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Abstract approved
DelCurto

The objective of this study was to evaluate the influence of cow age on grazing

distribution relative to mountain riparian areas. In each of two years, sixty cow-calf

pairs were stratified by age into the following treatments: 1) thirty first calf heifers

(442 kg, body condition score (BCS)=4.5), and 2) thirty mature cows (5-7 years of

age; 569 kg, BCS5.0). From late July to early September, treatments were randomly

assigned to four pastures with treatments reversed in Year 2. Analysis of hourly cattle

locations observed during 4-d periods early (d 15 to d 18) and late (d 36 to d 39 in

Year 1; d 29 to d 32 in Year 2) during the grazing bout revealed a three-way

interaction between cow age, time of day, and grazing bout (P < 0.01). In the morning

hours of the early grazing bout, mature cows distributed farther from the stream

(P < 0.10), and occupied the riparian vegetation type less (P < 0.10) than first calf

heifers. No differences (P> 0.10) in distribution occurred between age classes from

1300 h until dark. Similarly, during the late grazing bout, no differences were

observed (P> 0.10) between the distribution of the age classes. While no difference

(P = 0.20) occurred between age classes in total minutes spent grazing, first calf

heifers foraged longer during the morning and evening bouts (P < 0.10). The forage

utilization pattern and the fecal deposits within 1-rn of the stream were not different (P

> 0.10) between age classes. While mature cows tended (P = 0.17) to have higher dry

matter intake (DM1), first calf heifers consumed more feed per unit of body weight

(BW) (P = 0.08). Though first calf heifers tended (P = 0.13) to gain more BW, no

differences occurred between age classes in BCS change (P = 0.69), or calf average
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daily gain (ADG) (P = 0.34). In summary, mature cows distributed farther from water

and spent more time outside the riparian vegetation zones during the morning hours

early (d 15 to d 18) in the trial compared to first calf heifers.
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The Influence of Cow Age on Grazing Distribution and Utilization of Mountain
Riparian Areas and Adjacent Uplands

I. SUSTAINABLE GRAZING MANAGEMENT STRATEGIES FOR
MOUNTAIN RIPARIAN ECOSYSTEMS

INTRODUCTION

Achieving uniform livestock distribution and utilization on rangeland has been

a critical goal of range managers for decades (Holechek et al. 1989). Uneven grazing

distribution impacts rangelands negatively from both the over- and under-utilization of

resources (Laca 1998). In contrast, uniform grazing distribution has positive impacts

on both the current and the potential grazing capacity of the range and on the overall

health of the land (Owens et al. 1991). Thus, one of the key principles of range

management is to distribute livestock so that maximum sustainable levels of use are

achieved across as broad an area as possible without causing serious harm to any part

of the utilized range (Ares 1953, Gillen et al. 1984).

In the mountainous rangelands of the western United States, uniform livestock

distribution can be difficult to achieve. Though this type of range can be properly

stocked as a whole, it can be severely over-utilized in some areas and essentially

unused in others (Skovlin 1965). From a livestock production point-of-view, uneven

cattle distribution means a loss of valuable forage resources (Skovlin 1965).

Livestock operators depend on the nutrients found in the forage to be the raw materials
of animal production. Harvesting these nutrients with livestock is a challenge,

because the nutrients are not distributed uniformly in time or in space (Bailey and

Rittenhouse 1989). Livestock managers must find a way to capture the nutrients not

only in a cost-effective manner, but also in a way that ensures the sustainability and

productivity of the forage resource on which they depend (Bailey and Rittenhouse
1989).

Grazing distribution patterns on mountainous terrain are difficult to predict

because they are influenced by a complex of physical and biological factors (Gillen et



at. 1984). Mountainous rangelands often contain a mosaic of intermingled forest.

brush, grassland, meadow and riparian communities (Skovlin 1965). As the variation

between such plant communities increases, so does the likelihood that animals will

concentrate on some communities and avoid others (Bailey and Rittenhouse 1989).

The fact that animal preference for these different plant communities and site types

varies widely only increases the challenge of achieving uniform distribution (Miller

and Krueger 1976).

Though there is a great deal of variability in the factors that drive livestock

distribution on any particular site, cattle exhibit a strong preference for riparian

communities (Kauffman and Krueger 1984). Researchers examining cattle

distribution in the mountainous terrain of northeastern Oregon concluded that the

preference of cattle for riparian meadows is a major influence on overall grazing

distribution in mountainous rangelands (Gillen et al. 1985). In the 1980's, the impact

of livestock grazing on riparian ecosystems and watershed parameters began to receive

much attention and became a national resource management issue (Blackburn 1984,

Kauffman and Krueger 1984.) Increasing demands for a wide variety of uses for

riparian ecosystems made it even more important to improve livestock distribution and

reduce animal concentration problems to help alleviate conflicts with other resource

uses (Roath and Krueger 1982).

In the western United States, managing livestock distribution on rangeland is

almost synonymous with the management of federal land. The United States

government is the largest single landowner in the 11 western states (Gentner and

Tanaka 2002). Percentages of land area owned by the federal government in these

states ranges from 28% in Montana to 82% in Nevada (Coggins et al. 2001). The

Bureau of Land Management (BLM) and the United States Department of Agriculture

Forest Service (USFS) administer the majority of this public land (Gentner and

Tanaka 2002). Livestock grazing has traditionally been, and continues to be, a

primary use of public lands. Because these federal lands comprise such a large

percentage of the landscape, they are an integral part of livestock production in this

region, for there is often no available substitute for the resources provided by the



federal domain (Mosley et al. 1990). The public lands supply forage that is necessary

in producing the calves and lambs that are the basic inputs into the beef and sheep

production cycles (Mosley et al. 1990).

Historically, uses such as grazing, timber harvest, and mineral extraction have

dominated the public lands. In the last few decades, however, non-consumptive uses,

such as recreation and preservation, have increased dramatically (Gentner and Tanaka

2002). During the last thirty years, increasing amounts of the public domain have

been set aside for non-economic purposes (Coggins et al. 2001). Further, new interest

groups in public land management have arisen that challenge the use of public land for

consumptive purposes and sometimes view the more traditional, consumptive uses as
destructive (Gentner and Tanaka 2002).

At the same time, Congress has rather dramatically altered the statutory

framework that governs federal land management. Legislation such as the National

Environmental Policy Act (NEPA) of 1969, the Clean Water Act (CWA) of 1972, the

Endangered Species Act (ESA) of 1973, and the Federal Land Policy and

Management Act (FLPMA) of 1976 create additional challenges for land managers.
Such legislation has created a more rigorous body of federal law for rangelands and

has increased the pressure on the federal land management agencies to regulate
grazing in riparian areas more strictly and to ensure that other values are protected
(Coggins et al. 2001). In the 1980's, land managers, particularly in the Pacific

Northwest, felt pressure to improve water quality and enhance anadromous fisheries

(Bryant 1982). Riparian ecosystems have been deemed the most critical zones for
multiple use planning (Plarts 1979) and are often the focal points for most of the
multiple use values of rangeland (Dwyer et al. 1984). Further, riparian ecosystems
often create the greatest challenges for proper management (Platts 1979).

Given the management challenges and constraints surrounding riparian

ecosystems, the need for scientific information on these ecosystems and the land uses
that affect them becomes very clear. DelCurto et al. (1999) reported that current

concerns regarding water quality, biodiversity, and threatened and endangered species,

combined with the economic importance of livestock production in the Pacific



Northwest, create a need for research that investigates livestock impacts on riparian

ecosystems.

Because of the concerns regarding the uneven distribution of cattle on

rangelands and the more recent focus on managing public lands for a diversity of uses,

a wealth of time and energy has been dedicated to investigating these issues. The

following paper reviews some of the findings of the research conducted over the last

several decades on riparian ecosystems and the strategies available to improve cattle

distribution on rangelands. It also explores strategies that have received less attention

but could potentially offer additional tools to land managers and livestock producers

attempting to manage land and livestock in an ecologically and economically

sustainable manner.

Riparian Ecosystems

Riparian ecosystems are classically defined as assemblages of plant, animal,

and aquatic communities whose presence are either directly or indirectly attributed to

factors that are stream-induced or related (Kauffman and Krueger 1984). Though

riparian areas are ecologically connected to adjacent upland systems, they are usually

functionally and structurally unique and act as a transition zone between terrestrial and

aquatic ecosystems (Kauffman and Krueger 1984, Clary and Leininger 2000). Across

the landscape, riparian areas often occur as narrow, highly productive plant

communities that create well-defined habitat zones within the drier surrounding

uplands (Thomas et al. 1979, Gillen et al. 1985).

Riparian areas occupy a minor proportion of the landscape in the western

United States (Thomas et al. 1979). In the Pacific Northwest, riparian ecosystems

often cover only 1-2% of the lands used as summer range for livestock (Clary and

Webster 1993). Despite the minor portion of the land area they occupy, riparian areas

are reportedly among the most important features of natural landscapes (Clary 1999).

The high levels of biotic productivity and diversity that exist within these ecosystems
make them critical sources of diversity within western rangelands (Thomas et al. 1979,



Fitch and Adams 1998, Clary 1999). Researchers in northeast Oregon identified 60

different riparian plant communities within their 50-rn by 3-km study area. They

concluded that the variation of physical and environmental gradients within the

riparian ecosystem was probably greater than the variation seen in all of the

surrounding upland communities combined (Kauffman et al. 1985). Thus, even

though they occupy a small proportion of the total landscape, riparian areas are

ecologically and economically important from any perspective (Ehrhart and Hansen

1998).

Riparian ecosystems perform many important ecological functions that have

effects far beyond these narrow zones. These functions can be broadly grouped into

three major categories. Riparian areas typically function to: 1) moderate flood

intensities, 2) store water, and 3) maintain water quality by serving as sinks for

nutrients and sediments (Hawkins 1994). More specifically, the vegetation within the

riparian zone acts as a filter to trap and deposit sediments and nutrients from the

uplands before they can reach the water. This in turn enhances water quality and the

aquatic habitat (Green and Kauffman 1989, Clary and Leininger 2000, Flenniken et al.

2001).

Because of these unique qualities and functions, riparian ecosystems are

valuable for a broad variety of uses. First, they serve as important areas of wildlife

habitat by providing water, food, and shelter for upland and aquatic species, as well as
species unique to the riparian zone (Kauffman et al. 1983, Clary and Leininger 2000).

In fact, researchers identify the riparianlstream ecosystem as the single most

productive wildlife habitat type on land (Kauffman and Krueger 1984). Second,

riparian ecosystems strongly modify aquatic environments and fisheries habitat. They

play a major role in maintaining water quality and quantity levels that are critical for

fish species and other aquatic organisms (Kauffman et al. 1983, Clary and Leininger

2000). Riparian areas also serve as important sources of high quality forage for

livestock (Kauffman et al. 1983). A single acre of riparian meadow can provide as
much forage as 10-15 acres of surrounding forested uplands (Clary and Webster

1993).



Because of the productivity, presence of moisture, low slope gradients and

other favorable attributes of riparian ecosystems, these areas often become focal points

for human activities. Land uses such as livestock grazing, recreation, timber harvest.

mining, water diversion, agriculture, railroad and road construction often concentrate

in these areas. The natural disturbance and successional processes of the riparian

ecosystem are very vulnerable to influence by these uses (Clary and Leininger 2000).

Fortunately, riparian areas appear to be among the more resilient of ecosystems

following disturbance, and tend to respond relatively quickly to changes in

management (DelCurto et al. 1999).

Having defined and described riparian ecosystems, the following subsections

will address livestock's preference for these areas and the effects of mismanagement

of cattle on these communities.

Livestock Preference for Riparian Ecosystems

Cattle exhibit a strong preference for riparian zones (KauffInan and Krueger

1984). Because of this preference, riparian ecosystems have a major influenceon

overall grazing and distribution patterns on mountainous rangelands (Gillen et al.

1985). Cattle are attracted to these areas for many of the same reasons that other
animals prefer them. First, riparian zones provide large quantities of diverse,

succulent, high quality forage (Ames 1977, Gillen et al. 1985). For example, unlike

forage in the uplands, the sedges (Carex spp.) that commonly occur in riparian

communities tend to retain relatively constant levels of crude protein throughout the

summer grazing season until the first killing frost (KauffITlan and Krueger 1984).

Second, riparian ecosystems offer cattle a reliable source of water (Gillen et al. 1985).

Further, the shade and thermal cover common in riparian areas contributes to creating

a more favorable microclimate when compared to surrounding upland areas

(KauffInan and Krueger 1984, Gillen et al. 1985). Lastly, the typically moderate

slopes found around riparian meadows adds to their attractiveness to cattle for use as



resting areas and travel routes (Gillen et al. 1985). Because so many desirable

characteristics can all be found within the riparian ecosystem, cattle appear to be

attracted to them even after enough forage has been removed to make these

ecosystems less ideal compared to the uplands (Gillen et al. 1985).

Many researchers report the disparity between the amount of the pasture area

riparian communities occupy and the amount of livestock use and time spent in those

areas. Howery et al. (1998) found that riparian habitat comprised only 3-8% of the

study area, yet cattle spent the majority (48-75%) of their time in those areas. Several

researchers in northeastern Oregon report similar results. Roath and Krueger (1982)

determined that riparian meadows occupied 1.9% of the area on a mountainous

allotment, yet the meadows contributed 80% of the forage consumed by cattle grazing

the pasture. In a study by Bryant (1982), riparian meadows and adjacent communities

made up only 5.1% of the study pastures. From late July through early September,

however, 66% of the cattle observations were made in the riparian area and adjacent

communities (Bryant 1982). On mountain rangelands of north-central Oregon,

riparian meadows covered 3-5% of the total observation area, yet 24-47% of all cattle

observations were made in those communities (Gillen et al. 1984)..

Similarly, on Utah foothill range, forage utilization reached 75% in the riparian

communities. At the same time, utilization on the surrounding uplands averaged 20%

(Cook and Jeffries 1963). Researchers in the Black Hills region reported that the
intensity of utilization was 3-5 times greater on riparian meadows than on forested
communities (Johnson 1965, McEwen and Dietz 1965). Lastly, Kie and Boroski

(1996) found that cattle grazing in the mixed-conifer zone on the west slope of the
Sierra Nevada showed a strong, summer-long preference for riparian habitats. They

suggested that the livestock's need for water and the relative lack of herbaceous forage

in the uplands compared to the resources of the riparian area could explain their
results.

These studies make it clear that riparian ecosystems are attractive to cattle and
present obstacles to achieving even, sustainable utilization of mountainous rangelands.



Effects of Improper Grazing on Riparian Ecosystems

While research has shown that sustainable grazing in riparian areas is possible

if cattle are managed correctly, it is well known that improper grazing has negative

effects on these ecosystems (Ehrhart and Hansen 1998). Inappropriate livestock

management results in over-utilization of these communities, and subsequently, in

degradation of the riparianlstream ecosystem (Kauffman and Krueger 1984). While

the effects of grazing are not constant or uniform among different riparian

communities (Kauffman et al. 1985), livestock can generally affect four major

components of riparian ecosystems (Kauffman and Krueger 1984). First, livestock

can alter streamside vegetation by changing the species composition, reducing the

amount of vegetation present, or in extreme cases, eliminating the vegetation

altogether (Kauffman and Krueger 1984, Clary and Leininger 2000). Increased soil

temperatures and greater evaporation at the soil surface may occur as indirect results

of significant forage removal (Kauffman and Krueger 1984). Researchers have noted

that such grazing was associated with the creation of a drier environment which results

in decreased abundance of plants adapted to moister areas and increased presence of

species naturally suited to drier conditions (Kauffman et al. 1985). Reducing

vegetative cover may also increase the impact of raindrops on riparian soils, increase

the formation of soil surface crusts, decrease the amount of soil organic matter and soil

aggregates, and decrease water infiltration rates (Blackburn 1983). These changes

reportedly may lead to increased runoff, reduced water content in the soil, and

increased erosion (Blackburn 1983). Livestock may also trample, rub, and browse on

streamside vegetation, which can cause physical damage to the plants and can result in
a reduction in the amount of overhead canopy cover for the stream (Platts 1981,

Kauffman and Krueger 1984).

Second, improper livestock grazing can affect the profile of the stream channel

(Kauffman and Krueger 1984, Clary and Leininger 2000). Platts (1979) reported that

streams that are overused by cattle are wider and shallower than streams that have not

been impacted. Improper grazing or overuse may result in the stream channel



entrenching or braiding and the channel bottom becoming more embedded (Kauffman

and Krueger 1984, Clary and Leininger 2000).

Third, improper livestock use of riparian ecosystems can affect the shape and

quality of the water column (Kauffman and Krueger 1984). Overused streams tend to

be wanner and have increased levels of nutrients, suspended sediments and bacteria

(Platts 1981, Kauffman and Krueger 1984). The timing and volume of flows in

affected streams may also be altered (Kauffman and Krueger 1984).

Lastly, excessive livestock use can alter the structure of the soil portion of the

stream bank, partly due to the physical action of the animals' hooves (Blackburn 1983,

Kauffman and Krueger 1984, Clary and Leininger 2000). Improper livestock

management may cause streambanks to slough off. This, in turn, results in the

creation of false setback banks, accelerated sedimentation, and silt degradation of the

aquatic habitat (Kauffman and Krueger 1984).

Given these potential impacts on riparian ecosystems when livestock are

managed improperly, it becomes increasingly evident that achieving even cattle

distribution and utilization on rangelands is critical for maintaining the ecological

health and the economic viability of these systems. Thus, the next section of this

paper addresses some existing and potential strategies to improve livestock

distribution and to decrease the chance of cattle negatively impacting riparian

ecosystems.

MANAGING CATTLE DISTRIBUTION

Large herbivore grazing distribution patterns appear to be influenced by both

abiotic and biotic factors. Abiotic factors include pasture characteristics such as

steepness of slope and distance to water, and also microsite characteristics like the

presence of wind or shade. Biotic factors are vegetation characteristics such as forage

quantity and quality (Bailey et al. 1996). Though livestock distribution patterns on

mountainous terrain can be difficult to predict because of the complex of factors that
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influence them (Gillen Ct al. 1984), certain inherent rangeland characteristics

consistently influence cattle distribution. The following is a brief discussion of some

of the most dominant characteristics that consistently alter distribution and utilization

patterns on rangelands.

The existing literature shows that water availability on rangelands greatly

affects cattle distribution. Land managers have long acknowledged that as distance

from water increases, utilization decreases. This readily observable relationship led

managers to conclude that the distribution of water has a direct bearing on the grazing

capacity of rangeland (Valentine 1947). More recently, on foothill rangeland in

Wyoming, approximately 65% of the area of a 4,597 ha pasture was greater than

723 m from water. This area sustained only 12% of the observed grazing use. In

contrast, 77% of the observed cattle utilization was within 366 m of water, leading the

researchers to conclude that water distribution appeared to be the major factor

affecting cattle utilization patterns (Pinchak et al. 1991). Similar results were found in

north-central Oregon where cattle were grazed continuously on a mountain allotment

from June to October. The researchers reported that the cattle preferred areas within

200 m of water and avoided areas greater than 600 m from a watering site (Gillen et

al. 1984). Scientists in northeastern Oregon reported that the combined effect of

distances to salt and water accounted for 79% of the variability in the amount of

forage consumed by cattle throughout the pasture (Miller and Krueger 1976).

Other pasture characteristics that greatly affect cattle distribution include the

degree of slope and the accessibility of the range (Mueggler 1965). Gillen et al.

(1984) reported that as slope gradient increased in their mountainous study pastures,

cattle preference for the site decreased. They found that cattle tended to avoid areas
with greater than 20% slope throughout the grazing period, which lasted from early

June through mid October (Gillen et al. 1984). Another study examining the

distribution patterns of cow/calf pairs and yearling heifers found that these cattle

preferred areas with slopes less than 35% (Bryant 1982). Impenetrable brush, cliffs

and ravines can also impede livestock movement (Senit et al. 1987). Such obstacles,
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in combination with long distances from water and steep slopes, can essentially make

portions of the range inaccessible to cattle.

In addition to the strong preferences cattle show for riparian ecosystems, they

also appear to have different preferences for various upland plant communities. One

study compared the relative importance of clearcut, bunchgrass and forested

communities on summer cattle range. Clearcut sites, which had been seeded with

grasses comprised 31% of the study area and provided 63% of the forage consumed by

the cattle (Miller and Krueger 1976). Some researchers (Pickford and Reid 1948,

Hedrick et al. 1968) report that cattle prefer open areas to dense mixed-conifer forests

of northeastern Oregon throughout the summer. In contrast, those researchers report

that the forested ranges are primarily grazed early in the summer.

Researchers and land managers have spent immense time and effort

developing strategies to alter the livestock distribution patterns that result from the

inherent characteristics of rangelands. The following section of this paper discusses

some of the structural techniques and management approaches that have proven to be

effective in improving the uniformity of livestock use.

Structural Methods to Alter Grazing Distribution and Reduce Livestock Impact
on Riparian Ecosystems

One of the most well known structural techniques to help control livestock

distribution and reduce animal impact on riparian areas is the use of fences. Bailey

and Rittenhouse (1989) indicate that by placing fences in relation to pasture

topography, animal distribution can be dramatically changed. For example, cattle will

make use of steep slopes if they have no other choice (Bailey and Rittenhouse 1989).

Fences can also be used to set up grazing systems such as rest-rotation, deferred-

rotation or other management plans (Kauffman and Krueger 1984). Fences have also

been successfully used to create special use pastures where the riparian area makes up
the entire pasture (Kauffman and Krueger 1984). By using fences to separate high-
value riparian meadow forage from low-producing range, cattle can be held on the less
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preferred range sites, and the high value forage can be reserved for a particular season

of grazing (Skovlin 1965). Overall, these strategies allow the grazing intensity in the

riparian zone to be closely monitored and controlled.

Other researchers suggest using fencing as a tool to exclude livestock from the

riparian ecosystem (Behnke and Raleigh 1979). Though this technique is commonly

used for protecting riparian areas, it has several drawbacks. Fencing livestock out of

riparian areas is not feasible on a broad scale (Gillen et al.1985). Such fencing

strategies imply that any use of the riparian ecosystem by cattle would be detrimental

(Gillen et al. 1985). Further, such fencing may not be practical on the narrow riparian

meadows that occur along small streams. Such riparian areas may only be 5-30 m

wide, yet they can extend length-wise for several miles (Gillen et al. 1985). Fencing is

expensive both in terms of the financial costs and the lost forage resources (Bryant

1982). Fences can also impede the movement of some wildlife species, which has

important implications for multiple use management goals on public lands (DelCurto

et al. 1999). In light of these drawbacks, some researchers have suggested alternative

grazing management practices as a more practical way to alter cattle distribution

patterns (Bryant 1982, Gillen et al. 1985).

Another strategy that has received attention is the use of offstream, alternative

water sources to decrease livestock impact on riparian areas and increase the

utilization of upland forage resources. The distance cattle will travel from water can
be the limit of usable range (Skovlin 1965). Since watering areas tend to be the
centers of grazing activity, improving water supplies around a pasture can open new
areas to grazing (Skovlin 1965). Researchers in northeastern Oregon used a

combination of offstream water tanks and trace mineral salt to influence grazing

distribution in foothill pastures. They found that the alternate water sources and salt
supplies were most effective at reducing pressure on riparian areas early in the grazing

season when upland forage was plentiful and also during the afternoon hours when

temperatures were high and water availability was crucial (Porath et al. 2002). A

companion study to this project concluded that the offstream water and salt was

sufficiently effective at drawing cattle into the uplands to significantly reduce the
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creation of uncovered and unstable banks by cattle (Mclnnis and Mclver 2001).

Scientists in Montana evaluated 71 ecologically functioning stream reaches across the

state that were being grazed. Though the researchers found many different

combinations of season of use and length of the grazing period that were effective

strategies for riparian management, one of the most common elements of these

successful management strategies was the presence of offstream water (Ehrhart and

Hansen 1998). They concluded that alternate sources of water appear to be an

important tool for encouraging livestock to move away from the riparian area (Ehrhart

and Hansen 1998).

Another strategy to improve cattle distribution is to improve access to

underutilized portions of the pasture. Removing physical barriers can be a powerful

tool to alter livestock choices and improve their distribution (Bailey and Rittenhouse

1989). By building trails, especially through steep, rough terrain, isolated areas of the

pasture can often be opened up for cattle use (Skovlin 1965). Better distribution may

also be achieved by clearing travel routes through thickets, dense brush, or logging

debris (Skovlin 1965).

Research has also shown that the distribution of clearcuts in forestlands that

have been seeded with forage species can affect livestock distribution patterns (Miller

and Krueger 1976). In fact, cattle exhibit some preference for these types of

communities. Miller and Krueger (1976) suggested that properly located clearcuts

could not only draw cattle to these upland areas, but also increase the utilization of

less preferred communities that surround the seeded clearcuts. Cattle grazing on

clearcuts can be used to reduce competition from herbaceous and shrub species on tree

seedlings (Kie and Boroski 1996). Thus, it appears that there are opportunities to

manage timber harvest and grazing uses of these lands in mutually beneficial ways.

Lastly, manipulating shade, particularly in hot and humid climates, has been

shown to help create uniform forage use across pastures. Mcllvain and Shoop (1971)

noted that high temperatures and humidity during Oklahoma summers could severely

lower the gains of yearling steers. They found that creating artificial shade improved

steer gains, and the yearlings were drawn to previously under-utilized areas when the
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shade was placed there. The researchers concluded that the use of shade could be both

a profitable animal husbandry practice in the southern Plains as well as an effective

strategy to reduce the occurrence of ecologically harmful spot grazing (Mcllvain and

Shoop 1971).

In addition to the aforementioned techniques, numerous other strategies have

been developed to improve livestock distribution that do not require structural

improvements to be made. Such managerial approaches are discussed in the following

section.

Managerial Approaches to Alter Grazing Distribution and Reduce Livestock
Impact on Riparian Ecosystems

One strategy for influencing cattle distribution that has received significant

attention is altering the season in which riparian areas are used by livestock. Two

different schools of thought have developed on the use of this approach. Some

researchers advocate early season grazing. Clary (1999) reported that late spring/early

summer grazing of parts of the mountainous west showed promise for enhancing

riparian area health. In a mountain meadow system in central Idaho, cattle grazing in

late June resulted in: 1) narrowing of the stream channel, 2) a reduction in channel

bottom embeddedness, 3) an increase in streambank stability, and 4) an increase in the

height and cover of streamside willows (Salix spp.) (Clary 1999). Clary did note,

however, that the relatively permeable soils of this site were well suited to this

approach, unlike fine textured soils that may be more susceptible to compaction and

other damage under early season use.

Similar results were seen on mountainous, forested pastures in Oregon.

Parsons et al. (2000) determined that early season grazing (mid-June to mid-July) of

riparian areas was less detrimental to those ecosystems because of improved cattle

distribution and more uniform utilization. Both Clary (1999) and Parsons et al. (2000)
identified several factors they felt contributed to the success of the early grazing

strategy. First, the upland forage was high in quality and quantity during this grazing
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damaging saturated riparian soils, the fact that the soils in the riparian area were wet

also contributed to achieving better cattle distribution (Clary 1999, Parsons et al.

2000). Parsons et al. (2000) also attributed better distribution early in the grazing

season to the higher moisture content of the forage during that time period. The

increased moisture content of the diet, combined with lower ambient air temperatures,

appeared to reduce the water requirement of the livestock, and thus their dependence

on the stream to obtain adequate water. Further, Gillen et al. (1985) acknowledged the

availability of temporary water supplies in the uplands as another reason why early

grazing could be successful in improving distribution. Overall, they concluded that

during the early part of the grazing season, riparian areas were less attractive to cattle

(Gillen et al. 1985).

The other common approach to altering season of use is to graze riparian areas

late in the summer season. Despite some findings that cattle increase their use of

riparian meadows late in the grazing season (Gillen et al. 1984, Parsons et al. 2000),

other researchers advocate this strategy. Kauffman (1982) concluded that late season

grazing of a nparian zone in northeastern Oregon resulted in increased livestock

production, good riparian plant vigor and productivity, minimal amounts of soil

disturbance, and minimal short-term disturbance to the wildlife populations dependent

on the riparian ecosystem. It is important to note that in this study, grazing took place

from late August to mid September. During this time, the cattle showed a strong

preference for Kentucky bluegrass (Poapratensis L.), which was still abundant within

the riparian areas. The trial appears to correspond to the time period before riparian

grass quantity and quality become limiting and before cattle will shift their diets

toward higher quality woody species.

Green and Kauffman (1995) also suggest that late season grazing results in less

disturbance to riparian vegetation when compared with season-long or other

management systems. They concluded that the late season approach reduces the level

of utilization and the selectivity of cattle for key riparian species (Green and Kauffman

1995). Again, this grazing trial was conducted from late August until mid September,
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and Kentucky bluegrass was a dominant forage species. The researchers noted that

the livestock did not utilize woody species until the later part of the trial when

herbaceous forage appeared to become less available (Green and Kauffman 1995).

Similarly, Holechek et al. (1982) also advocated late season use of riparian systems as

a way to improve range condition in the Blue Mountains region of Oregon. From a

livestock production standpoint, the researchers saw no clear advantage or

disadvantage in terms of cattle weight gain and diet quality to delaying use of riparian

meadows in that region (Holechek et al. 1982). An important consideration when

evaluating the results of this study, however, is that the grazing was conducted after a

series of hard frosts in late September and October. After such freezing temperatures,

key riparian woody species begin to translocate nutrients out of the leaves to prepare

for leaf senescence. When this occurs, cattle preference for these woody species

declines, resulting in the cattle shifting back to a more herbaceous diet.

Late season grazing has been shown to be detrimental to riparian ecosystems

when the riparian grasses become dormant, causing the woody vegetation to become

the preferred species. The studies discussed above do not correspond to this event.

Kauffman (1982) timed grazing before the herbaceous vegetation senesced and the

livestock switched to a diet higher in shrub content. Further, Holechek et al. (1982)

examined the effects of late season grazing that was scheduled after cattle had

switched back to grass-dominated diets when woody vegetation became less desirable.

Thus, it appears that late season grazing can be compatible with sustainable riparian

management practices, but it must be planned around the period of time when woody

riparian species are preferred by cattle. When timed correctly, late season use may

have positive impacts on some wildlife species. Researchers have indicated that

because bird nesting and small mammal reproduction would already be complete,

delaying the use of riparian meadows until late in the grazing season could reduce or

even eliminate the negative impacts of livestock grazing on nongame wildlife species

(Holechek et al. 1982, Kauffman et al. 1982). Given the inherent variability within

and between riparian ecosystems and the results reported above, it appears that the
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ideal season of riparian area use must be tailored to a particular site and to specific

management objectives.

Another management strategy that has received a significant amount of

attention is the use of salt or supplement to improve livestock distribution. Many

researchers report that strategic salt placement (sometimes in combination with

supplement or alternative water sources) can alter distribution patterns. Skovlin

(1965) suggests that when salt is placed in areas that are otherwise not grazed, it can

improve distribution by drawing cattle to those areas. Once a general area is chosen

for salt placement, Skovlin (1965) suggests that the specific salting site be chosen

carefully to appeal to cattle. Factors such as good access to the site, level and

relatively rock free ground, shade, and adequate forage nearby can increase the

effectiveness of the salt to improve distribution patterns (Skovlin 1965). Salt should

not be placed in areas such as preferred meadows and flats or areas closer than '/4 -mile

from water (Skovlin 1965).

Martin and Ward (1973) investigated the effect of the placement of salt only

and the combination of cottonseed meal and salt on cattle distribution patterns in

Arizona rangeland. Though placing the salt and meal-salt 1-2 '/2 miles from water

increased the utilization of perennial grasses in lightly used areas, such placement did

not substantially decrease forage utilization near water. The researchers suggested

that the strategic placement of salt or meal-salt alone cannot be expected to cure a

serious distribution problem (Martin and Ward 1973). Ares (1953) reported that only

placing meal-salt mix away from water resulted in a larger properly used area and

smaller areas of heavy and light use than when the meal-salt mix was placed both at

water and away from it. Ares did hypothesize, however, that annual variations in

forage production could have obscured some of the effects of these strategies (1953).

Despite these uncertain and mixed results, Martin and Ward (1973) suggested that

placing salt strategically to encourage use in lightly used areas can be one of the

easiest and least expensive ways to improve livestock distribution.

Research has also shown that strategic supplement placement can also

influence cattle distribution patterns. Skovlin (1965) suggested that when the general
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supplementation can encourage more uniform grazing during dry forage conditions.

The results of a study by McDougald et al. (1989) support Skovlin's

recommendations. These researchers found that moving supplementing sites to

previously underutilized areas in hardwood rangelands could dramatically decrease

cattle use of riparian areas (McDougald et al. 1989). Similarly, Bailey et al. (2001b)

found that dehydrated molasses supplement placed in rugged topography enhanced the

uniformity of cattle grazing during the fall and early winter. They reported that each

supplement site could influence the utilization on areas up to 600 m away from the

feeding area (Bailey et al. 2001b). Bailey and Welling (1999) determined that

dehydrated molasses appears effective at luring cattle into underutilized areas. Such

supplementation during the fall and winter can also result in increased use of steep

slopes or parts of the pasture that are far from water (Bailey and Welling 1999).

Another technique available to land and livestock managers to improve cattle

distribution is actively herding the animals. Skovlin (1957) has long been an advocate

of this strategy, calling range riding the key to range management. Skovlin suggests

that adequate fences, water, salt and access will seldom produce proper use of all the

suitable range without the aid of a rider (1965). A range rider can improve the range

condition and increase cattle gains by gathering cattle from typically overgrazed areas

and moving them to lightly grazed or unused portions of the range (Skovlin 1965).

Kauffman and Krueger (1984) acknowledged that herding cattle on a somewhat daily

basis has had success in limiting the number of livestock in the riparian area and in

improving the utilization levels in the uplands. Though range riding is laborious

(Bailey and Welling 1999), Skovlin (1965) suggests that effective range riding can

repay its costs by resulting in added pounds of beef, reduced death loss, and less

straying. Thus, herding cattle on mountainous pastures may be a management option

for land managers and producers who can afford to hire a qualified range rider.

Research has also shown that modifying the kind or class of animals to find the

most suitable livestock for a particular rangeland setting can increase the uniformity of

use. One of the more extreme variations of this strategy involves grazing certain



19

rangelands with sheep instead of cattle. May and Davis (1982) suggest that sheep

have been shown to exert less influence than cattle on some riparian and aquatic

ecosystems. They propose that using sheep to graze certain riparian areas might be

necessary for improving them (May and Davis 1982). A less drastic example of

changing the kind or class of animals to improve distribution involves grazing

rangeland with yearling cattle instead of with cow/calf pairs. It has been shown that

yearlings can travel farther than cows with young calves (Arnold and Dudzinski

1978), which may ultimately result in more uniform grazing use. Further, Herbel and

Nelson (1966) studied the activities of Hereford and Santa Gertrudis cattle on semi-

desert rangeland in southern New Mexico. The Santa Gertrudis cattle traveled greater

distances than the Herefords under the warm, dry conditions. The researchers

suggested that this may have been an effect of the Santa Gertrudis' Brahman breeding,

which could have made them better adapted to the high ambient air temperatures

(Herbel and Nelson 1966). In short, this variety of research suggests that various

kinds or classes of livestock are better suited to particular types of rangelands, and

selecting the type of animal best suited to a specific environment may help achieve

management goals.

Another management strategy utilizes the behavior and distribution patterns of

individual animals to influence overall pasture utilization. Howery et al. (1996) found

that, in a mountainous pasture in Idaho, some cows appeared to prefer upland areas,

while others spent more time in riparian communities. Roath (1980) reported similar

observations. He found that cattle grazing forested mountain ranges showed distinctive

home range patterns with some animals preferring uplands and others selecting

riparian areas. Some of the cattle that preferred riparian communities even appeared

to decrease their intake as riparian forage availability became limiting rather than

move into the uplands. Roath (1980) suggests selectively culling these animals out of

the herd and replacing them with cattle that prefer uplands. This strategy could benefit

not only the riparian ecosystem, but also the livestock producer, for the cattle that

suppress their intake level to stay in the riparian zone will potentially not perform as

well as other members of the herd (Roath 1980).
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Strategies to modif' livestock distribution do not necessarily require major

management changes. Simple practices such as altering the location where livestock

are turned into a pasture can affect utilization patterns. Gillen et al. (1985) suggested

that, depending on where cattle are released, the initiation of grazing on a particular

meadow could be delayed as much as two weeks in relatively large pastures (i.e. 4,000

acres). Presumably, this could ultimately lead to more complete use of the pasture's

forage resources.

From this review of available management techniques, it is clear that a wealth

of strategies exist to influence livestock distribution and utilization. It is perhaps

equally evident that because of the inherent variability and diversity associated with

riparian ecosystems and individual animals, no particular strategy works in all

situations to meet management goals. Though considerable research has been done in

the area of livestock management in riparian ecosystems, it appears that there is still a

need for more investigation. Additional research seems warranted, not only into the

effectiveness of existing techniques in variety of settings, but also into other strategies

that have received less attention that could possibly add to the manager's tool box.

The next section of this paper reviews the relatively limited amount of research that

has been conducted regarding the effects of livestock age on distribution and

utilization patterns. It also explores possibilities for further research in this area that

could provide additional strategies for managing cattle on rangelands.

EFFECTS OF LIVESTOCK AGE ON DISTRIBUTION

Though some research has been conducted on the distribution patterns of

various kinds and classes of livestock, relatively little information is available that

specifically addresses the effects of livestock age on rangeland utilization. The lack of

information on age effects is complicated by the fact that much of it is observational in

nature. Further, livestock age is often addressed as a sidelight to the original purposes

of the investigations.
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Although unsubstantiated with data, Hedrick et al. (1968) reported that in the

mixed conifer forests of northeastern Oregon, young cattle used rough timbered terrain

more efficiently than older cows. From their preliminary observations, Hedrick Ct al.

(1968) developed a ranking to express the suitability of different age classes for this

type of rangeland. Steers were determined to be the most suitable livestock to graze

these areas, followed by replacement heifers and young cows that had previous

grazing experience in the area as heifers. Cows and calves were deemed least suitable

for grazing rough timbered terrain (Hedrick et al. 1968). Skovlin (1965) also

suggested that cows with calves do best on gentle terrain and that yearlings forage

well on rougher range.

Scientists in New Mexico also investigated the distribution and utilization

patterns of different sexes and age classes of cattle. Hickey and Garcia (1964)

conducted a study on three watersheds (304-529 acres in size) from 1954 until 1962.

Various classes of Hereford cattle were used in this winter grazing trial (October

May). Interestingly, the different classes of cattle studied grazed the watersheds

during different years. For example, yearling steers grazed the study area in the winter

from 1954 until 1956. During this time period, the study watersheds were not yet

fenced out from the surrounding open range. Though other classes of livestock had

access to the study areas during this time, the investigators report that grazing use was

predominantly by the yearling steers. Yearling heifers then grazed the study area in
the 1957-1958 season, followed by old cows and calves during the winter of 1958-

1959. The investigators described these old cows as being greater than 7-years-old

and weak. Lastly, young cows (3- to 7-years old) with calves grazed the study area
from 1959 until 1962. One of the important considerations that arises when examining

this report is that the young and old cows used in this experiment were calving three of

the eight months of the trial. Perhaps this factor could help explain why the

investigators found that both groups of cows tended to use gentler terrain that offered
shelter and water until they were presumably forced out of such areas by the lack of
forage.
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Though the researchers presented some data on the utilization of key perennial

grasses by the different classes of animals, their conclusions regarding animal

movement and behavior patterns were based on observations recorded at least one day

per week during the eight month trial. Using this experimental approach, Hickey and

Garcia (1964) concluded that yearling cattle use grasses more uniformly over variable

terrain than cows with calves. They observed that cow/calf pairs utilized key grass

species more heavily around water than did the yearlings. They further noted that the

yearling heifers who grazed the study area the winter of 1957-1958, were much more

active than the yearling steers of previous years, and the heifers grazed the area more

uniformly. Their final conclusion was that on rough terrain, more uniform utilization

could be attained by grazing with yearling heifers (Hickey and Garcia 1964).

Bryant (1982) reported the results of a one-year grazing trial in the Blue

Mountains of northeastern Oregon. Ten mature cows with calves and fifteen yearling

heifers grazed the study pastures from mid-July until the end of August. The different

age classes were kept in separate pastures but were rotated every two weeks so that

they spent equal time in each pasture. Visual observations were conducted three days

a week during each week of the trial. Each observation day lasted for six hours.

Observations were either conducted from 0400-1000 h, 1000-1600 h, or 1600-2200 h.

During each six-hour period, one animal in each pasture was constantly observed, and

its location was plotted on aerial photographs every 30 minutes.

From these observations, Bryant (1982) noticed different distribution patterns

between the cows and the yearling heifers. Both age classes generally selected the

riparian areas over the uplands and spent a disproportionate amount of time there,

probably because of the more favorable microclimate, the milder slopes, and the

availability of water and forage. Though both classes of cattle preferred slopes less

than 35%, the cows used steeper slopes and a greater variety of slope classes than the

yearlings. Bryant (1982) also found that the cows used more plant community types

and concentrated their use on the more productive of the types. From these results,

Bryant (1982) concluded that, contrary to previous findings, the cows actually

distributed themselves better over the mountainous range than did the yearlings. In
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addition, Bryant suggested that cows can be assumed to have better and more

complete utilization of available forage than do yearlings. Bryant recommended that

cows with calves be stocked in preference to or in combination with yearlings to

increase distribution and achieve more uniform utilization in pastures such as these.

Though Bryant could not find a sufficient explanation for the differences

between his results and those of Hedrick et al. (1968) or of Hickey and Garcia (1964),

he hypothesized that the previous grazing experience of the cows on the study area

may have accounted for their wider distribution pattern. Bryant also theorized that the

greater metabolic expenditures of the cows with their calves versus the yearlings and

the cows' energy requirements for lactation may have contributed to the differences

seen in plant community utilization between the age classes. Perhaps by selecting the

more productive plant communities, the cows were able to meet these higher

physiological requirements (Bryant 1982).

One important consideration in reviewing these results that Bryant himself

pointed out, is the study was conducted for only one grazing season using two

different pastures. Bryant felt that the pasture configuration may have influenced the

distribution patterns. Though these results were perhaps more quantified than the first

two reports discussed here, it is still difficult to draw definitive conclusions from this

study. Bryant (1982) suggested that in future research, more attention should be paid

to the affects of cattle age on distribution behavior.

Bailey et al. (2001a) examined the effects of cow age on distribution as part of

their study that was designed to determine whether there were differences in grazing

patterns between cow breeds and if there was a relationship between different grazing

patterns and cow performance. The study was conducted during the summers of 1997

and 1998 on foothills rangeland in northern Montana. Both lactating and nonlactating

cows were used. In 1997, another 40 cows grazed with the study animals but were

excluded from the analyses. In 1998, an additional 54, crossbred 2-year-old cows

grazed the pastures but also were excluded from the analyses.

Visual observations were conducted on horseback two or three times per week

from early June to early September. The observations were done mostly in the early
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morning hours, just after sunrise. From the 1997 observations, the researchers

concluded that 3-year-old cows traveled farther from water, both vertically and

horizontally, and used higher elevations than did older cows (5- to 9-year olds).

Interestingly, these distribution differences were only seen during the early (June and
early July) part of the grazing season. No differences were seen in the pasture grazed

from mid July to early September. In 1998, Bailey et al. (2001a) compared the

distribution of 4-, 5-, and 6-year olds (no 3-year-old cattle were used during the

second summer), and they found that cow age did not affect slope use or horizontal
and vertical distance to water.

Bailey et al. (2001a) hypothesized why the 3-year-olds in 1997 used steeper
slopes and climbed farther up the slopes. Because the different age classes were
grazed together in the same pastures, these researchers felt that the younger animals
may have been subordinate to the older animals in the herd. Bailey et al. (2001 a)

suggested that the young cows may have been displaced by the older cows into the
rougher terrain. Again, it is difficult to draw definitive conclusions about the effects

of cow age on distribution patterns from this study. Bailey et al. (2001a) suggested
that additional study may be required in order to understand the effect of age on
grazing distribution patterns, especially as cows age from yearlings to mature animals.

On commercial cow-calf operations in the West, livestock operators commonly
incorporate first calf heifers into the main cow herd after they have had their first calf
and have conceived their second calf. Customarily, the entire herd is then turned out
onto extensive rangeland pastures for the summer grazing season. In light of the
inconclusive information presented above, a closer examination into the potential
driving forces behind the utilization patterns of various age classes seems warranted.
Because first calf heifers are so commonly incorporated with the mature cow herd, it
seems justified to investigate the factors that could possibly drive the distribution

patterns of these heifers and mature cows. The next section of this paper more closely
examines the physiological requirements and the levels of rangeland grazing
experience of these different age classes of reproductive age cows.
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Physiological Requirements of First Calf Heifers and Mature Cows

The first calf heifers and mature cows (3-years of age and older) that are

commonly combined into one herd for the summer grazing season appear to be quite

different types of animals. Going into summer, both groups are typically pregnant and

are providing milk for the calf at their side. It is often the goal of cattle producers for

first calf heifers to have reached 85% of their mature body weight by the time they

have their first calf (Zollinger and Carr 1999). Thus, unlike mature cows, first calf
heifers are also trying to reach mature body size when they are turned out on summer

range. Because of the extra demands of tissue growth for their own bodies, some

animal scientists suggest separating cows with their first and second calves from the

mature cow herd (Bull 1999). These cows can then be managed separately to meet the

higher plane of nutrition (in terms of energy and protein) they require, and thus allow

higher production levels to be attained (Bull 1999).

The NRC (1996) expressed these physiological differences numerically. The

following values for both age classes represent requirements for cows that are 3- to 4-
months postpartum, are nursing a calf, and are producing approximately 4.5 kg of milk

per day.

In order for a 450-kg, 2-year-old first calf heifer to gain 0.23 kg (1/2 lb) per
day, she requires 9.4 kg of dry matter that includes 10% total protein each day. Her

net energy requirements include 0.79 Mcal/kg of body weight for growth and 1.37

Mcal/kg of body weight for maintenance (NRC 1996). In contrast, a 590-kg mature
cow requires 11.0 kg of dry matter than includes 9.1% total protein each day. Though

the mature cows need greater amounts of dry matter per day, their protein

requirements are lower than those of first calf heifers. Because they have already

reached mature body size, these cows do not have a net energy requirement for

growth. Their maintenance net energy requirement is 1.15 Meal/kg of body weight

(NRC 1996). Thus, on a per-unit-of-body-weight basis, mature cows actually have a
lower net energy requirement for maintenance than first calf heifers. Kleiber (1975)
helps explain this phenomenon. The classic example used in animal energetics is the
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comparison between a mouse and an elephant. The mouse has very low body weight

but a comparatively large surface area. In contrast, an elephant has an extremely large

surface area, but also has a large body weight. Because of the lower surface area-to-

body weight ratios of larger animals, such as elephants, they can produce more heat

per square-meter of body surface than smaller animals, such as mice. Also, the higher

the surface area-to-body weight ratio, the greater is the heat loss per unit of body

weight. This means that smaller animals must be more metabolically active in order to

maintain their body temperature and have narrower thermoneutral zones. The greater

efficiency in heat production and retention by large animals thus lowers their

metabolic requirements per unit of body weight compared to smaller animals (Kleiber

1975).

In addition to the different physiological requirements of first calf heifers and

mature cows, these age classes also differ in the amount of experience they have

grazing rangeland pastures. These differences are examined in the following section.

Rangeland Grazing Experience of First Calf Heifers and Mature Cows

When turned out on summer range, first calf heifers have very limited

experience grazing rangelands. Typically, their only previous exposure to such an
environment has been as calves at their dam's side. Interestingly, Stuth (1991) stated

that animals who lack experience in a particular area must understand the new
landscape before they are able to use it efficiently. Provenza and Balph (1987) report
similar conclusions from their review of animal behavior literature. These researchers

cite numerous studies that show animals of the same species who have been reared in

different environments often exhibit different dietary habits when all foraging in the

same location. Provenza and Baiph (1987) conclude that such evidence indicates that

dietary habits are not genetically fixed but rather are modified by the animal's

experiences. These scientists feel these findings could have implications for livestock

production. Specifically, Provenza and Balph (1987) use replacement heifers as an
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example of how the production of livestock may be reduced because the heifers not

only lack experience with the forage resources of rangeland, but they also lack

knowledge of the locations of basic resources such as food, shelter, and water (1987).

Ultimately, some researchers feel that this lack of knowledge of resource locations

could result in reduced utilization efficiency of the range because such inexperienced

livestock may over-utilize familiar locations (Zimmerman 1980, Provenza and Baiph
1987).

A study that appears to support these conclusions compared the use of winter

range in Montana by different age classes of cows. Beaver and Olson (1997)

compared 3-year-old cows who had no previous experience on winter range with

mature (7- and 8-year-old) cows that had grazed winter range for several years. Cattle

were observed three times a day, three days per week from December to February.

The 3-year-olds used areas that were unprotected from severe weather more than
would be expected based on the availability of such areas. In contrast, the older cows
used protected areas more than would be expected based on their availability. The 3-
year-olds lost significantly more body weight and body fat over the winter than the
older cows, despite the fact that the younger cattle began the study with greater
amounts of fat. Based on these results, Beaver and Olson (1997) concluded that the

young cows were less efficient at using the pasture's forage and thermal resources and

were presumably cold-stressed more often. They felt that the lack of winter range
experience of the younger cows could explain these results. In conclusion, they

suggest that previous experience with winter range may influence cattle use of the
available resources (Beaver and Olson 1997).

Bailey et al. (1996), in a synthesis paper on the mechanisms that influence the
grazing distribution patterns of large herbivores, also suggest that naïve and
experienced animals may distribute differently across the landscape. These
researchers, however, suggested that naïve animals may actually distribute more
evenly because they have less developed expectations of preferred areas compared to
those of experienced animals. Bailey et al. (1996) furtherhypothesized that the more
experienced animals may outperform the naïve animals. Because the expectations of
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the experienced animals for nutrient-rich areas are more developed, they may use such

locations more frequently and thus increase their performance (Bailey et al. 1996).

Given the information presented above, it is evident that first calf heifers and

mature cows are very different animals, both in terms of their physiological

requirements and their levels of grazing experience on rangeland. What is less

apparent, however, is if these differences could result in distribution and utilization

patterns on rangeland that are unique to each age class. If so, these different patterns

could ultimately influence the level of animal impact on riparian ecosystems.

CONCLUSIONS

Based on the literature reviewed in this paper, it is apparent that researchers

have already developed an extensive body of knowledge regarding livestock

management and riparian ecosystems. What also becomes evident is that not all of the

information is based on replicated, quantified research. In fact, upon reviewing the
majority of the existing literature dealing with livestock and riparian areas, Larsen et
al. (1998) concluded that much of the commonly accepted information in this area is

made up of unrefereed, non-experimental reports. They further note that there tended

to be a great deal of personal opinion and commentary within this body of literature.

Clary (1999) further supports these conclusions, stating that much of the current

recommendations for improving riparian grazing practices are based on collective
experiences and case studies that often present conflicting reports. Larsen et al. (1998)
thus recommended additional research be done that applies replicated experimental

designs to numerous riparian systems throughout the West.

In today's political and social climate that demands increasingly diverse values

from public lands, it becomes more challenging to find ways to balance multiple uses
and to find sustainable management practices. In the area of grazing management,

there appears to be a critical need to find additional grazing strategies that will allow

for economically viable livestock production while simultaneously preserving the



29

riparian ecosystem characteristics that are vital for wildlife and fisheries habitat as

well as for water quality (Clary 1999). While it is well known that improper grazing

has negative effects on riparian ecosystems, it is not as obvious what grazing strategies

are compatible with maintaining or improving riparian conditions (Ehrhart and Hansen

1998). Though ecologically sound grazing in riparian areas is possible, it requires a

more intensive management approach than do normal upland grazing operations

(Ebrhart and Hansen 1998). Demand for research on grazing systems that are

ecologically sustainable is exceptionally high in the Pacific Northwest region of the

United States. Declining numbers of anadromous salmon species, increasing demands

for recreation on public lands, and growing urban populations have increased the focus

on and importance of riparian habitat issues (Buckhouse and Gifford 1976, Clary

1999). These issues are of key importance in the Blue Mountains of northeastern

Oregon. Anderson et al. (1998) describe the importance of this region and the

challenges faced there:

[The] Blue Mountain [ecological] province essentially is the entire source
of water upon which all life in northeastern Oregon and farther
depends. It holds a myriad of subwatersheds that capture, store, and
release water into numerous drainages. This fact must be given prime
consideration in all management strategies, small or large. [The] resource
issues, problems, opportunities, and options usually involve multiple
ownerships, resources, and resource uses within [the] Blue Mountain
Province... .The result of what happens in Blue Mountain watersheds is
far-reaching.

Miller and Krueger (1976) concluded that understanding the relationship between

animals and their environments is essential in order to effectively integrate land

resource uses. In order to improve grazing distribution, managers must be able to

assess, modify and predict animal use patterns (Owens et al. 1991). In the following

chapter, a research project is presented that is aimed at adding to the body of

quantified, replicated research on livestock and riparian area management. The study
is set in the heart of the Blue Mountains on a stream that has been identified as a

salmon-rearing stream. Bryant (1982) suggested that future research should give

particular attention to how age can affect livestock behavior on rangelands. More
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recently, Bailey et al. (2001a) suggested that additional study may be necessary in

order to understand the effect of age on grazing distribution patterns. The study

discussed in the next chapter is designed to quantify the distribution and utilization

patterns of first calf heifers and mature cows on forested, mountainous rangelands

typical of northeastern Oregon and much of the intermountain west. It is intended to

aid in the understanding of livestock behavior on rangeland. Further, it is designed to

add to the ecologically and economically sustainable management strategies available

to keep livestock grazing viable on public lands in the context of multiple use

management.
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ABSTRACT

The objective of this study was to evaluate the influence of cow age on grazing

distribution relative to mountain riparian areas. In each of two years, sixty cow-calf

pairs were stratified by age into the following treatments: 1) thirty first calf heifers

(442 kg, body condition score (BCS)=4.5), and 2) thirty mature cows (5-7 years of

age; 569 kg, BCS5.0). From late July to early September, treatments were randomly

assigned to four pastures with treatments reversed in Year 2. Analysis of hourly cattle

locations observed during 4-d periods early (d 15 to d 18) and late (d 36 to d 39 in

Year 1; d 29 to d 32 in Year 2) during the grazing bout revealed a three-way

interaction between cow age, time of day, and grazing bout (P < 0.01). In the morning

hours of the early grazing bout, mature cows distributed farther from the stream

(P < 0.10), and occupied the riparian vegetation type less (P < 0.10) than first calf

heifers. No differences (P> 0.10) in distribution occurred between age classes from

1300 h until dark. Similarly, during the late grazing bout, no differences were

observed (P> 0.10) between the distribution of the age classes. While no difference

(P = 0.20) occurred between age classes in total minutes spent grazing, first calf

heifers foraged longer during the morning and evening bouts (P < 0.10). The forage

utilization pattern and the fecal deposits within 1-rn of the stream were not different

(P> 0.10) between age classes. While mature cows tended (P = 0.17) to have higher
dry matter intake (DM1), first calf heifers consumed more feed per unit of body weight
(BW) (P = 0.08). Though first calf heifers tended (P 0.13) to gain more BW, no
differences occurred between age classes in BCS change (P = 0.69), or calf average
daily gain (ADG) (P = 0.34). In summary, mature cows distributed farther from water
and spent more time outside the riparian vegetation zones during the morning hours
early (d 15 to d 18) in the trial compared to first calf heifers.

KEYWORDS: Beef cattle, Riparian areas, Distribution, Cow age
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INTRODUCTION

Achieving good distribution of cattle on mountainous terrain is a key objective

of rangeland management (Holechek et al. 1989). In mountainous rangelands,

however, riparian communities present major obstacles to achieving uniform cattle

distribution (Gillen et al. 1985). Because of the availability of water, shade, thermal

cover, gentle slopes and the quantity and variety of forage in riparian communities,

cattle exhibit strong preferences for these areas (Kaufihian and Krueger 1984).

The growing number of uses for public lands has increased the importance of

improving livestock distribution to alleviate conflicts with other resource uses (Roath

and Krueger 1982). Fortunately, many techniques exist to improve cattle distribution.

Strategic fencing, offstream water development, locating salt or supplement in the

uplands, herding, and timing grazing when upland forage is in a vegetative

phenological state can decrease pressure on riparian areas and improve distribution

(Skovlin 1965, Clary 1999, Parsons et al. 2000, Porath et al 2002).

Limited information exists, however, on how cow age influences distribution

on forested rangelands. While some reports indicate yearling heifers distribute better

and use the available forage in a more uniform manner than cows with calves (Hickey

and Garcia 1964, Hedrick et al. 1968), others conclude that mature cows use steeper

slopes and more plant communities than yearling heifers (Bryant 1982). Further, 3-

year-old cows have been reported to travel farther from water and use higher
elevations than 5- to 9-year old cows (Bailey et al. 2001a).

First calf heifers are commonly incorporated into the main herd to graze

summer range. Because first calf heifers are trying to reach mature body size while

lactating and gestating, they have greater energy and protein requirements per unit of
body weight (NRC 1996) and have less rangeland grazing experience than mature
cows in the herd.

The hypothesis of this study was that these differences between mature cows
and first calf heifers could affect distribution and utilization patterns and thus the level
of animal impact on riparian communities.
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MATERIALS AND METHODS

Study Site

The study was conducted from late July through early September of 2000 and

2001, in northeastern Oregon at Eastern Oregon Agricultural Research Center's Hall

Ranch. The site is located in the southwest foothills of the Wallowa Mountains at

approximately 1,015 m above sea level and is within the Grande Ronde river drainage.

Summers tend to be dry and warm with temperatures rarely exceeding 3 8°C, though

freezing or near-freezing temperatures are possible all year. Winters are cold and wet,

with the majority of the precipitation (35 cm average) coming in the form of snow

between November and May (Kauffman et al. 1985, Taylor et al. 1993). In addition to

supplying forage for cattle on summer range, the area also provides timber, water,

recreation, wildlife and fish (Miller and Krueger 1976).

The pastures utilized in the study comprised 86 ha along Milk Creek, which

has been identified as a salmon-rearing stream. The area was divided with electric

fence into four pastures, each containing approximately 22 ha and a 560 m stretch of

Milk Creek (Figure 1). The plant communities of the area are typical of those found

throughout northeastern Oregon, eastern Washington, and northern Idaho (Miller and

Krueger 1976). Previous studies indicate that uniform utilization is difficult to achieve

in this area due to the variable preference cattle express for the different plant

communities (Miller and Krueger 1976). Within each study pasture, the vegetation

was classified into the following types: green line, gravel bar. riparian grass, riparian

sedge/rush, upland open and upland covered.

Green line communities were defined as the narrow strips of vegetation

immediately bordering the stream. These communities were dominated by herbaceous

species such as sedges (Carex spp.), rushes (Juncus spp.), timothy (Phleum pratense

L.), redtop (Agrostis stolonfera L.) and hairgrasses (Deschampsia spp.)

The gravel bar communities typically occurred on old stream channels in the

riparian area. These sites were gravelly and cobbly at the surface and had



Figure 1. Portion of Oregon State University's Hall Ranch utilized for the research project. Four pastures (with averages of 22 ha
in size and a 560 m stretch of Milk Creek) were utilized in a replicated design to evaluate the influence of cow age on grazing
distribution relative to mountain riparian areas. Each pasture contains riparian meadow and upland vegetation types. Treatment
assignments in 2000 (Year 1) were randomly assigned as follows: Pasture 4 = First calf heifers, Pasture 3 = Mature cows, Pasture
2 = First calf heifers, Pasture 1= Mature cows. Treatment assignments for 2001 (Year 2) were reversed from Year 1.



36

well-drained soils. Cheatgrass (Bromus tectorum L.), Canada bluegrass (Poa

compressa L.) and numerous annual forb species dominated the sites (Porath et al.

2002). Despite being located within the active floodplain, the forage in these

communities went dry and was dormant early in the summer compared to the other

riparian vegetation types.

Riparian grass communities were defined as those having greater than 50%

grass species by weight. Dominant grasses included timothy, Kentucky bluegrass

(Poa pratensis L.), meadow foxtail (Alopecurus pratensis L.), wheatgrasses

(Agropyron spp.) and bromes (Bromus spp.). Sedges and rushes were also present.

Numerous forbs, including cinquefoil (Potentilla spp.), asters (Aster spp.), western

yarrow (Achillea millefolium L.), and lupines (Lupinus spp.), occurred in these

communities. The overstory typically consisted of hawthorne (Crataegus douglasii

Lindl.), ponderosa pine (Pinus ponderosa Dougl.), snowberry (Symphoricarpus albus

L.), wild rose (Rosa gymnocarpa Nufl.), alders (Alnus spp.) and willows (Sal ix spp.)

(Porath et al. 2002). In addition to the greenline and gravel bar communities, the

riparian grass types were also located within the active floodplain.

The riparian sedge/rush communities were commonly interspersed among the

riparian grass types. This vegetation type was defined as having> 50% sedge andlor

rush species by weight (Porath et al. 2002). Other species occurring on these sites
were similar to those of the riparian grass communities.

The upland vegetation was classified as either upland open (< 50% canopy
cover) or upland covered (> 50% canopy cover). The herbaceous species dominating

the uplands included timothy, brome spp., Kentucky bluegrass, orchardgrass (Daclylis

glomerata L.), needlegrasses (Stipa spp.), blue wildrye (Elymus glaucus Bucki.),

Idaho fescue (Festuca idahoensis Elmer), bluebunch wheatgrass (Agropyron spicatum

[Pursh} Scribn. & Smith) pinegrass (Calamagrostis rubescens Buck!.), and elk sedge

(Carex geyeri Boott) (Porath et al.2002). Several forb species occurred in the uplands,
including lupine, cinquefoil and wild iris (Iris spp.). Snowberry, wild rose, and maple

(Acer spp.) comprised the majority of the shrub component in the uplands. Ponderosa
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pine was the dominant tree species. Nomenclature for the species listed were in

accordance with Hitchcock et al. (1969).

The study was conducted as a randomized complete block design. Despite

attempts to design the pastures to be similar, significant variation occurred between

them. Addressing this problem, Larsen et al. (1998) reported that identifying uniform

experimental units on the landscape is difficult because of naturally occurring

biological and physical complexity. Thus, in this study, individual pasture served as

the blocking criteria, resulting in a total of 4 blocks.

Sixty cow/calf pairs each year were stratified by age into the following

treatments: 1) thirty first calf heifers (2 years of age), and 2) thirty mature cows (5, 6,

and 7 years of age). Each treatment group was then randomly divided to create a total

of four groups of 15 pairs each. Individual pasture served as the experimental unit. In

Year 1, treatments were randomly assigned to the four pastures. For Year 2, treatment

assignments from the previous year were reversed. Thus, every pasture was grazed by

each age class during the two-year study. In Year 2, mature cows from Year 1 that

were still in the herd and within the age requirements were used again. A new group

of 2-year old first calf heifers were used each year.

The pastures were stocked at 1.5 ha per animal unit month (AUM) to achieve

light to moderate utilization. The trial lasted 42 days in Year 1 but was reduced to 35

days in Year 2 due to drought conditions. Data collected during two, 4-day periods

(early period = week 3; late period = week 6 in Year 1, week 5 in Year 2), included

cattle distribution and behavior. Measurements taken at the trial's midpoint and

endpoint included vegetation utilization, stubble height, and fecal deposits. Cow

weight (BW), cow body condition scores (BCS), and calf weight were recorded pre-
and post-grazing. Cow intake rate and diet digestibility were estimated from fecal

samples collected during the fourth week of the trial.
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Cattle Distribution and Behavior

Visual observations and Vibracorders (devices that measure the grazing time

of free ranging cattle; Stobbs 1970) were used to quantify cattle distribution and

behavior throughout the day. Observations were made every hour, on the hour, from

daylight until dusk (0600 to 1900 h). Because of previous research that suggested

little grazing activity occurring at night (Parsons et al. 2000, Porath et al. 2002), no

visual observations were made between 2000 and 0500. The locations of every adult

animal were recorded on geographically corrected aerial photos. Large numbers were

spray-painted on the side of each cow to facilitate identification.

Over the two-year study, over 13,000 individual cattle locations were recorded.

These locations were digitized using the Geographical Information Systems (GIS)

program, Idrisi 32 for WindowsTM (Clark University, Worcester, MA). The GIS

program was used to calculate the distance from the stream for every observed cattle

location and the percent of each age class occupying the riparian vegetation type each

hour of the observation day. The GIS software was also used to generate a minimum

of 500 randomly located points within each pasture. The average distances from the

stream for these random points were calculated and averaged across all four pastures.

This average random distance from the stream was compared to the actual distribution

patterns of each age class to help clarify whether the animals were distributing

randomly or were expressing preferences for various areas of the pasture.

Vibracorders were used to assess the foraging behavior of each age class.

Vibracorders were assigned to five randomly selected adult animals per pasture, for a

total of 10 per age class. The grazing clocks were placed on the animals during visual

observations and recorded grazing activity during all 4 days of each period. The clock

records were used to calculate the average grazing time of each age class, in minutes

houf' , for 24-h a day.
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Vegetation Utilization

Ocular vegetation utilization estimates were made using modifications of the

methods established by Pechanec and Pickford. (1937). Utilization was estimated by

visually assessing the amount of forage removed. Observers were asked to assign one

of the following five utilization classes to each observed plot: 1) 0% use, 2)1-25%

use, 3) 26-50% use, 4) 5 1-75% use, and 5) 76-100% use.

Five observers were trained to recognize these various levels of utilization

before the study began. After examining several example plots, each observer

estimated the utilization on ten 0.25 m2 plots that had previously been clipped (and

weighed) to simulate the different levels of use. When the observers had finished

estimating the utilization for each plot, the remaining vegetation was clipped to within

2-cm of ground level and weighed. The following formula was used to determine the

utilization class (1-5) that represented the actual amount of forage removed:

% Actual Utilization = initial clipped amount
(initial clipped amount + remaining amount)

The estimated utilization values were then regressed against the actual utilization

values to develop a regression equation for each observer. These equations were later

used to correct the ocular utilization estimates taken during the trial for individual

observer bias.

Utilization estimates during the trial were made every 15 m (50 feet) on 10

equally spaced transects per pasture. The transects ran the entire length of each

pasture parallel to the longest dimension. At each observation point, the observers

were asked to: 1) assign the utilization class (1-5) within a 0.25 m2 plot, 2) estimate the

average stubble height within the plot, and 3) classify the plot according to the

vegetation type (described above) in which it occurred. Over the two-year study

period, over 5,000 individual utilization estimates were collected.
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Fecal Deposits

Fecal deposits within 1-rn of the water line were recorded along both banks of

the creek in each pasture. Previous research by Buckhouse and Gifford (1976) on arid

Utah rangeland revealed that after a high intensity rainstorm, very few fecal coliform

bacteria were present at a distance of 1-rn from a fecal deposit. From this, the

researchers concluded that unless feces are deposited in or adjacent to the streambed,

there is little chance of significant bacterial contamination of water sources by cattle

grazing in watersheds similar to the one studied (Buckhouse and Gifford 1976).

Though water quality parameters were not measured in our trial, fecal deposit counts

were used to represent potential effects on water quality due to grazing by each age

class. Fecal deposit counts collected in this study were utilized primarily as another

indicator of animal distribution and represented the relative concentration of cattle

along the streambanks. All deposits within I-rn of the waterline were counted, with no

attempt made at distinguishing between new and old deposits.

Cattle Performance

The cattle performance variables measured included cow weight change, body

condition score change and calf average daily gains (ADG) during the trial. Prior to

weighing and condition scoring, all cattle were placed in a drylot overnight without

access to food or water to limit the effects of rumen fill on the measurements taken.

Body condition scoring is a method of categorizing cows according to their amount of

body reserves. Apparent external fat cover, muscle appearance, and skeletal features

are assessed in order to assign a condition score, which is correlated to the animal's

relative body fatness (Momont and Pruitt 1999). Condition scores were assigned on a
scale of I to 9 (1 = extremely emaciated, 9 very obese; Wagner et al. 1988). Due to
the inherent subjectivity of the condition scoring method, the average score from two

independent observers was assigned to each cow.
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Cattle Intakes and Diet Digestibility

Each year, during the second week of the trial, 5 cows in each pasture (10 per

age class) were randomly selected and dosed with CAPTEC Alkane CRC Controlled

Release Fecal Marker Capsu1es. According to the manufacturer's specifications,

the alkane boluses had reached a steady release rate 11 days after dosing. Thus, fecal

samples were collected from d 25 to d 29 of the trial each year. Samples were

obtained for every dosed animal a minimum of four out of the five days.

Concentrations of n-alkanes in the forage and fecal samples were determined

in duplicate using procedures derived from those described by Vulich et al. (1995).

All forage and fecal samples were ground through a 1 mm screen in a Wiley mill.

Each sample (0.25 g) was extracted in 14 mL ethanolic KOH for 4.5 h in a 90 °C

water bath. Samples were subjected to a liquid-liquid extraction with 14 mL n-heptane

and 4 mL distilled water twice. The n-heptane layers from the two extractions were

collected and combined. Following evaporation, samples were reconstituted into 3.5

mL n-heptane and subjected to solid-phase separation on silica gel columns,

evaporated, and reconstituted with 0.4 mL n-heptane. Concentrations of n-alkanes

with chain lengths varying from 21 to 36 carbons were measured on an HP-6890 gas

chromatograph, with FID, and fitted with a 2 mm i.d. glass column, packed with

Supelco 3% SP-2100. The oven temperature was ramped from 175 °C to 300 °C, and

nitrogen was used as the carrier gas at 20 mL/min. Calibrations for all n-alkanes were

conducted using a cocktail containing 1 mg/mL of alkanes varying in chain length

from 21 to 36 carbon atoms. Previous validation had demonstrated that measurement

of all n-alkanes was linear in a range from 0.2 to 1.0 mg/mL and none of the current

samples resulted in n-alkane concentrations in excess of 1.0 mg/mL.

Dry matter digestibility (DMD) and dry matter intake (DM1) were calculated

from concentrations of natural C-3 1 alkanes in forage and fecal samples and dosed C-

32 alkanes in fecal samples (C-32 was not detected in forage samples) using the

following equations from Dove and Mayes (1996):



Fecal31 )< Dose32Intake, kg/d =
Feca132 x Diet31

Diet31Digestibility % =1
Fecal31
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The alkane profile of Kentucky bluegrass (Poapratensis L.) was used to calibrate the

calculated intakes based on the concentration of alkanes naturally occurring in the

cattle diets. Kentucky bluegrass was selected based on a previous study in the Blue

Mountains examining the botanical composition of cattle diets on riparian meadow

pastures from August to September. Out of the 38 species consumed by those study

cows, Kentucky bluegrass was determined to be the most important species in the diet

(Holechek et al. 1982).

Statistical Analysis

Data were analyzed as a randomized complete block design using the GLM

procedures of SAS (1996). Individual pasture served as the blocking criteria. Time

series data were analyzed as a repeated measures design, using time within day as the

repeat variable. Treatment means were separated using LSmeans procedures of SAS

(1996) and were considered significant at the (P <0.10) level. Significance levels

from (P? 0.10) to (P 0.20) were recognized as tendencies for variables with a small

number of experimental units (i.e. alkane marker and performance data).

RESULTS AND DISCUSSION

Cattle Distribution and Behavior

Initial analysis of the cattle distribution data revealed a significant (P < 0.01)

three-way interaction between cow age, time of day, and period (early period = d 15 to
d 18; late period = d 36 to 39 in Year 1, d 29 to d 32 in Year 2). This interaction

occurred for both the distance from the stream data and the percentage of the herd
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occupying the riparian vegetation type data. Therefore, effects of age and time of day

were analyzed within each observation period and the results presented graphically

(Figures 2 and 3).

Early in the grazing bout, mature cows distributed farther from the stream

during the morning than did first calf heifers (P 0.10; Figure 2). The mature cows

averaged 253 m from the creek between 0700 and 1200 h. Based on the random

points generated by the GIS software, the average distance from the stream across all

pastures for a random distribution pattern was 160 m. Thus, in the morning hours, the

mature cows were farther from the creek than would be expected if they were

distributing randomly. The mature cows appear to have preferred upland areas during

this time period. Comparatively, the first calf heifers were located an average of 136 m

from the stream during these hours, which is closer to the random distribution pattern

average of 160 m. No differences (P> 0.10), however, were seen between the

distances of the age classes from the stream for the remainder of the observation day.

The average distances from the stream for each age class between 1300 and 1900 h

(54 m for first calf heifers, 48 m for mature cows), however, fell well below the

random distribution average of 160 m. Thus, it appears that both age classes preferred

riparian vegetation types during the latter part of the day.

In contrast, during the late observation period, differences in distance from the

stream between the age classes were not observed (P> 0.10; Figure 2). The mature

cows appeared to move closer to the stream, while the first calf heifers seemed to

distribute farther into the uplands. The mature cows and the first calf heifers averaged

185 m and 204 m from the stream, respectively, between 0700 and 1200 h. Both of

these averages are closer to the random distribution pattern average of 160 m than they

were in the early observation period. Both age classes again appeared to prefer areas

closer to the stream later in the day. Between 1300 and 1900 h, the first calf heifers

and mature cows averaged 70 m and 68 m from the stream, respectively, both below

the 160 m average for randomly distributed points.

Bryant (1982) and Pinchak et al. (1991) also examined cattle distribution

patterns on mountainous rangeland. In those studies, cattle were observed to
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Figure 2. Influence of cow age and observation period (early versus late within the
trial) on average distances from the stream. Values are averaged over 2000 (Year I)
and 2001 (Year 2). Treatments included: 1) thirty first calf heifers (2-year-olds), and
2) thirty mature cows (5-, 6-, and 7-year olds). Times of day denoted by an asterisk (*)
denote hours when mature cows were significantly (P < 0.10) farther from the stream
than first calf heifers. Bars represent the Standard Errors of LSMeans.
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concentrate near water early in the trial. As the grazing season progressed, cattle

reportedly used areas further from water. While these results appear to coincide with

the distribution patterns of the first calf heifers in this trial, these reports do not reflect

the behavior of the mature cows. The results from Gillen et al. (1985), however, better

describe the behavior of the mature cows in this study. Gillen et al. reported that cattle

occupation of riparian areas in the mountainous terrain of north-central Oregon was

low during the morning, but increased sharply at 1100 h. Further, riparian occupation

continued to increase until its peak in late afternoon and then dramatically dropped

again near dusk (Gillen et al. 1985). This pattern seems to accurately depict the

behavior of the mature cows in our trial, though to a lesser extent during the late

observation period.

Similar to the distance from stream data, fewer (P < 0.10) mature cows (23%)

occupied the riparian vegetation type from 0800 to 1200 h during the early observation
period than first calf heifers (65%; Figure 3). During the remaining hours of the
observation day, however, no differences (P> 0.10) in percent of each age class

occupying the riparian vegetation type were detected. As seen in the distance from the

stream data, differences in the percentage of each age class occupying the riparian

vegetation type were not observed later in the grazing bout (P> 0.10).
The first calf heifers appeared to be expressing a preference for the riparian

vegetation types early in the trial. These results, however, conflict with the hypothesis
of Bailey et al. (1996). These scientists suggested that animals who are naïve to a

particular grazing situation will distribute better than animals with previous experience

in such locations because the naïve animals have less developed expectations of

preferred areas. In contrast, the behavior of the first calf heifers in our study is better
explained by the conclusions of Provenza and Balph (1987). These researchers

suggest that animals who lack knowledge of the locations of basic resources such as
food, shelter, and water may overutilize familiar locations, resulting in reduced overall

utilization efficiency (Provenza and Balph 1987). Further, Stuth (1991) suggested that
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are averaged over 2000 (Year I) and 2001 (Year 2). Treatments included: 1) thirty
first calf heifers (2-year-olds), and 2) thirty mature cows (5-, 6-, and 7-year olds).
Times of day denoted by an asterisk (*) denote hours when the percentage of mature
cows in the riparian vegetation type was significantly (P < 0.10) less than the
percentage of first calf heifers in the same vegetation type. Bars represent the
Standard Errors of LSMeans
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animals who lack experience in a particular area must understand the new landscape
before they are able to use it efficiently.

Analysis of the Vibracorder data revealed a tn-modal grazing pattern, with

major foraging bouts occurring in the morning, midday, and evening hours (Figure 4).

No difference (P = 0.20) occurred between age classes in total daily minutes spent

grazing, the heifers averaging 587 mm/day, compared to 567 mm/day for the mature

cows. Subtle differences did exist, however, in the peak grazing times of each group.

During the morning and evening bouts, the first calf heifers spent more

(P <0.10) minutes per hour grazing during 0400, 0500, 0600, 0800, 0900, and 1800 b.

The mature cows, however, spent more minutes per hour grazing during the midday
foraging bout (1100, 1200 and 1300 h) (P < 0.10).

Similar to the results of Culley (1938), Sneva (1970), Parsons Ct al. (2000) and

Porath et al. (2002), grazing activity was limited during the night, occurring as short,

random bouts compared to the extensive foraging sessions of the day. During the brief

foraging bouts late at night (2300 and 2400 h), the first calf heifers grazed longer (P <
0.10) than the mature cows.

Vegetation Utilization

Vegetation utilization was different (P < 0.01) in all community types between
the early and late periods of the grazing season (Table 1). Despite the differences in
distribution early in the grazing season, however, the utilization pattern did not differ
(P> 0.10) between pastures grazed by the first calf heifers and those grazed by the
mature cows. The only exception was the riparian grass community. At the end of the
trial, the mature cows had utilized more (P = 0.02) forage in the riparian grass

communities (39.9 %) than did the first calf heifers (36.5 %).

Analysis of the stubble height measurements revealed results similar to the
utilization data (Table 1). While stubble heights were different (P < 0.10) between the
early and late observation periods, few differences occurred between pastures grazed
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by the different age classes. At the end of the trial, the only stubble height difference

due to age class occurred in the greenline vegetation type. Pastures grazed by the

mature cows had shorter greenline stubble heights than pastures grazed by the first calf

heifers (P = 0.07).

Fecal Deposits

Though the number of fecal deposits within 1-rn of the waterline increased

(P = 0.06) between the early and late periods of the trial, there were no differences

(P = 0.62) due to age class (Table 1). The number of deposits averaged across age

classes at the midpoint of the trial was 0.10 deposits/rn of streambank, and had

reached 0.15 deposits/rn by the endpoint.

Cattle Performance

Cattle performance varied little by age class (Table 2). Although the mature

cows had higher BW (P = 0.01) and BCS (P < 0.01) at the beginning of the trial,

initial calf weights were not different (P = 0.49) between the age classes. Likely, this

occurred because the first calf heifers were bred to calve approximately 4 weeks

before the mature cows in order to provide them a longer postpartum interval before

rebreeding. Thus, the first calf heifer's calves were older during the trial, which

compensated for the tendency of their calves to be lighter compared to the calves of

mature cows.

Though BCS change during the trial was not different (P = 0.69) between age

classes, the first calf heifers tended (P = 0.13) to gain more weight than the mature

cows. The first calf heifers would be expected to have a higher rate of gain due to the

fact that they are still trying to attain mature body size while the mature cows are



Table 1. Influence of cow age and observation period (early versus late within the trial) on utilization and stubble height of
upland and riparian vegetation and fecal deposits within 1-rn of the stream. Values are averaged over 2000 (Year 1) and 2001
(Year 2). Treatments included: 1) thirty first calf heifers (2-year-olds), and 2) thirty mature cows (5-, 6-, and 7-year olds).

Early Late Pooled Contrasts'
Utilization, % Heifers Cows Heifers Cows SE2 Age Season Age x Season
Riparian Vegetation

Green Line 43.0 44.6 56.0 58.4 2.84 0.81 <0.01 0.90
Gravel Bar 14.7 9.6 29.6 25.8 4.12 0.64 <0.01 0.87
Grass 23.0 25.6 36.5 39.9 1.32 0.02 <0.01 0.78
Sedge/Rush 11.6 20.1 21.0 27.5 3.49 0.31 <0.0! 0.68

Upland Vegetation
Open
Covered

Stubble Height, cm
Riparian Vegetation

Green Line
Gravel Bar
Grass
Sedge/Rush

Upland Vegetation
Open
Covered

14.3 15.1 28.5 29.5 0.83 0.79 <0.01 0.86
15.8 17.2 23.0 25.0 2.03 0.49 <0.01 0.87

20.5 19.2 16.9 11.3 1.56 0.07 <0.01 0.14
19.2 19.7 15.6 15.4 2.05 0.98 0.02 0.80
25.4 26.7 24.4 21.3 0.97 0.72 <0.01 0.02
30.5 32.1 24.4 25.9 2.36 0.74 <0.01 0.98

23.6 22.3 20.0 19.5 0.44 0.11 <0.01 0.35
21.8 23.6 22.1 18.5 1.36 0.62 0.04 0.02

Fecal Deposit Counts3, #1 m of stream 0.12 0.08 0.17 0.13 0.02 0.62 0.06 0.94

Contrasts expressed as probability (P-value).
2 Standard Error (Pooled) (Green Line, n = 309; Gravel Bar, n = 176; Riparian Grass, n = 1308; Sedge/Rush, n = 252; Upland
Open, n 2577; Upland Covered, n =421).
Standard Error (Pooled) (n 16).
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attempting to maintain their current body mass. Calf average daily gain (ADG),

however, was not different (P = 0.34) between the age classes.

Cattle Intakes and Diet Digestibility

The mature cows tended (P = 0.17) to have higher dry matter intakes than the

first-calf heifers (Table 2). Based on the differences in body weights between age

classes, the tendency for different intake rates was expected. The difference in intake,

however, was smaller than body weight differences would suggest. Though not

different (P = 0.23), the average digestibility of the diets selected by the mature cows

and the first calf heifers were 55% and 49%, respectively. The inability to detect

differences may be due to itherent variation associated with the use of internal

markers.

Using the intake rates and grazing time (Vibracorder) data, foraging efficiency

rates were calculated for each age class as grams of intake per minute spent grazing

(Table 2). Analysis revealed that the mature cows tended (P 0.16) to be more

efficient grazers. Results of previous research related to the intake rates of animals

differing in size, physiological status and grazing experience help interpret these

results. Hodgson (1985) described intake rate as the result of bite size, biting rate, and

feeding time. Arnold and Dudzinski (1978) recognized that variation in any one of
these three factors must be matched by changes in the other two components in order

for intake rates to be maintained. Because of smaller overall body size, the first calf

heifers presumably had smaller muzzles and thus reduced bite size. The first calf

heifers may have attempted to compensate for this smaller bite size by foraging

longer, thus reducing overall grazing efficiency. Interestingly, Provenza and Balph

(1988) reported that livestock, such as replacement heifers, feeding on unknown foods

in unfamiliar environments may spend more time and energy foraging but ingest less

feed than animals who are familiar with the food and the setting. Dunn et al (1988)

also reported that 3-year-old cows, who had experienced rangeland only as calves,
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Table 2. Influence of cow age on weight and BCS change, calf ADG, DM1, DMD.
foraging efficiency and intake as gfkg BW. Values are averaged over 2000 (Year 1)
and 2001 (Year 2). Treatments included: 1) thirty first calf heifers (2-year-olds), and
2) thirty mature cows (5-, 6-, and 7-year olds).

Initial Heifers Cows Pooled SE' P-Value
Cow weight, kg 442 569 12.95 0.01
Cow BCS 4.5 5.0 0.02 <0.01
Calf weight, kg 197 209 10.57 0.49

Change
Cowweight,kg 12.50 0.37 4.14 0.13
CowBCS 0.11 0.05 0.04 0.69
Calf gain (ADG), kg/day 1.12 1.22 0.06 0.34

Intakes
Estimated DM1, kg/day 15.73 17.41 0.66 0.17
Estimated DMD, % 49.1 54.7 2.6 0.23
Foraging efficiency, g/min 26.9 30.9 1.6 0.16
Intake as /k BW 34.0 30.3 1.0 0.08

'Standard Error (Pooled) (n = 4).

grazed significantly longer each day than 5- and 7-year old cows. The researchers

hypothesized that the increased nutrient requirements (per unit of body weight) of the

younger cows could also have contributed to the 3-year-olds spending more time

foraging (Dunn et al. 1988).

Lastly, the estimated intake rates were also utilized to calculate intake (g) per

unit of body weight (kg; Table 2). Though the mature cows tended to have greater

total intake in kg/day (discussed above), the first calf heifers had higher (P = 0.08)

intakes per unit of body weight. Demment and Greenwood (1988) reported that the

internal state of an animal is a function of gut morphology and nutritional demands.

Thus, animals with unique internal states can have different ingestive behaviors. The

first calf heifers in our study had higher energy and protein requirements than the
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mature cows (NRC 1996) and had only experienced rangeland pasture as calves.

Thus, the tendencies for the first calf heifers to have lower intake rates and reduced

foraging efficiency compared to the mature cows appears reasonable based on the

conclusions of these other researchers. It is worthwhile to note that considerable error
is inherent to the alkane fecal marker technique for determining intake and diet

digestibility. This error, combined with the variability of foraging behaviors between

individual animals, may have added to the difficulty of discerning differences in these

measurements due to cow age.

Effects of Forage Availability

The stocking rate in this study was based on having equal numbers of animals

in each pasture, instead of on the actual animal unit month (AUM) equivalency of the

different age classes. Therefore, the differences in intake between the age classes

presented above could have resulted in the slightly greater utilization levels observed

in the pastures grazed by mature cows. Further, the higher intakes of the mature cows

could have created more density-dependent changes in distribution within the mature

cow pastures.

Early in the grazing period, the mature cows did appear to select areas farther
from water and spend more time outside the riparian vegetation zone than did first calf
heifers. Limitations in the availability of desirable forage during the latter half of the

grazing bout could explain why these distribution pattern differences disappeared and
why the utilization pattern was not different between age classes. The mature cows
spent a great deal of time (much of it foraging) in the uplands early in the trial. As the

grazing bout continued, it is reasonable to assume that the amount of desirable forage

in the uplands became limiting. A similar phenomenon could have occurred in

pastures grazed by first calf heifers who appeared to favor the riparian vegetation type
early in the grazing bout, potentially causing the more desirable forage closer to the

stream to become limiting. Thus, as the grazing bout continued, the distribution and

utilization patterns of the different age classes converged late in the grazing period,
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possibly driven by the relative forage availability within each pasture. This

explanation, however, conflicts with Roath (1980), who concluded that some cattle

inherently prefer riparian areas and will even suppress their intake levels in order to

remain in those areas. Though the different age classes in this study did appear to

express plant community preferences early in the trial, these preferences appeared to

become less of a factor in determining distribution as forage availability declined. As

forage quantity in the initially preferred areas became limiting, both the mature cows

and the first calf heifers appeared to shift their distribution to previously underutilized

areas in order to maintain their rate of intake.

Several previous studies have reported on the role of forage availability in

influencing cattle distribution and the ability and willingness of livestock to change

their location to maintain intake rate. In a review of large herbivore foraging

strategies, Senft et al. (1987) suggested that, on a landscape scale, large herbivores

match the time they spend foraging in a particular plant community to the level of

forage resources available in that community. Owens et al. (1991) also reported that

forage availability appeared to be a factor driving cattle distribution and included grass

quantity in a list of the major factors that affected cattle utilization of mixed brush

communities in Texas. These researchers noted that cattle appear more selective when

they have access to larger amounts of standing crop. Owens et al. (1991) further noted

that cattle utilization patterns become more random as biomass decreases.

Similarly, Senft et al. (1985) found that at the onset of grazing, cattle foraged

in upland areas where preferred species were abundant. The cattle then moved to new
areas after depleting the desirable forage on sites they initially preferred. These

researchers concluded that cattle preference for different plant communities could be

predicted based on the relative quantities of preferred species and the nutrient

abundance that is present (Senfi et al. 1985). Results from Pinchak et al. (1991) are

similar to Senft et al. (1985), showing that cattle preferred sites having greater forage
standing crop of desirable species.

Bailey and Rittenhouse (1989) reported that cattle appear to have the ability

not only to track the level of forage availability in plant communities, but also to
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associate those availabilities with their locations and adjust their behavior accordingly.

It appears that cattle use short-term, or working memory, to remember which

communities they have recently visited. This memory is then used to decide whether

to avoid a patch they have recently visited or return to it during a later grazing bout

(Bailey and Rittenhouse 1989).

In a study by Hosoi et al. (1995) the foraging and decision-making behaviors

of mature, non-gestating cows in a Y-maze were investigated. The researchers noted

that when the cows were confronted with the possibility of not receiving food if they

chose an arm of the maze where they had depleted the available feed in a previous

foraging bout, they quickly learned to shift their selection to an arm of the maze they

had not yet used. Hosoi et al. concluded that the possibility of not receiving food is

very important in the decision making process of cattle, causing them to modify their

foraging seeking behaviors (1995).

Cattle appear to be able and willing to adjust the locations of their forage

seeking behaviors when the availability of desirable forage becomes limiting. Early in

this trial, the mature cows appeared to prefer the uplands while the first calf heifers

seemingly preferred riparian vegetation types. Based on the studies presented above,

it appears that limited forage availability in these initially preferred areas could have

significantly contributed to the convergence of the distribution patterns of the age

classes late in the trial.

CONCLUSIONS

Riparian areas are very diverse ecosystems and respond differently to various

land and livestock management activities (Kauffman et al. 1983). Though no single

management approach is best for all riparian grazing situations (Larsen et al. 1998,

Clary 1999), the results of this study suggest that better cattle distribution could be

achieved by stocking pastures with older, mature cows as long as desirable forage in

the uplands is not limiting. These results could have important implications for cattle
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producers who depend on public land for summer range. The federal land

management agencies (Bureau of Land Management (BLM) and United States

Department of Agriculture Forest Service (USFS)) typically use stubble height. a

measure of the amount of vegetation remaining after grazing, to evaluate the level of

livestock impact on riparian communities (Turner and Clary 2001).

By stocking public lands that have key riparian management areas with mature

cows, it may be possible to delay the time when critical stubble heights are reached

because of the mature cows' apparent preference for uplands early in the grazing

season. This could allow the cattle to spend more time in the pastures and achieve

more complete utilization of the available forage resources.

In addition, our research suggests that grazing animal distribution is strongly

influenced by diurnal variations and by forage availability. Further investigation into

the preferences and diets of these different age classes of cattle is warranted. Such

research would help determine if the first calf heifers are selecting particular

vegetation types in attempt to meet their higher physiological requirements. Additional

studies are also needed to examine the effects of forage availability on plant

community selection and the distribution patterns of cattle.
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Figure A. 1. Use of Geographical Information Systems (Pasture 1, 2000, Mature
Cows; Top = Week 3, Bottom = Week 6) to derive distances of cattle observation
points from the stream and the vegetation class within which each point lies.
Observation points are color-coded, with yellow representing cattle locations for 0600-
1100 h, red for 1200-1600 h, and blue for 1700-1900 h.
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Figure A.2. Use of Geographical Information Systems (Iasture 1, 2001, First Calf
Heifers; Top = Week 3. Bottom = Week 5) to derive distances of cattle observation
points from the stream and the vegetation class within which each point lies.
Observation points are color-coded, with yellow representing cattle locations for 0600-
1100 h, red for 1200-1600 h. and blue for 1700-1900 h.
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Figure A.3. Use of Geographical Information Systems (Pasture 2, 2000, First Calf
Heifers; lop = Week 3, Bottom = Week 6) to derive distances of cattle observation
points from the stream and the vegetation class within which each point lies.
Observation points are color-coded, with yellow representing cattle locations for 0600-
1100 h, red for 1200-1600 h, and blue for 1700-1900 h.
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Figure A.4. Use of Geographical Information Systems (Pasture 2, 2001, Mature
Cows; Top = Week 3, Bottom = Week 5) to derive distances of cattle observation
points from the stream and the vegetation class within which each point lies.
Observation points are color-coded, with yellow representing cattle locations for 0600-
1100 h, red for 1200-1600 h, and blue for 1700-1900 h.
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Figure A.5. Use of Geographical Information Systems (Pasture 3, 2000, Mature
Cows; Top = Week 3. Bottom = Week 6) to derive distances of cattle observation
points from the stream and the vegetation class within which each point lies.
Observation points are color-coded, with yellow representing cattle locations for 0600-
1100 h, red for 1200-1600 h, and blue for 1700-1900 h.
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Figure A.6. Use of Geographical Information Systems (Pasture 3, 2001, First Calf
Heifers; Top = Week 3, Bottom = Week 5) to derive distances of cattle observation
points from the stream and the vegetation class within which each point lies.
Observation points are color-coded, with yellow representing cattle locations for 0600-
1100 h, red for 1200-1600 h, and blue for 1700-1900 h.
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Figure A.7. Use of Geographical Information Systems (Pasture 4, 2000, First Calf
Heifers; Top = Week 3, Bottom = Week 6) to derive distances of cattle observation
points from the stream and the vegetation class within which each point lies.
Observation points are color-coded, with yellow representing cattle locations for 0600-
1100 h, red for 1200-1600 h, and blue for 1700-1900 h.
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Figure A.8. Use of Geographical Information Systems (Pasture 4, 2001, Mature
Cows; Top = Week 3, Bottom = Week 5) to derive distances of cattle observation
points from the stream and the vegetation class within which each point lies.
Observation points are color-coded, with yellow representing cattle locations for 0600-
1100 h, red for 1200-1600 h, and blue for 1700-1900 h.
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Table A.1. The influence of cow age on distance from the stream and riparian
community occupation for 2000 (year 1) and 2001 (year 2).

Obs. Time of Total # Distance from Time Allocation5

B1k1 Year Trt2 Period3 Day (h) of Obs. Stream (rn)4 Riparian Uplands
4 1 1 1 600 60 132 0.12 0.88
4 1 1 1 700 60 79 0.27 0.73
4 1 1 1 800 60 29 0.75 0.25
4 1 1 1 900 60 47 1.00 0.00
4 1 1 1 1000 60 64 1.00 0.00
4 1 1 1 1100 60 65 1.00 0.00
4 1 1 1 1200 60 56 0.87 0.13
4 1 1 1 1300 60 38 0.88 0.12
4 1 1 1 1400 60 38 0.77 0.23
4 1 1 1 1500 60 38 0.93 0.07
4 1 1 1 1600 60 44 0.93 0.07
4 1 1 1 1700 60 53 0.62 0.38
4 1 1 1 1800 60 133 0.25 0.75
4 1 1 1 1900 60 181 0.25 0.75
4 1 1 2 600 60 229 1.00 0.00
4 1 1 2 700 60 205 0.05 0.95
4 1 1 2 800 60 107 0.10 0.90
4 1 1 2 900 60 103 0.10 0.90
4 1 1 2 1000 60 112 0.17 0.83
4 1 1 2 1100 60 109 0.18 0.82
4 1 1 2 1200 60 110 0.07 0.93
4 1 1 2 1300 60 123 0.00 1.00
4 1 1 2 1400 60 118 0.25 0.75
4 1 1 2 1500 60 109 0.28 0.72
4 1 1 2 1600 60 111 0.27 0.73
4 1 1 2 1700 60 134 0.42 0.58
4 1 1 2 1800 60 194 0.33 0.67
4 1 1 2 1900 60 221 0.15 0.85
4 2 2 1 600 56 154 0.00 1.00
4 2 2 1 700 56 231 0.02 0.98
4 2 2 1 800 56 356 0.00 1.00
4 2 2 1 900 56 352 0.00 1.00
4 2 2 1 1000 56 330 0.00 1.00
4 2 2 1 1100 56 198 0.50 0.50

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were 1 Early period (d 15 to d 18), and 2 = Late period (d 36 to
d 39 in Year 1; d 29 to d 32 in Year 2).
4Distance from stream averaged for 15 cows over 4 days.
5Time allocation represents proportion of herd occupying each vegetation type,
averaged over 4 days.
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Table A. 1. (continued). The influence of cow age on distance from the stream and
riparian community occupation for 2000 (year 1) and 2001 (year 2).

Obs. Time of Total # Distance from Time Allocation
B1k1 Year Trt2 Period3 Day (h) of Obs. Stream (rn)4 Riparian Uplands

4 2 2 1 1200 56 107 0.75 0.25
4 2 2 1 1300 56 26 0.93 0.07
4 2 2 1 1400 56 55 1.00 0.00
4 2 2 1 1500 56 53 1.00 0.00
4 2 2 1 1600 56 45 0.96 0.04
4 2 2 1 1700 56 46 0.82 0.18
4 2 2 1 1800 56 46 0.63 0.37
4 2 2 1 1900 56 80 0.38 0.62
4 2 2 2 600 56 100 0.00 1.00
4 2 2 2 700 56 96 0.02 0.98
4 2 2 2 800 56 59 0.50 0.50
4 2 2 2 900 56 60 0.73 0.27
4 2 2 2 1000 56 54 0.75 0.25
4 2 2 2 1100 56 45 0.75 0.25
4 2 2 2 1200 56 38 0.98 0.02
4 2 2 2 1300 56 37 0.96 0.04
4 2 2 2 1400 56 46 1.00 0.00
4 2 2 2 1500 56 40 0.98 0.02
4 2 2 2 1600 56 41 0.84 0.16
4 2 2 2 1700 56 52 0.75 0.25
4 2 2 2 1800 56 115 0.38 0.62
4 2 2 2 1900 56 112 0.29 0.71
3 1 2 1 600 60 219 0.17 0.83
3 1 2 1 700 60 381 0.00 1.00
3 1 2 1 800 60 401 0.00 1.00
3 1 2 1 900 60 392 0.05 0.95
3 1 2 1 1000 60 270 0.43 0.57
3 1 2 1 1100 60 261 0.25 0.75
3 1 2 1 1200 60 137 0.42 0.58
3 1 2 1 1300 60 67 0.75 0.25
3 1 2 1 1400 60 34 1.00 0.00
3 1 2 1 1500 60 38 1.00 0.00
3 1 2 1 1600 60 44 0.95 0.05

'Individual pasture served as the blocking criteria.
2Treatments were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were 1= Early period (d 15 to d 18), and 2 = Late period (d 36 to
d 39 in Year 1; d 29 to d 32 in Year 2).
4Distance from stream averaged for 15 cows over 4 days.
5Time allocation represents proportion of herd occupying each vegetation type,
averaged over 4 days.
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Table A.1. (continued). The influence of cow age on distance from the stream and
riparian community occupation for 2000 (year 1) and 2001 (year 2).

Obs. Time of Total # Distance from Time Allocation
BIk' Year Trt2 Period3 Day (h) of Obs. Stream (rn)4 Riparian Uplands

3 1 2 1 1700 60 108 0.75 0.25
3 1 2 1 1800 60 109 0.75 0.25
3 1 2 1 1900 60 117 0.55 0.45
3 1 2 2 600 60 253 0.02 0.98
3 1 2 2 700 60 248 0.10 0.90
3 1 2 2 800 60 287 0.23 0.77
3 1 2 2 900 60 327 0.25 0.75
3 1 2 2 1000 60 314 0.25 0.75
3 1 2 2 1100 60 284 0.25 0.75
3 1 2 2 1200 60 274 0.23 0.77
3 1 2 2 1300 60 254 0.45 0.55
3 1 2 2 1400 60 55 0.90 0.10
3 1 2 2 1500 60 76 0.97 0.03
3 1 2 2 1600 60 39 1.00 0.00
3 1 2 2 1700 60 59 0.75 0.25
3 1 2 2 1800 60 100 0.75 0.25
3 1 2 2 1900 60 188 0.23 0.77
3 2 1 1 600 60 151 0.13 0.87
3 2 1 1 700 60 325 0.02 0.98
3 2 1 1 800 60 353 0.02 0.98
3 2 1 1 900 60 343 0.00 1.00
3 2 1 1 1000 60 226 0.38 0.62
3 2 1 1 1100 60 166 0.55 0.45
3 2 1 1 1200 60 85 0.75 0.25
3 2 1 1 1300 60 85 0.75 0.25
3 2 1 1 1400 60 71 0.80 0.20
3 2 1 1 1500 60 25 1.00 0.00
3 2 1 1 1600 60 26 1.00 0.00
3 2 1 1 1700 60 32 1.00 0.00
3 2 1 1 1800 60 39 0.95 0.05
3 2 1 1 1900 60 104 0.48 0.52
3 2 1 2 600 60 235 0.00 1.00
3 2 1 2 700 60 347 0.12 0.88

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were I = Early period (d 15 to d 18), and 2 = Late period (d 36 to
d39 inYear l;d29to d32 inYear2).
4Distance from stream averaged for 15 cows over 4 days.
5Time allocation represents proportion of herd occupying each vegetation type,
averaged over 4 days.
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Table A. 1. (continued). The influence of cow age on distance from the stream and
riparian community occupation for 2000 (year 1) and 2001 (year 2).

Obs. Time of Total # Distance from Time AlJocation
B1k1 Year TI? Period3 Day (h) of Ot,s. Stream (rn)4 Riparian Uplands

3 2 1 2 800 60 384 0.03 0.97
3 2 1 2 900 60 375 0.22 0.78
3 2 1 2 1000 60 351 0.25 0.75
3 2 1 2 1100 60 275 0.38 0.62
3 2 1 2 1200 60 179 0.50 0.50
3 2 1 2 1300 60 31 0.88 0.12
3 2 1 2 1400 60 20 1.00 0.00
3 2 1 2 1500 60 21 1.00 0.00
3 2 1 2 1600 60 61 0.75 0.25
3 2 1 2 1700 60 80 0.72 0.28
3 2 1 2 1800 60 62 0.92 0.08
3 2 1 2 1900 60 115 0.40 0.60
2 1 1 1 600 60 93 0.02 0.98
2 1 1 1 700 60 111 0.00 1.00
2 1 1 1 800 60 28 0.78 0.22
2 1 1 1 900 60 14 0.85 0.15
2 1 1 1 1000 60 8 1.00 0.00
2 1 1 1 1100 60 14 0.97 0.03
2 1 1 1 1200 60 19 0.85 0.15
2 1 1 1 1300 60 30 0.87 0.13
2 1 1 1 1400 60 23 0.98 0.02
2 1 1 1 1500 60 15 0.90 0.10
2 1 1 1 1600 60 26 0.87 0.13
2 1 1 1 1700 60 53 0.92 0.08
2 1 1 1 1800 60 73 0.75 0.25
2 1 1 1 1900 60 97 0.73 0.27
2 1 1 2 600 60 140 0.50 0.50
2 1 1 2 700 60 41 0.57 0.43
2 1 1 2 800 60 51 0.63 0.37
2 1 1 2 900 60 44 0.70 0.30
2 1 1 2 1000 60 64 0.38 0.62
2 1 1 2 1100 60 77 0.27 0.73
2 1 1 2 1200 60 43 0.37 0.63

'Individual pasture served as the blocking criteria.
2Treaents were 1 First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were I = Early period (d 15 to d 18), and 2 = Late period (d 36 to
d 39 in Year 1; d 29 to d 32 in Year 2).

from stream averaged for 15 cows over 4 days.
5Time allocation represents proportion of herd occupying each vegetation type,
averaged over 4 days.
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Table A. 1. (continued). The influence of cow age on distance from the stream and
riparian community occupation for 2000 (year 1) and 2001 (year 2).

Obs. Time of Total # Distance from Time Allocation
B1k1 Year Trt2 Periods Day (h) of Obs. Stream (rn)4 Riparian Uplands

2 1 1 2 1300 60 40 0.60 0.40
2 1 1 2 1400 60 31 0.80 0.20
2 1 1 2 1500 60 61 0.75 0.25
2 1 1 2 1600 60 60 0.78 0.22
2 1 1 2 1700 60 47 0.95 0.05
2 1 1 2 1800 60 57 1.00 0.00
2 1 1 2 1900 60 51 0.90 0.10
2 2 2 1 600 60 172 0.15 0.85
2 2 2 1 700 60 212 0.05 0.95
2 2 2 1 800 60 246 0.00 1.00
2 2 2 1 900 60 247 0.00 1.00
2 2 2 1 1000 60 240 0.00 1.00
2 2 2 1 1100 60 178 0.25 0.75
2 2 2 1 1200 60 127 0.28 0.72
2 2 2 1 1300 60 25 0.68 0.32
2 2 2 1 1400 60 11 0.88 0.12
2 2 2 1 1500 60 10 0.85 0.15
2 2 2 1 1600 60 21 0.72 0.28
2 2 2 1 1700 60 51 0.58 0.42
2 2 2 1 1800 60 65 0.87 0.13
2 2 2 1 1900 60 77 0.32 0.68
2 2 2 2 600 60 126 0.20 0.80
2 2 2 2 700 60 138 0.00 1.00
2 2 2 2 800 60 228 0.00 1.00
2 2 2 2 900 60 236 0.00 1.00
2 2 2 2 1000 60 187 0.08 0.92
2 2 2 2 1100 60 181 0.23 0.77
2 2 2 2 1200 60 30 0.73 0.27
2 2 2 2 1300 60 32 0.77 0.23
2 2 2 2 1400 60 30 0.95 0.05
2 2 2 2 1500 60 37 0.97 0.03
2 2 2 2 1600 60 27 0.95 0.05
2 2 2 2 1700 60 33 0.85 0.15

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were 1= Early period (d 15 to d 18), and 2 = Late period (d 36 to
d 39 in Year 1; d 29 to d 32 in Year 2).
4Distance from stream averaged for 15 cows over 4 days.
5Time allocation represents proportion of herd occupying each vegetation type,
averaged over 4 days.
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Table A. 1. (continued). The influence of cow age on distance from the stream and
riparian community occupation for 2000 (year 1) and 2001 (year 2).

B1k1 Year
Obs.

Trt2 Period3

Time of
Day (h)

Total #
of Obs.

Distance from
Stream (rn)4

Time Allocation'
Riparian Uplands

2 2 2 2 1800 60 39 0.80 0.20
2 2 2 2 1900 60 39 0.78 0.22
1 1 2 1 600 60 297 0.10 0.90
1 1 2 1 700 60 333 0.10 0.90
1 1 2 1 800 60 310 0.08 0.92
1 1 2 1 900 60 297 0.00 1.00
1 1 2 1 1000 60 252 0.10 0.90
1 1 2 1 1100 60 172 0.40 0.60
1 1 2 1 1200 60 37 1.00 0.00
1 1 2 1 1300 60 35 0.98 0.02
1 1 2 1 1400 60 16 0.97 0.03
1 1 2 1 1500 60 20 0.93 0.07
1 1 2 1 1600 60 41 1.00 0.00
1 1 2 1 1700 60 34 0.82 0.18
1 1 2 1 1800 60 30 0.80 0.20
1 1 2 1 1900 60 43 0.63 0.37
1 1 2 2 600 60 270 0.25 0.75
1 1 2 2 700 60 248 0.25 0.75
1 1 2 2 800 60 250 0.25 0.75
1 1 2 2 900 60 247 0.25 0.75
1 1 2 2 1000 60 249 0.25 0.75
1 1 2 2 1100 60 234 0.25 0.75
1 1 2 2 1200 60 120 0.70 0.30
1 1 2 2 1300 60 112 0.62 0.38
1 1 2 2 1400 60 116 0.73 0.27
1 1 2 2 1500 60 95 0.77 0.23
1 1 2 2 1600 60 26 0.98 0.02
1 1 2 2 1700 60 31 0.95 0.05
1 1 2 2 1800 60 32 0.93 0.07
1 1 2 2 1900 60 40 0.87 0.13
1 2 1 1 600 60 351 0.00 1.00
1 2 1 1 700 60 321 0.00 1.00
1 2 1 1 800 60 259 0.25 0.75

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were 1 Early period (d 15 to d 18), and 2 Late period (d 36 to
d 39 in Year 1; d 29 to d 32 in Year 2).

from stream averaged for 15 cows over 4 days.
5Time allocation represents proportion of herd occupying each vegetation type,
averaged over 4 days.



80

Table A. 1. (continued). The influence of cow age on distance from the stream and
riparian community occupation for 2000 (year 1) and 2001 (year 2).

Obs. Time of Total # Distance from Time Allocation"
B1k1 Year Trt2 Period3 Day (h) of Obs. Stream (rn)4 Riparian Uplands

1 2 1 1 900 60 257 0.25 0.75
1 2 1 1 1000 60 259 0.25 0.75
1 2 1 1 1100 60 108 0.48 0.52
1 2 1 1 1200 60 24 1.00 0.00
1 2 1 1 1300 60 38 0.98 0.02
1 2 1 1 1400 60 29 0.97 0.03
1 2 1 1 1500 60 22 1.00 0.00
1 2 1 1 1600 60 32 0.98 0.02
1 2 1 1 1700 60 33 1.00 0.00
1 2 1 1 1800 60 38 0.93 0.07
1 2 1 1 1900 60 82 0.28 0.72
1 2 1 2 600 60 146 0.32 0.68
1 2 1 2 700 60 282 0.00 1.00
1 2 1 2 800 60 345 0.00 1.00
1 2 1 2 900 60 344 0.00 1.00
1 2 1 2 1000 60 339 0.00 1.00
1 2 1 2 1100 60 336 0.00 1.00
1 2 1 2 1200 60 263 0.25 0.75
1 2 1 2 1300 60 23 0.97 0.03
1 2 1 2 1400 60 33 1.00 0.00
1 2 1 2 1500 60 33 1.00 0.00
1 2 1 2 1600 60 36 1.00 0.00
1 2 1 2 1700 60 31 1.00 0.00
1 2 1 2 1800 60 29 0.98 0.02
1 2 1 2 1900 60 35 0.88 0.12

'Individual pasture served as the blocking criteria.
2Treatments were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were 1 Early period (d 15 to d 18), and 2 = Late period (d 36 to
d 39 in Year 1; d 29 to d 32 in Year 2).
4Distance from stream averaged for 15 cows over 4 days.
5Time allocation represents proportion of herd occupying each vegetation type,
averaged over 4 days.
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Table A.2. The influence of cow age on mean grazing times for 2000 (year 1) and
2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Period3 (h) (minlh)

4 1 1 1 100 13.7
4 1 1 1 200 5.8
4 1 1 1 300 1.4
4 1 1 1 400 0.5
4 1 1 1 500 23.5
4 1 1 1 600 50.7
4 1 1 1 700 38.4
4 1 1 1 800 28.5
4 1 1 1 900 8.7
4 1 1 1 1000 3.8
4 1 1 1 1100 4.4
4 1 1 1 1200 22.6
4 1 1 1 1300 45.7
4 1 1 1 1400 44.8
4 1 1 1 1500 10.1
4 1 1 1 1600 9.4
4 1 1 1 1700 49.2
4 1 1 1 1800 51.5
4 1 1 1 1900 45.2
4 1 1 1 2000 44.3
4 1 1 1 2100 14.9
4 1 1 1 2200 2.8
4 1 1 1 2300 8.5
4 1 1 1 2400 15.2
4 1 1 2 100 1.1
4 1 1 2 200 1.9
4 1 1 2 300 1.0
4 1 1 2 400 0.0
4 1 1 2 500 14.4
4 1 1 2 600 53.2
4 1 1 2 700 56.4
4 1 1 2 800 55.8
4 1 1 2 900 49.9
4 1 1 2 1000 29.8
4 1 1 2 1100 10.4
4 1 1 2 1200 22.1
4 1 1 2 1300 29.3

'Individual pasture served as the blocking criteria.
were 1 = First calf heifers (2 years of age), and 2) = Mature cows (5, 6,

and 7 years of age).
3Observations periods were I = week 3; 2 = week 6 in year 1, week 5 in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Penod3 (h) (mm/h)

4 1 1 2 1400 30.8
4 1 1 2 1500 31.4
4 1 1 2 1600 37.5
4 1 1 2 1700 49.4
4 1 1 2 1800 53.6
4 1 1 2 1900 53.1
4 1 1 2 2000 25.9
4 1 1 2 2100 3.1
4 1 1 2 2200 0.6
4 1 1 2 2300 1.6
4 1 1 2 2400 0.2
4 2 2 1 100 2.4
4 2 2 1 200 3.1
4 2 2 1 300 0.6
4 2 2 1 400 0.2
4 2 2 1 500 20.9
4 2 2 1 600 43.5
4 2 2 1 700 49.7
4 2 2 1 800 41.5
4 2 2 1 900 27.5
4 2 2 1 1000 23.7
4 2 2 1 1100 39.0
4 2 2 1 1200 40.8
4 2 2 1 1300 32.2
4 2 2 1 1400 19.6
4 2 2 1 1500 21.5
4 2 2 1 1600 32.3
4 2 2 1 1700 47.4
4 2 2 1 1800 47.4
4 2 2 1 1900 55.8
4 2 2 1 2000 51.0
4 2 2 1 2100 19.8
4 2 2 1 2200 3.9
4 2 2 1 2300 3.2
4 2 2 1 2400 3.8
4 2 2 2 100 6.5
4 2 2 2 200 6.6
4 2 2 2 300 0.8

'Individual pasture served as the blocking criteria.
2Treatments were 1 = First calf heifers (2 years of age), and 2) = Mature cows (5, 6,
and 7 years of age).
3Observations periods were I = week 3; 2 = week 6 in year 1, week 5 in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Period3 (h) (mm/h)

4 2 2 2 400 1.0
4 2 2 2 500 31.3
4 2 2 2 600 57.6
4 2 2 2 700 49.7
4 2 2 2 800 41.9
4 2 2 2 900 14.4
4 2 2 2 1000 6.4
4 2 2 2 1100 8.5
4 2 2 2 1200 18.7
4 2 2 2 1300 23.3
4 2 2 2 1400 20.8
4 2 2 2 1500 10.4
4 2 2 2 1600 19.6
4 2 2 2 1700 44.8
4 2 2 2 1800 44.9
4 2 2 2 1900 55.8
4 2 2 2 2000 44.2
4 2 2 2 2100 8.9
4 2 2 2 2200 2.5
4 2 2 2 2300 2.9
4 2 2 2 2400 5.7
3 1 2 1 100 9.8
3 1 2 1 200 4.3
3 1 2 1 300 1.6
3 1 2 1 400 0.4
3 1 2 1 500 17.0
3 1 2 1 600 41.1
3 1 2 1 700 40.6
3 1 2 1 800 37.8
3 1 2 1 900 31.1
3 1 2 1 1000 22.3
3 1 2 1 1100 29.5
3 1 2 1 1200 36.8
3 1 2 1 1300 35.8
3 1 2 1 1400 20.5
3 1 2 1 1500 14.7
3 1 2 1 1600 28.6
3 1 2 1 1700 45.5

'Individual pasture served as the blocking criteria.
2 were I = First calf heifers (2 years of age), and 2) = Mature cows (5, 6,
and 7 years of age).
3Observations periods were I = week 3; 2 = week 6 in year 1, week 5 in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Period3 (h) (mm/h)

3 1 2 1 1800 37.8
3 1 2 1 1900 52.2
3 1 2 1 2000 49.6
3 1 2 1 2100 19.2
3 1 2 1 2200 1.2
3 1 2 1 2300 1.1
3 1 2 1 2400 6.0
3 1 2 2 100 7.0
3 1 2 2 200 7.2
3 1 2 2 300 2.4
3 1 2 2 400 0.0
3 1 2 2 500 4.4
3 1 2 2 600 33.9
3 1 2 2 700 42.8
3 1 2 2 800 39.8
3 1 2 2 900 21.9
3 1 2 2 1000 25.9
3 1 2 2 1100 35.1
3 1 2 2 1200 21.6
3 1 2 2 1300 18.4
3 1 2 2 1400 32.3
3 1 2 2 1500 31.3
3 1 2 2 1600 29.3
3 1 2 2 1700 36.9
3 1 2 2 1800 44,1
3 1 2 2 1900 46.4
3 1 2 2 2000 21.3
3 1 2 2 2100 0.9
3 1 2 2 2200 0.4
3 1 2 2 2300 0.0
3 1 2 2 2400 0.6
3 2 1 1 100 11.6
3 2 1 1 200 3.2
3 2 1 1 300 1.1
3 2 1 1 400 3.4
3 2 1 1 500 29.3
3 2 1 1 600 47.8
3 2 1 1 700 46.7

'Individual pasture served as the blocking criteria.
2 were I First calf heifers (2 years of age), and 2) = Mature cows (5, 6,
and 7 years of age).
3Observations periods were 1 = week 3; 2 = week 6 in year 1, week in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Penod3 (h) (mm/h)

3 2 1 1 800 30.4
3 2 1 1 900 13.9
3 2 1 1 1000 28.7
3 2 1 1 1100 28.1
3 2 1 1 1200 18.0
3 2 1 1 1300 11.8
3 2 1 1 1400 19.9
3 2 1 1 1500 18.3
3 2 1 1 1600 26.4
3 2 1 1 1700 44.6
3 2 1 1 1800 52.5
3 2 1 1 1900 54.2
3 2 1 1 2000 42.6
3 2 1 1 2100 8.8
3 2 1 1 2200 0.8
3 2 1 1 2300 8.6
3 2 1 1 2400 9.7
3 2 1 2 100 7.3
3 2 1 2 200 7.8
3 2 1 2 300 1.6
3 2 1 2 400 0.7
3 2 1 2 500 10.4
3 2 1 2 600 44.0
3 2 1 2 700 44.0
3 2 1 2 800 43.8
3 2 1 2 900 36.4
3 2 1 2 1000 20.7
3 2 1 2 1100 16.8
3 2 1 2 1200 20.1
3 2 1 2 1300 18.3
3 2 1 2 1400 13.5
3 2 1 2 1500 25.6
3 2 1 2 1600 32.8
3 2 1 2 1700 40.0
3 2 1 2 1800 49.6
3 2 1 2 1900 54.8
3 2 1 2 2000 45.5
3 2 1 2 2100 9.8

'Individual pasture served as the blocking criteria.
were 1 = First calf heifers (2 years of age), and 2) = Mature cows (5, 6,

and 7 years of age).
3Observations periods were 1 = week 3; 2 = week 6 in year 1, week 5 in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Period3 (h) (mm/h)

3 2 1 2 2200 0.8
3 2 1 2 2300 3.2
3 2 1 2 2400 11.7
2 1 1 1 100 17.5
2 1 1 1 200 6.8
2 1 1 1 300 1.0
2 1 1 1 400 8.2
2 1 1 1 500 38.6
2 1 1 1 600 47.2
2 1 1 1 700 44.9
2 1 1 1 800 29.0
2 1 1 1 900 29.1
2 1 1 1 1000 20.5
2 1 1 1 1100 25.8
2 1 1 1 1200 37.0
2 1 1 1 1300 25.1
2 1 1 1 1400 13.5
2 1 1 1 1500 21.4
2 1 1 1 1600 40.1
2 1 1 1 1700 50.0
2 1 1 1 1800 50.5
2 1 1 1 1900 44.0
2 1 1 1 2000 26.1
2 1 1 1 2100 1.9
2 1 1 1 2200 1.7
2 1 1 1 2300 11.4
2 1 1 1 2400 13.5
2 1 1 2 100 9.8
2 1 1 2 200 4.0
2 1 1 2 300 2.0
2 1 1 2 400 4.2
2 1 1 2 500 12.1
2 1 1 2 600 45.7
2 1 1 2 700 55.2
2 1 1 2 800 50.9
2 1 1 2 900 38.7
2 1 1 2 1000 21.6
2 1 1 2 1100 20.6

'Individual pasture served as the blocking criteria.
2 were 1 First calf heifers (2 years of age), and 2) = Mature cows (5, 6,
and 7 years of age).
3Observations periods were 1 = week 3; 2 = week 6 in year 1, week 5 in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Penod3 (h) (mm/h)

2 1 1 2 1200 27.1
2 1 1 2 1300 23.8
2 1 1 2 1400 32.8
2 1 1 2 1500 32.2
2 1 1 2 1600 37.4
2 1 1 2 1700 49.7
2 1 1 2 1800 56.3
2 1 1 2 1900 49.4
2 1 1 2 2000 14.6
2 1 1 2 2100 2.1
2 1 1 2 2200 1.1
2 1 1 2 2300 4.9
2 1 1 2 2400 1.6
2 2 2 1 100 14.4
2 2 2 1 200 14.5
2 2 2 1 300 5.7
2 2 2 1 400 6.5
2 2 2 1 500 21.5
2 2 2 1 600 39.5
2 2 2 1 700 39.3
2 2 2 1 800 25.0
2 2 2 1 900 9.9
2 2 2 1 1000 10.3
2 2 2 1 1100 33.6
2 2 2 1 1200 46.2
2 2 2 1 1300 37.1
2 2 2 1 1400 18.6
2 2 2 1 1500 17.8
2 2 2 1 1600 41.9
2 2 2 1 1700 49.9
2 2 2 1 1800 44.6
2 2 2 1 1900 48.9
2 2 2 1 2000 37.3
2 2 2 1 2100 1.3
2 2 2 1 2200 3.1
2 2 2 1 2300 6.7
2 2 2 1 2400 5.5
2 2 2 2 100 12.5

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2) = Mature cows (5, 6,
and 7 years of age).
3Observations periods were 1 = week 3; 2 = week 6 in year 1, week in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Period3 (h) (mm/h)

2 2 2 2 200 5.8
2 2 2 2 300 0.4
2 2 2 2 400 0.0
2 2 2 2 500 11.5
2 2 2 2 600 38.6
2 2 2 2 700 37.5
2 2 2 2 800 12.9
2 2 2 2 900 7.5
2 2 2 2 1000 15.7
2 2 2 2 1100 38.9
2 2 2 2 1200 44.9
2 2 2 2 1300 34.7
2 2 2 2 1400 29.2
2 2 2 2 1500 35.1
2 2 2 2 1600 25.5
2 2 2 2 1700 43.4
2 2 2 2 1800 48.1
2 2 2 2 1900 53.9
2 2 2 2 2000 43.1
2 2 2 2 2100 3.0
2 2 2 2 2200 1.3
2 2 2 2 2300 5.9
2 2 2 2 2400 6.2
1 1 2 1 100 14.2
1 1 2 1 200 3.3
1 1 2 1 300 1.3
1 1 2 1 400 0.0
1 1 2 1 500 17.6
1 1 2 1 600 47.8
1 1 2 1 700 46.8
1 1 2 1 800 25.7
1 1 2 1 900 8.1
1 1 2 1 1000 19.8
1 1 2 1 1100 40.7
1 1 2 1 1200 49.1
1 1 2 1 1300 25.1
I 1 2 1 1400 13.7
1 1 2 1 1500 24.5

'Individual pasture served as the blocking criteria.
2 were 1 First calf heifers (2 years of age), and 2) = Mature cows (5, 6,
and 7 years of age).
3Observations periods were I = week 3; 2 = week 6 in year 1, week in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Period3 (h) (minlh)

1 1 2 1 1600 36.5
1 1 2 1 1700 43.9
1 1 2 1 1800 44.0
1 1 2 1 1900 48.3
1 1 2 1 2000 30.5
1 1 2 1 2100 5.6
1 1 2 1 2200 0.7
1 1 2 1 2300 1.8
1 1 2 1 2400 8.7
1 1 2 2 100 7.3
1 1 2 2 200 5.2
1 1 2 2 300 0.8
1 1 2 2 400 0.2
1 1 2 2 500 6.0
1 1 2 2 600 37.7
1 1 2 2 700 47.7
1 1 2 2 800 35.3
1 1 2 2 900 25.0
1 1 2 2 1000 11.5
1 1 2 2 1100 20.2
1 1 2 2 1200 44.7
1 1 2 2 1300 39.8
1 1 2 2 1400 25.8
1 1 2 2 1500 22.1
1 1 2 2 1600 44.3
1 1 2 2 1700 46.2
1 1 2 2 1800 50.1
1 1 2 2 1900 49.8
1 1 2 2 2000 13.4
1 1 2 2 2100 6.9
1 1 2 2 2200 1.1
1 1 2 2 2300 0.4
1 1 2 2 2400 3.4
1 2 1 1 100 6.5
1 2 1 1 200 7.0
1 2 1 1 300 1.6
1 2 1 1 400 3.5
1 2 1 1 500 28.9

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2) Mature cows (5, 6,
and 7 years of age).
3Observations periods were 1 = week 3; 2 week 6 in year 1, week 5 in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Period3 (h) (min!h)

1 2 1 1 600 47.7
1 2 1 1 700 44.7
1 2 1 1 800 26.9
1 2 1 1 900 18.4
1 2 1 1 1000 28.1
1 2 1 1 1100 35.1
1 2 1 1 1200 42.6
1 2 1 1 1300 29.4
1 2 1 1 1400 15.3
1 2 1 1 1500 20.6
1 2 1 1 1600 40.5
1 2 1 1 1700 51.6
1 2 1 1 1800 50.5
1 2 1 1 1900 54.9
1 2 1 1 2000 49.9
1 2 1 1 2100 12.7
1 2 1 1 2200 0.0
1 2 1 1 2300 0.7
1 2 1 1 2400 2.9
1 2 1 2 100 15.4
1 2 1 2 200 4.0
1 2 1 2 300 0.6
1 2 1 2 400 4.6
1 2 1 2 500 17.2
1 2 1 2 600 41.7
1 2 1 2 700 45.4
1 2 1 2 800 35.6
1 2 1 2 900 16.5
1 2 1 2 1000 12.6
1 2 1 2 1100 27.2
1 2 1 2 1200 46.3
1 2 1 2 1300 39.5
1 2 1 2 1400 33.4
1 2 1 2 1500 24.4
1 2 1 2 1600 30.0
1 2 1 2 1700 45.7
1 2 1 2 1800 45.8
1 2 1 2 1900 46.4

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2) = Mature cows (5, 6,
and 7 years of age).

Observations periods were 1 week 3; 2 = week 6 in year 1, week 5 in year 2.
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Table A.2. (continued). The influence of cow age on mean grazing times for 2000
(year 1) and 2001 (year 2).

Observation Time of Day Grazing Time
Block1 Year Treatment2 Period3 (h) (mm/h)

1 2 1 2 2000 26.9
1 2 1 2 2100 5.8
1 2 1 2 2200 8.4
1 2 1 2 2300 8.3
1 2 1 2 2400 8.7

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2) = Mature cows (5, 6,
and 7 years of age).
3Observations periods were 1 week 3; 2 = week 6 in year 1, week 5 in year 2.
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Table A.3. The influence of cow age on the utilization of upland and riparian
vegetation for 2000 (year 1) and 2001 (year 2).

Obs. Utilization6 Stubble
Block1 Year Treatment2 Period3 Veg Type4 Height (cm)

4 1 1 1 GB 13.5 5.8
4 1 1 1 GL 44.0 6.9
4 1 1 1 RG 23.9 6.8
4 1 1 1 RS 44.8 6.0
4 1 1 1 UC 15.1 8.8
4 1 1 1 UO 19.6 7.4
4 1 1 2 GB 38.0 3.7
4 1 1 2 GL 48.1 7.3
4 1 1 2 RG 24.9 10.2
4 1 1 2 RS 31.7 5.7
4 1 1 2 UC 24.1 7.8
4 1 1 2 UO 32.2 7.2
4 2 2 1 GB 14.2 9.8
4 2 2 1 GL 32.7 6.3
4 2 2 1 RG 14.8 10.3
4 2 2 1 RS 57.0 3.8
4 2 2 1 UC 14.3 9.0
4 2 2 1 UO 15.8 7.7
4 2 2 2 GB 41.5 4.9
4 2 2 2 GL 55.1 3.8
4 2 2 2 RG 35.2 8.8
4 2 2 2 RS 54.5 5.4
4 2 2 2 UC 21.2 6.0
4 2 2 2 UO 29.9 6.4
3 1 2 1 GB 15.2 7.0
3 1 2 1 GL 53.9 5.1
3 1 2 1 RG 30.1 8.1
3 1 2 1 RS 6.3 14.0
3 1 2 1 UC 15.3 9.8
3 1 2 1 UO 20.5 9.1
3 1 2 2 GB 15.0 5.5
3 1 2 2 GL 57.5 3.1

'Individual pasture served as the blocking criteria.
2

were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were 1 = Midpoint of trial, and 2 = Endpoint of trial.
4Vegetation types were GB Gravel bar, GL Greenline, RG Riparian grass, RS
Riparian rush/sedge, UC = Upland covered, and UO = Upland open.
5Utilization was determined by ocular estimation, using modified methods from
Pechanec and Pickford (1937).
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Table A.3. (continued). The influence of cow age on the utilization of upland and
riparian vegetation for 2000 (year 1) and 2001 (year 2).

Obs. Utilization5 Stubble
Block1 Year Treatment2 Period3 Veg Type4 % Height (cm)

3 1 2 2 RG 40.4 7.5
3 1 2 2 RS 14.6 10.5
3 1 2 2 UC 24.4 8.2
3 1 2 2 UO 30.8 8.5
3 2 1 1 GB 18.4 7.2
3 2 1 1 GL 28.5 4.9
3 2 1 1 RG 20.5 8.8
3 2 1 1 RS 0.0 9.0
3 2 1 1 UC 13.0 9.4
3 2 1 1 UO 12.6 10.1
3 2 1 2 GB 29.8 6.0
3 2 1 2 GL 56.9 3.8
3 2 1 2 RG 41.6 8.0
3 2 1 2 RS 3.1 8.8
3 2 1 2 UC 21.5 10.2
3 2 1 2 UO 27.7 7.5
2 1 1 1 GB 6.0 10.1
2 1 1 1 GL 55.7 9.7
2 1 1 1 RG 25.2 12.6
2 1 1 1 RS 9.9 17.0
2 1 1 1 UC 15.6 9.6
2 1 1 1 UO 16.0 10.3
2 1 1 2 GB 15.0 6.7
2 1 1 2 GL 68.1 7.8
2 1 1 2 RG 38.9 10.7
2 1 1 2 RS 21.1 13.8
2 1 1 2 UC 6.5 8.0
2 1 1 2 UO 31.4 8.5
2 2 2 1 GB 13.3 8.7
2 2 2 1 GL 45.2 9.2
2 2 2 1 RG 28.1 10.2
2 2 2 1 RS 8.6 15.1
2 2 2 1 UC 16.8 8.5

'Individual pasture served as the blocking criteria.
2 were I = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were 1 = Midpoint of trial, and 2 = Endpoint of trial.
4Vegetation types were GB = Gravel bar, GL = Greenline, RG = Riparian grass, RS
Riparian rush/sedge, UC = Upland covered, and UO = Upland open.
5Utilization was determined by ocular estimation, using modified methods from
Pechanec and Pickford (1937).
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Table A.3. (continued). The influence of cow age on the utilization of upland and
riparian vegetation for 2000 (year 1) and 2001 (year 2).

Obs. Utilization5 Stubble
Block1 Year Treatment2 Period3 Veg Type4 % Height (cm)

2 2 2 1 UO 9.7 9.1
2 2 2 2 GB 30.5 6.2
2 2 2 2 GL 44.4 6.7
2 2 2 2 RG 40.4 7.4
2 2 2 2 RS 15.1 12.9
2 2 2 2 UC 34.6 6.9
2 2 2 2 UO 26.7 8.5
1 1 2 1 GB 0.0 4.8
1 1 2 1 GL 46.3 9.6
1 1 2 1 RG 28.7 12.8
1 1 2 1 RS 11.9 15.9
1 1 2 1 UC 22.0 9.6
1 1 2 1 UO 13.6 8.7
1 1 2 2 GB 6.3 11.3
1 1 2 2 GL 76.9 4.0
1 1 2 2 RG 43.7 9.5
1 1 2 2 RS 24.9 11.6
1 1 2 2 UC 17.5 8.1
1 1 2 2 UO 31.0 7.1
1 2 1 1 GB 21.7 7.6
1 2 1 1 GL 44.2 10.3
1 2 1 1 RG 26.3 10.3
1 2 1 1 RS 9.5 12.2
1 2 1 1 UC 26.6 5.3
1 2 1 1 UO 9.1 8.9
1 2 1 2 GB 37.4 6.6
1 2 1 2 GL 50.4 7.8
1 2 1 2 RG 39.2 9.5
1 2 1 2 RS 18.6 11.2
1 2 1 2 UC 25.7 7.2
1 2 1 2 UO 22.7 8.2

1lndividual pasture served as the blocking criteria.
2

were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were I = Midpoint of trial, and 2 = Endpoint of trial.

types were GB = Gravel bar, GL = Greenline, RG Riparian grass, RS =
Riparian rush/sedge, UC = Upland covered, and UO = Upland open.
5Utilization was determined by ocular estimation, using modified methods from
Pechanec and Pickford (1937).
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Table A.4. The influence of cow age on the number of fecal deposits within 1-rn of
the stream for 2000 (year 1) and 2001 (year 2).

Obs. Fecal Stream Depositslmeter
Block1 Year Treatment2 Period3 Deposits4 Length (m) (#Im)

4 1 1 1 60 781 0.077
4 1 1 2 75 781 0.096
4 2 2 1 48 781 0.061
4 2 2 2 52 781 0.067
3 1 2 1 34 516 0.066
3 1 2 2 45 516 0.087
3 2 1 1 51 516 0.099
3 2 1 2 49 516 0.095
2 1 1 1 107 502 0.213
2 1 1 2 176 502 0.351
2 2 2 1 21 502 0.042
2 2 2 2 46 502 0.092
1 1 2 1 68 428 0.159
1 1 2 2 119 428 0.278
1 2 1 1 40 428 0.093
1 2 1 2 53 428 0.124

'Individual pasture served as the blocking criteria.
2 were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3Observation periods were 1 Midpoint of trial, and 2 = Endpoint of trial.

of the number of fecal deposits on both streambanks (within 1-rn of the stream).
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Table A.5. The influence of cow age on cow and calf performance for 2000 (year 1)
and 2001 (year 2).

Condition
Cow Calf Score3 Cow Weight (kg) Calf Weight (kg)
# #

1BIk Year 2lit Pre Post Pre Post Pre Post
8004 8004 4 1 1 4.8 4.8 410.43 415.87 201.81 242.18
8016 8016 4 1 1 4.3 4.0 425.85 419.05 177.32 214.06
8027 8027 4 1 1 4.3 4.5 381.41 399.09 163.72 204.99
8041 8041 4 1 1 4.5 4.3 361.00 386.39 187.76 230.84
8052 8052 4 1 1 4.3 4.8 476.64 503.85 150.57 194.10
8115 8115 4 1 1 4.8 4.3 464.85 480.73 209.52 252.15
8122 8122 4 1 1 4.5 4.5 434.92 450.34 172.79 213.15
8128 8128 4 1 1 4.5 4.8 403.17 428.12 186.85 228.12
8130 8130 4 1 1 4.3 4.3 378.23 381.86 193.20 243.54
8135 8135 4 1 1 4.3 4.8 464.40 483.90 183.67 232.65
8139 8139 4 1 1 5.0 4.3 430.39 422.22 151.47 188.66
8157 8157 4 1 1 4.5 4.5 395.92 404.54 201.36 240.36
8161 8161 4 1 1 5.0 5.0 527.44 529.25 195.01 239.91
8226 8226 4 1 1 4.5 4.8 473.02 488.44 171.88 223.58
8243 8243 4 1 1 4.5 4.3 429.48 409.98 143.76 183.22
4004 4004 4 2 2 4.5 5.0 521.09 520.41 194.78 225.40
4035 4035 4 2 2 5.0 5.3 588.89 606.12 221.32 259.86
4039 4039 4 2 2 5.0 5.0 562.59 544.67 265.31 288.44
4091 4091 4 2 2 4.8 4.8 528.12 512.70 229.25 258.05
4113 4113 4 2 2 4.8 5.0 589.12 567.57 259.18 300.23
5004 5004 4 2 2 5.0 5.0 646.49 601.13 204.54 233.79
5007 5007 4 2 2 4.8 5.0 600.68 556.92 219.50 268.93
5027 5027 4 2 2 4.5 4.8 591.38 549.66 233.79 278.46
5030 5030 4 2 2 4.5 4.8 628.80 599.55 228.12 270.75
5213 5213 4 2 2 5.0 5.3 582.09 581.41 141.27 176.19
5223 5223 4 2 2 6.0 5.3 607.26 584.81 93.20 Died
6126 6126 4 2 2 4.5 5.0 510.20 506.12 206.58 234.24
6137 6137 4 2 2 4.5 5.0 546.94 553.29 201.81 233.56
6177 6177 4 2 2 5.0 5.0 526.08 518.59 218.82 240.14
3091 3091 3 1 2 5.0 5.3 563.72 572.34 203.63 261.22
3125 3125 3 1 2 4.8 4.8 545.12 538.32 166.89 223.58
4004 4004 3 1 2 4.5 4.0 507.48 497.96 209.07 262.13
4039 4039 3 1 2 5.0 4.5 544.67 543.76 207.71 264.85
4091 4091 3 1 2 4.3 4.0 504.76 491.61 230.84 291.16
4101 4101 3 1 2 5.5 4.8 527.44 524.72 180.05 243.99
4135 4135 3 1 2 5.3 5.5 560.09 570.98 176.87 221.32

'Individual pasture served as the blocking criteria.
2

were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).

condition scores were assigned according to Wagner et al., (1988), on a scale of
1-9, with 1 extremely emaciated, 9 = extremely obese.
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Table A.5. (continued). The influence ofcow age on cow and calf performance for
2000 (year 1) and 2001 (year 2).

Condition
Cow Calf Score3 Cow Weight (kg) Calf Weight (kg)

# B1k1 Year Trt2 Pre Post Pre Post Pre Post
5002 5002 3 1 2 4.0 4.0 478.91 453.06 192.74 249.43
5004 5004 3 1 2 4.8 4.5 580.50 576.87 212.70 260.77
5007 5007 3 1 2 4.5 4.5 557.37 545.58 195.46 263.95
5009 5009 3 1 2 4.8 4.8 512.93 499.32 210.43 272.56
5115 5115 3 1 2 4.8 4.8 569.61 561.90 222.22 278.46
5121 5121 3 1 2 4.8 5.8 585.94 586.39 167.35 223.58
5136 5136 3 1 2 5.0 5.0 542.40 541.50 159.64 207.71
5213 5213 3 1 2 4.5 5.0 547.85 551.47 224.49 278.46
9016 9016 3 2 1 4.0 4.5 457.37 454.20 210.66 251.02
9028 9028 3 2 1 4.3 3.8 421.77 449.43 218.14 256.46
9105 9105 3 2 1 4.8 5.0 461.68 464.17 224.94 255.10
9130 9130 3 2 1 5.0 4.8 495.69 491.16 233.11 273.92
9134 9134 3 2 1 4.8 5.0 525.85 522.68 235.60 271.20
9138 9138 3 2 1 4.0 4.0 436.96 459.18 240.59 280.95
9147 9147 3 2 1 4.0 4.5 439.91 451.93 189.80 236.51
9156 9156 3 2 1 4.5 5.0 475.96 504.54 220.41 255.33
9157 9157 3 2 1 4.5 5.0 452.83 476.19 223.13 251.02
9165 9165 3 2 1 4.3 4.5 445.12 467.35 179.37 221.32
9188 9188 3 2 1 4.8 4.8 524.49 509.98 223.36 269.84
9208 9208 3 2 1 4.5 4.5 458.28 470.75 237.64 282.99
9215 9215 3 2 1 4.5 5.0 471.88 473.02 212.24 250.57
9239 9239 3 2 1 4.3 4.8 467.35 493.42 220.86 267.12
9251 9251 3 2 1 4.3 4.5 431.52 458.28 200.68 240.82
8056 8056 2 1 1 4.5 4.5 417.23 447.62 184.58 238.10
8106 8106 2 1 1 4.5 4.5 403.63 415.87 158.28 20227
8133 8133 2 1 1 4.8 4.5 438.10 464.40 147.39 192.29
8142 8142 2 1 1 4.5 4.8 442.18 465.76 197.73 253.97
8160 8160 2 1 1 4.8 5.0 414.51 428.57 130.16 182.31
8176 8176 2 1 1 5.0 4.8 445.35 463.49 208.62 248.53
8182 8182 2 1 1 4.5 4.5 434.01 467.12 210.88 264.40
8187 8187 2 1 1 4.0 4.3 359.18 387.30 189.57 258.05
8202 8202 2 1 1 4.3 4.5 443.99 454.42 204.99 260.77
8205 8205 2 1 1 4.5 4.3 390.48 396.37 150.57 200.91
8234 8234 2 1 1 4.3 4.3 350.57 372.79 185.94 239.91
8236 8236 2 1 1 4.0 4.3 377.32 381.86 153.74 206.35
8237 8237 2 1 1 4.8 4.8 448.53 451.70 188.66 243.54
8246 8246 2 1 1 4.8 4.8 528.34 487.98 176.42 233.56

'Individual pasture served as the blocking criteria.
2

were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
Cow condition scores were assigned according to Wagner et al., (1988), on a scale of

1-9, with 1 = extremely emaciated, 9 = extremely obese.
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Table A.5. (continued). The influence of cow age on cow and calf performance for
2000 (year 1) and 2001 (year 2).

Condition
Cow Calf Score3 Cow Weight (kg) Calf Weight (kg)

# B1k1 Year Trt2 Pre Post Pre Post Pre Post
8251 8251 2 1 1 4.8 4.5 397.28 408.16 184.58 236.73
4007 4007 2 2 2 5.3 5.0 634.01 658.96 244.90 281.63
4040 4040 2 2 2 5.0 5.0 686.62 680.73 209.75 248.30
4094 4094 2 2 2 5.0 5.0 598.64 616.10 233.79 290.93
4135 4135 2 2 2 6.0 6.0 589.57 615.65 193.42 227.44
5002 5002 2 2 2 4.3 4.5 535.60 522.00 197.51 235.83
5009 5009 2 2 2 5.0 5.3 549.43 548.98 198.64 241.72
5115 5115 2 2 2 4.8 5.0 563.72 593.65 252.15 292.74
5119 5119 2 2 2 5.5 5.5 696.37 717.23 207.94 245.12
5121 5121 2 2 2 6.3 6.3 602.95 626.53 215.42 261.68
6002 6002 2 2 2 4.8 5.0 607.48 634.47 229.48 282.31
6020 6020 2 2 2 4.5 5.0 593.88 600.23 261.22 313.61
6023 6023 2 2 2 4.8 5.0 512.47 545.35 227.44 267.12
6035 6035 2 2 2 5.0 5.3 546.03 545.35 223.13 249.21
6037 6037 2 2 2 4.3 4.8 522.90 542.18 234.24 277.10
6040 6040 2 2 2 4.8 5.0 492.29 499.77 201.59 248.98
3001 3001 1 1 2 5.0 4.5 575.06 569.61 227.21 282.09
3041 3041 1 1 2 5.0 4.8 531.07 520.63 254.42 307.94
3110 3110 1 1 2 5.3 4.8 668.48 660.77 223.58 293.42
4007 4007 1 1 2 4.8 5.0 604.54 604.08 222.68 270.29
4016 4016 1 1 2 5.0 5.0 503.40 499.77 177.78 234.47
4029 4029 1 1 2 4.5 4.5 581.86 613.15 223.13 286.62
4035 4035 1 1 2 4.8 4.8 570.52 591.84 185.03 234.92
4040 4040 1 1 2 4.8 4.8 638.10 634.47 185.49 236.73
4094 4094 1 1 2 4.8 4.8 570.07 586.39 217.23 271.66
4113 4113 1 1 2 4.5 4.8 554.65 575.96 234.92 299.77
4150 4150 1 1 2 5.0 5.0 609.07 608.16 187.30 250.34
5027 5027 1 1 2 4.5 4.5 537.41 554.65 187.76 246.71
5119 5119 1 1 2 5.3 4.8 624.49 644.90 189.12 240.82
5160 5160 1 1 2 4.8 4.8 534.69 569.16 201.36 249.89
5249 5249 1 1 2 4.8 4.5 555.56 548.30 214.51 283.90
9018 9018 1 2 1 4.3 4.3 413.83 401.13 192.97 226.98
9045 9045 1 2 1 4.3 4.3 423.58 448.07 199.55 237.41
9102 9102 1 2 1 4.8 5.3 457.82 454.88 160.54 194.78
9109 9109 1 2 1 4.5 4.8 455.56 478.00 231.07 273.02
9122 9122 1 2 1 4.5 4.5 510.20 519.50 235.83 281.41
9123 9123 1 2 1 4.5 4.8 457.82 481.41 159.86 202.72
Individual pasture served as the blocking criteria.

2 Treatments were I = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).

Cow condition scores were assigned according to Wagner et al., (1988) on a scale of
1-9, with I = extremely emaciated, 9 extremely obese.
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Table A.5. (continued). The influence of cow age on cow and calf performance for
2000 (year 1) and 2001 (year 2).

Condition

Cow Calf Score3 Cow Weight (kg) Calf Weight (kg)

# # BIk Year Trt2 Pre Post Pre Post Pre Post
9152 9152 1 2 1 4.3 5.0 437.19 470.75 200.00 234.01
9158 9158 1 2 1 3.8 4.5 454.20 473.02 245.12 293.42
9171 9171 1 2 1 4.3 4.5 481.63 491.16 225.40 265.76
9182 9182 1 2 1 3.8 4.3 426.30 444.67 233.79 268.93
9186 9186 1 2 1 5.3 5.0 472.56 489.57 230.16 264.17
9187 9187 1 2 1 4.0 4.0 433.33 448.75 232.88 278.46
9217 9217 1 2 1 4.3 4.0 444.67 473.70 244.22 284.35
9238 9238 1 2 1 4.0 4.3 508.84 514.29 203.63 240.59
9269 9269 1 2 1 4.0 4.3 419.95 428.34 212.70 245.58

Individual pasture served as the blocking criteria.
2 Treatments were 1 = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).

Cow condition scores were assigned according to Wagner et al., (1988), on a scale of
1-9, with 1 = extremely emaciated, 9 = extremely obese.
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Table A.6. The influence of cow age on intake rate and diet digestibility for 2000
(year 1) and 2001 (year 2).

Cow# B1k1 Year Trt2

Fecal
C31

mg/kg

Fecal
C32

Forage
C313

Forage
C32

C32
Dose,

mg/day4

DM1,

kg!d5 Digestibility6

8027 4 1 1 301.69 55.59 149.4 0 317 11.52 50.5%
8115 4 1 1 342.23 38.49 149.4 0 317 18.86 56.3%
8135 4 1 1 241.52 38.49 149.4 0 317 13.31 38.1%
8139 4 1 1 274.30 44.01 149.4 0 317 13.23 45.5%
8161 4 1 1 322.72 47.10 149.4 0 317 14.54 53.7%
4004 4 2 2 334.54 51.44 149.4 0 317 13.80 55.3%
4035 4 2 2 355.65 41.96 149.4 0 317 17.99 58.0%
4091 4 2 2 326.13 38.66 149.4 0 317 17.90 54.2%
5223 4 2 2 306.43 43.11 149.4 0 317 15.08 51.2%
6177 4 2 2 350.38 49.38 149.4 0 317 15.06 57.4%
3125 3 1 2 387.69 57.45 149.4 0 317 14.32 61.5%
4004 3 1 2 311.73 34.63 149.4 0 317 19.10 52.1%
4091 3 1 2 351.48 40.76 149.4 0 317 18.30 57.5%
4101 3 1 2 437.25 85.99 149.4 0 317 10.79 65.8%
5009 3 1 2 307.27 45.61 149.4 0 317 14.29 51.4%
9130 3 2 1 241.54 33.73 149.4 0 317 15.19 38.1%
9156 3 2 1 254.14 36.99 149.4 0 317 14.58 41.2%
9165 3 2 1 268.89 30.80 149.4 0 317 18.52 44.4%
9215 3 2 1 294.49 40.25 149.4 0 317 15.52 49.3%
9251 3 2 1 317.59 41.32 149.4 0 317 16.31 53.0%
8176 2 1 1 389.36 41.01 149.4 0 317 20.15 61.6%
8205 2 1 1 373.14 53.02 149.4 0 317 14.93 60.0%
8237 2 1 1 320.39 43.67 149.4 0 317 15.57 53.4%
8246 2 1 1 352.75 49.66 149.4 0 317 15.07 57.6%
8251 2 1 1 307.06 41.75 149.4 0 317 15.60 51.3%
4007 2 2 2 326.87 29.68 149.4 0 317 23.37 543%
4040 2 2 2 375.44 38.94 149.4 0 317 20.46 60.2%

1 Individual pasture served as the blocking criteria.
2 were I = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).

alkane profile of Kentucky bluegrass (Poapratensis L.), a major component of
the diet, was used to calibrate the intakes based on the concentration of alkanes
naturally occurring in the diet.
4Cattle were dosed with CAPTEC Alkane CRC Controlled Release Fecal Marker
CapsulesTM during week 2 of the trial. From d 25 - 29. fecal samples were collected.
5lntake was calculated using the following formula from Dove and Mayes (1996):
Intake, kg/d = (Fecalc3i x Dosec32) / (Fecalc32 x Dietc3i).
6 was calculated using the following formula from Dove and Mayes
(1996): Digestibility, % = 1 (Diet / Fecalc3i).
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Table A.6. (continued). The influence of cow age on intake rate and diet digestibility
for 2000 (year 1) and 2001 (year 2).

mg/kg

C32
Fecal Fecal Forage Forage Dose, DM1,

Cow # Blk1 Year Trt2 C31 C32 C313 C32 mg/day4 kg/cl5 Digestibility6

5009 2 2 2 294.34 40.16 149.4 0 317 15.55 49.2%
5121 2 2 2 248.93 28.54 149.4 0 317 18.51 40.0%
6020 2 2 2 317.30 35.22 149.4 0 317 19.12 52.9%
3110 1 1 2 411.17 40.09 149.4 0 317 21.76 63.7%
4007 1 1 2 349.26 43.99 149.4 0 317 16.85 57.2%
4040 1 1 2 254.32 24.44 149.4 0 317 22.08 41.3%
4113 1 1 2 343.54 39.00 149.4 0 317 18.69 56.5%
4150 1 1 2 328.37 45.69 149.4 0 317 15.25 54.5%
9102 1 2 1 409.15 63.28 149.4 0 317 13.72 63.5%
9109 1 2 1 369.61 67.56 149.4 0 317 11.61 59.6%
9123 1 2 1 228.00 25.89 149.4 0 317 18.69 34.5%
9171 1 2 1 208.38 24.90 149.4 0 317 17.76 28.3%
9187 1 2 1 253.98 27.03 149.4 0 317 19.93 41.2%

'Individual pasture served as the blocking criteria.
2 were I = First calf heifers (2 years of age), and 2 = Mature cows (5, 6,
and 7 years of age).
3The alkane profile of Kentucky bluegrass (Poapratensis L.), a major component of
the diet, was used to calibrate the intakes based on the concentration of alkanes
naturally occuning in the diet.
4Cattle were dosed with CAPTEC Alkane CRC Controlled Release Fecal Marker
Capsules1M during week 2 of the trial. From d 25 - 29, fecal samples were collected.
5lntake was calculated using the following formula from Dove and Mayes (1996):
Intake, kgld = (Fecalc3i x Dosec32) / (Fecalc32 x Dietc3i).
6Digestibility was calculated using the following formula from Dove and Mayes
(1996): Digestibility, % = 1 (Diet3 / Fecalc31).




