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ABSTRACT
Grazing trials were conducted on irrigated alfalfa fell/winter pastures near
Maricopa, Arizona where 270 feeder lambs were stocked in 16-ha paddocks to
explore the use of grazing behavior as an indicator of forage quantity and quality.
Sheep behavior was monitored by filming the grazing periods with a VHS camera and
recording the length of time that an individual spent at a feeding station, defined here
as a feeding station interval. Other measurements included observed steps between
feeding stations (step-sets), feeding stations min"1, steps min"1 and biting rate. As
grazing progressed, lambs increased the number of feeding station intervals that were
less than 5 seconds long and increased the number of feeding stations min"1
significantly (p<0.05). Feeding stations min"1 were negatively correlated (r<-0.94)
with crude protein, digestible energy and quantity of selected forage. Throughout the
grazing trial lambs appeared to prefer the leaves to the stems. Steps min"1 were only
moderately correlated to forage quantity and quality. Bites min"1 were not correlated
to forage quantity and quality. Feeding stations min"1 as a method of monitoring
animal behavior during feeding periods might allow the manager to recognize
nutritional limitations in the available forage and perhaps adjust management
strategies accordingly.
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INTRODUCTION
In the irrigated desert farming areas of southern California and Arizona,
range-raised feeder lambs (Ovis aries) are trucked in each fall to graze the alfalfa
(Medicago sativa) winter growth. A practice that increases economic returns to the
alfalfa producers without harming alfalfa production and provides needed winter feed
for range sheep. These fields are harvested the rest of the year for hay. Typically,
the grazing period begins in October and ends in late February or early March when
the lambs are marketed. Unlike on rangelands, lambs graze a pasture until the alfalfa
forage is nearly exhausted and then are moved* to another field. The most important
grazing management decision is when should the sheep be moved to a new pasture.
If they are moved too soon, the grazier did not get maximum use of the forage
resource. If the lambs are forced to eat all available forage, the grazier may actually
lose money through negative production. In one study, lambs that grazed longer than
10 days actually began to lose weight when they were unable to select more nutritious
desired plant parts (Guerrero and Marble, 1987).
Traditionally, sheep are moved when the grazier determines that there is
insufficient total available forage for the lambs to maintain efficient weight gains.
Grazing animals, however are highly selective of both the species and the parts of the
plants they eat (Arnold and Dudzinski, 1978). Sheep, in particular prefer leaves to
stems when grazing alfalfa (Arnold, 1960; Guerrero and Marble, 1987). They also
are selective within the leaf fraction of the alfalfa plant preferring leaves with a higher
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nitrogen content (Arnold, 1960).
Modification of foraging behavior is necessary as forage conditions change to
maintain selectivity (Chacon and Stobbs, 1976). Looking only at the total standing
crop will not give an accurate account of what the animal consumes (Heady and
Torell, 1959; Weir and Torell, 1959; Van Dyne et. al, 1980). Ruyle and Dwyer
(1985) suggested that the animal itself, through its grazing behavior, may be a more
sensitive indicator of forage quantity and quality than direct measurements of the
vegetation. They also hypothesized that proper defoliation of the pasture might be
determined through behavioral cues expressed from the animal's perspective. From a
practical standpoint these cues would need to be easily and quickly observable in the
field and be highly correlated to the nutritional status of the forage.
The purpose of this study was to characterize the alfalfa forage resource and
foraging behavior of the lambs to determine if specific behaviors were correlated with
the quantity and nutritional quality of the alfalfa. Where strong correlations existed,
relationships among variables were also investigated.
Objectives
1.

To determine if feeding stations per minute (FS min"1), feeding station intervals
(FSI), Step-sets, steps per minute (Steps min"1) and bites per minute (bites min1)
vary with different levels of stem availability, leaf availability and total forage
availability.

2.

To determine if feeding stations per minute (FS min"1), steps per minute

(Steps mirr1) and bites per minute (bites min"1) vary with different levels of stem
quality, leaf quality, total forage quality and leaf to stem ratios.
To quantify the relationships between the behavior and the quality and quantity
of the forage resource.
Hypotheses
The specific working null hypotheses of the study were:
There are no observed differences in FSI or step-sets among days for lambs
grazing alfalfa in a ten-day grazing trial.
The number of FS min1 lambs exhibit during a ten-day grazing trial is not
correlated with amounts of alfalfa stem or leaf, or leaf: stem ratios, or total
forage availability.
The number of FS min"1 lambs exhibit during a ten-day grazing trial is not
correlated with amounts of alfalfa stem or leaf or total forage quality as
measured by crude protein (CP), acid-detergent fiber (ADF), digestible energy
(DE), crude fiber (CF), neutral-detergent fiber (NDF), calcium (Ca), or
phosphorous (P).
The number of steps min1 lambs exhibit during a ten-day grazing trial is not
correlated with amounts of alfalfa stem or leaf, or leaf: stem ratios, or total
forage availability.
The number of steps min"1 lambs exhibit during a ten-day grazing trial is not
correlated with amounts of alfalfa stem or leaf or total forage quality as

measured by crude protein (CP), acid-detergent fiber (ADF), digestible energy
(DE), crude fiber (CF), neutral-detergent fiber (NDF), calcium (Ca), or
phosphorous (P).
6.

The number of bites min"1 lambs exhibit during a ten-day grazing trial is not
correlated with amounts of alfalfa stem or leaf, or leaf: stem ratios, or total
forage availability.

7.

The number of bites min"1 lambs exhibit during a ten-day grazing trial is not
correlated with amounts of alfalfa stem or leaf or total forage quality as
measured by crude protein (CP), acid-detergent fiber (ADF), digestible energy
(DE), crude fiber (CF), neutral-detergent fiber (NDF), calcium (Ca), or
phosphorous (P).
Definitions of Terms Used

Feeding Stations
A feeding station is considered as the hypothetical semicircle in front of the
animal within which a certain number of plants become available without the animal
moving its front feet (Figure 1). Movement of front feet to reach new plants
constitutes a new feeding station (Goddard, 1968; Novellie, 1978).
Feeding Station Interval
A feeding station interval (FSI) is the time (seconds) spent actually feeding at
feeding station or the time interval spent feeding between step-sets (Novellie, 1978).

Step-sets
Step-sets are any series of one or more steps taken during the search for fresh
food items during foraging (Novellie, 1978).
Total Available Forage
Total available forage is the amount of green plant material (alfalfa - leaves
and stems) present per unit area at a point in time as determined by harvest and
weight techniques (after Flores, 1983).
Acid-Detergent Fiber (ADF)
Acid-detergent fiber is the portion of a plant's cell wall that is made up of
cellulose and lignin. When ADF is subtracted from neutral-detergent fiber (NDF),
the portion of the plant cell wall that is hemicellulose is estimated. If the lignin
component is determined by chemical means and subtracted from the acid-detergent
fiber (ADF) the portion of the plant cell wall that is cellulose is estimated. Usually
high values of ADF or lignin indicate low digestibility of forages (Van Soest, 1967).
Neutral-Detergent Fiber (NDF)
Neutral-detergent fiber is the constituents of a plant's cell wall. It is the first
step in the partition of plant fiber into hemicellulose, cellulose and lignin (Van Soest,
1967).
Crude Fiber (CF)
Crude fiber is the structurally coarse cellulose-like components of the plant
that was once thought to represent an insoluble residue of digestion (acidic gastric and
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alkaline intestinal). When used with other components of the Weende or proximate
analysis an estimate of the soluble carbohydrate or nitrogen-free extract (NFE) could
be calculated (Lloyd, et. al., 1978). ADF and NDF are better estimates of the
fibrous portions of the plant, but many livestock producers still use CF to describe
forages. For this reason it was included in this study.
Crude Protein (CP)
Crude protein is an estimate of the amount of protein in a food. It is
calculated by chemically determining the amount of nitrogen in the plant and
multiplying by a factor of 6.25 (Lloyd, et. al., 1978).
Digestible Energy (DE)
Digestible energy is the gross energy supplied by a feed with the fecal energy
subtracted out. Fecal energy includes the heat of combustion of metabolic products of
the body and of undigested food (Lloyd, et. al., 1978). Digestible energy (Mcal/kg)
in this study was estimated from percent estimated digestible dry matter (EDDM).
EDDM was estimated from percent ADF (Hannaway, 1986).
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HYPOTHETICAL
SEMICIRCLE
(FEEDING STATION]
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The amount of forage available to a grazing animal when the forefeet
are stationary is termed a feeding station (Goddard, 1968; Novellie,
1978; Ruyle and Dwyer, 1985). Illustration from Ruyle (1983).
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LITERATURE REVIEW
. .

Grazing Behavior of Domestic Sheep

Grazing behavior of ruminants is a complex series of ever changing interactions
between the plant that is grazed and the animal that is grazing it. Grazing
management systems for range and pastures require understanding grazing behavior
including how and why ruminants select the food they do (Ruyle, 1983). Forage
intake and selective grazing are functions of many pasture and animal characteristics
(Arnold, 1964; Cordova et. al., 1978). Several researchers have shown that intake is
correlated with both forage availability and nutritional quality (Arnold and Dudzinski,
1966; Allison, 1985). Allden and Whittaker (1970) identified three important
behavioral variables of ingestion. They are intake per bite (IB), biting rate (BR) and
grazing time (GT). The grazing animal modifies each of these variables as forage
conditions change (Chacon and Stobbs, 1976; Arnold, 1981; Arnold and Dudzinski,
1978; Flores, 1983; and others). In addition, grazing ruminants are highly selective
in their choice of food. Not only do they select certain forage species over others
(Broom and Arnold, 1986), but they prefer leaves to stems (Arnold, 1960; Guerrero
and Marble, 1987) and green material over non-green (Arnold, 1964; Hamilton et.
al., 1973). Even within a preferred plant part, like leaves, sheep select plant material
higher in nitrogen and lower in crude fiber than the average available (Arnold, 1960).
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Several researchers (Heady and Torell, 1959; Weir and Torell, 1959 and Van
Dyne ei. al., 1980) have described this discrepancy between potential forage and
accepted forage in diets of grazing animals. Understanding the relationship between
foraging behavior and the amount and quality of forage available may be a useful
management tool for maintaining high animal production.
General Grazing Behavior
A general description of ruminant grazing behavior, specifically applied to
sheep, is important to understand both the methods and the results of this study.
Several excellent reviews or summaries of general grazing and ingestive behavior are
available in the literature (Arnold and Dudzinski, 1978; Valentine, 1990; Hulet et.
al., 1975; Tribe, 1950; Squires, 1975; Gonyou, 1984). Grazing or foraging involves
the mechanics of feeding, the movement and search for forage, alleomimetic
relationships (social coexistence and gregariousness) and a diurnal cycle. Specific
components of foraging will be discussed separately.
Mechanics of Ingestion
The mechanics of ingestion in the sheep starts with prehension of the forage and
taking a portion into the mouth. The forage is then chewed and mixed with saliva. A
bolus is formed that is then swallowed and ejected into the anterior rumen (Arnold
and Dudzinski, 1978; Van Soest, 1982). Unlike cattle, which use their tongues to
grasp and tear forage, sheep either bite the foliage off the plant or break it off as they
grip it between their teeth and dental pad and jerk their heads backward, or less

commonly forward (Arnold and Dudzinski, 1978). Sheep are similar to cattle in
having only a muscular pad in the upper jaw rather than teeth. Sheep, however,
posses a cleft upper lip that allows them to graze more selectively than cattle
(Valentine, 1990). As is true with cattle and horses, sheep graze, select and forage in
a vertical plane as they move with their muzzles close to the ground in a horizontal
plane (Arnold and Dudzinski, 1978). This selective ability is so great that sheep on
semi-arid range have reportedly obtained as much as 80% of their food from plants
that contributed only 1 % of the total forage available (Leigh and Mulham, 1966 a, b;
as reported by Arnold, 1981). On pasture, however, with only a few species that
have similar acceptability Arnold (1966) found that the sheep's diet closely reflected
the availability of the species. In order to control the variability due to the sheep's
selective ability outlined above I chose a monoculture of alfalfa to study grazing
behavior. This was specifically done to test if the grazing behavior (number of
feeding stations) described by Ruyle and Dwyer (1985) had been influenced by plant
species diversity.
Movement and Search for Food
Movement in the search for food is also part of the selective process. This
activity has been broken down into two parts: an exploratory phase and a subsequent
daily routine phase (Arnold and Dudzinski, 1978). When sheep enter a new pasture
they move around the boundaries exploring until they are content to move toward its
center (Gluesing and Balph, 1980). Gluesing and Balph discovered that sheep would

spend a disproportionate amount of time searching for a preferred species if that
species were present in a previously grazed pasture. This type of behavior follows
much of what has been studied on optimal foraging theory and is similar to the search
methods of great tits (Parus major) discussed by Cowie (1979).
Sheep often move and search as a group with some differences among breeds.
Though they will move some distance from each other, sheep often form subgroups
within the main flock and follow a regular pattern of movement around the grazing
land (Hulet et. al., 1975). Un-herded sheep appear to use the fence lines for
orientation during the search mode (Vallentine, 1990), The distance traveled during
the search phase varies by both genetic and environmental factors (Hulet et. al.,
1975). Hughes and Reid (1951) observed that sheep traveled greater distances during
winter than in summer. Sheep will also travel further when they are pushed fast
versus being pushed at a normal rate by a human herder. Sheep travel the shortest
distance when allowed to graze on their own without a human herder (El Aich and
Rittenhouse, 1988). El Aich and Rittenhouse (1988) also reported that sheep traveled
significantly different distances of 7.1, 6.4 and 10.2 km day"1 in spring, summer and
fall, respectively. Bowns (1971) looked at effects on travel distances of un-herded
sheep on mountain summer range in southern Utah and discovered that Rambouillets
traveled an average of 4.7 km daily compared to 3.9 km for Targhees and 3.1 km for
Columbias. These distances are less than the average of 8 to 16 km day1 reported in
earlier studies (Tribe, 1949). Weather also will affect travelling in sheep. Stress

caused by cold and wet weather causes sheep to graze in a more compact flock
(Campbell et. al., 1969 as reported by Vallentine, 1990)
Allelomimetic Activity
An important feature of behavior in sheep is their marked allelomimetic activity
and well developed practice of social coexistence. This gregariousness, besides
functioning as an anti-predatory strategy (selfish herd syndrome) (Alcock, 1990),
affects foraging. Animals tend to forage in similar areas, in similar diurnal periods
and at similar foraging rates (Provenza and Balph, 1988 as reported by Valentine,
1990). In a comparative study of two separate flocks of sheep kept on the same
pasture for several days and nights, findings showed that there was no difference in
the start or finish of the major grazing periods (Arnold, 1962). Individual sheep that
seem less gregarious and more independent appear to initiate movement in a group.
These movements of "leader" sheep are than followed by others, but leadership is not
exhibited in any aggressive way (Arnold and Dudzinski, 1978).
Winfield et. al. (1981) studied the effects of familiarity and breed on the spatial
behavior of sheep and discovered that sheep prefer to be near others with which they
were familiar, i.e., flockmates. Breed lacked effect on this preference. Winfield
further suggested that if sheep were unfamiliar with each other and were placed
together in a large pasture that they might consume different quantities and qualities
of pasture.
Arnold and Mailer (1985) found that grazing distribution also varied with respect
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to breed, flock size and density. In their study, Dorest Horn spread further apart than
Merino, Polwarth, Corridale or Southdown sheep. Lynch and Hedges (1979)
discovered that grazing patterns are likely affected by day length, amount of forage
and rate of weight loss. Interestingly, they also suggested that social inhibition
occurred in sheep grazing in adjoining rectangular plots as opposed to square plots
resulting in less grazing behavior uniformity. Also, more uniform grazing behavior
was observed when sheep could see other sheep through wire fences as opposed to
solid barriers. They concluded however, that social facilitation did not affect grazing
time, even at different stocking rates. Yet, the nutrient requirements of the sheep
induced particular grazing patterns. Dudzinski (1978) determined that as a pasture
was eaten down and forage conditions declined, the flocking pattern in sheep grazing
breaks down as the sheep disperse. Using an index of forage production (FP) and an
index of dispersion (DI) (calculated from the number and size of mobs of Merino
sheep) Dudzinski (1978) determined that dispersion increases with deterioration of
forage. He further believed that more accurate estimates of dispersion could be done
by aerial photography resulting in better estimates of forage quantities. Arnold and
Pahl (1967) observed a similar situation in large paddocks; sub-grouping of flocks
occurred when feed availability was low.
Circadian Patterns
Grazing in free ranging sheep is largely diurnal (Arnold, 1981) with two major
grazing periods (Hughes and Reid, 1951; Dudzinski and Arnold, 1979; Arnold,
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1984). These daily grazing periods are highly correlated with the times of sunrise
and sunset (Dudzinski and Arnold, 1979). Continuous grazing during daylight hours
in winter is possible when days are short and pasture quality is low. Very hot
weather often disorganizes grazing periods so that no distinct peaks exist during the
day (Bueno and Ruckebusch, 1979). On hot days, grazing started and ended earlier.
The time grazing started in the afternoon was dependent on both temperatures and
humidity suggesting that sheep can somehow sense how hot a day is going to be
before it gets hot in the afternoon. (Arnold and Dudzinski, 1978). Changes in the
circadian pattern of grazing as indicated by a change in grazing time are the
behavioral response of the animal to the physiological effects of climate and to the
amount of feed available (Arnold, 1981). Bowns (1971) observed that as forage
supply decreased, sheep increased their grazing time from 67.1% to 79.7% of the
daylight hours. Pregnant ewes tended to spend the same amount of time grazing as
dry ewes. But lactating ewes spent 12% more time grazing than dry ewes at all but
the highest level of forage availability (Arnold and Dudzinski, 1978).
The actual time spent grazing is dependent on the structure and dispersion of
patches on which the animals prefer to eat (Arnold, 1981). Recorded ranges of
grazing times have varied by experiment; 4.5 to 14.5 h (Arnold, 1981), 7.8 to 10.47
h (Hughes and Reid, 1951), 4 to 11 h (Arnold, 1984), 6.7 to 10 h (Bueno and
Ruckebusch, 1979) and 9 to 11 h (Hulet et. al., 1975), but the mean daily grazing
time was very similar about 8 to 9 hours. Average grazing times are affected by

stocking rate with significantly longer grazing times associated with high stocking
rates (Birrell, 1991).
Components of Foraging Behavior - Feeding Stations
Foraging behavior may be described in terms of its two basic components,
feeding and moving. As previously discussed, feeding involves selecting, gathering,
chewing and swallowing food items. At intervals the grazing animal walks, searching
for preferred food items and then pauses to feed at a new location (Novellie, 1978;
Ruyle and Dwyer, 1985). The term "step-set" coined by Novellie (1978) is used to
describe any such series of one or more steps taken during foraging. The pause is
called a feeding station interval and the area available for grazing or browsing without
further movement is the feeding station. The latter was originally described by
Goddard (1968) in his study of food preferences of black rhinoceros. The time spent
feeding between step-sets defines a feeding station interval, thus, the whole process of
foraging is a series of feeding station intervals alternated with step-sets (Novellie,
1978). Novellie (1978), used feeding station intervals to quantify the foraging
behavior of Blesbok (Damaliscus dorcas phillipsi) and Springbok (Antidorcus
marsupialis) instead of monitoring the actual amounts of food material consumed.
This method showed that seasonal changes in foraging behavior were correlated with
chemical and structural changes in the vegetation.
On typical range and multi-species pastures, grazing animals usually have a
plethora of potential food items but great variability in nutrient quantities and

qualities. Recognizing this, Owen-Smith (1979) developed and tested behavioral cues
for detecting changes in food abundance as experienced by a large African herbivore,
the kudu (Tragelaphus strepsiceros). He created two indices of foraging efficiency:
(1) accepted food abundance or the feeding seconds per 50 paces covered while
foraging and (2) food ingestion rate measured as the proportion of time spent actually
feeding during five minute segments of foraging activity. His results confirmed that
these indices reflected differences in food availability due to habitat and season.
Feeding time per unit distance covered, however, was a more sensitive indicator than
the proportion of foraging time spent feeding. Owen-Smith and Novellie (1982)
predicted, in their ungulate foraging model, that biting rate and the number of bites
per feeding station would decrease as a foraging ruminant became satiated. They
further suggested that an ungulate would also increase the number of steps between
feeding stations.
Flores (1983) attempted to relate forage availability and phenology of crested
wheatgrass (Agropyron desertorum) to several grazing behavior variables exhibited by
Angus heifers. He wanted to see which were the most sensitive to changes in food
supply. These variables included: feeding stations (Goddard, 1968), step-sets
(Novellie, 1978), biting rate (Chacon and Stobbs, 1976) and total time spent foraging
(Arnold and Dudzinski, 1978). Interestingly, he concluded that both bites per feeding
station and total daily foraging time were the most sensitive variables regarding
changing forage conditions. Ruyle (1983) in his review of Flores work pointed out

that feeding station intervals also showed statistical significance in the regression
analysis and total foraging time and FSI were the only significant correlations with
forage availability. Flores (1983) found a negative correlation existed between step
rate and mean FSI. He also reported that no statistical difference (p<0.05) between
average number of steps per unit foraging time was found. How stocking densities or
very low levels of available forage would affect these relationships was not studied.
Ruyle and Dwyer (1985) further investigated how sheep adapt their feeding
behavior as the amount of desirable forage declined on high elevation summer range
in southwestern Utah. Their findings revealed that sheep reduced the time spent per
feeding station as the amount of desirable forage declined. They also suggested that
an animal's grazing behavior might be a more sensitive indicator of forage quantity
and quality than are direct measurements of vegetation. They acknowledge several
limitations to the FSI data and insinuated that similar FSI lengths could be the result
of many processes. These processes could be one or several changes in both the
quantity or quality of the forage.
The feeding station idea also was used to monitor foraging behavior of steers
grazing tobosagrass (Hilaria mutica) in Texas.

Interestingly, this study with steers

could not support Ruyle and Dwyer's or Flores' hypothesis that FSI decreases as
available forage decreased (Mosley and Dahl, 1989). Mosley and Dahl (1989) did
suggest, however, that steers did not adjust FSI in response to forage availability
because forage availability was not significantly decreased or limiting within grazing
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periods.
El Aich et. al. (1989b) studied feeding station behavior of free-grazing sheep in
Morocco and found that the number of feeding stations per minute (FS min"1) varied
significantly among seasons and highly significantly among plant communities. The
general tendency was for the sheep to exhibit fewer FS min"1 in the shrubby
communities than in the herbaceous species. This makes sense because the mechanics
of feeding on shrubs usually requires more handling time than expected with grass or
forbs. On one herbaceous community sheep increased FS min"1 as forage quantity
declined supporting Ruyle and Dwyer's hypothesis. When both shrubby communities
and herbaceous communities were compared with respect to time spent per feeding
station (FSI) El Aich et. al. found that sheep increased the time (FSI) spent grazing
shrubby communities when forage quantity was reduced. Ruyle and Dwyer (1985)
studied a community composed of forbs, grasses and shrubs and reported that sheep
decreased FSI as forage quantity declined. El Aich et. al. however, still concluded
that higher numbers of FS and/or short time spent at a FS are more likely when sheep
encountered scarce feed resources. In addition, they suggested that dry matter intake
(DMI) was negatively related to FS min1. In other words, the number of FS min"1
declined as DMI increased.

Components of Ingestive Behavior - Intake Rate, Biting Rate, Biting Size and Grazing
Time
Forbes (1988), in discussing the measurement of ingestive behavior, used the
following equation: I = BS • BR • GT, where BS equals bite size, BR equals rate
of biting per grazing time and GT equals grazing time per period to define intake rate
(I). Several studies have examined ruminant intake rate and what happens when
either forage availability or quality declines.
Forage Quantity
Olson et. al. (1989) monitored nutrition and behavior of cattle during short
duration grazing periods on crested wheatgrass and found that intake rate declined
with reduced herbage availability. This decreased intake rate from reduced herbage
availability apparently caused animals to compensate thru behavioral modification by
increasing biting rate or grazing time.

The animals apparently maintained intake

rate when bite size declined with defoliation of the paddock by increasing biting rate.
In the second year of their study, animals increased grazing time to compensate for
decreased intake rate. The cattle used different ingestive behavior to compensate for
apparent declines in bite size in each of the two years of the study. Scarnecchia et.
al. (1985) found that both cattle biting rate and grazing time increased simultaneously
as a crested wheatgrass sward was defoliated under continuous grazing management.
These compensatory increases contrast with Jamieson and Hodgson (1979a) who
observed that biting rate and grazing time in calves both declined as the sward was

rapidly defoliated under strip grazing. Correlations showed that as biomass increased
with growth, intake increased but biting rate and grazing time decreased.
In another study, a linear increase in foraging time in sheep from 7 to 10.3
hours day"1 occurred when forage decreased from 3000 to 1000 kg ha"1
(Arnold, 1960). Allden and Whittaker (1970) reported that biting rate of sheep
increased from 18 to 73 bites min."1 when forage tiller length decreased from 36.7 cm
to 5 cm.

Arnold (1964) suggested that grazing time decreased at forage availabilities

below 560 kg ha"1 in sheep. When herbage availabilities were greater than 3000 kg
ha"1, Allden and Whittaker (1970 as reported by Allison, 1985) both grazing time and
intake of sheep remained somewhat constant.
Hudson and Nietfeld (1985) studied the effect of forage depletion on the feeding
behavior of a Canadian ungulate, the wapiti (Cervus elaphus nelsoni). They found
that bite sizes increased linearly with forage biomass and plant height. Maximum
foraging rates of 45 bites per minute declined exponentially at bite sizes greater than
0.2 g. Consumption rates increased asymptotically with forage biomass to a predicted
asymptote of 17.6 g min"1 although the highest value observed was 12.6 g min"1 at a
biomass of 2367 gm ha"1. Average daily forage removal was 9.5 kg per animal and
didn't decline as biomass was reduced from about 2400 kg ha"1 to 800 kg ha"1. So the
animals compensated for reduced forage by increasing the bites min1. In the same
study, as total biomass declined so did the crude protein in the forage. Furthermore
bite size declined linearly from 0.36 g to 0.11 g as biomass declined from

2400 kg ha"1 to 800 kg ha"1. Bites min"1 increased in compensation. Bite sizes were
linearly related to both forage biomass (r2 = 0.96, p< 0.001) and tiller lengths (r2 =
0.88, p<0.001). Important to note was that both steps and FS min"1 tended to
increase with bite rates as the pasture was depleted which also supports Ruyle and
Dwyer (1985).
Scarnecchia et. al. (1985) studied effects of forage availability of temperate
swards on the grazing behavior of heifers. They showed that as standing crop
decreased from 417 to 203 kg DM ha"1 grazing time increased from 458 to 602 min
day"1 and biting rate increased from 54 to 64 bites min"1 (Scarnecchia et. al., 1985).
In the second year of their study Scarnecchia et. al. (1985) reported that as standing
crop decreased from 919 to 144 kg ha"1 grazing time increased from 380 to 656 min
day"1 and biting rate increased from 37 to 50 bites min1. In both trials, biting rate
was inversely correlated with standing crop r2=0.4, standard error=4.35 bites min"1
and 1^=0.58 standard error=3.79 bites min"1, respectively. The lowest biting rate
was observed when crested wheatgrass forage was most abundant. Highest biting
rates were observed when forage was limited and especially when there was green
regrowth. Scanecchia et. al (1985) further wrote that this higher biting rate on green
forage appeared to contrast with the earlier work of Stobbs (1974).
Stobbs (1974) reported cattle biting rates of 50-80 bites min"1 on tropical swards
for mature forage and 45-63 bites min"1 for leafy immature forage. Stobbs (1974)
also observed that cattle took larger bites on leafy immature forage and that as total

amounts of forage decreased biting rates also decreased. Scarnecchia et. al (1985)
suggested that uniformity of the sward could be expected to have a major effect on
biting rate. Patchy swards would require more distance travelling between patches
and result in lower biting rates. They felt that high biting rates were associated with
low levels (e.g. < 600 kg ha1) of homogeneous green leafy herbage on temperate
swards. Higher availability of green forage results in larger but fewer bites. They
reasoned further that a higher percentage of stems in mature foliage would decrease
biting rate as selectivity increased. Biting rates on the mature tropical swards that
Stobbs studied would be lower than temperate swards because of time required for
leaf selection. Scarnecchia et. al (1985) reasoned that on temperate swards during the
latter stages of progressive defoliation, cattle were able to select preferred forage
without being hindered by non-preferred leaf and stem, which is often characteristic
of mature tropical swards
Penning (1984) found that sheep grazing ryegrass pastures significantly adjusted
their biting rates and grazing time to get similar intakes despite the height of the
sward (6, 9, or 12 cm). Both the grazing time and biting rate of sheep increased with
decreasing sward height (Penning, 1984). An opposite result was obtained with cattle
grazing on Lehmann lovegrass in Arizona; as green tiller heights increased biting rate
increased (Abu-Zanat et. al. 1988). Again the difference might be attributed to arid
versus tropical grass. The necessity of sorting green material from standing dead
material on the temperate sward by the cattle in Arizona also reduced biting rate
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(Abu-Zanat et. al., 1988). Burns (1984 as reported by Vallentine, 1990) in studying
improved pastures found that forage intake appeared maximized at an extended plant
height of around 41 cm regardless of quality. At taller heights the ratio of handling
the forage with the mouth before biting to jaw movements increased. Also noted was
an apparent relationship between canopy height and depth of sheep grazing into the
canopy. Little penetration into horizons containing dead material happened, even
when intake was severely limited.
Forage Quality
Baker (1976) studied the effect of sward characteristics on herbage intake as
related to nutritive quality, species and amount.

He suggested that it is influenced by

the digestibility of plant components. He also concluded that the amount of herbage
present per unit area and its distribution affected intake by its effects on ease of
prehension. Ease of prehension was reflected in total number of bites per day and
bite size. He further suggested that both cattle and sheep could be highly selective in
choosing their diet from herbage on offer, especially from mixed plant communities.
They also preferred green to dry material and leaf to stem and therefore could select a
diet of higher nutritive value than material on offer. Under similar sward conditions,
sheep could select to a greater degree than cattle. Olson et. al. (1989) also observed
in cattle that intake rate and biting rate declined as nutritional quality of the sward
declined (reduced crude protein and digestibility and increased fiber content).
Arnold (1964) showed that intake in sheep is related to effects of forage digestibility
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on rumen function as well as forage availability. He further hypothesized that biting
rate apparently depended on both quality and quantity of the forage.
Summary
The purpose of a literature review is to collect and summarize previous studies
that relate to the hypotheses set forth in a new study and to guide the researcher in the
development of refined research methods, both techniques and experimental design.
In a sense, the past studies cited become building blocks for the new study. When
the literature review reveals apparent contradictions, the new study should attempt to
resolve them by identifying variable differences between the studies reviewed. In
addition, the new study should attempt to incorporate procedures that control the
differing variables so that new measurements are more meaningful to future
researchers.
The literature reviewed above provided some clear directions for me with regard
to both my hypotheses and methods. The selective ability of sheep as discussed under
the Mechanics of Ingestion section suggested to me that this variable should be
controlled. I used a monoculture of alfalfa and separated leaves from stems to do
this. The sheep I chose to study were pre-conditioned to alfalfa, of the same breed,
left un-herded and were only observed during the winter season as a result of the
findings of researchers cited in the Movement and Search for Food section.
Upon reviewing the social gregariousness (in the Alleomimetic Activity section)
of sheep it was clear that a focal animal for behavior study needed to be selected
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carefully and from a large flock of sheep who had previously been together. I also
selected square-sized paddocks with open wire so sheep could see each other to
minimize social inhibition and to insure that grazing behavior was uniform with
respect to alleomimetic activity.
Research reviewed in the Orcadian Patterns section suggested both the time of
day and season when grazing behavior would best be observed to minimize eflFects of
climate and to insure active grazing was occurring. I incorporated these factors into
my experimental methods by choosing the mild winter season in Arizona to observe
behavior and by recording grazing behavior shortly after sunrise.
The final two sections of the literature review, Components of Foraging
Behavior -Feeding Stations and Components of Ingestive Behavior - Intake Rate,
Biting Rate, Biting Size and Grazing Time were used to develop my hypotheses.
Since apparent contradictions occurred in the literature cited, I repeated several of the
same measurements reported. I also attempted to control or acknowledge the
differences between those studies reviewed. The major feature, for example, that
appeared to explain why some researchers found that FSI declines as available forage
decreases and others did not was that forage availability had to be significantly
decreased or limiting within grazing periods. In my study, I insured that forage
supply was limited by extending the length of the grazing periods. I also wanted to
specifically look at forage quality decline with respect to feeding stations since others
cited had not looked at this aspect. Predictive ability of forage quantity and quality

through observation of a grazing behavior must be practical for a livestock producer
to use. It was clear in the literature review of these sections that the practical method
had not been identified. My specific objective to look for such a model became
apparent upon review of this literature.
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MATERIALS AND METHODS
The Study Area
The study was conducted from November 30, 1990 to December 11, 1990 on
four 16-ha 4-year-old stands of alfalfa (Medicago sativa var. Cuf 101) pastures
located on Ak Chin Farms (NE 'A sec. 7, township 5 south, range 3 east of the 15th
principal meridian) 6.4 km south and 4.8 km west of Casa Grande, Arizona.
Elevation of the area is about 358 meters with an average annual precipitation of 185
mm. About 60% of the precipitation falls from late June through September.
The location is characterized by deep, somewhat excessively drained soil on
stream terraces. Slopes are 0 to 1 percent. The soil is a Denure fine sandy loam
formed in stream alluvium from mixed sources. Typically, the surface layer is light
brown fine sandy loam 5 cm thick. The next 132 cm is light brown sandy loam and
fine sandy loam. Below this to a depth of 154 cm or more is reddish brown sandy
clay loam. Soft masses of lime are below a depth of about 48 cm. This unit is used
mainly for irrigated crops, range livestock and homesite development (U.S. Soil
Conservation Service, personal communication).
Vegetation Sampling
Vegetation was sampled before and during the grazing trial, on day 0 - no
grazing, day 2, day 5, day 9 and day 13 in each of the four pastures. The sampling
order of the four pastures were randomly selected each day using the SAS procedure

Plan (SAS/STAT User's Guide, 1988). Five independent 0.16 m2 quadrats were
randomly selected in each pasture to increase precision of the randomized complete
block design. The means of the five independent sub-samples for each pasture were
used in the analysis of variance. Standing vegetation was clipped to a height of 2 cm.
This height was determined to be representative of what the lambs had been leaving
in other alfalfa fields in the same area. The woody crown (2 cm. high) of the
perennial alfalfa plant was not consumed by the lambs so removal of total above
ground biomass would have been inappropriate. Since the purpose of the vegetation
sampling was to establish the trend that forage quantity diminishes with grazing no
non-grazed control group was maintained during days 2, 5, 9 and 13. Mean
comparisons, however, were made between day 0 and all subsequent days of grazing.
Samples were allowed to air dry for 30 days after which they were separated
into leaf or stem portions. Each of these portions were weighed using a digital gram
scale to the nearest . 1 g. The 200 coded samples were then sent to a commercial
testing laboratory, Chandler Analytical Laboratories, for chemical analysis. Each
sample of leaves and stems were analyzed for percent moisture, crude protein, ADF,
crude fiber, NDF, calcium and phosphorous by procedures outlined in the Official
Methods of Analysis of the Association of Official Agricultural Chemists (Marc
Auble, personal communication). Each sample weight of leaves or stems previously
recorded was then corrected to a 100 percent dry matter basis. Total standing crop
weight was calculated by addition of individual stem and leaf weights. Leaf to stem

ratios were calculated by dividing their dry weights. Total CP, ADF, CF, NDF, Ca
and P percentages were calculated by weighted means of the leaves and stems using
the following formula:
lYOualitv Factor %VStem Dry Weightll + rOualitv Factor %¥Leaf Drv Weight-)!
(Total Dry Weight)
Sheep Behavior
Sheep grazing behavior was monitored by filming the grazing trials with a Sony
VHS video-camera (Jensen, et. al., 1986) mounted on a tripod on day 2, 5, 9 and 13.
Date, filming start-time and elapsed time were recorded visually on the video tape.
In addition, audio comments on field number or replication, and general behavior
observations were recorded. Each field contained 270 Rambouillet wether lambs
weighing between 34 and 39 kg which were randomly selected and assigned to a field
from a larger flock. Stocking densities were 3.4 animal units (AU) ha"1. Lambs were
filmed from a distance of about 16 meters and a zoom lens was use to avoid
disturbing the grazing behavior. In addition, a 15 minute adjustment period of
filming took place in each field to allow the lambs to adjust to both the camera noise
and the presence of a photographer/observer.
Filming of the grazing behavior began each sampling day at sunrise and lasted
for 3 to 4 hours. This time period was chosen since the longest and most intensive
period of grazing takes place in the early morning and the onset of grazing is closely
correlated with sunrise (Arnold, 1981). The order of pastures to film on a given day

of grazing was determined in a random fashion using the SAS procedure Plan. This
was done to avoid bias of selecting the same group of lambs to film at the same time
each day. To decide which animal to film and study, a section of the pasture with
grazing lambs was chosen at random and the nearest moving sheep was selected as
the focal animal (Altmann, 1974; Jensen et. al., 1986) to be filmed/observed for 1 to
5 minutes. Then the process was repeated, selecting a different animal. Filming
continued in each pasture long enough to insure that the grazing behavior of at least 5
different animals would be recorded. Filming of behavior began 48 hours after the
lambs were turned into the four pastures in order to allow the animals time to
socialize and become accustomed to the new surroundings. As is typical when
introduced to new surroundings, the lambs spent most of the first day walking and
calling out for flock mates with little normal grazing behavior (Tribe, 1950; Lynch
and Hedges, 1979).
Grazing behavior was observed and recorded by reviewing the videotape of
individual focal animals. Two people were involved in this process, one as the
observer and the other as a recorder. Time was recorded using a stopwatch to the
nearest second. The behavior studied included FSI, FS min1, step-sets, steps min1,
bites station"1, and bites min1.
Experimental Design and Statistical Analysis
The experimental design used for both the vegetation sampling and the behavior
study was a randomized complete block (Little and Hills, 1978; Gomez and
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Gomez, 1984). Each of the 4 pastures was a block or replication (b or r = 4). The
treatments were the 5 (vegetation sampling) or 4 (behavior) days of grazing, i.e. 0, 2,
5, 9 or 13 days grazed. The analysis of variance is outlined in Tables 1 and 2 below
for the vegetation sampling and behavior study, respectively.

Table 1. Outline of ANOVA for Alfalfa Pasture Vegetation Sampling to Determine
the Effects of Grazing Trial Treatments by Lambs Studied for Foraging Behavior
Source of Variation

Degrees of Freedom

Pastures (blocks)

3

Grazing Day (treatments)
i.e. 0, 2, 5, 9 & 13

4

Error (block*treatment)

12

Total

19

Table 2. Outline of ANOVA for Lambs Foraging Behavior Sampling to Determine
the Effects of Grazing Trial Treatments on Alfalfa Pastures
Source of Variation

Degrees of Freedom

Pastures (blocks)

3

Grazing Day (treatments)
i.e. 2, 5, 9 & 13

3

Error (block*treatment)

9

Total

15

Five independent and completely random quadrats were selected and harvested
from each treatment for the vegetation analysis to increase precision. The mean of
the five samples (n=5) was used for the analysis of variance. Five independent and
completely random individual lambs were also observed from each treatment for the
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behavior analysis to increase precision. The mean of the five individual lambs (n=5)
was used for the analysis of variance.
The ANOVA procedure of SAS (SAS/STAT Users Guide, 1988) was used to
determine if forage quantity (of stems, leaves, total and leaf:stem ratio) and quality as
measured by CP, ADF, DE, CF, NDF, Ca and P (of stems, leaves, and total) varied
significantly by day grazed. The same procedure was used to determine if FS min1,
steps min1 or bites min"1 differed significantly by day grazed. Where the analysis of
variance showed significant F-statistics, (p<0.05) means were separated using t-tests
(LSD) (Little and Hills, 1978).
The histograms presented in the results section show the percentage of FSI in the
classes 1 to 5, 6 to 10, 11 to 15, 16 to 20 and greater than or equal to 21 seconds
following Novellie (1978) and Ruyle and Dwyer (1985). In addition, other
histograms in the results show the percentage of Step-sets in the classes of 1, 2, 3 or
greater than or equal to 4 steps between feeding stations following Novellie (1978).
In both cases, FSI and Step-sets, the respective classes were selected to represent the
range of observations and allow chi-square analysis of the raw data. Chi-square
analysis (Little and Hills, 1978) was used to test whether there were differences
among days.
Descriptive statistics, including plots of the distribution and the Shapiro-Wilk
statistic, W, to test for normality were calculated using the UNIVARIATE procedure
of SAS (SAS Procedures Guide, 1988).
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Simple correlation and linear regression was used to compare the relationship
between either FS min"1, steps min"1 or bites min"1 and each of the quantity and
quality factors of the alfalfa. Correlation coefficients and linear regression equations
were calculated with the treatment means (n=4) as outlined by Gomez and Gomez
(1984). The REG and PLOT procedures of SAS (SAS/STAT Users Guide, 1988)
were used for this analysis and to test the validity of a linear regression model by
plotting the residuals versus the predicted values (Ott, 1984). Graphs of the
significant linear regressions were prepared with the graphics software package
Charisma (Micrografx, 1990).
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RESULTS AND DISCUSSION
Vegetation Characteristics
Forage Availability
Significant differences were found among days of the grazing trial for amounts
of stems, leaves and total available forage as might be expected (Table 3).
Disappearance of leaves was greater then stems suggesting a preference for leaves vs.
stems which has been observed in other studies (Heady and Torell, 1959; Arnold,
1960; Guerrero and Marble, 1987; Laredo and Minson, 1973; Chacon and Stobbs,
1976; Jung and Sahlu, 1989).

Table 3. Changes in Quantity (kg ha"1) of Alfalfa Stems, Leaves and Total
Forage Available (100% Dry Matter Basis) by Grazing Treatment by Lambs
Studied for Changes in Foraging Behavior
Number of Days Grazing
0

2

5

9

13

Stems

1219.13a

1174.56ab

1055.19ab

995.56b

670.31c

Leaves

1612.81a

1442.75a

959.13b

754.13c

270.OOd

All forage

2831.81a

2617.25a

2014.31b

1749.88b

940.19c

Means with the same letter in the same row are not significantly different p=0.05

This preference for leaves over stems can be seen in Figure 2.

Changes in the

relationship between stem and leaf weight to total available dry matter shows the
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change in leaf to stem ratio by grazing trial day (Figure 3). The overall quantity of
stems did not change until day 9, whereas the quantity of leaves had diminished by
the fifth day of grazing indicating that the lambs preferred leaves to stems. By day
13 there was only 270 kg/ha of leaves remaining. This is important to note since
Guerrero and Marble (1987) found through non-linear regression that lamb gains
begin to decline when leaf dry matter (DM) is less than 268 kg/ha. Their work in the
Imperial Valley of California also showed that the non-linear regressions of lamb
average daily gain in relation to alfalfa leaf DM per unit of body weight (r2=.53)
more accurately represented lamb performance during grazing than did the correlation
of lamb gain to total alfalfa DM per unit of lamb body weight (r2=.50).
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Changes in Relationship Between Stem and
Leaf Weight to Total Available Dry Matter As
a Result of Selective Grazing
3000
Weight of Leaf 2000
or Stem
Dry Matter
1000
kg/ha
y-20.O5*1"x r = 1
y-241.64*fx r= 1

1200

900

600

300

Weight of Total Dry Matter kg/ha

Figure 2 Changes in relationship between stem and leaf weight to total available dry
matter of alfalfa as a result of selective grazing behavior by lambs during grazing trial
treatments.

Change in Leaf to Stem Ratio By Grazed
Day

Leaf to
Stem
Ratio

Day 0

Day2

Day 5

Day 9

Day 13

Days Grazed
Moans with the same letter are notsignificantly different

p-0.05

Figure 3 Change in alfalfa leaf to stem ratio as affected by grazing treatments by
lambs studied for changes in foraging behavior.
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Forage Quality
Differences among days for amounts of stems, leaves and total forage quality
components are presented in Table 4. Neither stem or total phosphorous or calcium
percentage changed with respect to grazing. The amount of calcium in the remaining
or available leaves did decline with respect to grazing. Acid-Detergent Fiber (ADF)
and the resulting estimated digestible energy (DE) in the stems was not affected by
grazing day. Crude protein (CP) steadily declined with time and grazing for both
available leaf, stem and total forage as did DE for remaining leaves and total forage.
Figures 4-9 show comparisons of the available leaf, stem and total forage composition
over the grazing trial along with the lambs' nutritional requirements (NRC, 1985) for
both CP and DE. Intuitively, these comparisons show why a lamb should select
leaves over stems and why a manager should be acutely aware that limited leaf
quantities reduce selection for this forage component. If the lambs were only able to
consume the stem portion of the alfalfa plant they would not meet daily requirements
for energy or protein.
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Table 4. Changes in Alfalfa Stem, Leaf and Total Forage Quality - CP%,
ADF%, DE(Mcal/kg), CF%, NDF%, Ca% and P% by Grazing Treatment by
Lambs Studied for Changes in Foraging Behavior
Number of Days Grazing

CP%

ADF%

DE
Mcal/kg

CF%

NDF%

Ca%

P%

0

2

5

9

13

Stems

11.79a

11.48a

10.79b

10.28c

10.12c

Leaves

25.85a

24.92b

24.58b

21.00c

20.34c

All Forage

19.81a

18.91b

17.35c

14.77d

12.85e

Stems*

43.83

41.9

42.82

44.5

43.95

Leaves

17.88b

15.59c

15.60c

26.88a

27.38a

All Forage

29.00c

27.39d

29.88c

37.17b

39.69a

Stems*

2.32

2.38

2.35

2.29

2.31

Leaves

3.18b

3.26a

3.26a

2.88c

2.87c

All Forage

2.81b

2.86a

2.78b

2.54c

2.45d

Stems

34.62a

33.10b

33.83b

35.23a

34.72a

Leaves

14.11b

12.31c

12.32c

21.23a

21.63a

All Forage

22.90d

21.63c

23.60c

29.4a

31.35a

Stems

53.14a

50.92b

51.88b

53.86a

53.34a

Leaves

24.18b

21.30c

21.08c

33.93a

35.62a

All Forage

36.59c

34.60d

37.24c

45.61b

48.78a

Stems*

1.04

1.03

0.95

1.01

1.11

Leaves

2.34b

2.19c

2.18c

2.36b

2.57a

All
Forage*

1.78

1.67

1.53

1.58

1.51

Stems*

0.14

0.14

0.14

0.14

0.15

Leaves*

0.22

0.21

0.22

0.21

0.22

All
Forage*

0.19

0.18

0.18

0.17

0.17

Means with the same letter in the same row are not significantly different. p=0.05
' F statistic not significant.
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Comparison of Stem Crude Protein With
NRC Requirements
16.5
NRO Requlremenrta

15.!*
13.5
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Figure 4 Comparison of alfalfa stem crude protein with National Research Council
Requirements (NRC, 1985) for lambs weighing between 34 and 39 kg which were
studied for changes in foraging behavior during grazing trial treatment days.
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Figure 5 Comparison of alfalfa leaf crude protein with National Research Council
Requirements (NRC, 1985) for lambs weighing between 34 and 39 kg which were
studied for changes in foraging behavior during grazing trial treatment days.
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Comparison of Total Forage Crude Protein
With NRC Requirements
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Figure 6 Comparison of alfalfa total forage crude protein with National Research
Council Requirements (NRC, 1985) for lambs weighing between 34 and 39 kg which
were studied for changes in foraging behavior during grazing trial treatment days.
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Figure 7 Comparison of alfalfa stem digestible energy with National Research
Council Requirements (NRC, 1985) for lambs weighing between 34 and 39 kg which
were studied for changes in foraging behavior during grazing trial treatment days.
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Comparison of Leaf Digestible Energy With
NRC Requirements
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Figure 8 Comparison of alfalfa leaf digestible energy with National Research
Council Requirements (NRC, 1985) for lambs weighing between 34 and 39 kg which
were studied for changes in foraging behavior during grazing trial treatment days.
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Figure 9 Comparison of alfalfa total forage digestible energy with National Research
Council Requirements (NRC, 1985) for lambs weighing between 34 and 39 kg which
were studied for changes in foraging behavior during grazing trial treatment days.
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Sheep Behavior
Feeding Station Intervals and Step-sets
As the grazing trials progressed, sheep increased the numbers of brief feeding
station intervals (FSI) (Figure 10). The histogram in Figure 10 represents the
percentage of FSI in each time class on the various days of the grazing trials. This
presentation is similar to that of Novellie (1978), Flores (1980) and Ruyle and Dwyer
(1985). This shift, also described by Ruyle and Dwyer (1985), towards shortened FSI
as the trials progressed is important. The null hypothesis of no difference in FSI
among days is rejected at p < 0.001. Shorter FSI, especially those of 1 to 5
seconds, became more frequent late in the grazing trials (Figure 10). Significantly
less forage (especially leaf portions) and forage of a lower quality were available
during this period (Tables 2 and 3).
Lambs also changed their grazing behavior by increasing the number of step-sets
(Figure 11) as the grazing trials progressed. Figure 11 shows the percentage of stepsets in each time class on the various days of the grazing trials. The null hypothesis
of no difference in step-sets among days is rejected at p < 0.001. Lambs increased
the number of step-sets as forage quantity and quality decreased (Tables 2 and 3).
Ruyle and Dwyer (1985) discussed several limitations of using FSI as an
indicator of diminished forage supply. They felt that the very brief FSI were often
difficult to distinguish. Without the use of videotape in this study observations of the
very brief FSI (1 to 5 seconds) would have been very difficult in deed. From a
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practical standpoint the manager needs to be able to estimate forage conditions quickly
and in the field and therefor FSI may not be practical. Step-sets are also difficult to
discern easily and would not be practical for a manager.
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Feeding Station Intervals

Day 2
42.86
13.64

20.45

Day 5
11.38

42.11

Day 9

40.82

Day 13

10

20

30

40

50

Percentage
l-Sseoonds

11-15 seconds HH >21 seconds

6-10 seconds

16-20 seconds

FSI by grazing day are significantly different by Chl-square p < 0.001

Figure 10 Frequency histogram of FSI foraging behavior (measured in seconds) of
lambs during grazing trials on alfalfa showing daily changes as a result of diminishing
forage supply.
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Step-sets
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Figure 11 Frequency histogram of step-sets foraging behavior (measured by number
of steps) during grazing trials of lambs on alfalfa showing daily changes as a result of
diminished forage supply.

Feeding Stations Min'1, Steps mitt1 and Bites min1
Several researchers have reported contrasting results in regard to forage
availability and biting rate (El Aich, 1989; Penning, 1986; Flores, 1980, Chacon and
Stobbs, 1976; Ruyle et. al., 1987; Allden and Whittaker, 1970; Dougherty et. al,
1987; Erlinger et. al., 1990; Forbes, 1988; Olson, et. al., 1989; Arnold, 1964;
Scarnecchia, et. al., 1985; Baker, 1976; Hudson and Nietfeld, 1985). In this study,
neither biting rate nor steps min"1 were significantly affected by grazing day. Biting
rates vary with sward characteristics and both diurnally and day-to-day (Forbes, 1988;
Hudson and Nietfeld, 1985). Like FSI it is difficult to measure in the field without
sophisticated equipment. When coupled with its natural variability, the biting rate
variable lacks practicality in predicting either forage quantity or quality.
Feeding stations min"1 however, differed significantly (p = 0.005) with respect
to days of grazing (Figure 12). Like Flores (1980) and Novellie (1978) there was a
positive correlation between mean number of feeding stations and steps min1; the
longer an animal spends at each feeding station the lower its movement rate became
(Figure 13).
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Feeding Stations Per Minute By Day Grazed
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figure 12 Increased FS min"1 behavior of lambs on alfalfa by grazing trial days
treatments showing that as the grazing period increased so did the number of
FS min"1.
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Figure 13 Positive correlation of mean feeding stations min"1 vs. mean steps min"1
behavior exhibited by lambs while grazing alfalfa during grazing trial day treatments.
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Correlation of Grazing Behavior to Vegetation Characteristics
Forage Quantity
There were highly significant correlations between FS min"1 and all forage
quantity estimates (p <0.0004). All correlations were negative with leaf dry matter
and leaf to stem ratios being similar (r=-0.95). Stem dry weight was correlated
(r=-0.87) with total forage dry matter midway between leaf and stem (r=-0.93)
(Table 4). Bites min"1 was not correlated with forage quantity. Steps min"1 was only
moderately negatively correlated to forage quantity. The correlation coefficients (r)
for steps min1 and stem, leaf or total dry matter are -0.38, -0.6 and -0.54
respectively.
Forage Quality
With the exception of stem, leaf and total forage phosphorous and stem and total
forage calcium, all correlations between FS min"1 and forage quality factors were
highly significant (p < 0.0079). Table 5 shows the most important correlation
coefficients, probabilities and regression equations for FS min1. The relationships
between FS min"1 and digestible energy or crude protein of the stems, leaves and total
forage were negatively correlated. As might be expected fiber estimates were all
positively correlated.
Steps min"1 followed the same trend and were only moderately correlated with
forage quality components. Only CF of the stems was significant. Table 6 shows the
corresponding quality correlation coefficients, probabilities and regression equations

58
for steps min1.
Biting rate was not strongly correlated with forage quality so the null hypothesis
is accepted. There was quite a lot of variability associated with biting rate with
probabilities ranging from 0.069 to 0.995 for the quality factors. Table 5 shows the
corresponding quality correlation coefficients and probabilities for bites min"1. The
relationship between biting rate and forage quality was not linear and so no regression
equations were estimated.

Table 5. Correlation Coefficients, Probabilities and Linear Regression
Equations for FS min"1 Behavior of Lambs and Forage Quantity of Alfalfa
Stems, Leaves and Total Standing Crop as Affected by Grazing Trial
Treatments
Feeding Stations min'1
Correlation
Coefficient

Probability

Linear Regression

Leaves

-0.95

0.0536

y=2126.26-235.67x

Stems

-0.87

0.1306

y=1491.44-96.06x

All Forage

-0.93

0.0693

y=3617.72-331.75x

Quantity Factor

59

Table 6. Correlation Coefficients, Probabilities and Linear Regression
Equations for FS min'1 Behavior of Lambs and Forage Quality of Alfalfa
Stems, Leaves and Total Standing Crop as Affected by Grazing Trial
Treatments
Feeding Stations min'1
Correlation
Coefficient

Probability

Linear Regression

Crude Protein - Leaf

-0.98

0.0219

y=29.13-1.19x

CP - Stem

-0.98

0.0238

y=12.32-.31x

CP - All Forage

-0.99

0.0112

y=23.32-1.36x

Digestible Energy - Leaf

-0.96

0.0418

y=3.65-.llx

DE - Stem

-0.94

0.0604

y=2.43-.02x

DE - All Forage

-1.0

0.0043

y=3.19-.lx

ADF - Leaf

+0.96

0.0418

y=3.73+3.27x

ADF - Stem

+0.94

0.0604

y=40.28+.56x

ADF - All Forage

+ 1.0

0.0043

y=17.49+2.98x

Crude Fiber - Leaf

+0.96

0.0418

y=2.94+2.59x

CF - Stem

+0.93

0.0701

y=31.79+.45x

CF - All Forage

+ 1.0

0.0043

y=13.8+2.36x

NDF - Leaf

+0.96

0.0399

y=7.12+3.87x

NDF - Stem

+0.95

0.0469

y=48.96+.66x

NDF - All Forage

+0.99

0.0063

y=23.1+3.43x

Calcium - Leaf

+0.91

0.0945

y=1.868+.085x

Quality Factor
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Table 7. Correlation Coefficients, Probabilities and Linear Regression
Equations for Steps min"1 Behavior of Lambs and Forage Quality of Alfalfa
Stems, Leaves and Total Standing Crop as Affected by Grazing Trial
Treatments
Steps min"1
Correlation
Coefficient

Probability

Linear
Regression

Crude Protein - Leaf

-0.75

0.25

y=26.27-.34x

CP - Stem

-0.82

0.18

y =11.67-. lx

CP - All Forage

-0.68

0.32

y =19.62-.35x

Digestible Energy - Leaf

-0.77

0.23

y=3.41-.03x

DE - Stem

-0.95

0.053

y=2.41-.01x

DE - All Forage

-0.74

0.26

y=2.95-.03x

ADF - Leaf

+0.77

0.23

y =11.06+.99x

ADF - Stem

+0.95

0.053

y=41.09+.21x

ADF - All Forage

+0.74

0.26

y=24.84+.83x

Crude Fiber - Leaf

+0.77

0.23

y=8.74+.78x

CF - Stem

+0.95

0.05

y=32.42+.17x

CF - All Forage

+0.75

0.25

y=19.6+.66x

NDF - Leaf

+0.74

0.26

y=16.36+l.llx

NDF - Stem

+0.93

0.07

y=50+.24x

NDF - All Forage

+0.73

0.27

y=31.73+.94x

Quality Factor
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Table 8. Correlation Coefficients, Probabilities and Linear Regression
Equations for Bites min"1 Behavior of Lambs and Forage Quality of Alfalfa
Stems, Leaves and Total Standing Crop as Affected by Grazing Trial
Treatments
Bites min'1
Correlation Coefficient

Probability

Crude Protein - Leaf

+0.18

0.82

CP - Stem

-0.21

0.79

CP - All Forage

+0.06

0.94

Digestible Energy - Leaf

+0.21

0.79

DE - Stem

-0.18

0.82

DE - All Forage

+0.09

0.91

ADF - Leaf

-0.21

0.79

ADF - Stem

0.18

0.82

ADF - All Forage

-0.09

0.91

Crude Fiber - Leaf

-0.21

0.79

CF - Stem

+0.18

0.82

CF - All Forage

-0.09

0.91

NDF - Leaf

-0.24

0.76

NDF - Stem

+0.14

0.86

NDF - All Forage

-0.11

0.89

Quality Factor
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Conclusions
Ruyle (1983) had suggested that grazing use or intensity could be adjusted by
using some easily recognizable behavioral cue such as FSI. Unfortunately, FSI are
very hard to monitor as are other cues like step-sets (Novellie,-1978; Flores, 1983),
biting rate (Olsen et. al., 1989; Scarnecchia et. al., 1985; Jamieson and Hodgson,
1979; Allden, 1962; Hudson and Nietfeld, 1985; and others) and they sometimes give
contrasting results. Feeding stations min"1, however are relatively easy to obtain in
the field.
The results of this study generally agree with the previous research with regard
to FS min1 and forage quantity (El Aich et. al., 1989b; Hudson and Nietfeld, 1985).
Mosley and Dahl's (1989) work with cattle did not find that the number of FS min"1
increased with decreasing forage quantity. They suggested that forage availability
was never limiting within a grazing period and therefore steers didn't adjust FSI in
response to forage quantity. It would appear from this study where preferred forage,
i.e. leaves, was limited that sheep do adjust the time spent at a feeding station with
respect to forage availability.
More importantly, forage quality appears to motivate movement from one
feeding station to the next. In this study, crude protein and fiber were the most
apparent significant motivators which agrees with a similar suggestion by Arnold
(1960a).
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This appears to fit with the ecological theory of optimal foraging. In this way,
feeding stations can be thought of as patches of acceptable food which causes a site
selection response by the grazing animal.

Thus the longer an animal spends at a

feeding station could be used to predict the nutrient intake in that food patch (Ruyle,
1983). The correlations and regression analysis in this study seem to support this
theory.
Whether the animal is responding to nutrient quality is difficult to predict. Some
aspect of nutrient quality might actually be tied to the ease of prehension as Arnold
(1981) has suggested.

The results from this study, however, could be used to guide

a manager in the movement of lambs grazing alfalfa regardless of the stocking rate.
When the number of FS min"1 increased to the point where nutrition was limited it
would be time to move to a new alfalfa field. Dry ewes on a maintenance diet could
follow the lambs to graze down the remaining stems.
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