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an average of 6 days later the following year. (linear effect
P=0.10). :

During years 1 and 2, birth weights of calves tended to decline
‘"relative to elk density (Fig. 6 P < 0.10) However, this tendency
resulted at least in part from a spurious effect of the initial
randomization. On average, larger calves were assigned to the
control and low density pastures than to the medium and high
ones. These assignments resulted purely by chance. That is,
there was no opportunity for treatment to affect birth weights of
calves during year 1. This effect emphasizes the importance of
removing birth weight from the effects of treatment on subsequent
weights. The linear effects of treatment on birth weight did not
persist in year 3 (P = 0.52); however cows in the control still
tended to produce larger calves than those in the treated
pastures (Fig. 6 P=0.12). It is unclear whether this persistent
effect was due to the initial randomization or to impacts of
treatment. However, when significance is detected in subsequent
weight responses (e.g. weight out of pastures) when the effects
of birth weight are removed by covariance, we can be confident
that those responses result from treatment.

Effects of Elk on Vegetation

Of all vegetative responses, elk grazing during winter exerted
greatest 1mpact on the residual biomass remalnlng ‘from the
previous year’s growing season. During all years, elk grazing
reduced the standing crop of residual perennial grass (Fig. 7
P=0.02) as well as the residual herbaceous biomass (forbs +
annual grass + perennial grass, Fig. 8, P=0.02). These
reductions were proportional to density. Standing crops of
residual forage declined with year (Fig. 7,8) but the effect of
treatment did not depend on year for either response (P > 0.45).

Effects of elk density on live forage available to cattle at the
beginning of the spring grazing season only approached
significance (Fig. 9, 10, P<0.13). We observed no effect of
treatment on production of perennial grass or total herbs (Fig.
11, 12), but production consistently declined with year across
all treatments (year x treatment P = 0.78). We attribute this
decline to effects of drought interacting with cumulative effects
of cattle grazing.

Effects of elk grazing on standing crops of perennial live and
dead perennial grasses resulted from differences in rates of
utilization during. winter and early spring. At the highest
densities, elk used about 50% of the residual biomass'of
perennial grass and total herbs (Fig. 13, 14) and used up to a
third of the live biomass that was avallable at the beginning of
the .spring grazing season.(Fig. 15, 16). Elk use: ‘accounted for'




as much as 25% of the total forage produced during the growing
season (Fig. 17, 18).

The combined effects of elk and cattle utilization of dead
perennial grass and herbaceous biomass increased with increasing

elk density during all years (Fig. 19, 20). However, we saw no
effect of elk density on total utilization of live biomass except
for perennial grasses during year 2 (Fig. 21, 22). The

proportion of the total utilization of live perennial grass that
resulted from elk grazing increased with density and year (Fig.
23). Almost have of the use of live perennial grass was
attributable to elk grazing in the high density treatment during
year 3. Despite reducing the stocking rate from 7 to 14 acres
per animal unit month during year 3, total utilization of live
and dead herbage in the control pastures remained consistent
among years (Fig. 19, 20, 21, 22).

The absence of treatment effects on total utilization of live
forage resulted from relatively constant utilization of live
biomass by cattle across all treatment levels during year 1 and 2
and declines in-use during year 3 (Fig. 24, 25). These patterns
in utilization were driven by differences in removal of live
forage by cattle, which tended to decline relative to treatment,
particularly during year 3 (Fig. 26, 27). We also observed
pronounced effects of elk density on rate of removal of standing
dead forage by cattle (Fig. 28, 29). Apparently, elk grazing can
reduce the, availability of live and dead perennial grass to the
point that cattle substitute other forages in their diets, or
reduce their total intake.-

Effects of elk grazing on canopy coverage of individual species
and forage classes varied widely (Appendix 1, 2). During year 1,
elk grazing reduced the average canopy cover of vegetation
present at the end of the spring grazing season from 47% in the
control to 31% in the high density treatment (Fig. 30). During
subsequent years we observed no effect of treatment except during
year 3 when controls tended to have higher canopy coverage than
other levels (Fig. 29). Canopy cover declined sharply between
years 1 and 2, but remained relatively constant at about 22%
thereafter. O0Of all forage classes, annual grasses declined most
steeply in response to treatment and year, falling from a high of
10.8% in the controls during year 1 to virtually 0 in all levels
during the third year (Fig. 31). Perennial grasses tended to
increase in coverage at intermediate levels of grazing during all
years (Fig. 32, P=0.07) and declined sharply at treatment all
levels as the study progressed. During all years,- shrub canopy
cover was higher in the controls than in the treatments grazed by
elk (Fig. 33). We observed no consistent effects of elk grazing
on canopy coverage of forbs, but did see strong effects of year
(Fig 34, P=0.03)




DISCUSSTION

A tendency for elk grazing during winter to reduce the
performance of cattle during spring has clearly emerged in our
studies during 1988-89. However, although this pattern was
substantially more clear -than it had been in previous years,
there were several responses that nevertheless only approached
statistical significance. This emphasizes the imperative need to
continue our measurements to assure that our tests of hypotheses
offer unambiguous results. That is, we wish to avoid failure to
reject null hypotheses as a result of inadequate temporal

" replication.

Forage production and canopy coverage data from control pastures
revealed substantial impacts of serial drought interacting with
cattle grazing in determining vegetative responses. Although
this trend has made our job more difficult and has required us to
adjust cattle stocking rates, we believe it is a fortunate
outcome for our studies. The effects of elk grazing will be more
economically and ecologically significant when forage supplies
are limited. Because annual variation in forage availability due
to variation in precipitation is an important feature of semi-
arid rangelands, we are pleased that our studies happened to
coincide with a period of forage scarcity. This coincidence will
allow our results to be far more relevant to policy decisions
than they would have been if we had only ben able to observe
abundant forage conditions.

The reduction of standing dead perennial grass that resulted from
elk grazing appeared to be one the most important determinants of
system responses. We surmise this was the case because residual
biomass represents an important "buffer" against forage scarcity
during the.growing season. Thus, although elk grazing had no
discernable impact on the rate of forage production, its effect
on the. standing crop of live and dead forage was apparently
sufficient to drive discernable differences in cattle
performance.



