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Abstract approved:

Three types of bottomland pastures on the Beneke Creek
Wildlife Managément Area, Jewell, Oregon, were compared
during the 1976~77 and 1977-78 winters to determine their

relationships to Roosevelt elk (Cervus canadensis

rooseveltii) nutrition and distribution. The three types

of pastures were: colonial bentgrass (Agrostis tenuis),

untreated; colonial bentgrass, hayed and fertilized;

perennial ryegrass (Lolium perenne), hayed and fertilized.

The first winter of the study was abnormally dry with
broad ranging daily temperature extremes, while the second
winter was near normal with close to average percipitation
and a milder than average daily temperature regime.

The dry winter favored high forage production with low
nutritive value, while the normal winter favored low forage
production of high quality. Elk density and distribution
were not affected by differences between the two winters of

the study.



The average amount of herbage removed from the experi-
mental pastures was 22.93 g of forage/kg body weight. Elk
showed a strong preference for the treated perennial rye-
grass pasture over the treated and untreated colonial bent-
grass pastures and no difference in preference between the
treated and untreated colonial bentgrass pastures. The
nutritive value of the herbage, based on digestible energy,
digestible protein, and dry matter digestibility, was high-
est on the treated perennial ryegrass pasture and lowest in
the untreated colenial bentgrass pasture. The herbage in
the treated perennial ryegrass pasture most often exceeded
minimum nutrient requirements. The treated colonial bent-
grass herbage met minimum digestible energy requirements.
half of the time and digestible protein requirements one-
sixth of the time. The herbage in the untreated bentgrass
pasture never reached minimum requirement levels for
digestible energy and digestible protein. Thus, of the
three pasture types, the treated perennial ryegrass pasture
was shown to provide the best elk winter range, in terms of
attracting animals and providing adequate nutrition.

Linear models were provided for the prediction of:
elk density (r2 = 0.72), dry matter digestibility (r2 =
0.85), digestible protein (r? = 0.43) and digestible energy

(r2

= 0.60). The relationship between nutritive charac-
teristics of the herbage and elk density emphasized the im-

portance of forage quallty te the free ranging ruminant.
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THE EFFECTS OF THREE LEVELS OF RANGE IMPROVEMENTS
ON ROOSEVELT ELK NUTRITION

INTRODUCTION

The Oregon Department of Fish and Wildlife purchased
bottomland pastures in the Coast Range Mountains to provide

wintering areas for Roosevelt elk (Cervus canadensis

roosevelti) . The increasing demands of the public for more

elk to view and harvest, combined with the Oregon Department
of Fish and Wildlife's‘desire to maximize production of elk
from these pastures has prompted the Oregon Department of
Fish and Wildlife to undertake an intensive vegetation
management program on the purchased lands. The intensive
management on these areas has resulted in an obvious in-
crease in the wintering elk populations. However, to this
point, no data were available on the quality of the winter
forage provided by the intensively managed pastures as com-
pared to the undeveleped pastures. Also, the degree to
which the intensively managed pastures increased the attrac-
tiveness of the area for elk as compared to undeveloped
pastures has not been determined. The rising cost of
management has prompted the desire te closely evaluate these
pasture development pregrams to determine if, in fact, the
apparent gains resulting from certain habitat developments,

are significant enough te justify the cost.



The objectives of'this research were to:

Determine the effects of bottomland pasture development
on the nutritive values of forage for wintering Roose-=
velt elk.

Determine the effects of bottomland pasture development
on elk preference among the pastures on the Beneke
Creek Wildlife Management Area.

Provide a bioclogical basis upon which te judge the
value of habitat developments on bottomland pastures

in the Coast Range Mountains for elk.



METHODS FOR PLANT COMMUNITY DESCRIPTIONS

Homogeneous stands of vegetation on the experimental
pastures were delineated using an aerial mosaic and field
reconnaissance. All stands with similar vegetation attri-
butes were grouped into the same plant communities.

The composition of herbaceous vegetation in the plant
communities on the experimental pastures was sampled by
locating thirty, 25 cm2 plots randomly in each plant com-
munity and recording frequency of species. The composition
of shrubs was estimated by recording density by species in
three 1 x 100 m plots per community and estimating species
cover by line-intercept along three 100 m transects per com-
munity (Cook et al. 1962; Pieper 1973). Plant communities
were named according to: dominant shrub/dominant grass/

dominant forb.



DESCRIPTION OF STUDY AREA

This research was conducted on the Beneke Creek Wild-
life Management Area (W.M.A.), Jewell, Oregon. This area
is situated at 174 m above sea level, in the central Coast
Range Mountains of Clatsop County approximately 48 km south-
east of Astoria in Townships 5 and 6 North, Range 7 West, of
the Willamette Prime Meridian (Figure 1).

The Beneke Creek W.M.A. encompasses 276 ha, most of
which is stream bottom and alluvial terraces of unconsoli-
dated stream sediments (Beaulieu 1973). Approximately 48
ha are slopes of the Ceast Range Mountains. 1In this area,
the parent material of the hillsides is primarily sedimen-
tary in origin (Beaulieu 1973). The area is 4.4 km long
(north-seuth) and 1.0 km at its widest (east-west) point.
Beneke Creek runs seuth through the area and drains into

the Nehalem Riwver.

The average annual precipitation (1966-1975) at
Vernonia (25 km east of Jewell) was 150 cm, 66 percent of
which fell from November through March. Most of the pre-
cipitation was rainfall. The average yearly temperature was
11°C, with an average daily maximum of 16°C and an average
daily minimum of 3°C. The mean frost-free period was 188

days (NOAA 1960-1978).
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Figure 1.

Location of Beneke Creek Wildlife Management Area (study area).



Soils and Vegetation

The soils on the Beneke Creek W.M.A. were describedvby
Leach (1974} . Three soil series dominated the experimental
pastures, all of which were alluvial in origin: Nehalem
Thin Surface Variant Series, Walluski Series and Knappa
Series.

The Nehalem Thin Surface Variant is a moderately well
drained silt loam (0-69 cm) over a loam (69-152 cm) formed
in recent alluvium, occurring on 0-3 percent slopes. This
series was classified as a Fluventic Dystrochrepts; coarse-
silty, mixed, mesic family (Leach 1974). The Nehalem Thin
surface Variant occupied approximately 30 percent of the
experimental pastures.

‘The Walluski Series is a moderately well drained silt
loam (0-33 cm) over silty clay loam solls (31-97 cm) formed
in old alluvium, occurring on 0-20 percent slopes. This
series was classified as a Typic Haplumbrepts, fine-silty,
mixed, mesic family (Leach 1974). The Walluski Series
occupied approximately 20 percent of the experimental
pastures.

The Knappa Series is a well drained silt loam or silty
clay loam (90~173 cm) over a silty clay loam formed in
alluvium, occurring on 0-20 percent slopes (Leach 1974) .
This series has not been classified. The Knappa Series
occupied approximately 15 percent of the experimental pas-

tures.



The experimental pastures were comprised of eight
plant communities shown in Figure 2. Fre@ﬁency ahdvspecies
composition of herbaceous plants in these eight plant com-
munities are provided in Appendices A and B respectively.
Cover and density of shrubs in each community are given in
Appendix C. In Appendix D, are listed the common and
scientific names of plant species occurring on the experi-
mental pastures.

Plant communities 1 and 3 (Figure 2) occurred only on
soils of the Knappa and Walluski Series. Plant community 4
occurred only on soils of the Nehalem Thin Surface Variant
Series. Plant community 5 occurred only 6n soils of the
~Walluski Series and plant community 6 occurred on soils of
both the Nehalem Thin Surface Variant and the Walluski
Series. Plant communities 2, 7 and 8 were found on all of
the three main scil series of the experimental pastures.

The timbered areas were dominated by red alder (Alnus

sides and sitka spruce (Picea sitchensis), western red

cedar (Thuja plicata) and bigleaf maple (Acer macrophyllum)

in the bottoms. According te Garrisen et al. (1977), this

area belongs te the Western hemleck (Tsuga heterophyla) -

sitka spruce (Picea s

itchensias) ecosystem, extending from

British Columbia along the Washington and Oregon Coast
Range Mountains and parts of the Western slopes of the

Cascades..
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Figure 2 . Plant communities on the Beneke Creek Wildlife Management Area (Scale: 1:12,000).




Management History

The Beneke Creek W.M.A. was purchased in 1973 by the
Oregon Department of Fish and Wildlife to provide a winter-
ing area for Roosevelt elk. Prior to this, the area was
used for grain and livestock production and then later for
hay and livesteck preduction (Cleary 1976). Approximately
30 to 50 elk used the area during the winter in spite of
hazing efforts, prior to 1973. Wheeler (1976) estimated a
wintering populatien of 110 elk in 1976.

At the time of purchase two types of pastures existed
on the area: 1. Those which were hayed yearly and grazed
by livestock. 2. Those which were too rough to hay but
were still grazed by livestock. Prior to purchase, virtual-
ly no seeding or fertilization was done on the area (Cleary
1976) . After the purchase of the area, the Oregon Depart-
ment of Fish and Wildlife began to plow and reseed pastures
to species that were considered'more productive during the
winter and more palatable. Fall fertilization and hay re-
moval was implemented on all pastures that were level
enough to do so. As a result of this habitat development,
four types of pastures, depending on the management level,
were present on the area (Figure 3) (Cleary 1976) :

Untreated Coleonial Bentgrass (Agrostis‘tenuis)(Bentgrass—U):

These pastures have never been tilled. They were
cleared of trees more than 50 years ago, pessibly

broadcast seeded in spots and grazed by livestock.
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Figure 3. Pasture types on the Beneke Creek Wildlife Management Area (Scale: 1:12,000).
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These pastures were neither hayed nor fertilized.
They were heavily dominated by colonial bentgrass.
Treated Colonial Bentgrass (Bentgrass-T): These pastures
were tilled in the past. They most likely were once
grain fields and later used for pasture, but have not
been tilled for at least 20 years. Since the purchase
of the area, these pastures have been hayed yearly and
fall fertilized yearly with 10-20-10 fertilizer at a
rate of 393 kg/ha. These pastures were very heavily
dominated by colonial bentgrass.

Treated Perennial Ryegrass (Lolium perenne) (Ryegrass-T) :

These pastures were plowed, limed, fallowed with a
cover crop of cereal rye through the winter, then
plowed again next spring and seeded to permanent pas-
ture with a mikture of: perennial ryegrass, annual

ryegrass (Lolium multiflorum), orchardgrass (Dactylis

" glomerata), tall fescue (Festuca arundinacea), white

(Trifolium subterraneum). They were hayed and fall

fertilized yearly with 10-20-10 fertilizer at a rate
of 393 kg/ha. Develepment of these pastures has been
the goal of the habitat program on the Beneke Creek
W.M.A. They were heavily dominated by perennial rye-
grass.

Cereal Rye (Secale cereale): These pastures were the result

of plowing one of the first two types of pastures,
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fallowing them for a summer, applying 6738 kg/ha of
lime, then seeding cereal rye and app;Ying 393 kg/ha
of 10~-20-10 fertilizer in the fall to provide green
feed for the winter. The following spring the pasture
was plowed and reseeded to the ryegrass pasture type.
The cereal rye pastures had no potential as permanent
pastures, but rather were an intermediate step between
one of the first two and the third type of pasture.
Similarities among plant communities were mainly

governed by the four types of vegetation management prac-
tices described as pasture types. Table 1 shows the types
of pastures and plant communities associated with each

other.
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Table 1. Plant communities and associated.pasture types on
the Beneke Creek Wildlife Management Area.
Pasture
Plant Community Types

1. wild Colonial Buckhorn

blackberry/ bentgrass/ plantain Bentgrass-U
2. Wild Colonial Birdsfoot

blackberry/ bentgrass/ trefoil Bentgrass-U
3. Evergreen Colonial Birdsfoot

blackberry/ bentgrass/ trefoil Bentgrass-U
4, Colonizl White

bentgrass clever Bentgrass-T
5. Colonial Sheep

bentgrass sorrel Bentgrass-T
6. Colonial Buckhorn _ Birdsfoot

bentgrass plantain trefoil Bentgrass-T
7. Perennial White

ryegrass clever Ryegrass-T
8. Cereal rye Cereal rye
9. Woodland Not a pas-

ture type
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LITERATURE REVIEW

History and Characteristics of Roosevelt Elk

The present range of Roosevelt elk extends from Hum-
boldt and Del Norte Counties, California north to Vancouver
Island, British Columbia. They primarily.occupy areas in
the Coast Range Mountains, although small populations do
exist on the west slope of the Cascade Mountains in Oregon
and around the Mount Rainier area, Washington, the latter
is a herd, which is thought to mix and interbreed with

Rocky Mountain elk (Cervus canadensis nelsoni) (Harper et

al. 1967). A well established, introduced population
occurs in Afognak Island, Alaska (Troyer 1960). Five
female calves and three male calves were brought to Afognak
Island from the Qlympic Peninsula, Washington in 1929 and
since have increased to an estimated 800 animals by 1958.
Also, successful reintroductions of Roosevelt elk have been
made on the west slepe of the Cascade Mountains in Oregon
by the Oregon Department of Fish and Wildlife (Ives 1978;
Harper 1971).

Roosevelt elk are generally found in herds of varying
sizes. Franklin et al. (1975) stated that on Gold Bluffs
Beach in Nerthern Califernia, the largest and mest stable
herds were found en areas where grasslands were the pre-

deminant wvegetatieon type. Observations made by the Oregon
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Department of Fish and Wildlife staff seemed to indicate
the same patterns (Wheeler 1977). Frahklin'gg al. (1975),
Graf (1943) and Harper EE §l° (1967) stated that the herds
were generally dominated by older cows. They also pointed
out that of all the sex and age classes, adult males spent
the least amount of time with‘the herd, generally forming
groups of their own or wandering singly. HoWever, the
adult males were said to spend the most time with the herd
during the winter season (Franklin et al. 1975; Harper et
al. 1967; Harper 1971). Both Franklin et al. (1975) and
Harper (1971) agreed thatlduringbthe winter season, herd
size, composition and movements were most stable.

Elk in general seemed to show a preference for grass.
over other types of forages during the winter (Buechner
1952; Harper 1962; Harper et al. 1967; Kufeld 1973;
McBee et al. 1969; Stevens 1966). However, Kufeld (1973)
pointed out that this generality may be modified according
to the types of grasses and shrubs present on the area, as
well as their relative availabilities. Harper et al.
(1967} found that 76 percent of the Roosevelt elk diet dur-
ing the winter on the Prairie Creek, California study area
was made up of grasses and sedges, while in his 1971 publi-
cation, Harper pecints out that en the Millicoma tree farm,
Oregen, elk utilizéd trailing blackberry (Rubus spp.) more
heavily than grasses. McBee et al. (1969) stated that

grasses comprised 91 percent of the Rocky Mountain elk



16
winter diet in‘Yellowstone National Park, Wyoming. Stevens
(1966) in Mdntana:anleénsen'éna:Clark‘(l977).in Colorado
found the percent of grasses and sedges in the diets of elk
to be 77 and 55, respectively.

There were certain characteristics of Roosevelt elk
that distinguished this subspecies from the Rocky Mountain
elk. The Roosevelt elk tended to be larger and darker in
color and the males tended to have shorter, straighter and
heavier beamed antlers (Graf 1943; Schwartz and Mitchell
1945). Rocky Mountain elk adu;ts tended to average approxi-
mately 225 kg; while RéoseVelt elk adhlﬁs avéragéd approxi-
mately 250 kg in weight (Hines 1972; Hines and Lemos 1975;
Lemos and Hines 1974; Dean et al. 1976; Thorne and Butler
1976). Also, Roosevelt elk tended to be more sedentary in
their habits and less wary of disturbance by man than Rocky
Mountain elk (Graf 1943}, Trainer (1971) pointed out that
in Oregon, Roosevelt elk calf:cow ratios averaged 41:100,
while Rocky Mountain elk ratios averaged 51:100. Further
investigation showed Roosevelt elk cows that conceived dur-
ing the fall breedineg season had significantly higher fat
reserves (Trainer 1969), This was established by measur-
ing the weight ¢f the kidney fat relative to the weight of
the kidney (Trainer“ 1971) . During the same period the fat
reserves of lactating cows were low and the animals were in
generally poor condition. Also, mest of the cows that had

conceived during the breeding season were found to be dry
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kdid noct produce a calf that year) and the few cows that
were lactating and had‘conceived, did so at a later daﬁe
during the fall breeding season (Trainer 1971). Trainer
(1971) stated that under the stress of lactation, most
Roosevelt elk cows were unable to maintain energy reserves.
This, combined with the fact that little evidence of ovula-
tion was found in such animals, led to the conclusion that
the poor condition of the lactating cow at the onset of the
breeding season caused her not to ovulate. Thus, during
the year in which the cow is barren and dry she was able to
restore her energy reserves to a level where she was once
again able to ovulate. This resulted in many Roosevelt elk
cows producing a calf every other year, rather than yearly
(Trainer 1969, 1971). Trainer (1971) suspected that the
quality of elk forage was at least in part responsible for
this situation. Harper (1962) stated that overpopulation
and/or poor forage quality could have contributed to the
low nutritional status of Roosevelt elk on Boyes Prairie,
California. 8chwartz and Mitchell (1945) blamed poor
forage guality as the cause of most malnutrition deaths of
Roosevelt elk on the Qlympic Peninsula, Washington, since
mest animals examined had their paunch full of "... coarse

and unpalatable..." forage.
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Factors Affecting Ruminant Production

The relationship between nutrition and animal produc-
tion 1s not unique to Roosevelt elk. Cheatum and Severing-
haus (1950) found that under poor range conditions, white-

tailed deer (Odocoileus virginianus) had lower productivity

than those occupying sites in good condition. Similarly,
Torell et al. (1974) found a direct relationship between

the lamb:ewe (Ovis aries) ratios and the nutritional status

of the ewe. By severely restricting the level of protein

and energy in the diets of beef heifers (Bos taursus), Bond

et al. (1958) found that estrous cycling stopped when the
animals reached a 17-20 percent weight loss. Ovulation

rates of mule deer (Odocolleus hemoinus hemoinus) on poeor

range were 67 percent lower than those of mule deer on good
range (Julander gﬁ él‘ 1961) .

Allden (1970) who worked with sheep and cattle, Verme
(1965) who worked with white-tailed deer and Zimerman et
al. (1961) who worked with cattle, all found that age and
time of breeding of the female was later than average for
those animals on diets of low nutritional value. In addi-
tion, Zimmerman et al. (1961l) reported that beef cows on
energy and protein deficient diets cycled less often.

Survival has also been tied to the nutritional quality
of the diet. Helter and Hayes (1977) reported that a 40
percent reduction of digestible energy intake during the

fall resulted in a 76 percent reduction in body fat
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deposition of white-tailed deer fawns, although growth rate
was not reduced; A direct relationship between poor range
condition and poor survival of mule deer in Utah was shown
by Robinette et al. (1952). Thorne et al. (1976) showed
that Rocky Mountain elk cows on a higher nutritional plane
produced calves that weighed more when compared to cows on
a poorer quality feed. Thorne (1973) showed that Rocky
Mountain elk calves weighing an average of 15.9 kg at birth
had 90 percent survival at 30 days, whereas elk calves
weighing less than 11.4 kg at birth had less than 50 per-
cent survival at 30 days. Allden (1970), Bond and Wiltbank
(1970) , Pinney et al. (1962) and Wallace and Raleigh (1964)
all found that cattle on poorer diets, nutritionally, pro-
duced lighter calves than those on higher quality diets.
Bond and Wiltbank (1970) and Wallace and Raleigh (1964)
found that levels of diet protein had little or no effect

on calf weights, whereas diet energy levels did.

'Palafability'and'Preference

Stoddart et al. (1975) defined palability as "...the
attractiveness of a plant to animals as forage" and pre-
ference as "...the selection of plants by animals." Heady
(1964) , gave similar definitions. It was the general con-
sensus among authors that forage palatability and animal
preference were major factors that determined the quality

of a free-ranging animal's diet (Dietz 1970; Everist
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1972; Heady 1964, 1975; Marten 1970; Voigt 1975; Stod~
dart et al. 1975). The following quote by Everist (1972)
pinpointed the significance of palatability and preference
to free-ranging animals: "No matter how abundant or how
nutritious a plant may be, it has no value as fodder
(forage) unless animals (are willing to) eat it."

It was shown that the species of plants available to
an animal were very important, since certain plant species
were more palatable than others and thus, were more pre-
ferred and readily eaten (Cook and Stoddart 1953; Heady
1975; Stoddart et al. 1975; Voigt 1975). Dairy cattle,
forced to eat species of known low palatability, ate less
than dairy cattle on forages of higher known palatability
(Lassiter et al. 1956). Also, the milk production and
body weight of these same cattle was lower on diets of less
palatable forage (Seath et al. 1956).

Forage can alsoc be managed to improve palatability.
For the most part, palatability and preference for ferti-
lized forage was higher for elk and cattle, than the same
forage that was unfertilized (Cook 1965; Geist 1974;
Heady 1975; Hooper et al. 1969; Smith and Lang 1958).

In contrast, Reid et al. (1966) found that unfertilized
orchardgrass was more preferred by sheep than orchardgrass
that was fertilized by any of the following forms: NaNo,,
NH

NO3, NH SO4, NH4PO4 and urea.

4 4
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Anderscn and Scherzinger (1975) stated that areas
where summer growth of grass was removed and regrowth
occurred were preferred by Rocky Mountain elk during the
winter over areas on which only mature grasses were availa-
ble. Regrowth was generally in an early stage of maturity
and tended to have a higher proportion of leaves than stems
as compared to mature grass. Therefore, the above observa-
tion by Anderson and Scherizinger (1975) corresponds to
Heady's (1964) statement that grazing animals preferred
less mature over more mature forage and to Cook and Stod-
dart's (1953) statement that leaves-were-preferred over

stems.

Nutritive Value of Forage

Indicators of Nutritive Value

Although the nutritive value of forage for grazing
animals is a complex interaction of many factors, there are
certain nutrients which tend to be good indicators of nutri-
tive value. Church and Pond (1974), Cook (1970), Crampton
and Harris (1969), Moen (1973) and Stoddart et al. (1975)
all considered energy to be the most important nutrient,
quantitatively, in an animal's diet. These same authors
further stated that energy metabolism requirements of
animals were the basis for determining all other nutrient
requifements. Energy (gross energy) levels in forage did

not generally vary significantly from one type of forage to
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another (Crampton and Harris 1969). However, the energy
utilized by the ruminant did vary from one type of forage
to another depending largely on the digestibility of that
forage (Crampton and Harris 1969; Moir 1961; Walmo et al.
1977) . Crampton et al. (1960) used the digestibility of
energy in feed and intake to formulate a nutritive value
index for forages. In most cases, except when plants were
high in essential oils or waxes, digestible energy provided
a good measure of forage quality (Cook 1970).

Another nutrient commonly used as an overall indicator
of forage hutritive value was protein (nitrogen) (Crampton
and Harris 1969; Cowan et al. 1970). Church and Pond
(1974), Crampton and Harris (1969) and Moen (1973) pointed
out that protein was the nutrient in highest concentration
in the muscle tissue of animals and was needed for growth,
maintenance and repair of body tissues. However, Crampton
and Harris (1969) indicated that protein (nitrogen), unlike
energy, did not have as much value as a feed component as
it did as a measure of forage quality. They stated, along
with Cowan et al. (1970), that forages low in nitrogen
generally are of a poor quality and resulted in poor animal
body condition, but the poor performance was not as much a
result of low nitrogen levels as it was of low forage
digestibility, which the low nitrogen levels generally
indicate. In contrast, Dietz (1970) stated that protein

was the most important nutrient to the ruminant, since a
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deficiency impaired normal body functions such as: repro-
duction, lactation, grthh'and digestidn iﬁ’the rumen.

Throughout the discussion of energy and protein as
indicators of forage nutritive value, the digestibility of
forage was brought eout as an important interacting charac-
teristic. This was because the digestible portion of a
nutrient or a forage reflected the amount of the nutrient
or forage that was used by the animal (Church and Pond
1974; Crampton and Harris 1969; Moen 1973). There are
several ways of estimating forage digestibility, of which
the in vivo macrodigestion method was considered to be the
most direct and the standard by which all others were
judged (Meyer et al. 1971; Scales et al. 1974; Troelsen
1970; Van Dyne 1968). 1Indirect in vitro methods have re-
cently become popular in estimating forage digestibility,
since they were much easier to use and were shown to give‘
results that correlated highly with in vivo methods (Pear-
son 1970; Troelsen 1970). Meyer et al. (1971) and Scales
et al. (1974) compared three in vitro digestion methods to
the standard in vivo macrodigestion technique. The three
in vitro methods were ones described by: Baumgardt et al.
(1962), Tilley and Terry (1963) and Van Soest and Wine
(1967) . Of these three, the method described by Tilley
and Terry (1963) proved to be the most reliable predictor
of in vivo digestibility. Handl and Rittenhouse (1975)

found no diffefence in crested wheatgrass (Agropyron
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desertorum) digestibility using three methods described by

Tilley and Terry (1963),.Van Soest énd Wihé,(l967), and.

Van Soest (1963).

Manipulation of Nutritive Value

Reseeding was one way of manipulating the nutritive
value of a pasture (Heady 1975). Of the many considera-
tions Heady (1975) and Valentine (1971) listed for reseed-
ing, the types of species chosen were most important from
the standpoint of animal nutrition. This was because dif-
ferent species have different nutritive characteristics,
which also differ according to the stage of maturity and
the area they were growing on (Heady 1975; Laycock and
Price 1970). Lassiter et al. (1956) found a 30 percent
difference in crude protein values between Kentucky blue-

grass (Poa pratensis) and Lincoln bromegrass (Bromus

inermis) grown under identical conditions. Cogswell and
Kamstra (1976) and Polk et al. (1976) also found inter-
specific differences in nutritive value between grasses
grown under similar conditions.

The application of fertilizers was shown to increase
nutritive value of forage (Knott 1956). Hedrick (1957)
found that crude protein in tall fescue increased as the
rate of nitrogen fertilization increased. Foster (1977)
and Salih and Burzlaff (1977) reported increases in forage

digestibility in addition to increases in crude protein,
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corresponding to increases in rates of nitrogen fertiliza-
tion. Reid et al. (1966) however, féund'no éignificant
increase in orchardgrass hay digestibility even at nitrogen
fertilization rates of 448 kg/ha. Ramage et al. (1958)
found protein levels in an orchardgrass-reed canarygrass

(Phalaris arundinaceae) stand to increase from 12 to 20

percent with increases in nitrogen rates from 0 to 449 kg/
ha respectively, but they found no significant increase in
total digestible nutrients (TDN). Cook (1965) found simi-
lar results using a lewer nitrogen rate (45 kg/ha) for

crested wheatgrass (Agropyron cristatum) and pubsecent

wheatgrass (Agropyron trichophorum) .

As most herbaceous plants matured, their nutritive
value tended to decrease (Cogswell and Komstra 1976;
Cook and Harris 1977; Laycock and Price 1970; Stoddart
et al. 1975). Laycock and Price (1970) and Anderson and
Scherzinger (1975) stated that clipping a grass before it
reached maturity would st@pkthe decline in nutritive value,
prolong growth and in some cases initiate regrowth.
Blaser et al. (1976) stated that the removal of summer
growth on intensively mahaged pastures was essential to

prevent senescence and insure forage quality.
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METHODS FOR ELK NUTRITION STUDY

Sampling Was conducted during December, January and
February of the 1976-77 and 1977-~78 winters. Each winter
was partitioned inte three 30 day (monthly) sampling
periods. Comparisons were made between the Bentgrass-U,
Bentgrass-T and Ryegrass-T pasture types (Figure 3). The
Cereal Rye pasture type was not included in comparisons,
since it had no potential as a permanent pasture, rather,
it is an intermediate stage in the cénversion of either the
Bentgrass-U or the Bentgrass-T pasture types to the Rye-
grass-T pasture type (see pasture type descriptions, pages
8-11) . Also, the areas left unhayed during the 1977-78
winter were not included in comparisons, since they were
not eriginally planned as a management alternative, but
were the result of the inability teo fully harvest the hay
crop during the summer of 1977. The following weather data
were acquired from a National Oceanic and Atmospheric
Administration weather station in Vernonia, Oregon: Mean
daily temperatures (*C), Mean daily Maximum-Minimum tem-
peratures (°C), Average precipitation (cm) and the number
of days in which the temperature dropped below 0°C per
month (NOAA 1966-1978).
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Vegetation Sampling

All data pertaining to vegetation Qéré calcﬁlated on a
dry matter basis.

Total standing biomass of herbage (the amount of plant
material available for elk use in a given month) and herb-
age removal were estimated by clipping caged, paired, 0.22
m2 circular plots monthly. Three pastures for each of the
pasture types being compared, were selected to represent
and replicate the appropriate pasture types (Figure 4).

Fifteen cages were distributed randomly in each of the
replications and redistributed every 30 days, immediately
after clipping. Herbage samples from the clipped plots
were oven-dried at 50°C (+ 5°C) for five days, then weighéd.
Total standing biemass of herbage (kg/ha) was estimated by
multiplying the eoven dry weight of herbage in each caged
plot times 44.92. Herbage removal was estimated by the dif-
ference in the estimated kg/ha of caged and uncaged plot
pairs. The 15 subsample estimates in each replication for
each of the abeve parameters were averaged to provide a
value for each of the three replications in each of the

three pasture types.

Laboratory Analyses

All data pertaining te nutritive value of vegetation

was calculated on a dry matter basis.
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LEGEND

Beneke Creek

Beneke Creek Road

Boundary of Area

Boundaries of Pasture Types

This area was pasture type 1 during
the 1976-77 winter, then was changed
to pasture type 4 before the 1977-78
winter.

Bentgrass-U pasture type

2: Bentgrass-T pasture type
3: Ryegrass-T pasture type

a: Cereal Rye pasture type

5: Woodland

#: This area was left unhayed during the
1977-78 winter.

Pastures used to represent their

respective pasture types ?A 4ka'
: i L ] ! L Y S | 1 i

Figure 4. Pasture types and pastures chosen as representative replicates of their respective pasture type (Scale 1:12,000).
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After the fifteen caged samples from each replication
were weighed, they'were comﬁoéited and a 100 g grab sample.
per replication was ground through a 40-mesh screen in a
Wiley mill. The ground samples were used to determine
crude protein, gross energy and in vitro dry matter
digestibility.

Five fecal collections were made for each 30 day
sampling period in each pasture type replication. During
each fecal collection, feces were collected on each repli-
cation from observed defecating elk, immediately after
defecation. The five fecal collections for each pasture
type replication were dried at 50°C (+ 5°C), composited and
100 g grab samples for each replication were ground through
a 40 mesh screen in a Wiley mill and analyzed for fecal
crude protein (FP) and fecal gross energy (FE).

Crude protein (CP} was determined by the micro-Kjeldahl
technique (Horowitz et al. 1970)., Gross energy (GE) was
determined by adiabatic bomb caleorimetry (Parr 1969). Dry
matter digestibility (DMD) of the forage was determined by
the two stage in vitre methed described by Tilley and Terry
(1963) . Rumen inoculum was obtained from a fistulated
steer that was fed hay from the experimental pastures. The
literature indicated that the ability of rumen inoculum to
digest feeds among different ruminants (elk, deer and
cattle) dees not differ markedly, especially for those

ruminants fed similar diets (McBee et al. 1969; Palmer et
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al. 1976; Robbins et al. 1975; Ward 1971). Thus cattle,
rather than elk rumen fluid was used in the in vitro diges-

tion trials.

Estimates of DMD were used to calculate total fecal

output (TFO) :
(1-3DMD) (Intake kg/ha) = TFO kg/ha (Harris 1968)

The following series of equations were used to calcu-

late digestible protein (DP):

(3FP) (TFO kg/ha) = FP kg/ha

(3CP) (Intake kg/ha) = CPintake kg/ha
FP kg/ha Digestibility
100(1 - ) = A or DC .
CPintakekg/ha Coeff1c1entprotein protein
(Dcprotein)(%CP) = 3DP (Crampton and Harris 1969)

The following series of equations were used to calcu-

late digestible energy (DE):

(FE Mcal/kg) (TFQ kg/ha) = FE Mcal/ha

(GE Mcal/kg) (Intake kg/ha) = GE{ take Mcal/ha
FE Mcal/ha Digestibility
100(1 - ) = : or DC
GEintakeMcal/Ba Coeffic:.entenergy energy
(Dcenergy)(GE Mcal/kg) = DE Mcal/kg

(Crampton and Harris 1969)
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Elk Density and Distribution

Ten total counts of elk on the Benéke Creek W.M.A.
were conducted during each monthly sampling period. These
counts were stratified according to adults and calves. The
number of calves were converted to the number of adult
equivalents by the followiﬁg relationship:

Average éalf‘weight‘kg0‘75 79 kgo'75

0.75 250 kg0.75

= 0.42

Average cow weight kg

(0.42) (number of calves) = Adult elk equivalents_, .

Total adult elk

( Adult elk
equivalents

equivalents ) + (Adult elk) =

calves

The weight of an animal to the 0.75 power is con-
sidered to be more representative of an animal's actual
metabolic requirements than the animal's true weight
(Church and Pond 1974; Crampteon and Harris 1969; Moen
1973). Average Roosevelt elk weights were acquired from
Hines (1972), Hines and Lemos (1975) and Lemos and Hines
(1974) .

During the 10 counts per month, it was probably that
the total elk population using the Beneke Creek W.M.A. was
observed. Thus, the "Methed of Bounded Counts" described
by Overton (1971) was used to estimate the total adult elk
equivalents using the Beneke Creek W.M.A. during each

sampling perioed.
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The distribution of elk among the plant communities

and replications was measured by placing a 1 x 100 m plot
in each plant community and replication and counting pel-
let groups in each plot monthly. The number of old pellet
groups (ones that had obviously deteriorated, such that
they would not be present during the next count) were re-
corded and subtracted from the next count for the next
sampling period to provide an estimate of total pellets
deposited per 100 m2 during that sampling period. The fol-
lowing relationship was used to estimate the density of

adult elk equivalents (Elk) in each plant community (Comm.):

Pellet groups . ha
Elk/ha in _ |Total ~ Comm. i /plot x Comm. i
ith Comm. Elk Comm. Pellet : ha
(groups /plot x c . )
omm. 1
i Comm. 1
- ha
" Comm. i
Pellet groups
_  Total Comm. i /plot
B Elk Comm. Pellet ha
) gg;;?pi_/ plot x Comm. i)

The density of Elk in each replication generally cor-
responded to the type of plant community which comprised
that pasture. However, in some of the replications, more
than one plant community existed. In these cases, the den-
sity estimates for the plant communities, weighted accord-
ing te the area they occupied in the replication, were

averaged to represent that particular replication.
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Although the cereal rye pasture type and the area left
unhayed dﬁring the 1977-78 winter (Figure 4) were not in-
cluded in comparisons, measurements were taken in these
areas to account for their effects on elk density and dis-
tribution.

Estimates of Elk/ha/replication were used to determine
the amount of intake by Elk. An average intake value of
22.75 g/kg was estimated to be required daily for free
ranging, gestating, adult elk by Thorne et al. (1976).
Thus, an Elk, weighing 250 kg, would consume approximately
171 kg/month (30 days). Thorne and Butler (l976)>found
similar requirements (24.2 g/kg) for free ranging elk fed
on alfalfa hay and Raleigh and Lesperance (1972) reported a
21.3 g/kg intake for cattle on Nevada winter range. The
intake values calculated from the Elk/ha/replication were

used in the calculatien of TFO, DP and DE.

- Statistical Analyses

Standing biomass of herbage, herbage removal, Elk den-
sity, gross energy, crude protein, and dry matter digesti-
bility were tested for differences among pasture types,
winters, and months using the following nested factorial

analysis of variance (Steel and Torrie 1960):
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Source of Variation Degrees of Freedom

Pasture type (P)
Error P

Winter (W)

Month (M)

PXW

P XM

W XM

PXWIXM

Error PWM

Total

ORNENNDEFEON

w

|

w
W)

Since there was no measurable elk use in two of the
replications of the Bentgrass-U pasture type during the
January and February sampling periods of the first year,
intake could not be calculated. Therefore, estimates of DE
and DP could not be calculated for those replications and
months. The model used for analysis requires equal numbers
of observations for each treatment, thus two analyses were
used for the DE and DP data. The first analysis of
variance tested differences between the Bentgrass-T and
Ryegrass-T pasture types, both in winters and months:

Scurce of Variation Degrees of Freedom
Pasture type (P} 1
Error P 4
Winter (W) 1
Month (M) 2
PXW 1
P XM 2
W XM 2
PXWIXM 2
Error PWM 20
Total 35

The second analysis of variance was performed on data from

the second winter only. There were nc missing observations



for DE and DP in the
analysis of variance
ments over the three

Source of

35
second winter, thus the split-plot
tested differences between all treat-
months of the second winter:

Variation Degrees of Freedom

Pasture
Exrror P
Month
P XM

Error PM

Total

(M)

type (P)

N NN

The Duncan's New Multiple Range Test was used to test

for significance of differences among treatment means

where the analysis of variance indicated such differences

existed (Steel and Torrie

1960). All results reported as

significant will be so at P < 0.05 and results reported as

highly significant will be so at P < 0.01 throughout the

text.

The stepwise regression analysis was used to determine

the best linear regression models for the following depen-

dent and independent

variables (Draper and Smith 1966):

Dependent Variable Independent Variables

Elk/ha Standing biomass, GE,
cp, DMD, DE, DP

DMD Standing biomass, GE,
CP, Elk/ha

DE Standing biomass, CP,
Elk/ha

DP Standing biomass, GE,

Elk/ha
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RESULTS AND DISCUSSION

Weather Patterns

The weather patterns during the two winter sampling
periods of this study were different. During the first
winter (1976~77), monthly precipitation figures were
markedly below those for the 10 year averages (Figure 5)
(NOAA 1966-1978) . Althcugh mean daily temperatures for the
study period were very similar to the 10 year average
(Figure 5}, daily minimum températures were far below and
daily maximum temperatures were above those of their res-
pective 10 year averages (NOAA 1966-78) (Figure 6). The
interaction of the low levels of precipitation and the
broad ranges in daily temperatures, resulted in the follow-
ing cbserved weather pattern during the first winter of the
study:

During the period from November to the middle of
February of the first winter, the general weather pattern
was to have two to five consecutive days of relatively
clear skies follewed by twe to three days of cloudy, rainy
weather. A cloudy day is considered normal during the
winter season in this area and the temperature patterns on
the cloudy days of the first winter generally reflected
these indicated by the 10 year averages (Figure 6). On the

clear nights the temperatures dropped abnormally low,
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Comparison of precipitation and temperatures for the two winters of
study to a 10 year average (NOAA 1966-1978).
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resulting in frost and during the clear days temperatures
rose abnormally high. During this first winter of the
study the number of clear days was abnormally high, as was
indicated by low levels of precipitation (Figure 5) and the
broad ranges in daily maximum and minimum temperatures
(Figure 6) . The abnormally high number of clear days re-
sulted in an abnormally high number of days per month in
which a frost occurred (Figure 7) (NOAA 1966-1978).

The temperature during the second winter (1977-78) of
the study were higher than average (Figures 5 and 6). As a
result, the number of days per month in which a frost
occurred was abnormally low (Figure 7). Precipitation at
the beginning of the second winter was close to the
average, then dropped below the 10 year average in January
and February (Figures 5 and 6). Both precipitation and
temperature averages for the second winter were much higher
than those of the first winter.

In general, the weather during the second winter was
much cleoser to average than that of the first winter.
Altheugh the second winter had slightly below average pre-
cipitation and slightly above average temperatures, the
first year's precipitation was comparably very low and
average daily temperature‘ektremes had a wide range.
Throughout the rest of this text the first winter will be
referred te as the dry winter and the second winter will be

referred to as the nermal winter.
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Standing Biomass of Herbage
{kg/ha)

Standing biomass was affected by several inseparable
factors, other than pasture types and weather. These fac-
tors were: grazing that occurred before the beginning of
the study period in each winter, growth of herbage, and
deterioration of herbage. Thus, the standing biomass data
have little value for evaluation of treatment effects.
Rather, their value is descriptive in nature, that is, to
provide estimates of the amount of herbage available for
elk use in each pasture type during each month and winter.

The analysis of variance (Appendix E) showed highly
significant differences among pasture types, winters and
months. All pasture types were significantly different
within months of the dry winter. The Bentgrass-U pasture
type had the most herbage dry matter available for elk use
(standing biemass) in each month during this winter, while
the Ryegrass-T pasture type had the least (Table 2). During
the normal winter, the Bentgrass-U and Bentgrass-T pasture
types were not significantly different from each other, but
both had significantly greater standing biomass than the
Ryegrass-T pasture type in all months (Table 2). There were
no significant differences among months within treatments
of the dry winter.

During the normal winter, standing biomass in the Bent-
grass-U pasture type for December and January was signifi-

cantly higher than in February. In the Bentgrass-T pasture
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Table 2. Standing biomass of herbage (kg/ha).

Pasture Type

Month Bentgrass-U Bentgrass—T Ryegrass-T
Dry Winter
December 3830at 3233b 2157¢
January 4396a 3666b | 2315c
February 3826a 3212b | 2224c¢

Normal Winter

December 4358a 3460a 2636b
January 3978a 3580a 1556b
February 3214a 29943 1213b

lValues within rows followed by the same letter were not
significantly different.

type standing biomass was significantly higher in January
than February and in the Ryegrass-T pasture type December
had significantly more standing herbage than January and
February. All other comparisons of months within treat-
ments for standing biomass showed no significant dif-
ferences. These data indicated that regrowth during the
normal winter was less rapid than elk use and herbage
deterioration. Elk use between the two winters was not
significantly different. Thus, the cloudier, rainier and
milder weather during the normal winter must have limited
regrowth mere than the sunnier, drier weéther with broad
daily ranges in temperature during the dry winter (Figures

5, 6 and 7).
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For the months of December and January there was no
significant difference between winters, howéver, for
February, the dry winter had significantly higher standing
biomass than the normal winter. As a result, there was a
highly significant winter x month interaction for standing
biomass (Appendix E).

Herbage Removal

(kg/ha)

The analysis of variance for herbage removal (Appendix
E) showed a highly significant difference among pasture
types, a significant difference among months and no signifi-
cant difference among winters. There was no significant
difference in the amount of herbage removed within months
from the Bentgrass-U and Bentgrass-T pasture types (Table

3) . Herbage removal within months in the Ryegrass-T pasture

Table 3. Herbage removal (kg/ha).

Pasture Types

Month Bentgrass-U Bentgrass~-T Ryegrass-T
December 0a2 267a 708b
January 1l76a 473ab 779b
February 78a Oa 646b

1 . . .
Values were averaged over winters, since there was no sig-
nificant difference among winters.

2Values within rows followed by the same letter were not
significantly different.
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type was significantly higher than in both the Bentgrass-U
and Bentgrass-T pasture types, éxcept in January, where it
was not significantly different from the Bentgrass~T pasture
type. Based on personal observations and those of Wheeler
(1976) , elk use was determined to be the cause of most of
the herbage removal on the Beneke Creek W.M.A. during the
winter. Thus, these data indicate that in general, elk used
forage from the Ryegrass~T pasture type more than from the
Bentgrass~U and Bentgrass~T pasture types and showed no dif-
ferences in herbage use between Bentgrass-U and Bentgrass-~T
pasture types (Table 3).

Significantly more herbage was removed in January than
February from the Bentgrass-T pasture type. No other signi-
ficant differences occurred between months within pasture -
types.

There was a significant pasture type X winter inter-
action for herbage removed (Appendix E), indicating dif-
ferentlal patterns of herbage removal in the pasture types
between the two vyears.

The lack of significant differences among herbage re-
moval values that differ considerably numerically shown in
Table 3, reflected the high variability of the herbage re-
moval data. Thus, individual observations were not reliable
as estimates of elk intake, However, when the sum of
herbage removed for the Beneke Creek W.M.A. (54 observations)

was divided by a pooled estimate of elk density, the average
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intake per Elk (adult elk equivalents weighing 250 kg) per
month (30 days) was 173 kg (22.93 g forage consumed daily/
kg body weight). This was almost identical to Thorne's et
al. (1976) estimate of intake for free ranging elk, which
was 171 kg/mec for a 250 kg elk (22.75 g forage consumed
daily/kg body weight) and is within the range of results of
others for free ranging adult ruminants (Table 4).

Table 4. Comparison of Elk intake during the winter esti-

mated from herbage removal data to estimates by
other authors.

Intakel Type of animal
Estimated by herbage removal
data 22.9 - Roosevelt elk
Thorne et al., 1976 22.8 Rocky Mountain elk
Thorne and Butler, 1976 24.2 Rocky Mountain elk
Raleigh and Lesperance, 1972 21.3 Cattle
Alldredge et al., 1974 20.1 Mule deer -

lIntake is expressed as g forage consumed daily/kg body

weight.

Elk Density and Distribution

Total Elk

There was no significant differences found between the
average of 160 Elk using the Beneke Creek W.M.A. during the
dry winter and the neormal winter average of 175 Elk. The
total numbers of Elk using the Beneke Creek W.M.A. during

the winter study periods of 1976-77 and 1977-78 averaged
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168 Elk. The average elk density on the 78 hectares of

pasture was 2.15 Elk/ha of pasturé;

Elk Density in Pasture Types
(Elk/ha)

Pasture type differences for Elk density were highly
significant, while no significant differences were found
for the effects of winters and months on Elk density,
according to the analysis of variance in Appendix E. There
was no significant difference in Elk density between the
Bentgrass-U and Bentgrass-T pasture types but the Ryegrass-
T pasture type had a significantly higher Elk density than

both the Bentgrass-U and Bentgrass-T pasture types (Table

5)0
Table 5. Elk density (Elk/ha).l
Pasture Types
Bentgrass-U "Bentgrass-T Ryegrass-T
O.4a2 1l.3a 4.4b
1

Values were averaged over winters and months since there
was no significant difference among years and months.

2Values followed by the same letter were not significantly

different. o

The Elk density data indicated that elk used the Rye-
grass-T pasture type more than the Bentgrass-U and Bent-
grass-T pasture types and they used the Bentgrass-U and
Bentgrass-~T pasture types approximately the same degree,

although the higher numerical value for the Bengrass-T
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than the Bentgrass~U pasture type implied a'slightly higher
but not significant level of use (Table 5). These results
corresponded closely with the results for herbage removal
(pages 43-44, Table 3). The elk on the Beneke Creek W.M.A.
roamed freely on the area with very little disturbance dur-
ing the study period. The .experimenter was the greatest
disturbance, and the elk quickly became accustomed to him.
Also, forage availability did not appear to be limiting
except possibly during February of the normal winter in
the Ryegrass~T pasture type (Table 2), where standing bio-
mass dropped to a low level. As a result, the differences
in elk use and herbage removal among pasture types re-
flected elk preference. Elk preferred the Ryegrass-T pas-
ture type over the Bentgrass-U and Bentgrass-~T pasture
types but showed no preference between the Bentgfass-U and
Bentgrass—~T pasture types.

A significant winter x month interaction was found
(Appendix E), indicating that elk density varied different-
ly among months of the dry winter as compared to the normal
winter. Average Elk densities for December, January and
February during the dry winter were: 1.85, 2.65 and 1.67
Elk/ha and for the normal winter: 2.31, 2.06 and 2.35
Elk/ha respectively. The high density (2.65 Elk/ha) during
January of the dry winter corresponded to severe weather
conditions indicated for this month by Figures 6 and 7.

Approximately 0,4-0.6 m of snow in the surrounding hills
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probably drove elk down to this area that they normally did
not use. 1In fact, four times during this month, a band of
approximately 30 elk was observed that was never seen be-

fore or after.

Nutritive Value of Available Herbage

Gross Energy
(Mcal/kg)

The analysis of variance for gross energy (Appendix
E) showed no significant differences among pasture types,
winters and months, nor were any significant interactions
found. This indicated that the energy in the feed, which
ranged from 4.2 to 4.7 Mcal/kg, did not differ between the
different types of forages throughout the two winters of
the study. Crampton and Harris (1969) stated that,
generally, gross energy did not vary significantly among
different feeds. Thus, gross energy was not a good measure
of forage quality. Estimates of gross energy were sum-
marized in Appendix H.

Digestible Energy
(Mcal/kqg)

Highly significant differences were found among pas-
ture types and winters, and significant differences were
found among months for digestible energy (DE), according
to the analysis of variance in Appendix F. This analysis

did not include estimates for the Bentgrass-U (see methods
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page 34). The analysis of variance on the normal winter's
data, which included data for all three pasture types,
showed highly significant differences among pasture types
and months (Appendix G).

During the dry winter, the Ryegrass-T pasture type had
a higher DE value than the Bentgrass-U pasture type.
There were no significant differences within months between
the Bentgrass~T and Ryegrass-T pasture types during January
and February of the dry winter (Table 6). Although values
for the Bentgrass-U pasture type in the dry winter (Table
6) could not be compared statistically to the Bentgrass-T
and Ryegrass-T pasture types they appeared to be very simi-
lar to those for the Bentgrass-T and Ryegrass-T pasture

types except in December.

Table 6. Digestible energy (Mcal/kg).

Pasture Types

Month Bentgrass-U Bentgrass-T Ryegrass—T

Dry Winter
December 1.31 1.3a% 2.3b
January 1.71 1l.8a 1l.9%a
February 1.3l 1l.8a l.8a
Normal Winter
December 1.6a 2.0a 3.0b
January 1l.2a 1l.6a 2.5b
February 1l.2a 1l.5a 2.4b
1

There were not enough observations to test these values
statistically.

2Values within rows followed by the same letter were not
significantly different.
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During the normal winter, the Ryegrass-T pasture type
had.significantly higheriwithin month DE values than both
the Bentgrass-U and Bentgrass-T pasture types while the
Bentgrass-U and Bentgrass~T pasture types were not signifi-
cantly different within months. Overall, the Ryegrass-T
pasture type provided higher concentrations of DE for elk
use than the Bentgrass-U and Bentgrass-T pasture types.
Also, the Ryegrass-T pasture type consistently egualed or
exceeded the minimum winter energy requirement (1.83 Mcal/
kg) for free ranging cattle and sheep, as reported by Cook
and Harris (1977).

Trainer (1971) reported that the inability of Roose-
velt elk cows to maintain energy (fat) reserves was res-
ponsible for their relatively low rates of reproduction..
He suspected that inadequate nutrients in the forage may
have been the cause of the relatively poer body conditions
observed. The relatively low DE levels shown for the Bent-
grass-U and Bentgrass-T pasture types (Table 6) indicated
that Trainer's (1971) suspicions were correct, since most
Roosevelt elk winter habitat was similar in characteristics
te the Bentgrass-U and Bentgrass-T pasture types, except
that very little was ever fertilized as the Bentgrass-T
pasture type was., Thus, the higher and adequate levels of
DE in the Ryegrass-T pasture type implied that Roosevelt
elk with access to these types of pastures should have been

able to maintain higher rates of reproduction.
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All values for DE in the Ryegrass-T pasture type of
the normal winter were significantly higher than their res-
pective values in the dry winter. Only the estimate of DE
in December of the normal winter was significantly higher
than the respective value in the dry winter. The December
estimate of DE in the normal winter for the Ryegrass-T
pasture type was significantly higher than those for
January and February of the same winter and pasture type.

The differential variation of DE values in pasture
types, winters and months was most likely caused by the
differing weather patterns between winters and across
months and their effects on the plants. The high incidence
of consecutive days of freezing and thawing, followed by
short periods of rain described earlier (page 36) during
the dry winter, could have indirectly caused the relatiVely
low DE levels in the Ryegrass-T pasture type during this
winter (Figures 6 and 7). Larcher (1975) and Leopold and
Kriedemann (1975) stated that freezing caused cell membrane
rupture, disturbed cell metabolism and hindered transport
of nutrients. Thus, the plants may have become more sus-
ceptible to leaching. Perennial ryegrass, which heavily
dominated the Ryegrass~T pasture type, tended to be taller,
stand more vertical and was less dense than colonial bent-
gfass. The colenial bentgrass in the Bentgrass-T pasture
type was lewgrowing and matted. Larcher (1975) stated that

low-growing and dense populations of plants were less
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susceptible to frost damage than taller and more sparse
plants. The herbage in the Bentgrass-U pasture type was
for the most part dormant and not susceptible to frost
damage. This would explain the differential responses of
DE values in the Bentgrass-T and Ryegrass~T pasture types
between the dry and normal winter (Table 6).

Also, elk grazing might have affected differences
within winters among months. Crampton (1959) stated that
animals generally selected for forages that were high in
DE. Plants that were high in digestibility tended to be
more succulent and thus more preferred by grazing animals
(Heady 1964). It was possible that the elk could have
grazed most of the higher quality plants earlier in the
winter season because they were more palatable. This pat-
tern was most prominent in the Ryegrass-T pasture type,
since it received the highest level of elk use (Tables 3,
5 and 6).

The combination of weather and grazing effects on DE
just discussed, probably caused a highly significant pas-
ture‘type'i winter and significant pasture type x month,
winter x month and pasture type x winter x month inter-

actiens.

Percent Crude Protein -

There was a highly significant difference in percent

crude pretein ameng pasture types, winters and months
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(Appendix E). The range of crude protein values was from
4.0 percent in January of the dry winter in the Bentgrass-U
pasture type, to 22.5 percent in February of the normal
winter in the Ryegrass-T pasture type. Crude protein data
were not used to evaluate differences in pasture types over
winters and months since more accurate digestible protein
data were computed. Estimates of crude protein were sum-

marized in Appendix T.

Percent Digestible Protein

The analysis of variance in Appendix F showed highly
significant differences for percent digestible protein (DP)
among pasture types, winters and months. This analysis did
not include estimates for the Bentgrass-U pasture type (see
metheds page 34). The analysis of variance on the normal
winter's data, which included data for all three pasture
types, showed a highly significant difference in DP among
pasture types and ne significant differences in DP among
months (Appendik G);

During the dry winter there were no significant dif-
ferences among pasture types within months except in
February, where the Ryegrass-~T pasture type had signifi-
cantly higher DP than the Bentgrass-T pasture type (Table
7). During the nermal winter the Ryegrass~T pasture type
preduced the‘signifiéantly highest within month DP, while

the Bentgrass-U pasture type produced the significantly
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Table 7. Percent digestible protein.

Pasture Types

Month Bentgrass-U Bentgrass—T Ryegrass-T
Dry Winter
December 0,0l l.7a2 ‘2.4a
January 0.0t 0.0a 0.7a
February 0..0l 0.5a 4.7b

Normal Winter

December 0.0a 4.6b 15.9c
January 0.0a 3.9b 14.7c
February 0.0a 3.5b 17.0c
1

There were not enough observations to test these values
statistically.

2Values within rows followed by the same letter were not

significantly different.

lowest within month DP in all months (Table 7). In general,
the Ryegrass-T pasture type seemed to provide elk with a
higher concentration of DP and the Bentgrass-U pasture type
provided no measurable digestible protein. Estimates of DP
for the Ryegrass-T pasture type exceeded the minimum DP re-
quirement (4.4 percent) suggested by Cook and Harris (1977)
for range cattle and sheep during the winter, except during
the first two months of the dry winter (Table 7). Esti-
mates of DP for the Bentgrass-U and Bentgrass-T pasture
types were below the suggested minimum requirement for DP,
except in December of the normal winter for the Bentgrass-T

pasture type.
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Crampton and Harris (1969) and Church and Pond (1974)
considéred protein as a good overall ihdicator of nutri-
tional quality of feed. In general, the herbage in the
Ryegrass-T pasture type had higher concentrations of DP and
the Bentgrass-U pasture type the lowest. This indicated
that elk using the Ryegrass-T pasture type were eating
forage that was relatively high in overall nutritional
quality and elk using the Bentgrass-U pasture type were
eating forage of relatively low overall nutritional quality.

For the Bentgrass-U and Ryegrass-T pasture types all
values in the nermal winter were significantly higher than
the corresponding values in the dry winter. The same
weather patterns that were described as affecting DE levels
seemed to have similarly affected DP levels, in that the
more extreme conditions (freezing and thawing of herbage)
during the dry winter damaged plant tissues and made the
nutrients more susceptible to leaching. In additien,
Leopold and Kriedemann (1975) stated that freezing and
thawing can cause denaturation of proteins. This may have
happened in this case, since the effects of freezing and
thawing seemed te have a more severe effect on DP levels as
compared to DE levels (Tables 6 and 7).

There were broader numerical differences in DP between
winters in the Ryegrass-T pasture type than the Bentgrass-U
pasture type (Table 7). This further supported the theory

discussed for DE, that the herbage, primarily perennial
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ryegrass, in the Ryegrass-~T pasture type was more suscepti-
ble to frost damage than the herbage, primarily colonial
bentgrass, in the Bentgrass-U pasture type, as a result of
morphological differences between perennial ryegrass and
colonial bentgrass. These differential responses of DP
levels in pasture types to weather patterns within winters
and within months, most likely were the reasons for the
highly significant pasture type x winter and pasture type x

month interactions shown in Appendix F.

Percent Dry Matter Digestibility

The analysis of variance (Appendix E) showed highly
significant differences in percent dry matter digestibility
(DMD) among pasture types, winters and months. In both
winters, the Ryegrass-~T pasture type had significantly
higher within month DMD than the Bentgrass-U and Bentgrass-
T pasture types (Table 8). DMD within months in the Bent-
grass-T pasture type was significantly higher in December
of both winters and January of the dry winter than the Bent-
grass~U pasture type (Table 8).

In general, forage digestibility was highest for the
Ryegrass-T pasture type and lewest for the Bentgrass-U pas-
ture type. There was not much difference in DMD between
the Bentgrass-U and Bentgrass—~T pasture types.

The Ryegrass-~T pasture type had significantly higher

DMD in the normal winter for December and January than DMD
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Table 8. Percent dry matter digestibility.

Pasture Types

Month Bentgrass-U Bentgrass-T Ryegrass-T
Dry Winter
December 30a’ 37b 52¢
January 33a 38a 48b
February 34a 38a 49b

Normal Winter

December 35a 42b 62¢c
January 33a 39b 57c
February 32a 32a 54b

lValues within rows followed by the same letter are not
statistically different.
for the respective month in the dry winter. This dif-
ference was most likely caused by the weather patterns des-
cribed earlier in the discussions for DE and DP. DMD was
significantly higher in February of the dry winter in the
Bentgrass~T pasture type than the respective DMD in the
normal winter. The only explanation for this difference is
that it appeared that the elk, through selective grazing in
the normal winter, consumed the mere palatable forage,
which is frequently of a higher DMD (Heady 1964; Voigt
1975) and herbage of lower DMD was left in February.
Another relationship which supperted this theory is that
in December of the normal winter for the Bentgrass~T and

Ryegrass-T pasture types, DMD was significantly higher than
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respective DMD values for February of the same winter.
This may have been caused by selective elk grazing.

The Bentgrass-U pasture type showed no significant dif-
ferences in DMD among winters and months. The differential
responses of DMD in pasture types between winters just dis-
cussed caused a highly significant pasture type x winter
interaction (Appendix E).

There were no significant differences in DMD averages
for months in the dry winter, but in the normal winter the
average DMD for December was significantly higher than DMD
in February. This caused the highly significant winter x

month interaction shown in Appendix E.

Linear Relationships Among Parameters

Linear Model for Percent Dry Matter Digestibility

The stepwise regression analysis on percent dry matter
digestibility (DMD) as the dependent variable and gross
energy Mcal/kg (GE), Elk density (Elk/ha), percent crude
protein (CP) and standing biemass of herbage kg/ha (SB), as
independent variables, produced the following regression
equation, which was determined teo best predict DMD:

(rR® = 0.85)

DMD = 11,75 GE + 2.98 Elk/ha + 0.89 CP - 25.34

The relatively high coefficient of determination (r2)

indicated that GE,CP and Elk/ha were good predictors for DMD.



59

Linear Model for Digestible Energy

The stepwise regression analysis on digestible energy
Mcal/kg (DE) as the dependent variable and Elk density
(Elk/ha) , standing biomass of herbage kg/ha (SB) and per-
cent crude protein (CP) as independent variables produced
the following regression equation, which was determined to

best predict DE: (R% = 0.60)
DE = 0.05 CP + 0.11 Elk/ha + 1.01

The relatively low coefficient of determination indi-
cated that although CP and Elk/ha do predict DE, they did
not explain 40 percent of the variability associated with

DE.

Linear Model for Percent Digestible Protein

The stepwise regression analysis on percent digestible
protein (DP) as the dependent variable and Elk density (Elk/
ha), standing biomass of herbage kg/ha (SB) and gross
energy Mcal/kg (GE) as independent variables produced the
following regression equation, which was determined to best

2 = 0.43)

predict DP: (r
DP = ~0,004 SB + 1.65

The low ceefficilient ef wvariation indicated that SB was

not a good predicter of DP, however, the above model was
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the best of all possible using the three independent

variables.

Linear Model for Elk Density

The stepwise regression analysis on Elk density (Elk/
ha) as the dependent variable and standing biomass of
herbage kg/ha (8B), percent crude protein (CP), gross
energy Mcal/kg (GE), percent dry matter digestibility (DMD),
percent digestible protein (DP) and digestible energy Mcal/
kg (DE) as in independent variables produced the following
regression equation, which was determined to best predict

DE: (R% = 0.72)

Elk/ha = 0.21 DMD -~ 0.12 CP -~ 2.79 GE + 6.75

The above equation showed that the nutritive value of
the herbage was related teo the level of elk use and can be

used to predict levels of elk use.
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CONCLUDING DISCUSSION

The weather differences between the dry winter and the
normal winter discussed throughout this text, seemed to
have a marked influence on both herbage quantity and
herbage quality.

Elk use was similar in the two winters of the study,
thus the differences among winters in the quantity of
available herbage (standing biomass) was largely dependent
on environmental influences. Standing biomass did not
change from December through February of the dry winter
which indicated that the rate of growth was as rapid as
herbage removal. However, during the normal winter stand-
ing biomass was lower in February than December which indi-
cated that the rate of regrowth was slower than herbage
removal. The abnormally cold, frosty and clear nights in
the dry winter did net have as much of a detrimental in-
fluence on regrewth as the abnermally warm and clear days
(more than average sunlight)} had a beneficial influence.
The perpetually cleudy, rainy but mild weather during the
normal winter was not as beneficial to regrowth as the
weather in the dry winter.

The freezing and thawing of ferage during the dry
winter seemed to have a detrimental effect on nutritive
values (DMD, DE, DP) of the live, green herbage (Bentgrass-

T and Ryegrass-T pasture types), especially on DP levels.



62
This is somewhat opposite to the response of standing bio-
mass just discussed. The reasons for this are as follows:
most regrowth occurs at the base of the plant near the soil
surface, while older leaves and stems are higher on the
plant (Leopold and Kriedemann 1975). Leopold and Kriede-
mann (1975) stated that the area at the surface of the soil
tended to be warmer than air temperatures at night,
especially if day time temperatures were high. Thus, the
new regrowth occurring at the base of plants could have
been temporarily protected from freezing by radiation from
the soil while the older portions of the plant, being
higher and more exposed, would freeze and become more sus-
ceptible to leaching and protein denaturation. As a re-
sult, during the dry winter, a pattern may have developed
where the increased temperatures and sunlight during the
day stimulated regrowth from the base of the plants. This
new regrowth would be protected by the warmth from the
soll, until it reached a certain height, where it became
susceptible to freezing. At this point, the leaves and
shoots would be damaged by frest, which ultimately resulted
in a lewered nutritive walue. The mild weather during the
normal winter did not have this effect on the vegetation,
thus nutritive values were relatively higher. The lack of
nutritive value differences between winters in the Bent-
grass—U pasture type was most likely because most of the

herbage was dormant.
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Although winter forage production on actively growing
Coastal Range bottomlands and pastures may not have been
affected during drier winters, the data indicated that the
higher incidence of freezing and thawing during these drier
winters had a detrimental effect on nutritive value of
forage as compared to wetter winters. Also, it appeared
that more open and taller stands of grasses, such as a
perennial ryegrass stand, were more susceptible to frost
damage than the shorter more dense stands, such as a
colonial bentgrass stand.

As mentioned earlier, elk use did not differ signifi-
cantly between winters. However, elk showed a strong pre-
ference for the Ryegrass-T pasture type over the Bentgrass-
U and Bentgrass~T pasture types and no difference in pre-
ference between the Bentgrass-~U and Bentgrass-T pasture
types. Feeds that were higher in nutritive value tended to
be more preferred over plants of lower nutritive quality
(Cook 1965; Heady 1964; Voigt 1975). This seems to have
been the case on the Beneke Creek W.M.A. The forage in the
Ryegrass-T pasture type was generally higher in DE, DP and
DMD than the other two pasture types. The Bentgrass-T pas-
ture type was higher in DP, slightly higher in DMD and the
same in DE as the Bentgrass-U pasture type. The differences
in nutritive value between the Bentgrass-U and Bentgrass-T
pasture types either were not great enough to influence elk

use or differences in the levels of elk use could not have
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been detected, or another undetected factor in these two
pastures influenced elk use more than nutritive value of
forage.

One of the objectives on the Beneke Creek W.M.A. was
to attract elk from adjacent private lands to the area dur-
ing the winter. The Beneke Creek W.M.A. was closed to
vehicles. Thus, the limitation on disturbance served as
an attractant to elk. The pastures on the surrounding
areas varied in characteristics between those like the
Bentgrass—~U pasture type and those like the Bentgrass-T
pasture types, but few were fertilized. As far as pastures
contributing to the area's attractiveness to elk, the Rye-
grass-T pasture type was the only one most likely to sig-
nificantly add to the attractiveness of the area over that
of the protection from disturbance.

The herbage in the Ryegrass~T pasture type most often
exceeded the recommended minimum concentrations of DP and
DE by Cook and Harris (1977). The Bentgrass-T pasture
type's herbage met minimum DE levels half of the time and
DP levels one-sixth of the time. The herbage in the Bent-
grass-U pasture type never reached minimum requirement
levels for DE and DP. This does not mean that the diets of
elk using the Bentgrass~U and Bentgrass-T pasture types
were always deficient in energy and protein. Bedell (1966)
stated that the diets of sheep and cattle on ryegrass -

subterranean clover pastures contained higher concentrations
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of crude protein than was available in the herbage. This
indicated that the sheep and cattle were selecting plants
and parts of plants higher in crude protein over those with
lower crude protein concentration. It was possible that,
through selective grazing, elk diets were of a higher
quality than the herbage nutrient data indicated. However,
the herbage nutritional quality data did indicate that elk
had much more opportunity to acquire adequate levels of DP
and DE in the Ryegrass-T pasture type, than in either the
Bentgrass-U or Bentgrass-T pasture types and elk had a
slightly better chance of consuming a nutritionally ade-
quate diet in the Bentgrass~T pasture type than they did in
the Bentgrass-~U pasture type. Thus, elk in the Coastal
Range Mountains with access to pastures like the Ryegrass-T
pasture type should tend te have a higher rate of reproduc-
tion and higher winter survival than these which only have
access to pastures like the Bentgrass-U and Bentgrass-T
pasture types, since protein and energy in ruminant diets
have been directly tied to survival and reproduction
(Allden 1970; Verme 1965; Zimmerman et al. 1961; Holter
and Hayes 1977; Thorne et al. 1976).

The relatienship between nutritive characteristics of
the herbage and elk density described by the linear model
for elk density emphasized the importance of forage quality
to the free ranging ruminant. This also indicated that a

better understanding of free ranging ruminant movements
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and distribution and the possible prediction of such para-
meters could be enhanced by a better understanding of the
vegetation upon which the ruminant is dependent.

This research showed that of the three pasture types
compared, the herbage in the Bentgrass-T pasture type is
generally better in nutritive value than the Bentgrass-U
pasture type but that it has no advantage as an elk attrac-
tant over the Bentgrass-U pasture type. Also for the pas-
tures studied, the Ryegrass-T pasture type was shown to
provide the best elk winter range, in terms of attracting
animals and providing adequate nutrition. However, this
does not mean that the Ryegrass-T pasture type reflected
the best management system for western Oregon elk winter
range. Rather, the information provided for the three
pasture types should be used as a basis of comparison for
future adjustments in elk winter range management. Such
adjustments might be in: seeding rates, seeding mixes,
time of seeding, fertilizer types, fertilizer rates, time
of fertilization, tillage practices, summer herbage produc-
tion removal, etc., The effects of adjustments or changes
in any of these pasture management practices should be
compared back to the base data provided herein, to deter-
mine whether the adjustment increases or decreases the

quality of the winter range for elk.
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APPENDIX A

Percent frequency of herbaceous plants in communities on
experimental pastures.

Plant Communities

Species 1 2 3 4 5 6 7 g8a
Grasses
Perennial ryegrass | 90
Colonial bentgrass 77 70 67 78 97 90 26
Redtop 5
Orchardgrass 10 3 53 13 13 50
Tall fescue 3 60 3 25 63 20
Sweet vernalgrass 60 10 15 33 7
Velvetgrass 7 13 10 20 20 30
ﬁed fescue 17 3 25 :
Kentucky bluegrass 3 13 10
Quackgrass 7
Soft chess 4
Timothy 10 4
Cereal Rye a
Forbs
White clover 23 3 37 28 13 20 74
Subterranean clover 18
Crimson clover 20 10 7 5
Birdsfoot trefoil 23 47 40 27
Sheep sorrel 7 3 7 3 60 20 9
Curly dock 7 13 10
Buckhorn plantain 47 17 33 3 47 27 29
Smooth hawksbeard 23 3 3 17 3 10
Spotted catsear 7 3 3 10 7 9
Oxeydaisy 3 27 7
Bull thistle 17 6
Creeping buttercup 3 7 3
Foxglove 17
Bracken fern 3 10
Common selfheal 13 3 3
Tansy ragwort 3
Little mallow 3

aCommunity 8 was an annual rye planting. It was fallow
during the vegetation sampling period, however, annual rye
almost solely dominated this community.
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APPENDIX B

Percent species composition of herbaceous plants in commun-
ities on experimental pastures based on relative frequency.

Plant Communities
Species 1 2 3 4 5 6 7 ga

Grasses

Perennial ryegrass 24
Colonial bentgrass 24 28 23 30 27 38 6
Redtop 1
Orchardgrass 4
Tall fescue 1 24
Sweet vernalgrass 19 4
Velvetgrass 2 5
Red fescue 5

Kentucky bluegrass 1 5 3

Quackgrass 2

Soft chess 1

Timothy 2 1
Cereal rye a

H N
=
o
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o
Ut

= w
=
o

Forbs

White clover 7 1 13 11 4 6 1
Subterranean clover

Crimson clover 8 3 2
Birdsfoot trefoil
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Little mallow 1
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aCommunity 8 was an annual rye planting. It was fallow
during the vegetation sampling period, however, annual rye
almost solely dominated this community.
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APPENDIX C

Cover and density of shrubs in plant communities on experi-
mental pastures.

Percent Cover

Plant Communities

Species 1 2 3 4 5 6 7 ga
Wild blackberry 2.8 1.4
Evergreen blkberry. 1.0 0.8 0.6
Wood rose 0.2
Snowberry PP P P
Grouse huckleberry P

Density (plants/100 m2)

Plant Communities

Species 1 2 3 4 5 6 7 8
Wild blackberry 68 1 19
Evergreen blkberry. 17 16 °
Wood rose 15
Snowberry P P P
Grouse huckleberry P

aCommunity 8 was an annual rye planting. It was fallow
during the vegetation sampling period, however, annual
rye almost solely dominated this community
bp = present at very low levels in community, but not pre-
sent in plots.
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APPENDIX D

Common and scientific names of plant species occurring on

experimental pastures.

Common Name

Scientific Name

Cereal rye
Colonial bentgrass
Kentucky bluegrass
Orchardgrass
Perennial ryegrass
Quackgrass

Red fescue

Redtop

Soft chess

Sweet vernalgrass
Tall fescue
Timothy
Velvetgrass

Birdsfoot trefoil
Bracken fern
Buckhorn plantain
Bull thistle
Common selfheal
Creeping buttercup
Crimson clover
Curly dock
Foxglove

Little mallow
Oxeyedaisy

Sheep sorrel

Smooth hawksbeard .

(continued on next page)

Grasses

Secale cereale

Agrostis tenuis

Poa pratensis

Dactylis glomerata

Lolium perenne

Agropyron repens

Festuca rubra

Agrostis alba

Bromus mollis

Anthoxanthum odoratum

Festuca arundinacea

Phleum pratense

Holcus lanatus

Lotus corniculatus

Pteridium aquilinum

Plantago lanceolata

Cirsium vulgare

Prunella vulgaris

Ranunculus repens

Trifolium incarnatum

Rumex crispus

Digitalis purpurea

Malva parviflora

Chrysanthemum leucanthemum

Rumex acetocella

Crepis capillaris
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Common Name

Scientific Name

Spotted catsear
Subterranean clover
Tansy ragwort

White clover

Evergreen blackberry
Grouse huckleberry
Snowberry

Wild blackberry
Wood rose

Hypochaeris radicata

Trifolium subterraneum

Senecio jacobaea

Trifolium repens

Shrubs

Rubus lacinatus

Vaccinium scoparium

Symphricarpos albus

Rubus ursinus

Rosa woodsii




Summary of analyses of variance results for:
moval kg/ha (HR); Elk/ha (E/ha); Gross Energy
Matter Digestibility (DMD).

APPENDIX E

Standing Biomass kg/ha (SB); Herbage Re-~
Mcal/kg (GE); % Crude Protein (CP); % Dry

Source of

Degrees of

Variation Freedom SB HR E/ha GE CD DMD
Pasture Type (P) 2 .01l .01 .01 NS .01 .01
Error P 6
Winter (W) 1 .01 NS NS NS .01 .01
Month (M) 2 .01 .05 NS NS .01 .01
P x W 2 NS .05° NS NS .01 .01
P xM 4 NS NS NS NS .01 NS
WxM 2 .01 NS .05 NS NS .01
PxWxM 4 NS NS NS NS NS NS
Error PWM 30

lSignificant at P < 0.01.

2

Significant at P < 0.05.

<8
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APPENDIX F

Summary of analyses of variance on the Bentgrass-T and Rye-
grass-T pasture types in all winters and months for:
Digestible Energy Mcal/kg (DE) and % Digestible Protein
(DP) .

Source of Degrees of

Variation Freedom DE DP
Pasture Type (P) ' 1 .01l .01
Error P 4 ‘
Winter (W) 1 .01 .01
Month (M) 2 .052 .01
P xW 1 .01 .01
PxM 2 .05 .01
Wx M 2 .05 NS
PxWzxM 2 .05 NS
Error PWM 20

lSignificant at P < 0.01.

2Significant at P < 0.05.
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APPENDIX G

Summary of analyses of variance on all pasture types in the
normal winter in all months for: Digestible Energy Mcal/kg
(DE) and % Digestible Protein (DP).

Source of Degrees of

Variation Freedom DE DP
Pasture Type (P) 2 .011 .01
Error P 6
Month (M) 2 .01 NS
PxM 4 NS NS
Error PM 12

lSignificant at P < 0.01.
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APPENDIX H

Average gross energy (Mcal/kg) content of herbage in pasture
types, winters and months.

Pasture types

Month Bentgrass-U Bentgrass-T Ryegrass-T
Dry Winter
December 4.5 4,4 4.5
January 4.6 4.5 4,3
February 4.5 4.4 4.2

Normal Winter

December 4.4 4.6 4.7
January 4.2 4.2 4,2

February 4.3 4.3 4.3
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APPENDIX I

Average % Crude Protein content of herbage in pasture types,
winters and months.

Pasture types

Month Bentgrass-U Bentgrass-T Ryegrass-T
Dry Winter
December 4.9 9.6 7.7
January 4.0 6.6 7.1
February 4.6 7.3 11.6

Normal Winter

December 7.9 12.5 20.7
Janvary 7.5 11.9 19.1

February 7.8 10.9 22.5




