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Abstract

Three pasture types dominate the Beneke Creek Wildlife Man-
agement Area on this Roosevelt elk winter range in northwestern
Oregon. In winter, elk showed a strong preference for perennial
ryegrass pastures that were hayed the previous summer and fall
fertilized over bentgrass pastures also hayed and fertilized or
unmanaged bentgrass pastures. These perennial ryegrass pastures
provided forage that met minimal requirements for digestible pro-
tein and digestible energy all winter while both bentgrass pasture
types were deficient in these nutrients through winter. Improve-
ment of bentgrass pastures by conversion to ryegrass should resulit
in higher rates of elk reproduction and better survival of offspring.

In 1973 the Oregon Department of Fish and Wildlife purchased
bottomland pastures in the Coast Range Mountains of northwest-
ern Oregon 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 Depart-
ment of Fish and Wildlife’s desire to maximize production of elk
from these pastures, has prompted them to undertake an intensive
vegetation management program on the purchased lands. The
intensive management on these areas has resulted in an increase in
wintering elk populations. However, no data were available on the
quality of winter forage provided by the intensively managed
pastures as compared to undeveloped pastures.

Trainer (1971) stated that under the stress of lactation, most
Roosevelt elk cows in western Oregon were unable to maintain
adequate energy reserves. During the breeding season, little evi-
dence of ovulation was found for cows in lactation. This was
related to their poor condition, During the year in which the cow
was barren and dry, energy reserves were restored to a level where
ovulation again occurred. Therefore, many Roosevelt elk cows
produce a calf every other year, rather than yearly (Trainer 1971).
Trainer further suggested 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. Schwartz and Mitchell (1945) blamed poor forage
quality as the cause of most malnutrition deaths of Roosevelt elk
on the Olympic Peninsula, Washington, since most animals exam-
ined had their paunch full of “. . . coarse and unpalatable. . .”
forage. Poor winter nutrition appears to be a problem for Roose-
velt elk throughout their range.

Since forage quality has been accepted as a key criterion by
which vegetation management practices can be judged, the objec-
tives of this research were to determine the effects of bottomland
pasture development on the nutritive values of forage for wintering
Roosevelt elk and on elk preference among pastures.
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Study Area

This research was conducted on the Beneke Creek Wildlife
Management Area (W.M.A.), Clatsop County, Oregon. The
W.M.A. encompasses 276 ha, most of which is stream bottom and
alluvial terraces of unconsolidated stream sediments (Beaulieu

3 ;
1973). Approximately 48 ha are slopes of the Coast Range Moun-

tains. The average annual precipitation was 150 cm, 66% of which
fell from November through March. The average daily maximum
and minimum temperatures were 16° and 3° C, respectively
(NOAA 1968-1978).

Following acquisition of the property, the Oregon Department
of Fish and Wildlife began to plow and reseed pastures to species
that were considered more productive and more palatable during
the winter. Fall fertilization and hay removal were implemented on
most pastures that were level enough to do so. As a result of this
habitat development, three types of perennial pastures were pres-
ent on the area.

Untreated Colonial Bentgrass (Agrostis tenuis) (Bentgrass-U):
These pastures were cleared of trees more than 50 years ago,
possibly broadcast seeded in spots and grazed by livestock, but
never tilled. They were neither hayed nor fertilized and were heav-
ily 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 pastures, but have not been tilled for at least 20 years.
Since the purchase of the area, these pastures have been hayed and
fall fertilized with 10-20-10 fertilizer at a rate of 390 kg/ha each
year. These pastures were also heavily dominated by colonial
bentgrass.

Treated Perennial Ryegrass (Lolium perenne) (Ryegrass-T):
These pastures were plowed, limed, planted with a cover crop of
cereal rye through the first winter, then plowed again the next
spring and seeded to a pasture mixture of: perennial ryegrass,
annual ryegrass (Lolium multiflorum), orchardgrass (Dactylis glo-
merata), tall fescue (Festuca arundinacea), white clover (Trifolium
repens) and subterranean clover (Trifolium subterraneum). They
were hayed and fall fertilized yearly with 10-20-10 fertilizer at arate
of 390 kg/ha. They were heavily dominated by perennial ryegrass.
Development of these pastures has been the goal of the elk habitat
program on the Beneke Creek W.M.A.

The experimental pastures were comprised of eight plant com-
munities. Similarities among plant communities were specific to
each of the pasture types (Table 1).

The timbered areas were dominated by red alder (Alnus rubra)
and Douglas-fir (Pseudotsuga menziesii) on the hillsides and sitka
spruce (Picea sitchensis), western red cedar (Thuja plicata) and
bigleaf maple (4cer macrophyllum) in the bottoms.

Methods

Sampling was conducted during December, January, and Feb-
ruary of the 1976-1977 and 1977-1978 winters. Each winter was
partitioned into three 30-day (monthly) sampling periods. Com-
parisons were made between the Bentgrass-U, Bentgrass-T, and
Ryegrass-T pasture types.
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Table 1. Dominant plant communities and associated pasture types on the
Beneke Creek Wildlife Management Area.

Plant community Pasture types

1. Wild blackberry/Colonial bentgrass/

Ruckhorn nlantain

2. Wild blackberry/Colonial bentgrass/
Birdsfoot trefoil

3. Evergreen blackberry/Colonial bentgrass/
Birdsfoot trefoil

4. Colonial bentgrass/ White clover

S. Colonial bentgrass/Sheep sorrel

6. Colonial bentgrass/Buckhorn plantain/
Birdsfoot trefoil

7. Perennial ryegrass/ White clover

8. Cereal rye

9. Woodland

Rentgrass-U
g
Bentgrass-U

Bentgrass-U
Bentgrass-T
Bentgrass-T

Bentgrass-T
Ryegrass-T

Cereal rye

Not a pasture type

Total standing biomass of herbage and herbage removal were
estimated monthly from weighed, oven-dried (50° £ 5° C) samples
acquired by clipping caged and uncaged paired, 0.22-m? circular
plots. Three pastures for each of the pasture types being compared
were selected to represent and replicate the appropriate pasture
types. Fifieen subsampie esiimaies, apportioned according to rela-
tive area of each plant community in each replication, for each of
the above parameters were averaged to provide a value for each of
the three replications in each of the three pastures types.

The 15 caged samples of herbage from each replication were
composited and a 100-g subsample 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 collec-
tion, feces were collected on every replication from observed defe-
cating elk, immediately after defecation. Fecal collections were
dried at 50° C (£ 5° C), composited, and 100-g subsamples 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 tech-
nique, and gross energy (GE) was determined by adiabatic bomb
calorimetry. Dry matter digestibility (DMD) of the forage was
determined by the two-stage in vitro method described by Tilley
and Terry (1963) as modified by Vavra et al. (1973). Rumen
inoculum was obtained from a fistulated steer that was fed hay,
harvested from the experimental pasture, for 14 days prior to
collecting inoculum. The literature indicated that the ability of
rumen inoculum to digest feeds among different ruminants (elk,
deer, and cattle) does not differ markedly, especially for those
ruminants fed similar diets (McBee et al. 1969; Palmer et al. 1976;
Robbins et al. 1975; Ward 1971). Thus cattle, rather than elk
rumen fluid, was used in the in vitro digestion trials.

Estimates of digestible protein (DP) and digestible energy (DE)
were calculated from equations in Crampton and Harris (1969).

Ten total counts of elk on the Beneke Creek W.M.A. were
conducted during each monthly sampling period. Average Roose-
velt elk weights were acquired from Hines (1972), Hines and Lemos
(1975), and Lemos and Hines (1974).

The number of calves was converted to the number of adult
equivalents by the following relationship:

Average calf weight kg™ ) kgo‘75 = 042

Average cow weight kg'™ 250 kg®™
(0.42) (number of calves) = Adult elk equivalents for calves

(Adult elk

equivalents for calves) + (Adult elk) = elk equivalents
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The distribution of elk among plant communities and replica-
tions was measured by placing a 1 X 100-m plot in each plant
community of each replication and counting pellet groups in each
plot monthly. The number of pellet groups that had obviously
deteriorated to the degree that they would not be present during the
next count were recorded, and the next count was adjusted to

nravide a 1 + I N " v
provide an estimate of total pellets deposited per 100 m? during

each sampling period. The following relationship was used to
estimate the density of adult elk equivalents (Elk) for each plant
community (Comm.);

. Total Pellet groups/ plot
kb n e / Comm i
1 UL,
Comm. Pellet
(groups/plot X ha )
1 Comm. i Comm. i

Estimates of Elk/ha/replication were used to apportion the
amount of intake by Elk.

Data from standing biomass of herbage, herbage removal, elk
density, gross energy, crude protein, and dry matter digestibility
were pooled over years and tested for differences among pasture
types and months using a split plot analysis of variance. 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. Throughout this paper the term
significant refers to P<.05.

Results

Standing Biomass of Herbage

Standing biomass was affected by several inseparable factors,
other than pasture types and weather. These factors were: grazing
that occurred before the beginning of the study period in each
winter, growth of herbage, and deterioration of herbage.

In December and January, the Bentgrass-U pasture type had the
significantly greatest standing biomass with more than 4,000
kg/ha, while the Ryegrass-T pastures were lowest with about 2,000
kg/ha (Table 2). In February there was no significant difference
found between the Bentgrass-U and Bentgrass-T pastures, both of
which had more than 3,000 kg/ha; however, they both had
significantly more standing biomass than the Ryegrass-T pasture
type, which had about 1,700 kg/ha.

Herbage Removal

Monthly herbage removal in the Ryegrass-T pasture type varied
from 640 to 770 kg/ha and was significantly higher than in both the
Bentgrass-U and Bentgrass-T pasture types, except in January,
where it was not significantly different from the Bentgrass-T
pasture type (Table 2). Based on personal observation and those of
Wheeler (1976), elk use was determined to be the cause of nearly all

Table 2. Standing biomass of herbage and herbage removal for three
pasture types on the Beneke Creek Wildlife Management Area for
the winters of 1976-77 and 1977-78.

Pasture type

Month Bentgrass-U  Bentgrass-T ~ Ryegrass-T
Standing biomass (kg/ha)
December 4113 3347° 2397
January 4187 3623° 1936°
February 35207 3103* 1719°
Herbage removal (kg/ha)
December 0 267 708
January 176" 473 779"
February 78 0* 646"

'Values within rows followed by the different letters were significantly different at
P<0S.
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of the herbage removal on the Beneke Creek W.M.A. during the
winter.,

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

The lack of significant differences among herbage removal
values that differ considerably numerically, as shown in Table 2,
reflected the high variability of these data. Thus, individual
observations were not reliable as estimates of elk intake. However,
when the sum of herbage removed from the Beneke Creek W.M.A.
from the total of 810 paired plots was divided by a pooled estimate
of elk density, the average intake per adult elk equivalent per
month was 173 kg (22.93 g forage consumed daily/kg body
weight). This was within the range of results of others for free
ranging adult ruminants (Table 3).

Table 3. Comparison of elk intake during the winter determined from her-
bage removal data to estimates by other authors.

Intake! Type of animal

Determined from herbage

removal data 229 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

'Intake is expressed as g forage consumed daily/kg body weight.

Elk Density and Distribution

An average of 168 elk used the Beneke Creek W.M.A. during the
winter study periods of 1976-77 and 1977-78. The average elk
density on the 78 ha of pasture was 2.15 elk/ha of pasture.

No significant differences were found for the effects of months
on elk density. There were no significant differences in elk density
between the Bentgrass-U and Bentgrass-T pasture types at 0.4 and
1.3 elk/ha, respectively, but elk density on the Ryegrass-T pasture
type was significantly higher than on the other pasture types with
4.4 elk/ha.

Digestible Energy

Forage from the Ryegrass-T pasture type had 2.1t0 2.7 Mcal/kg
of DE. This was significantly higher than forage from both the
Bentgrass-U and Bentgrass-T pasture types with 1.3 to 1.7
Mcal/kg DE, respectively (Table 4). Digestible energy
concentration in forage from the Bentgrass-U and Bentgrass-T
pasture types did not differ significantly. Digestible energy in
forage from the Ryegrass-T pasture type was significantly higher in
December than in February. No other significant differences
occurred between months within pasture types.

Forage from the Ryegrass-T pasture type consistently exceeded
the minimum energy requirement of 1.83 Mcal/kg for free ranging
cattle and sheep, as reported by Cook and Harris (1968). However,
forage from the other two pastures was below the minimum
requirement.

Digestible Protein

Forage from the Ryegrass-T pasture type showed the
significantly highest concentration of digestible protein (DP),
while forage from the Bentgrass-U pasture types had the lowest
(Table 4). The average concentrations of DP in forage from the
Ryegrass-T pasture types exceeded the minimum DP requirement
of 4.4% suggested by Cook and Harris (1968) for range cattle and
sheep during the winter. The DP averages in the Bentgrass-U and
Bentgrass-T pasture types were always below this level.

Discussion
In general the Bentgrass-U pasture type had the most available

186

Table 4. Digestible energy and digestible protein for three pasture types on
The Beneke Creek Wildlife Management Area for the winters of 1976-77
and 1977-78.

Pasture type

Month Bentgrass-U  Bentgrass-T  Ryegrass-T
Digestible energy (Mcal/kg)
December L7 2.7
January 5 1.7 2.2°
February 1.3% 1.7 2.1°
Digestible protein (%)
December 3.0° 9.2
January (in 2.0° 1.7
February (1 2.0° 10.9°

'Values within rows followed by the different letters were significantly different at
P<.05.

herbage and the Ryegrass-T pasture type the least (Table 2).
However, elk preferred to graze the Ryegrass-T pasture more than
the Bentgrass-U and Bentgrass-T pasture types, which were similar
to each other. Forage availability had a negative relationship to
grazing preference and herbage removal. Feeds that were higher in
nutritive value have been shown to be 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 higher in DE and DP
than the other two pasture types. The Bentgrass-T pasture type was
higher in DP and the same in DE as the Bentgrass-U pasture type.
The differences in nutritive values 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 were too
small to detect. Perhaps another factor in these two pastures
influenced elk use more than nutritive value of forage.

Throughout winter, forage in the Ryegrass-T pasture type
exceeded the recommended minimum concentrations of DP and
DE by Cook and Harris (1968). However, deficiencies in DP were
indicated in part of the winter of 1976-77 during a period of
alternate freezing and thawing. The Bentgrass-T pasture types’s
forage was marginal for DE and generally deficient in DP. The
herbage in the Bentgrass-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 (1971) stated
that the diets of sheep and cattle on ryegrass-subterranean clover
pastures contained higher concentrations 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 forage nutrient data indicated. However, the
forage quality data indicated 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.
Additionally, elk had a better chance of consuming a nutritionally
adequate diet in the Bentgrass-T pasture type than they did in the
Bentgrass-U pasture type.

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). Trainer
(1971) reported that the inability of Roosevelt elk cows to maintain
energy (fat) reserves was responsible for their relatively low rates of
reproduction in Oregon. He suspected that inadequate nutrients in
the forage may have been the cause of the relatively poor body
conditions observed. The relatively low DE levels shown for forage
from the Bentgrass-U and Bentgrass-T pasture types (Table 4)
indicated that Trainer’s (1971) suspicions were well founded, since
most Roosevelt elk winter habitat was similar in characteristics to
the Bentgrass-U and Bentgrass-T pasture types, except that very
little was ever fertilized as the Bentgrass-T pasture type was. The
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higher and nutritionally adequate levels of DE and DP in the
Rycgrass-T pasture type suggested that Roosevelt elk with access
to these types of pasture should be able to maintain higher rates of
reproduction and survival of offspring than is generally noted

across their range in Oregon.
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