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Abstract 

To quantify the effects of season of use on beef cattle distribu- 
tion relative to the riparian area, 52 cow/calf pairs were used to 
evaluate 1) early summer grazing (mid-June to mid-July), and 2) 

late summer grazing (mid-August to mid-September) during the 
summers of 1998 and 1999. Within a block, cow/calf pairs used 
during early summer were also used during late summer grazing 
periods. Pastures were stocked to achieve 50% utilization of 
herbaceous vegetation after a 28-day grazing trial. Livestock 
location and ambient air temperature were recorded hourly dur- 
ing two, 4-day periods in each season of use. Locations were tran- 
scribed to a geographical information system for the study area. 
Ocular vegetation utilization estimates, forage quality, and fecal 
deposits within 1-m of the stream were recorded post-grazing. 
During early summer, cattle were further from the stream (P < 
0.01) than late summer, averaging 161 and 99-m, respectively. 
Cows were observed closer (P < 0.01) to the stream when ambi- 
ent air temperatures were higher. Fecal deposits within 1-m of 
the stream were similar (P = 0.13) following early and late sum- 
mer grazing. Forage quality varied (P < 0.01) between seasons, 
with early summer forages having lower dry matter, greater 
crude protein, lower fiber, and greater in situ dry matter disap- 
pearance compared with late summer forages. Utilization of 
riparian vegetation was lower and use of upland vegetation 
greater during early summer than late summer (P < 0.05). In 
summary, season of use affected cattle distribution relative to the 
riparian area, with late summer pastures having more concen- 
trated use of riparian vegetation. 

Key Words: Beef cattle, distribution patterns, riparian areas, 
season of use, vegetation utilization 

Ecological degradation of riparian ecosystems is one of the 
greatest contemporary concerns for livestock grazing on western 
rangelands. Excessive use of riparian areas by livestock can result 
in removal of woody vegetation, over utilization of streamside 
vegetation, soil compaction, increased soil erosion, reduced water 
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Resumen 

Durante los veranos de 1998 y 1999 se utilizaron 52 pares de 
vaca-becerro para cuantificar los efectos de la epoca de uso en la 
distribucion del ganado en un area riberena y para ello se evalu- 
aron los siguientes tratamientos: 1) apacentamiento a inicios de 
verano (mediados de junio a mediados de julio) y 2) apacen- 
tamiento a finales de verano (mediados de Agosto a mediados de 
Septiembre). Dentro de un bloque, los pares de vaca-becerro uti- 
lizados a inicios de verano tambien se usaron en los periodos de 
fines de verano. Los potreros se cargaron para alcanzar una uti- 
lizacion de 50% de la vegetacion herbacea en un periodo experi- 
mental de 28 dias. La ubicacion del ganado y la temperatura 
ambiente se registraron cada hora durante dos periodos de 4 
dias en cada epoca de uso. Las ubicaciones se introdujeron a un 
sistema de informacion geografica para el area de estudio. 
Despues del periodo de apacentamiento se registraron estima- 
ciones oculares de la utilizacion de la vegetacion, calidad del for- 
raje y depositos fecales dentro de un area de 1 metro de la corri- 
ente. A inicio del verano el ganado se alejo mas de la corriente 
que a fines del verano (P < 0.01) promediando 161 y 99 m 
respectivamente. Cuando las temperature ambiente era mas alts 
se observaron las vacas significativamente (P < 0.01) mas cerca 
de la corriente. Los depositos fecales dentro de la franja de 1 m 
de la corriente fueron similares (P = 0.13) en ambas epocas de 
apacentamiento. La calidad de forraje vario (P < 0.01) entre 
epocas, a inicios de verano el forraje tenia menos materia seca, 
mayor proteina cruda, menos fibra y una mayor tasa de 
desaparicion in situ de la materia seca en comparacion con el 
forraje de fines de verano. A inicios de verano el uso de la veg- 
etacion riberena fue mas bajo y el uso de la vegetacion alejada 
del area riberena fue mayor (P < 0.05) en comparacion con la 
epoca de fines de verano. En resumen, la epoca de uso afecto la 
distribucion del ganado en las areas riberenas, y es a fines de 
verano cuando se concentra el uso de la vegetacion riberena. 

quality, and streambank degradation (Buckhouse and Gifford 
1976, Thomas et al. 1979). Cattle are attracted to riparian areas 
by environmental and nutritional factors and may utilize riparian 
vegetation disproportionately more than adjacent uplands (Gillen 
et al. 1984, Howery et al. 1996). 

Livestock grazing management in riparian areas is one of the 
most pervasive issues facing rangeland managers in the western 
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Fig. 1. Portion of Oregon State University's Hall Ranch utilized for the research project. Six pastures, 10 to 15 hectares in size were utilized 
in a replicated design evaluating 2 seasons of use over a 2-year study period. All pastures have riparian stream, riparian meadow, and adja- 
cent uplands. Treatments included early summer grazing (ES), late summer grazing (LS), and a control (C).The three control pastures (one 
per block) were not grazed or used during this study. 

U.S. (Leonard et al. 1997). Although 
riparian areas constitute only about 8% of 
the total public land acreage, and less than 
1 % of the public land in many of the more 
arid western states (USDI 1995), most 
grazing allotments contain some riparian 
acreage. Federal laws such as the 
Threatened and Endangered Species Act 
(1973), and the Federal Water Pollution 
Control Act (1972) are making it increas- 
ingly important for rangeland managers, 
to identify and implement grazing man- 
agement strategies that maintain or 
improve the sustainability of riparian 
ecosystems. One such livestock manage- 
ment strategy may be grazing riparian 
areas in the spring when key forage 
species are vegetative, forage quality is 
high, and ambient air temperatures are 
low. Currently, the efficacy of this strate- 
gy for increasing the uniformity of grazing 
has not been quantitatively evaluated. 

The objective of this research project was 
to provide a replicated, quantitative assess- 
ment of the effects of season of use (early 
versus late summer), on cattle grazing and 
vegetation utilization patterns within ripari- 
an areas and adjacent uplands in northeast- 
ern Oregon. Our hypothesis was that live- 
stock grazing distribution and forage utiliza- 
tion patterns would be more uniform during 
early summer (Elmore and Kauffman 
1994), and riparian areas would receive dis- 
proportionately more use than uplands dur- 
ing late summer (Gillen et al. 1985). 

Materials and Methods 

Location 
This study was conducted on 109 ha of 

the Eastern Oregon Agricultural Research 
Center's Hall Ranch located in the 
foothills of the Wallowa Mountains in 
northeastern Oregon (latitude 45° 7' 48" 
N, longitude 117° 42' 32" W (Fig. 1)). 
Study site elevation is approximately 
1,015-m, with annual precipitation averag- 
ing 350-mm. Most of the precipitation 
comes between October and June, which 
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results in dry summers and limited poten- 
tial for vegetative re-growth during July 
through September. 

The study site consisted of riparian 
meadows and adjacent uplands bordering 
Milk Creek, a tributary of Catherine Creek 
in the Grande Ronde River watershed. The 
site was cross-fenced with electric fence 
into nine, 10-15 ha pastures (Fig. 1). Each 
pasture contained about a 260-m reach of 
Milk Creek. Within each pasture, vegeta- 
tion was classified into 4 vegetation types: 
gravel bar, riparian grass, riparian 
sedge/rush, and upland. 

01998 
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Month of Year 
Fig. 2. Monthly precipitation during the study years of 1998 and 1999. Data were collected 

from the Eastern Oregon Agriculture Research Center Weather Station, Union, Ore. 
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Annual amounts of precipitation (Fig. 2) 
varied between years with 1998 receiving 
above normal precipitation, (500 mm), and 
1999 receiving below normal precipita- 
tion, (264 mm). 

Riparian Vegetation 
Green line vegetation was that vegeta- 

tion located immediately on the stream 
banks edge. Gravel bar vegetation types 
were located within the riparian area and 
appeared to be remnants of past stream 
channels. This vegetation type consisted of 
mostly cheatgrass (Bromus tectorum L.), 
and Canada bluegrass (Poa comressa L.). 

Riparian vegetation types were located 
within the floodplain and currently, or 
(had) in the recent past, been influenced 
by water from Milk Creek. Riparian grass 
vegetation consisted of greater than 50 
percent grass by weight (Porath et al. 
2002). Riparian grass vegetation types 
consisted of Kentucky bluegrass (Poa 
pratensis L.), brome (Bromus spp.), mead- 
ow foxtail (Alopecurus pratensis L.), tim- 
othy (Phleum pratense L.), rushes (Juncus 
spp. L.), sedges (Carex spp. L.), and a 
variety of forbs. Riparian sedge/rush vege- 
tation types were located within the ripari- 
an grass communities but were distin- 
guished by greater than 50% sedges and 
(or) rushes by weight (Porath et al. 2002). 
The overstory of woody species bordering 
Milk Creek in the riparian area included 
hawthorn (Crataegus douglasii Lindl.), 
ponderosa pine (Pinus ponderosa Dougl.), 
snowberry (Symphoricarpus albus L.), 
black cottonwood (Populus trichocarpa T. 
& G.), and rose (Rosa gymnocarpa Nutt.). 

Upland Vegetation 
Upland vegetation types consisted of 

grasses including timothy, orchardgrass 
(Dactylus glomerata L.), needlegrass 
(Stipa spp. L.), brome, Idaho fescue 
(Festuca idahoensis Elmer), Kentucky 
bluegrass, pinegrass (Calamagrostis 
rubescens Buckl.) elk sedge (Carex geyeri 
Boott), a variety of forbs, and patches of 
shrubs including snowberry, spirea (Spirea 
splendens Baumann ex K. Koch), and 
ceanothus (Ceanothus spp. L.). Most of 
the upland sites had an overstory of pon- 
derosa pine, though some areas were open, 
lacking a woody overstory. 

Pasture Design 
Nine pastures were stratified into 3 

blocks based on vegetation type. Two 
treatments were randomly assigned to pas- 
tures within each block: 1) early summer 
grazing (mid-June to mid-July), and 2) late 
summer (mid-August to mid-September) 

(Fig. 1). Each pasture within a block had 
similar proportions of the 4 vegetation 
types, with all cows having equal access to 
all portions of their assigned pasture. 

Cattle 
Fifty-two crossbred (Hereford x Angus) 

cow/calf pairs were randomly assigned to 
1 of 3 blocks season of use' year'. Cows 
used during the early summer trial were 
also used in the late summer grazing trial. 
In 1998, cows were all 2-year old primi- 
parous heifers. In 1999, 49 cows were 2- 
year old primiparous heifers and 3 cows 
were 3 years old. All cows used in this 
study had previous exposure to similar 
grazing areas as yearling heifers. Cows 
averaged 420-kg at the beginning of the 
trial. Based on dry matter (DM) produc- 
tion estimates from previous years (Porath 
et al. 2002), pastures were stocked to 
achieve 50% relative herbaceous vegeta- 
tion utilization (Frost et al. 1994) after 28- 
days of grazing, with resulting stocking 
density of 1.7 AU/ha. 

Livestock Distribution and 
Behavior 

Visual livestock observations and vibra- 
corders were used to monitor hourly live- 
stock distribution and grazing behavior 
patterns. Vibracorders were used to mea- 
sure grazing times during each season of 
use and were placed on 6 randomly select- 
ed cows block' observation period' year 1 

for a total of 72 total vibracorder record- 
ings. Vibracorder charts were read as 
minute's hour' and hours day' spent graz- 
ing during each season of use. 

Visual observations during daylight 
hours (0600 to 1900 hours) were used to 
monitor cow location and activity 
throughout the day. Visual observations 
were collected during the second and 
third week of each season of use and were 
made hourly, for a total of 14 observa- 
tions cow-' day-' pasture'. The number of 
daily observations averaged 252 early 
summer and 242 late summer in each pas- 
ture for a total of 23,744 individual live- 
stock visual observations. Cow locations 
were recorded on aerial photos at each 
observation period by 3 observers, 1 

observer block'. Large numbers were 
painted on both sides of each cow to facil- 
itate individual cow identification. At each 
hourly observation, ambient air tempera- 
tures were recorded (n = 224). Livestock 
activities, (grazing, loafing/resting or 
drinking) were also recorded hourly dur- 
ing the visual observation period. 

Vegetation Utilization and Stubble 
Height 

Following procedures described by 
Pechanec and Pickard (1937), relative 
herbaceous vegetation utilization was 
measured at the end of each season of use, 
immediately following cattle removal. 
Vegetation utilization was ocularly esti- 
mated within 0.25-m2 frames every 7.5-m 
beginning at Milk Creek in perpendicular 
directions on each of 6 equally spaced 
transects in each pasture, with a mean of 
387 ocular utilization estimates collected 
per pasture. At each observation point a 
utilization class was assigned, (0 = 0 per- 
cent utilization, 1 = 1 to 25 percent utiliza- 
tion, 2 = 26 to 50 percent utilization, 3 = 
51 to 75 percent utilization, and 4 = 76 to 
100 percent utilization), remaining herba- 
ceous stubble height measured and vegeta- 
tion type recorded. The remaining herba- 
ceous stubble height was measured by 
placing a ruler at the furthest edge of the 
0.25 m2 frame and measuring the height of 
the remaining forage to the nearest cm. 

Given the complexity of measuring uti- 
lization (measuring what is no longer 
there), training exercises were conducted 
prior to each ocular utilization period with 
all 5 utilization classifications being equal- 
ly represented during the training. 
Following a training class, each of 6 
observers independently visually 
appraised ten, 0.25-m2 clip plots, and 
assigned their estimate of utilization. 
These plots had previously been clipped 
and the removed vegetation weighed. 
After ocular estimates were taken the 
remaining standing vegetation was clipped 
to within 2-cm of the ground and weighed. 
The formula for determining actual utiliza- 
tion class was: 

Percent Utilization = initial clipped weight X 100 

(initial clipped weight + 

final clipped weight) 

Observer estimates were then compared 
with actual utilization. Out of 156 total 
training estimates, only 1 was further than 
1 utilization category from the actual. 
Observer bias was adjusted using the fol- 
lowing regression equation which 
regressed estimated utilization against 
actual utilization: Y = 0.77x + 0.42 with r2 

= 0.64, and P < 0.01. The Y variable in the 
above equation is actual utilization and the 
x variable is estimated utilization. A uti- 
lization score of 1 corresponded to 13 per- 
cent utilization (halfway between 1 and 25 
percent utilization) and a utilization score 
of 2 corresponded to 38%, 3 corresponded 
to 63% utilization, and 4 corresponded to 
88% utilization. The regression equation 
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used to correct visual scores (0, 1, 2, 3, 
and 4) to estimated utilization percent was 
Y = 22.6x - 4.8 with r2 = 0.83, with the Y 
variable being actual utilization score and 
the X variable being the estimated utiliza- 
tion score. 

Fecal Deposits 
Buckhouse and Gifford (1976) reported 

that a 1-month-old fecal deposit within 1- 
m of a stream significantly increased 
chances of impacting water quality follow- 
ing a high intensity simulated rainstorm, 
compared to fecal deposits beyond 1-m of 
a stream. It was easy to differentiate fresh 
from old feces because these pastures 
were grazed only during the 28-day trials 
each year. Based on this information, fresh 
fecal deposits located within 1-m of the 
stream's edge were counted on both sides 
of the stream in each pasture at the end of 
each grazing season. 

Precipitation 
Daily precipitation data were collected 

at the Eastern Oregon Agriculture 
Research Center's weather station (Union, 
Oregon) during the 2-year grazing study 
(Fig. 2). 

Forage Nutrient Composition 
At the end of the third week of each sea- 

son of use, 20 randomly clipped plots 
were obtained from each grazed pasture. 
Ten, 0.25-m2 plots were randomly collect- 
ed from each riparian area and 10, 0.25-m2 
plots were randomly clipped from each 
upland area. Samples were dried at 60° C 
for 48 hours and composited according to 
vegetation type (riparian or upland) within 
each pasture. Composited samples were 
ground to pass a 1-mm screen in a Wiley 
mill and analyzed for DM, Kjeldahl nitro- 
gen 1 crude protein (CP; AOAC 1990), 
acid detergent fiber (ADF; AOAC 1990 as 
modified by Komarek and Sirios 1993), 
neutral detergent fiber (NDF; Van Soest et 
al. 1991 as modified by Komarek 1993), 
lignin, and in situ dry matter disappear- 
ance (ISDMD). 

Statistical Analysis 
Time series data (time within day obser- 

vations) were analyzed as a randomized 
complete block-repeated measures design 
using the GLM procedure of SAS (1990). 
Block was treated as the random variable 
in all GLM procedures, with pasture being 
the experimental unit and season of use 
and year being factors within the model. 
Main effects were delineated using season 
of use by block as the whole plot error 

term. Time within day was considered the 
repeated variable. Interactions were tested 
using residual error (block interactions). 
Non-time series data (utilization, stubble 
height, fecal deposits, and precipitation) 
were analyzed as a randomized complete 
block design. This study was replicated 
over 2 years, 1998 and 1999. Treatment 
differences were delineated for all analysis 
using LSD procedures of SAS (P < 0.05). 
All percentage data were analyzed using 
the proc GLM procedures of SAS, and a 
normal probability plot was run for block, 
treatment and time and was determined to 
be normally distributed, thus no transfor- 
mations were needed. In addition, ambient 
air temperature was regressed against live- 
stock distance from the stream using stan- 
dard linear regression techniques to 
describe the relationship of ambient air 
temperature to diurnal livestock distribu- 
tion patterns. 

Results and Discussion 

Livestock Distribution and 
Behavior 

Season of use affected livestock distrib- 
ution patterns throughout the study. 
During early summer, cattle were consis- 
tently observed further from the stream at 
any given hour (P < 0.01) than during late 
summer, averaging 161 and 99-m respec- 
tively (Fig. 3). Cattle expressed diurnal 
distribution patterns in both early summer 
and late summer (P < 0.01; Fig. 3), with 
cattle being furthest away from the stream 
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in the early morning, and gradually mov- 
ing closer to the riparian area as the day 
progressed. 

Cows were observed closer to the 
stream when ambient air temperatures 
were higher (Figs. 3 and 4). Ambient air 
temperatures were highly correlated with 
livestock distances from the stream (r2 = 
0.79 and 0.90 early summer and late sum- 
mer, respectively; P < 0.01). Ambient day- 
time air temperatures may have affected 
(P < 0.01) distribution patterns (Fig. 3) 
and grazing times (Fig. 5) of cows. 

During early summer, cattle visited 
riparian areas during late morning hours, 
then either returned to the uplands, or 
remained around the riparian area during 
the heat of the day, later returning to the 
uplands around late-afternoon (Fig. 3). 
During late summer, cattle began the day 
away from the stream, but quickly moved 
closer to the riparian area during the morn- 
ing hours, occupied the shady areas of the 
riparian area during the heat of the day, 
and gradually returned to the uplands 
around late afternoon (Fig. 3). 

Vibracorder data revealed that season of 
use affected grazing activity of cattle (P < 
0.01; Fig. 5). Cattle had distinct trimodal 
daily grazing patterns during both seasons 
of use, exhibiting definite peak grazing 
times during the morning, mid-day and 
evening. Although livestock grazing pat- 
terns exhibited a season of use x time of 
day interaction (P < 0.01), total daily graz- 
ing times did not differ between seasons 
(P = 0.64). Cattle grazed on average 584 
minutes day' during the early summer, 
and 574 minutes day' during the late sum- 
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Fig. 3. Mean distance that cows were observed from the stream at hourly daylight intervals 
during early and late summer. Values are averaged over 1998 and 1999. Mean distances 
for early and late summer differed (p < 0.01) at all observed time periods. Bars on each 
value indicate standard errors. N = 23,744 cow observations. 
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Fig. 4. Hourly ambient daylight temperatures during early and late summer. Values are 
averaged over 1998 and 1999. Values without an asterisk differ (p < 0.01). Bars indicate 
standard errors. N = 224 temperature recordings. 

mer. However, cows grazed more (P < 
0.01), from 0100-0300, 0700-0900, 1300- 
1400, and 1800-2000 hours during late 
summer than during early summer, and 
cows grazed less (P < 0.01) from 0400- 
0600, 1000-1200, and 1500-1600 hours 
during late summer than during early sum- 
mer (Fig. 5). This seasonal difference in 
daily grazing activity is likely due to a dif- 
ference in daylight hours coupled with a 
greater range of ambient air temperatures 
from morning until night in late summer. 

Observational data showed that daylight 
cow activity (grazing, loafing/resting, or 

drinking), was not affected by season of 
use (P > 0.05). Grazing accounted for 65% 
of the time, loafing/resting accounted for 
34% of the time, and drinking occupied 
only 1% of the daylight activities during 
both early and late summer grazing trials. 
Based on vibracorder data, cattle grazed 
approximately 40% of the entire day (24- 
hr period) (Fig. 5) during both early and 
late summer. Our vibracorder data paral- 
lels past vibracorder research by both 
Miner et al. (1992) and Sneva (1969) 
showing that very little grazing activity 

0100 0410 O00 00 1310 1fi30 lcUO 

Time of Day 

Fig.. 5. Minutes per hour spent grazing during early and late summer. Values are averaged 
over 1998 and 1999. Sunrise for early and late summer occurred at 0500 and 0600 hours, 
respectively, with sunset occurring at 2100 and 1900 hours, respectively. Values without an 
asterisk differ (P < 0.01). Bars indicate standard errors. N = 72 vibracorder recordings. 

occurs during the night. Our observations 
of livestock grazing patterns were very 
similar to previous work (Gillen et al. 
1984, Howery et al. 1996, Porath et al. 
2002). These researchers used the same or 
similar study sites and grazing seasons as 
our research. 

The season of use x time of day interac- 
tion was important (P < 0.05) for cattle 
use of various vegetation types (Fig. 6). In 
early summer, cattle spent the majority of 
their morning hours in upland vegetation 
types, gradually occupying riparian area 
vegetation types more frequently as the 
day progressed and hourly temperatures 
increased. During early summer, between 
the hours of 1230 until 1800 cattle spent 
nearly an equal proportion of time in 
upland and riparian vegetation types. 
Conversely, in late summer, cattle started 
out their day in upland vegetation types 
but rapidly moved into riparian vegetation 
types after 0800 hours. They spent the 
remainder of the day in the riparian vege- 
tation types, gradually returning to upland 
vegetation types during the late evening 
hours. 

Over 90% of the cow observations dur- 
ing late summer were in riparian areas 
from 1200 to 1700 hours. During early 
summer only 50 percent of observations 
were in riparian areas during the same 
time period (Fig. 6). Comparing the live- 
stock observation data (Fig. 6) with the 
vibracorder data (Fig. 5) peak late summer 
mid-day grazing occurred from 1200 to 
1400 hours, which was also the time of 
highest riparian area occupancy in late 
summer (Fig. 3). These data illustrate the 
potential for increased riparian vegetation 
utilization by cattle during the heat of the 
day in late summer. 

Vegetation Utilization and Stubble 
Height 

Vegetation utilization patterns differed 
between years (Table 1). During the 1998 
early grazing season utilization levels in 
riparian and upland vegetation types aver- 
aged 31% and 37% use, respectively. Late 
summer utilization levels in riparian vege- 
tation and upland vegetation averaged 
42% and 34% use, respectively (Table 1). 

During the 1999 early grazing season uti- 
lization levels in riparian and upland vege- 
tation types averaged 41% and 40% use, 
respectively. However, during the late 
summer grazing season riparian vegetation 
utilization was disproportionately higher 
55% than upland vegetation utilization 
34%. Thus, early summer grazing resulted 
in nearly equal utilization of upland and 
riparian vegetation types both years of the 

338 JOURNAL OF RANGE MANAGEMENT 56(4) July 2003 



Early Summer Riparian Vegetation ... 
_t.at Surnrr er i oat an oo ation 

a! 
a 

rrr 

c 
0 

20 

10 

3«_- 
. 

- Ii. 
w 

0 

0000 0000 1000 1200 1400 1600 1000 

Time of Observation 

Fig. 6. Percent of livestock observations within riparian vegetation during early and late sum- 
mer. Values are averaged over 1998 and 1999. All values within a time period differ at p < 
0.05. Bars indicate the standard errors. N = 23,744 total observations. 

study. This uniform use likely reflects 
more uniform livestock distribution during 
the early summer grazing period. During 
the late summer grazing period, the green 
line vegetation approached 60% use, com- 
pared to only 36% use during the early 
summer (Table 1), once again showing the 
increased potential for riparian area degra- 
dation in late summer. 

Stubble height measurements differed 
between years (P = 0.04) and between sea- 
sons of use (P = 0.01), except for green 
line and gravel bar vegetation types (P = 
0.75), but did not exhibit a season of use x 
year interaction (P = 0.81), except for 
riparian grass (P = 0.01). Post grazing 
stubble height measurements closely fol- 
lowed our vegetation utilization estimates 
with increasing vegetation utilization 

resulting in decreased stubble height. 
However, the magnitude of difference was 
less with the stubble height measurements, 
possibly due to the differing plant phe- 
nologies associated with early summer and 
late summer grazing seasons. 

Forage Nutrient Composition and 
Quantity 

Nutrient composition of available forage 
varied (P < 0.01; Table 2) between sea- 
sons of use with early summer forage hav- 
ing lower DM and fiber (ADF, NDF and 
lignin), and increased CP, and ISDMD 
compared with late summer forage. 
However, there was no difference (P > 
0.05) between upland and riparian area 
forage composition within seasons. The 
lack of a difference in forage composition 

between upland and riparian vegetation 
types could be due to random sampling. 
Free-ranging ungulates are more selective 
than can be simulated with randomly 
clipped samples (Van Dyne et al. 1980). 
The lack of a difference in forage compo- 
sition does not preclude the potential for 
differences in actual cattle diets selected in 
riparian versus upland vegetation types. 

As the grazing season progressed, ambi- 
ent air temperatures increased and the 
herbaceous vegetation matured and 
senesced, leading to a decrease in forage 
quality and an increase in forage DM con- 
tent. Past research has shown that vegeta- 
tion quality and quantity play significant 
roles in determining distribution patterns 
of cattle. Marlow and Pogacnik (1986) 
reported differences in livestock distribu- 
tion patterns due to physiological stage of 
vegetation, while Owens et al. (1991) list- 
ed grass quantity as a major influence of 
vegetation utilization. Forage quantity was 
similar (P = 0.7; Table 2) during early and 
late summer grazing seasons. Riparian 
areas had greater forage standing crop (P 
< 0.05) than uplands regardless of season 
(Table 2). 

Water intake of a given class of cattle in 
a specific management regime is a func- 
tion of dry matter intake and ambient air 
temperature (NRC 1996). Early summer 
ambient air temperatures averaged 16.4° C 
while late summer temperatures averaged 
21.4° C. At these temperatures, a 450-kg 
lactating beef cow requires 55 and 64 
liters of water daily in the early and late 
summer, respectively (NRC 1996). 
Assuming 2.5% of body weight intake and 
40% forage DM (early summer), a 450-kg 
cow will consume 28-kg of forage. Of this 
28-kg, 15.7-kg is water, providing 16.5 
liters of required water day', leaving 38.5 
liters needed to meet the cow's daily water 

Table 1. Influence of season of use on utilization and stubble height of upland and riparian vegetation measured immediately after cattle grazing dur- 
ing 1) early summer (mid-June to mid-July), and 2) late summer (mid-August to mid-September). 

1998 1999 P-values 
Utilization (%) Vegetation Type Early Year 

Riparian Vegetation Green Line 28 57 44 62 3.8 .01 .01 .05 
Gravel Bar 36 29 43 62 4.9 .01 .29 .01 

Grass 37 42 44 52 1.9 .01 .01 .16 
Sedge/Rush 22 38 33 44 2.5 .01 .01 .29 

Upland Vegetation Open 43 36 44 38 0.8 .02 .01 .54 
Covered 32 31 35 30 1.0 .12 .01 .03 

Stubble Height (cm) 
Vegetation Type 
Riparian Vegetation Green Line 14 12 11 9 1.5 .04 .21 .81 

Gravel Bar 13 10 10 7 1.6 .01 .75 .09 
Grass 15 21 10 9 0.7 .01 .01 .01 
Sedge/Rush 33 26 21 17 2.1 .01 .01 .44 

Upland Vegetation Open 13 16 11 14 0.4 .01 .01 .49 
Covered 18 21 13 16 0.5 .01 .01 .77 

'SE = standard error (n = 4,648 total ocular utilization estimates). 
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Table 2. Effects of season of use and pasture vegetation classification on nutrient composition and quantity of forage averaged across 1998 and 1999. 

Early Summer Late Summer P-values 
Item Riparian Upland x Vegetation 

Dry Matter % 42.9 40.7 
Neutral Detergent Fiber % 61.9 61.4 .01 
Acid Detergent Fiber % 32.7 34.0 
Crude Protein % 8.2 7.4 
Lignin %5 4.2 5.9 
ISDMD %' 49.1 50.4 
ISNDFD %2 28.3 29.9 
Forage Quantity3 (kg/ha) 1654 972 

Treatment= ear y summer (mid-June to mid-July), and late summer (mid-August to mid-September). Vegetation = vegetation site (riparian or upland). ISDMD = In situ dry matter 
disappearance. ISNDFD = In situ neutral detergent fiber disappearance. 

4 Forage Quantity = random clipped plots mid way through grazing season (kg/ha). SE = standard error (n = 240 total clipped plots). 

requirement. During late summer grazing 
with increased ambient air temperatures 
and increased forage DM, the same 450- 
kg lactating beef cow requires 64 liters of 
water (NRC 1996) and, due to higher for- 
age DM (70%), the forage is providing 
only 4.7 liters, leaving 59.3 liters of water 
she must obtain from the stream or off- 
stream water sources. Therefore, cattle 
must utilize the stream for most of their 
daily-required water during late summer 
grazing. Additionally, declining forage 
quality during late summer can increase 
the amount of heat produced from micro- 
bial fermentation in the rumen, which may 
increase dependence on water for ther- 
moregulation (NRC 1981). 

Fecal Deposits 
Fresh fecal deposits within 1-m of the 

stream were similar (P = 0.13) averaging 
13 early summer and 28 late summer (Fig. 
7). Because fecal deposits within 1-m of 
the stream's edge can negatively impact 
water quality (Buckhouse and Gifford 
1976) pastures grazed in late summer may 

have a higher potential of negatively 
impacting water quality than pastures 
grazed early summer. However, this may 
only be true if a high intensity rainstorm is 
experienced during grazing or up to 1 

month post-grazing (Buckhouse and 
Gifford 1976). 

Precipitation 
The dramatic difference in annual pre- 

cipitation could have a major impact on 
forage quality and quantity and possibly 
affect livestock distribution and vegetation 
utilization patterns. Timing of precipita- 
tion can also impact forage quality and 
quantity. 

Management Implications 
Early summer grazing of riparian areas 

altered cow-calf grazing distribution and 
forage utilization patterns in the foothill 
rangelands of the Wallowa Mountains 
compared to late summer grazing. During 
early summer, when forage quantity and 
quality were not limiting and ambient air 
temperatures were low, livestock distribu- 

tion patterns were more evenly distributed 
and vegetation utilization patterns more 
uniform. During late summer, ambient air 
temperatures and forage DM increased, 
and livestock distance from the stream 
decreased. Early summer grazing of ripari- 
an areas may be less detrimental to ripari- 
an areas because of improved livestock 
distribution and more uniform vegetation 
use. Furthermore, by grazing the riparian 
areas early a manager is providing the 
potential for riparian vegetation regrowth 
(Elmore and Kauffman,1994). During late 
summer grazing, management practices 
such as offstream water developments, 
herding cattle out of riparian areas during 
the heat of the day, and providing alterna- 
tive shade sources may achieve more uni- 
form cattle distribution and vegetation uti- 
lization patterns. 

While these are potential management 
alternatives, managers must remain aware 
of the forces in a particular system that are 
driving livestock distribution patterns in a 
particular system and implement decisions 
accordingly. Rangelands and riparian 
areas are dynamic systems and are con- 
stantly changing, thus making manage- 
ment decisions a daily activity. This vari- 
ability necessitates the need for adaptive 
management and monitoring aimed at 
meeting a variety of goals (e.g., environ- 
mental, ranch, and economic). Continued, 
focused research is needed to obtain a bet- 
ter understanding of the interactions 
between grazing animals and rangeland 
systems. 
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