted Cover'Values of Western Wheatgrass for Given
Precipitation Regimes

prev. current all no light mod. heavy
yr. ppt. yr. ppt. quadrats grazing grazing grazing, = grazing

4 4 1.8 68.8 ~504,0 -1.0
8 8 1.1 41,5 =118.2 . 11.8
12 12 81.1 83.8 23.7 ~ 103.1
20 20 - =293.0 -88.4 424, 4 -162.4
i 8 129.7 o 145.2 ~T1.2 119.6
8 12 132.1 128.3 143,0 143.6
12 16 157.9 o 1482.3 113.8 189.1
16 20 5.8 70.6 -159.3 85.2
20 4 C1TTT.T , 1056.1 2548.2 1509.7
y 12 " 361.5 . 290.1 556 .9 336.8
.8 © 16 376.9 ' 283.7 600.7 371.9
12 20 <348.7 ‘ 269.3 400.5 371.6
16 4 867.0 517.0 1343.2 732.0
20 8 1089.2 667.1 1510.3 946 .8
y 16 © 707 .1 g "~ 503.7 1382.2 650.6
8 20 735.6 - . 507.7 1254.9 696.9
12 y 269.1 172.8 432.9 221.0
16 8 480.8 . 302.5 672.9 425,.4
20 12 514.6 346.6 668.9 480.4
4 20 1166.7 785.9 2403.9 1061.0
8 L ~16.0 '23.4 -182.9 -23.3
12 8 118.1 94.0 130.0 1137
16 .12 208.6 156 .6 199.0 215.4

20 16 53.8 94.8 24,0 110.7
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Predicted Cover Values of Fringed Sagewort for Given
Precipitation Regimes .

Table D3.

heavy
grazing

current all no light mod.
quadrats grazing grazing grazing

_ prev.
yr. ppt.

yr. ppt.
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Table D4, Predicted Cover Values of Red Threeawn for Given
Precipitation Regimes

prev, current all no light mod. - heavy
yr. ppt. yr. ppte. quadrats grazing grazing grazing grazing

4 4 49.3 1020.8 83.1 571.2
8 8 15.1 97.0 23.6 29.8
12 12 2.4 9.8 -0.3 -1.8
16 16 -11.3 " =17.0 -14.6 -22.5
20 20 -48.1 718.1 -88.6 95.6
i 8 67.7 427.2 76.3 137.3
8 12 32,3 6.8 37.0 -2.7
12 16 10.8 34.0 13.8 1.0
16 20 -18.9 , 21.4 -40,.8 -37.1
20 i 175.3 1253.9 105.1 356.7
i 12 95.9 -13.0 123.4 -6.6
8 16 59.3 239.7 93.5 55.0
12 20 29.2 . 47.4 53.1 -1.3
16 y 70.0 177.0 64,3 45,4
20 8 104 .6 354,7 105.0 115.1
Y 16 134.1 600.2 224.4  139.7
8 20 96.2 . 795.8 193.1 203.1
12 y 15.1 -70.8 47.0 -22.6
16 8 33.6 60.8 37.9 18.8
20 12 43.8 34,4 T2.7 -8.9
i 20 182.2 2266.9 379.1 576
8 it : 7.9 510.4 . 53.3 152.6
12 8 3.8 -25.1 10.8 -9.7
16 12 6.2 -3.8 11.6 =3.9

20 16 “701

86.8 861 .-159"'
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Table D5. Predicted Cover Values of Blue Grama for Given
Precipitation Regimes ’

prev, ‘eurrent all no light mod. heavy
yr. ppt. " yr. ppt. quadrats grazing grazing grazing grazing

4 4 201.4 ~4869.8 21535.7 1282.0
8 8 368.6  -u48Y4.1 1522.5 472.1
12 12 6T70.5 84.3 884.8 780.7
16 16 " 1107.1 1440.5 1236.1 1292.3
20 20 © 1678.2 15777.0 9429.2 . 1091.5
4 8- 1276 .5 -1143.1 6152.4 1247.5
8 12 1272.3 614.4 712.& 1500.3
12 16 1402.8 398.8 1#52.3 1851.9
16 20 - 1668.0 6608.8 2605.4 1387.0 -
20 4 5719.0  16648.1  21761.2  2467.3
y 12 2911.5 1628.0 715.6  3U47.9
8 16 2735.9  1066.5  2782.1 4048.9
12 20 . -2695.0 1640.6 2039.5 3729.1
16 y 2783.6  8529.9  5325.2  1557.0
20 8 3869.0  4627.2  8299.5  3057.9
Y 16 5106.3  3443.7  5225.4  7883.3
8 20 4759.4 872.2 © T731.8  8118.0
12 y 885.6 . 2237.6 ~191.1 1056.0
16 8 1664.9  2401.0  2596.1 1377.3
20 12 2578.9 475.0 1756.8  3025.5
4 20 7861.1 4303.8 19681.9  14553.6
8 y 24.8 =2229.0 h212.4 964 .3
12 8 4981 697.3 337.0 515.3
16 12 1106.0 37.9 1233.0 1289.1
20 16 1848.6 2133.4

4191.6

2370.0 ’
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Table D6, Predicted  Cover Values of Buffalograss for Given
Precipitation Reginmes

prev, current all no light mod. heavy
yr. ppt. yr. ppt. quadrats grazing grazing grazing grazing

n y -104,1  -6152.6 2752.7 ~59.0 ~ =617.1
8 8 643.7 -675.3 321.6 271.4 710.0
12 12 1750.9 308.2 903.9 640.9 2153.6
16 16 3321.4 1713.1 2196.3 . 1049.3 3455.8
20 20 5458.6  14002.7 1895.6 1496 .9 4358.5
4 8 366.1 =1027.8 1142.5 -164.3 5621
8 12 1234.8 6267 897.0 205.1 1848.5
12 16 2532.1 812.9 2129.3 613.6 3165.4
16 20 4361.8 7219.9 2536.2 1061.1 4254 .8
20 n 1711.8  20505.7 2494 .6 1684 .1 5785.5
4 12 870.8 1284.2 1830.8 -230.6 2084.2
8 16 1895.0 503.0 3003.1 177.8 3329.8
12 20 3417.0 2203 .4 4417.7 625.3 4520.0
16 y 1029.6 9925.9 1148.0 1248.3 3115.6
20 8 2389.3 6455.1 . 3503.6 1578.7 4914.5
n 16 1410.1 783.4 4817.7 -257.9 3949.0
8 20 2624.4  -1046.7 6639.9 189.6 5153.9
12 y . 499.6 1956.2 T42.1 812.5 1158.5
16 8 1655.3 3066 . 1 1502.1 1142.9 2886.2
20 12 3239.6 687.8 3740.1 1512, 4 4386 .4
y 20 1983.9 -2530.4 10103.0 ~246,2 6145.7
8 Y . 121.7  -3403.3 1277.0 376.8 -85.7
12 8 1073.4 689.3 441,5 707.2 ' 1484.6
16 12 2419.2 328.5 1851.6 ~ 1076.6 2999.6

20 16 H262.7 3203.6 3204.1 1485.1 4201.0
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Predicted Cover Values of Threadleaf Sedge for Given

Table D7.
Precipitation Regimes
prev, current all no light mod. heavy
yr. ppt. yr. ppt. quadrats grazing grazing grazing grazing -

i y 52.1
8 8 60.9
12 12 101.1
16 16 133.6
20 20 119.1
yu 8 58.7
8 12 107.1
12 16 139.3
16 20 116.1
20 L} 77.0
y 12 : g 150.8
8 16 . 204.3
12 20 ‘ : 194.1
16 j y 78.2
20 8 165.9
4 16 328.3
8 20 352.4
12 y 74.5
16 8 " 114.5
20 12 202.6
y 20 591.3
8 4 65.8
12 8 79.5
16 12 133.0 -
20 16

187.0
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Table D8. Predicted Cover Values ‘of Needleleaf Sedge for Given
Precipitation Regimes

prev. current all no light mod. heavy

yr. ppt. yr. ppt. quadrats grazing grazing grazing grazing
y y 6.1 20.1
8 8 14,6 6.4
12 12 32.4 0.1
16 16 64.0 1.1
20 20 114.0 9.6
4 8 22.0 5.9
8 12 21.0 -1.4
12 16 25,0 -1,3
16 20 38.4 6.1
20 4 12.1 -11.4
y 12 31,9 -5.8
8 16 15.7 -6.7
12 20 -0.1 -0.3
16 u "'005 009
20 8 8}.7 -9.8
y 16 36.0 -15.1
.84 20 -1.5 -9.6
12 y ~5,.7 10.3
16 8 44,5 -1.5
20 12 121.9 -5.8
y 20 34,2 -21.9
8 u -305 1637
12 8 22,1 3.9
16 12 66.0 -1.4
20 16 132.7 0.6
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Table D9. ' Predicted Cover Values of Tumblegrass for ‘'Given
Precipitation Regimes
prev. current all no - light mod. heavy
yr. ppt. yr. ppt. quadrats grazing grazing grazing grazing
4 4 ~882.4 -7.8 -114.8
8 8 -12105 "1190 -u2.2
12 12 - 39.2 2.2 © 0.8
16 16 -128.2 -6.1 14.3
20 20 -127906 "‘73'3 "1 08
4 8 ~551.9 - 22.3 =19.3
8 12 209.8 20.6 35.8
12 16 225.4 22,7 61.2
16 20 "‘70509 -901 5792
20 4 =3145.4 286.8 549 .2
y 12 512.8 72.6 141.5
8 16 1038.7 72.5 179.0
12 20 515.1 63.5 187.0
16 y -1086 .6 125.1 277.0
20 8 -946.,2 166 .3 313.6
y 16 2311.6 143.3 367.5
8 20 2365.3 144.6 387.5 ..
12 y =-23.2 22.1 756
16 8 ~318.6 61.0 124.2°
20 12 94.8 66.1 143.2
y 20 L84Y .6 234.3 658.8
8 4 4y.9 -22.2 -55.0
12 8 -43.7 2.0 5.6
16 12 0.8 17.3 36.6
20 16 -2203 "1307 38.1
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Table D10.

Predicted Cover Values of Scarlet Globemallow for Given

Precipitation Regimes

heavy
grazing

current all no light mod.
quadrats grazing grazing grazing

prev.
yr. ppte.

yr. ppt.
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Table D11, Predicted Cover Values of Needle-and-Thread for Given
Precipitation Regimes

prev. current all no - light mod, heavy
yr. ppt. yr. ppt. quadrats grazing grazing grazing grazing

h 'L 1360.6 . 14.5 ~18.2
8 8 2873.4 . 60.0 b41.6
12 12 4422 ,6 160.5 120.9
16 16 6008.0 , 315.8 219.7
20 .20 . 7629.8 525.9 ° L 338.0
4 ‘ 8 2166 .4 - "33.3 8.2
8 12 3697 .4 106 .4 77.8
12 ' 16 5264.7 . 234.3 166.9
16 20 6868.3 417.0 275.4
20 y 4116.0 C11.4 76.3
y 12 2972.2 52.3 34.7
8 16 4521.4 , 152.8 114.0
12 20 6106.8 , 308.1 ' 212.8
16 y 3427.1 12.1 52.7
20 8 499y .4 140.0 141.8
y 16 3778.0 T1.4 ' 61.1
8 20 5345.3 199.3 150.2
12 ' 2738.3 12.8 o 29.1
16 8 4287.4 113.3 108.3
20 12 5872.9 : 268.6 207.2
y ' 20 4583.8 0.4 - 87.6
8 y 2049.5 | 13.5 5.4
12 . 8 3580.4 86.7 75.0
16 12 5147.7 214.6 164.1

20 16 6751.3 397.2 272.6
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Table D12. Predicted Cover Values of Green Needlegrass for Given

Precipitation Regimes

prev. current all no
yr. ppt. yr. ppt. quadrats grazing

light

'grazing

mod. heavy
grazing  grazing

L I} -94.4 . 329.3
8 8 7.3 49.5
12 12 32.1 Lg,5
16 16 95.8 274.9
20 .20 313.8 990.7
y 8 34.3 142.5
.8 12 561 -14.6
12 16 78.2 125.1
16 20 216.1 666.8
20 y 275.3 -156.0
Y 12 113.7 -9.2
8 16 94.1 -8.5
12 20 151.9 359.1
16 y 132.5 ~59.0
20 8 127.7 -132.3
y 16 - 143.7 -125.9
8 - 20 121.4 67.7
12 it 23.3 54,2
16 8 54,0  =-88.0
20 12 85.0 66.6 -
y 20 © 1244 -207.5
8 y -52.3 183.7
12 8 13.8 ~27.4
16 12 41.7 23.3

20 16 147.0 441.0

3478.4
199.4
199.4

4900
1305.2
823.8
~2.6
88.0
159.5

2278.3

~114.0
293.3

86.8
299.1
662.7
664.8.
1087.1

-160.5

118.8
~38.1
3161.3
899.2
-3506
35.4
179.1
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