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Abstract

The intensity and pattern of cattie use of smail riparian meadows
were studied by periodically sampling vegetative standing crop and
by continuously monitoring meadows with time-lapse photo-
graphy. Temperature and relative humidity were also measured in
riparian and upland plant communities. Herbage standing crop at
the end of the grazing season was similar under continuous grazing
and the early and late grazing periods of a two pasture deferred-
rotation grazing system. Early grazing tended to decrease the total
cattle occupation and the frequency of cattle occupation of ripar-
ian meadows when compared to continuous grazing. Late grazing
tended to increase the frequency of cattle occupation but did not
change the total cattle occupation of riparian meadows when
compared to continuous grazing. Cattle were present on a given
meadow site on about 60% of all days but for only 3-10% of the
total daylight period. Cattle occupation of riparian meadows was
greater during the afternoon hours. The seasonal pattern of cattle
occupation was influenced by the location where cattle entered a
pasture but not by seasonal temperatures. Temperature and the
temperature-humidity index did not differ between riparian and
upland plant communities between 12:00 noon and 6:00 p.m.

Riparian meadows are narrow, highly productive plant com-
munities occurring along stream courses. These meadows are usu-
ally dominated by grasses and grasslike plants but shrubs are often
amajor vegetative component. Cattle preference for riparian mea-
dows is a major influence on overall grazing distribution on moun—
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tain rangeiands.

When forage utilization on meadows reached 75% on Utah
foothill range, forage use on upland slopes averaged only 20%
(Cook and Jeffries 1963). Phillips (1965) reported almost identical
results from southern Idaho. Johnson (1965) and McEwen and
Dietz (1965) found the intensity of utilization 3-5 times higher on
riparian meadows versus forested communities although meadow
use did not exceed 50% in either study. In northeastern O uregon,
Roath and Krueger (1982) estimated that 80% of the forage con-
sumed on a mountain allotment came from the riparian meadows
which made up 1.9% of the total area. Long and Irwin (1982)
observed 25% of the cattle on the 6% of their study area covered by
meadows. Finally, Bryant (1982) made 66% of his cattle observa-
tions on riparian meadows or communities directly adjacent to
meadows from late July to early September. The meadows and
adjacent communities comprised 5.1% of the study pastures. How-
ever, in late September, only 129% of the observations were made in
the same communities. This shift in habitat use was attributed to
complete utilization of forage in the riparian zone; thundershow-
ers, which stimulated new forage growth on the uplands; and a
microclimatic shift to more favorable conditions in the uplands
(Bryant 1982).

Over the last 2 decades, an increasing amount of attention has
been given to the idea that excessive cattle use has reduced the
usefulness of the riparian zone for wildlife species, especially fish
(Ames 1977, Platts 1979, Thomas et al. 1979). Bowers et al. (1979)
summarized 5 studies that indicated an average 200% increase in
trout biomass when improper grazing was controlled and streams
were managed for optimum trout habitat. Platts (1981) stated
streams impacted by cattle overuse are wider, shallower, warmer,
have less overhead cover, and have more fine sediment than unim-
pacted streams. He further stated livestock impacts are usually
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. small cumulative changes that occur over several years (Platts
1982).

Fencing and complete exclusion of grazing from riparian ecosys-
tems is often recommended as a means of controlling livestock
impact on riparian meadows (Armour 1979, Behnke and Raleigh
1979, Bowers et al. 1979). While fencing and livestock exclusion
would certainly alleviate some aspects of the problem, it does not
seem practically feasible on a broad scale and also implies that any
level of livestock use would be detrimental. Fencing riparian zones
to allow strict control of intensity and season of use seems to be a
more reasonable approach. Light to moderate late season grazing
has been most often advocated (Bowers et al. 1979, Platts 1981)
and has shown good results in practice (Claire and Storch 1977,
Kauffman 1982). However, the use of fencing will probably be
limited economically to the larger and more important riparian
areas (Platts 1979). Small riparian meadows along primary drain-
ages may only range from 5 to 30 m in width but may total several
miles in length in a single mountain range pasture. While these
meadows are the riparian areas most susceptible to alteration by
cattle grazing (May and Davis 1982), they are also the most diffi-
cult areas to fence. If cattle grazing patterns on these long, narrow
riparian systems need to be changed, some combination of alterna-
tive grazing management practices must be employed.

While all of the usual livestock distribution practices have been
suggested as at least partial solutions, the implementation of graz-
ing systems has been given the most attention. Continuous season-
long or year-long grazing is generally considered to be a detrimen-
tal and unacceptable management scheme for riparian meadows
(Reid and Pickford 1946; Pond 1961; Platts 1981, 1982), so some
type of specialized grazing plan appears necessary. Platts (1981)
rated most standard grazing plans as to their ability to maintain
quality instream habitat; no system was rated better than fair. He
stated none of the present grazing strategies would be satisfactory
in this aspect. However, as more data have become available,
Platts (1982) has indicated the situation may be better than first
thought.

The objectives of this study were to: (a) determine the intensity
and pattern of cattle use of small riparian meadows under continu-
ous and deferred rotation grazing management and (b) compare
the temperature and relative humidity regimes of riparian and
upland plant communities.

Study Area

The study was conducted on the Upper Middle Fork Grazing
Allotment of the Malheur National Forest in north-central
Oregon. Elevations range from 1,160 m along the Middle Fork of
the John Day River, which flows northwest through the allotment,
to over 2,300 m on the watershed boundaries. Topography is
mountainous with slope gradients ranging from 0 to 100%.

Average annual precipitation ranges from 500 mm in the valley
bottom to 1,010 mm at the highest elevations. Most of the precipi-
tation falls as snow from November through April. Rain showers
occur in May and June. Little precipitation falls in July, August,
and early September. During the summer grazing season, daytime
maximum temperatures reach 20-30°C but frost may occur in any
month.

Plant communities on the study area have been described by
Hall (1973). About 85% of the allotment supported forest vegeta-
tion. The major forest types included ponderosa pine-Douglas-fir
(Pinus ponderosa- Pseudostuga menziesii), mixed conifer, and
grand fir (Abies grandis). Riparian meadows were narrow (about
30 m wide) communities located along streams and covered about
1% of the study area. Most of these meadows were classified as dry
meadows which had surface soils that were wet in spring but had
dried by fall and were not sub-irrigated for the entire growing
season. Dry meadows were dominated by Kentucky bluegrass
(Poa pratensis) with western yarrow (Achillea millefolium), north-
west cinquefoil (Potentilla gracilis), and dandelion (Taraxacum
officinale) as prominent forbs.
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Data were collected in 2 of the 6 pastures of the Upper Middle
Fork Grazing Allotment. The Butte Pasture (4,675 ha) was grazed
continuously with 85 cow-calf pairs from early June to mid-
October except in 1980, when grazing began in early July. The
Deerhorn Pasture (5,735 ha) was included in a two pasture
deferred-rotation grazing system. The system called for all cattle to
graze in 1 pasture from early June to early August, at which time
the cattle would be moved to the second pasture until mid-October.
The direction of livestock movement was reversed in alternate
years. The pastures were stocked with 200 cow-calf pairs. The
Deerhorn Pasture was grazed in the early period in 1980 and the
late period in 1981.

Materials and Methods

Herbage Standing Crop

Total standing crop of vegetation on dry riparian meadows was
measured at 8 sites on the study area in 1980 and 1981. Four
sampling sites were located in each pasture. Total herbage standing
crop was sampled at 2-week intervals while cattle were grazing in
each pasture. Total herbage on 15 rectangular 0.1-m? quadrats (30
cm X 33.3 cm) was clipped to ground level on each site on each
sampling date. New quadrats were randomly located on each

camnlinedate Samnles of herbage (100-150 om frech weiocht) ware
Sampilng atc. SAampies O NErdage (IVU~ 10U gmiresh weignl) were

dried in a forced-air oven to a constant weight to convert fresh
herbage weights to oven-dry weights. Total herbage production
without grazing was sampled by clipping 15 quadrats that were
protected from grazing by wire cages. Total production sampling
was done at the peak of standing crop.

Cattle Occupation

Cattle use of dry riparian meadows was monitored with time-
lapse photography in 1980 and 1981 on 2 meadows in each of the
study pastures. Battery-powered Super 8 mm movie cameras were
placed on elevated platforms in trees or snags 5-7 m above the
ground. The cameras exposed 1 frame of film at 5-minute intervals.
Light sensors stopped filming when light levels fell below the
minimum required for proper film exposure. Cameras operated
continuously while cattle were grazing the study pastures.

Film was analyzed 1 frame at a time using an 8-mm film editor.
When cattle appeared in view, the number of animals, their activ-
ity, and the time of day was recorded. Time of day was estimated by
first counting all frames in a day and calculating the mid-point for
that day (solar noon). One-hour intervals were then calculated
backwards and forwards from solar noon assuming an average of
12 frame exposures per hour. Only adult cows were counted in the
analysis; 95% or more of the cows on the allotment were nursing
calves. The initial unit of measurement was the animal unit frame,
defined as 1 cow being present in 1 frame of film. Animal unit
frames were then totaled over the season and converted to animal
unit days (AUD) by dividing the total animal unit frames by the
average number of camera frames exposed per day. Finally, occu-
pation was expressed as AUD per hectare by dividing AUD by the
size of the camera view area. View area size was calculated from the
length and width of the view area as measured with a steel tape.
View areas ranged from 0.12 to 0.26 ha and averaged 0.18 ha.

Peak ungrazed herbage standing crop, herbage standing crop at
the end of the grazing season, total cattle occupation, and fre-
quency of cattle occupation (percentage of total camera framesand
percentage of total days during which at least 1 cow was present)
were compared between grazing systems within years using r-tests.
Regression analysis was used to characterize the relationship
between residual meadow herbage, averaged over pasture, and
days of grazing. Correlation was used to associate profiles of daily
and season cattle occupation with daily and seasonal climatic
conditions.

Microclimate

The temperature and relative humidity in 3 contrasting plant
communities were measured in 1980 and 1981 in 2 drainages
located 3.2 km apart in 1 of the study pastures. Three monitoring
stations were established at random in each drainage, one on a
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small riparian meadow, one on a ponderosa pine-Douglas-fir
forest site, and one in a small clearcut (1-2 ha) on a ponderosa
pine-Douglas-fir-site. Hygrothermographs were placed in wooden
louvered shelters 1-1.2 m above the ground surface at each site.
Temperature and relative humidity were recorded continuously
from mid-June until late September, irrespective of cattle presence
in the pasture.

Three variables, temperature, relative humidity, and the tempera-
ture-humidity index (THI) averaged between the hours of 12 noon
and 6 p.m. were compared among vegetation types. THI integrates
temperature and humidity into a single parameter (Thom, 1958)
and was calculated as:

THI = 0.99T, + 0.36T4 + 41.5, where
THI = temperature-humidity index
Ta = air temperature, °C

Ta = dew point temperature, °C.

Means were compared among vegetative types within years using a
repeated measures analysis of variance with drainages as blocks.

Results

Herbage Standing Crop
Peak herbage standing crop on the dry meadows was similar in
the 2 pastures in both years and averaged 2,440 kg/ha (Table 1).

Ta.ble 1. Peak ungrazed herbage standing crop and residual herbage stand-
ing crop at the close of grazing (kg/ha) on riparian meadows.
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Fig. 2. Standing crop of total herbage on dry riparian meadows, 1981.
Each point represents the mean of 4 sampling sites. Curves were calcu-
lated from regression equations in Table 2.

the variation in observations (Table 2). Residual herbage standing
crop at the end of the grazing season was similar in both pastures in
both years, averaging 565 kg/ha in 1980 and 340 kg/ha in 1981
(Table 1). Dividing end-of-season standing crop by peak standing
crop gave utilization estimates of 77% in 1980 and 86% in 1981,
averaged over both pastures.

Table 2. Regression equations relating standing crop on riparian meadows

Peak standing crop, kg/ha kg/ha and days of grazing in the pasture.
Grazing system 1980 1981 1980 1981
Continuous 2490! 2250 570 330 Grazing system Year Equation! R?
13302 1260 +130 +45 .
Deferred- 2360 2650 560 350 Continuous 1980 ¥ = 202670 98+
rotation’ +310 +330 +55 +25 1981 Y =136 7%
_ rotati - 01 84+
;g\llzll r]::;:; t;fr :x(;:ans within columns are statistically equivalent, P>.10. Deferred-rotation 122(1) z = 52‘7‘::'00"‘ .96%*

3Early grazing in 1980, late grazing in 1981.
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Fig. 1. Standing crop of total herbage on dry riparian meadows, 1980.
Each point represents the mean of 4 sampling sites. Curves were calcu-
lated from regression equations in Table 2.

The standing crop of herbage on grazed plots decreased continu-
ously throughout the grazing season in both years (Fig. 1 and 2).
The rate of decline in standing crop was greatest early in the
grazing seasonand decreased as theamount of available herbage decreased.

Negatiye exponential regression models fit the data well with all
regression models accounting for a significant (P<.05) portion of
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1Y = standing crop, kg/ha; X = days of grazing in pasture.
24gignificant at P<.05; **significant at P<.01.

Cattle Occupation

Total cattle occupation of the dry riparian meadows averaged 78
AUM/ha under continuous grazing but only 33 AUD/ha during
the early grazing period of the deferred-rotation system in 1980 (P
= .11, Table 3). Total cattle occupation averaged 72 AUD/ha in
1981 and did not differ between continuous grazing and late season
grazing in the deferred-rotation system.

Early season grazing tended to decrease the percentage of
camera frames with at least 1 cow present (P=.17) while late season
grazing increased the percentage of frames occupied (P =.13) when
both were compared to continuous grazing (Table 3). The percen-
tage of days when at least 1 cow was present on the meadows was
similar across grazing systems and averaged 60% (Table 3).

It seemed likely that the frequency of occupation might be
dependent on view area (plot size) because frequency is not an
absolute measure. A similar relation is well known from vegetation
sampling (Mueller-Dombois and Ellenberg 1974). However, corre-
lation coefficients between view area and frequency were 0.04 ona
total frame basis and 0.0002 on a daily basis (n=8) indicating no
association between frequency of cattle occupation and camera
view area.

Daily cattle occupation on individual meadows varied greatly
through the grazing season. Cattle were present in large numbers
or for several hours for 1 or a few days and then were absent for a
similar time period. Occupation patterns for individual meadows
were influenced by the cattle turn-in point. In 1 example, 25% of
the total cattle occupation on a meadow occurred on the first day
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Table 3. Total occupation (AUD/ha), camera frames occupied (%), and days occupied (%) by cattle on riparian meadows.

Total Occupation

AUD/ha! Frames occupied, % Days occupied %

Grazing system 1980 1981 1980 1981 1980 1981
Continuous 78 66 55 58 61 57

+122 +18 +0.7 10.6 +9 +2
Deferred-rotation3 33 78 39 8.6 61 61

+9 +33 10.1 +0.9 10.5 +11
Probability 11 .50 17 A3 .50 .50
'AUD = Animal Unit Days
2Standard error
3Early grazing in 1980, late grazing in 1981
of grazing because the cattle were turned into the pasture 0.8 km Discussion

downstream from the observation site. In another example, one
monitored meadow was on the east side of the deferred-rotation
pasture and the second was on the west side. The cattle turn-in
point shifted from the east side to the west side depending on
whether the pasture was grazed early or late. Meadows near the
turn-in point were grazed immediately while the meadows on the
opposite end of the pasture received no utilization for 7 to 14 days.
Cattle occupation patterns on individual meadows did not respond
to seasonal or to forage utilization. Cattle occupation did not
increase during July and August, the hottest months of the year,
and did not decrease as herbage standing crop decreased.

Within days, proportion of total cattle occupation was low
during the morning hours. Cattle use increased sharply
around 11:00 a.m., rose to a peak in late afternoon, and dropped
sharply again near dusk. Both grazing systems exhibited this pat-
tern, with the peak of occupation varying between 2:00 and 6:00
p.m. Totaled over grazing system and year, 78% of all cattle
occupation of riparian meadows occurred after 12:00 noon.

On the riparian meadows, cattle spent 74% of the time grazing,
13% standing, and 9% lying. Averaged over all plant communities
(meadows and uplands), cattle spent 63% of the time grazing, 22%
standing, and 10% lying (Gillen 1982). The differences in grazing
and standing times between meadows alone and all plant commun-
ities were significant (p<C05). Increased emphasis on grazing while
cattle are on riparian meadows would tend to increase the dispro-
portion between levels of herbage utilization on meadow and
upland plant communities.

Microclimate

There were few statistically significant differences in afternoon
averages of microclimatic parameters between riparian meadows,
forests, and clearcuts (Table 4). Cattle are considered to be under
heat stress at THI values greater than 70 (Johnson et al. 1962,
Cargill and Stewart 1966, Ehrenreich and Bjugstad 1966). Aver-
aged over years, the percentage of days with THI values greater
than 70 was 25% for the riparian meadows, 23% for forests, and
25% for clearcuts.

Table 4. Means of microclimatic variables between 12 noon and 6 p.m. for
three vegetation types.

Microclimatic Riparian

variables Year meadow Forest Clearcut

Temperature (°C) 1980 20.2 20.1 19.9

1981 24.6 25.8 25.0

Relative 1980 3914 35.7° 37.6™
humidity (%) 1981 23.8° 22.6° 22.3b

Temperature- 1980 63.1 62.7 62.6
humidity index 1981 66.5 67.0 66.6

Means followed by different letters with columns are significantly different, P<.10.
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Cattle exerted sufficient grazing pressure to remove as much
herbage as possible from the dry riparian meadows under both
grazing systems. Herbage standing crop approached similar basal
levels below which little additional forage removal occurred. Final
stubble heights were seldom greater than 5 cm and were sometimes
less than 2.5 cm. Basal levels were reached rapidly in the deferred-
rotation pasture in 1980 (early grazing) when low starting herbage
levels were combined with higher animal numbers under deferred-
rotation grazing. ‘

While final utilization levels were similar between the 2 grazing
systems, the pattern of forage utilization was different. Herbage in
the early and continuous grazing periods was grazed early in the
growth cycle with no allowance for accumulation of regrowth (no
regrowth occurred after July). In the late grazing period, the her-
bage had completed most of its growth cycle before being grazed.
Based on available information, it appears the early and continu-
ous grazing treatments would be most detrimental to the meadow
plants (Pond 1961, McLean et al. 1963). However, more research is
necessary to determine the effects of various schedules of defolia-
tion on the herbaceous plants of riparian meadows. In addition,
shrubs and trees are important components of riparian vegetation
and their response to grazing schedule should receive attention.

When the magnitude and frequency of cattle occupation are
considered together, there was a trend for early grazing to decrease
cattle occupation on the dry meadows compared to continuous
grazing. Forage nutrient contents on upland sites would be at their
highest point during the early grazing period (Skovlin 1967) and
temporary water supplies would still be available in the uplands.
These 2 factors would reduce the relative attractiveness of the
riparian meadows during the early grazing period although they
would still be preferred over the uplands (Gillen et al. 1984).

Cattle occupied any single riparian site fairly often (high daily
frequency) but did not stay on that site for long periods of time (low
total frequency). Though present for a small proportion of the total
time, cattle still had enough time to remove considerable amounts
of forage. Martin (1979) also observed a low total frequency of
cattle occupation on a riparian zone in central Arizona.

In terms of temperature and relative humidity, the microclimate
in the riparian zone was as stressful as the microclimate of the
surrounding uplands. The concept of an overall superiority of the
riparian microclimate over the upland microclimate in relation to
cattle heat stress was not supported in this study. However, 2 other
parameters, wind and radiation, must be measured along with
temperature and humidity to fully compare the microclimates of
the contrasting plant communities.

Major reasons often given for the attractiveness of riparian
meadows to cattle, as already discussed, are large amounts of
nutritious palatable herbage, moderate slope gradient, reliable
water supply and more favorable microclimate. At the onset of
grazing, there was definitely more herbage available on the dry
meadows (2,440 kg/ha) than on the adjacent uplands (200-500
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kg/ha). The amount of riparian herbage soon decreased to low
levels while adjacent upland forage was utilized an average of only
8-129 (Gillen et al. 1984). Cattle continued to use the riparian
meadows even as the herbage levels decreased to the physical limits
of grazing. These cattle were almost certainly reducing the rate of
forage intake per unit of time spent grazing. Johnstone-Wallace
and Kennedy (1944) reported cattle often overconsumed forage on
Kentucky bluegrass pastures when it was highly available and then
depressed intake severely when the amount of herbage dropped to
lower levels. Cattle that continued to use riparian meadows with
low levels of available herbage probably depressed animal produc-
tion and may have preconditioned themselves for later physiologi-
cal disorders (Roath 1980).

The moderate slope gradients of riparian meadows were an
attractant to cattle on this mountain allotment for use as resting
areas and travel routes. However, there were also many active and
closed roads, railroad grades, topographic benches, and ridgetops
that could have served the same purpose and covered much larger
areas than the riparian meadows.

The riparian meadows with their attendant streams offered a
more reliable water source than upland water developments. Many
of these developments on the allotment were small, shallow ponds
which became dry by late summer. However, ponds and troughs
built near the better flowing springs did hold water for the entire
summer. Streams still had an advantage over these developments
in the quality of their free-flowing water as compared to water held
in an impoundment.

The riparian meadows did not always possess more favorable
habitat characteristics than could be found in upland situations,
especially after appreciable herbage removal had occurred on the
meadows. More likely, it was the unique placement of all of these
characteristics in a single community that made the meadows so
attractive. At various times through the season, each of these
factors acted alone and in combination with the others to maintain
the uniform high preference of these sites by cattle.

Finally, some flexibility in managing riparian meadow use is
available by changing the cattle turn-in point for a pasture. The
start of grazing on a particular meadow may be changed by as
much as 2 weeks in these relatively large range pastures depending
on where cattle enter the pasture. While the final intensity of use
would not differ, the timing of use of a particular meadow could be
modified. This suggests the possibility of an internal pasture rota-
tion that could be alternated among years. Also, the length of the
actual grazing period for an area of critical concern or special
interest could be shortened by turning cattle onto the pasture ata
point far removed from the area of interest.
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