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ABSTRACT

Four experiments were conducted to study forage searching
mechanisms and spatial grazing pattern of cattle. First, duration of
spatial memory in cattle {Bos taurus) is potentially important for
grazing management. The ability of livestock to remember the location
oLfood patches may lead to uneven range use. Thus, consideration of
the duration of spatial memory when deciding the length of use and
non-use of grasslands can potentially improve grazing distribution. I
hypothesized that if spatial memory decays and if cattle are kept out of a
paddock for a time long enough for them to forget preferred food
locations, more uniform grazing could be promoted. In this experiment,
I determined for how long cattle are able to remember food locations.
Two groups of three steers each were used to conduct this study in two
separate pastures. Each pasture had an 8 row by 8 column grid of 64
plastic containers 5 meters apart. Four randomly chosen trays were
loaded with feed pellets. All steers were trained to find the loaded trays
until a minimum of empty trays were visited. After this initial training,
each steer was tested at 5. 10, 20, and 48 days post training. At each
testing session the number of trays visited until all four trays were
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located, time spent eating, time spent searching, and total time spent in
each trial were recorded. Once the steers learned the locations of loaded
trays, logarithm base 10 of new locations visited (LNL) did not increase
with time since last training up to 48 days. Steers were equally efficient
in locating trays that contained feed. The steers also showed that their
ability in locating food was much better than expected by chance. The
steers remembered the locations accurately for at least 48 days.
Second, the rate at which grazing animals learn the location of
preferred food patches is important. Animals that learn fast are more
efficient foragers as individuals. These animals may impose more
uneven grazing distributions with potential reductions in grazing
capacity. I tested if animals trained in groups learn food locations faster
than those trained as individuals. Steers were trained to find 10 trays
with feed. The steers were trained in groups or as individuals in three
8-minute sessions on days 1, 3, 5, and 7 of the experiment. All steers
were tested individually on days 2, 4, 6, and 8. I recorded the search
path and the trays visited. No significant differences were found
between treatments in any of the variables measured. This suggested that
social interactions did not have a net effect on the ability of animals to
find and learn location of food patches. Steers in both treatments

(individual and group training) learned the locations of food over time.
Steers in trained in groups did better than expected by chance after 5
days and those in solitary treatment after 7 days. Covariance analysis
showed that there was no significant interaction between days of
experience and treatment. In other words, steers in both treatments did
perform similarly over time.
Third, experienced members may play a part in the searching
pattern of other naive animals in a herd. Naive animals may distribute
themselves more evenly because their expectations of preferred areas
are not as developed as those of experienced animals. I tested three
treatments to investigate if experienced animals tend to transmit
information about places of grazing to naive ones, and if the food search
pattern tends to be more uniform as animals have less experience with
the area. The first treatment was the clumped distribution treatment
(CDT). Food was placed around containers. Plastic containers were
located as sets of four. The second treatment is the scattered distribution
treatment (SDT). Food containers were placed evenly covering the
whole area. In these two treatments, steers were allowed to find 32
containers with feed in the presence of a social model. In the control
treatment (CT), steers were allowed to find 32 containers containing
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feed with no social model present. In CT, food was placed around
containers in sets of four (clumped distribution).
Starting on day 4 of the experiment, CDT had a higher FLNL
(ratio FL/NL) than CT. This suggested that naive animals tend to be
more efficient in locating preferred food locations when having an
experienced model around. CDT had higher FLNL than SDT on days 3,
6,.and 7 of the experiment. This suggested that the initial distribution of
food affected the searching efficiency of naive animals. Steers in all
three treatments did better than expected by chance in locating food.
Starting on day 6, CDT did significantly better than CT when
comparing their randomness of search. When comparing CDT to SDT,
I observed a significant difference at P<0.05, starting on day 5. This
suggested that the initial distribution affected the search pattern of naive
animals.
Fourth, grazing animals use different features in the environment
to find

food

and revisit

preferred

food

patches. Visual

cues

characterizing a given location are among the features that grazing
animals use to orient themselves. I tested if animals discriminated
between different heights of vegetation cues and associated taller
bundles of mature srass with food reward. I tested two treatments.
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First, I tested if animals distinguished between 10 cm and 20 cm-tall
bundles of grass (10/20 treatment). Second, I tested if animals
discriminated between 10 cm and 30 cm-tall bundles of grass. A reward
(feed pellets) was placed in the trays where the taller bundles were. In
order to prevent steers from using spatial memory or mechanisms other
than association of the visual cue to find the food, food locations were
changed randomly every day. Each treatment was replicated three
times. The learning curves of steers were observed for 10 consecutive
days. No significant differences were detected between treatments. This
suggested that visual cues were not a factor to associate reward with cue
heights. The dryness of the grass used as cues could have been a reason
for this lack of effects. It may have been blended with the surrounding
dry plant communities.
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CHAPTER I
INTRODUCTION

Grazing animals use several mechanisms including

spatial

memory, to find food. Searching for food is a fundamental daily
activity for all grazing animals. The distribution of grazing animals is
extremely important to the efficiency of grassland productivity. Among
the goals of a sound grazing management is a well distributed grazing
pattern on the range. Poorly distributed livestock may result in a
decrease of the carrying capacity and increase ecological damage. Such
pattern and efficiency depends on many factors, such as the physical
constraints of an area, the foraging behavior, and the social interaction
among individual animals. Such distribution
availability

of

water,

topography,

is affected

supplementation

and

by the
fencing

(Mueggler, 1965).
Foraging behavior plays an important role to efficiently utilize
feed resources. Bailey et al. (1996) divided foraging mechanisms into
cognitive and non-cognitive mechanisms. I will discuss most of these
mechanisms with an emphasis on the use of spatial memory and its
importance in food searching by grazing animals.

Herbivores use their social interactions to increase the efficiency
of finding food (Holechek et al., 1995). The surrounding animals may
increase the chance of success in surviving the environmental constraints
(Provenza and Balph, 1988). An individual animal may behave
differently when foraging alone as compared to foraging within a
group. Key and Maclver (1980) suggested that social models play an
im.portant role in developing feeding habits in sheep {Ovis aries).
Animals may learn the location of preferred food faster when foraging
in groups, which leads to an increasing efficiency of grazing.
The following chapter briefly reviews the literature on spatial
pattern of grazing, learning, and searching mechanisms in animals. The
closing section in this chapter focuses on ways to test for randomness of
performance in spatial memory studies (Tillie et al., 1996). In my
experiments, I focused on the duration of spatial memory, the effect of
social interactions on the rate of learning of food locations, the effect of
social models on finding food and the association of visual cues with
food rewards. Unlike some previous work on spatial memory of
livestock, in these experiments I studied long-term memory of cattle
{Bos taurus). The last chapter includes a summary of my studies and
ways to incorporate the results into management practices.
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CHAPTER II
LITERATURE REVIEW

2.1. Factors Affecting Spatial
Pattern of Grazing
Distribution of grazing animals in rangelands is crucial for even
plant utilization (Holechek et al., 1995). Senft et al. (1982) stated that
understanding the spatial foraging behavior of domestic herbivores is an
important part of understanding what factors control or limit the
efficiency of animal production systems. Among the foraging behaviors
of domestic herbivores, spatial memory should be well understood
because it affects the use of preferred forage species within a plant
community (Valentine, 1990). The distribution of grazing animals
affects the intensity and frequency of utilization of the forage species.
Tolerance of a forage species to grazing depends on its morphological
and physiological development. Uneven grazing distribution, coupled
with grazing at critical phenological stages can be detrimental to plants.
Bailey et al. (1996) discussed the effects of grazing distribution as
cognitive and non-cognitive. The latter ones do not involve memory.
Senft et al. (1987) categorized the factors affecting livestock distribution
into noninteractive and interactive. The first category includes factors

that cannot be affected by the grazing animal such as topography, water
location and microclimate. The second category or the interactive
factors include forage quality and quantity. This category of factors can
be affected by the animal

2.1.1 Water Distribution
Areas that are close to water are subject to an overuse by grazing
animals. Water points can be used as an effective tool to manipulate
grazing distribution (Martin and Ward, 1970). Use of available forage
is greatly dependent on the distribution of water points; moreover,
animal performance is highly related to the placement of the water
points within the pasture. Energy spent by animals to travel between
water and food can be high. Well distributed water points have been
shown to increase grazing efficiency of herbivores (Squires, 1973). A
grazing animal is in need of water supply throughout and beyond its
grazing period. Animal performance under different water distributions
was studied by Herbel et al. (1972).

Herbel and his colleagues

encouraged the growth of palatable species at a distance from water. To
encourage animals to expand their grazing patterns. Vertical distance
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above water was the most important factor in determining vegetation
utilization on moderately steep slopes (Roath and Krueger, 1982b).
Drinking frequency of grazing animals is an important factor that
may affect their grazing distribution. Merino sheep drinking once daily
might graze out 7 km from water but where twice daily drinking is
necessary the distance would be reduced to 3 km (Squires, 1973).
Martin and Ward (1970) found that seasonal opening and closing of
water points at the Santa Rita Experimental Ranch in Arizona resulted
in lighter use of perennial grasses near water when stocking was
moderate to light. They added that the closing period should include the
summer growing season. Hence, drinking frequency can be manipulated
to achieve even distribution. Not only the location of water but also the
topography of an area is important in affecting grazing distribution.

2.1.2 Topography
Topography is a limiting factor to graze wider areas in
rangelands. As accessibility increases, so does grazing distribution.
Holechek et al. (1995) attributed poor

livestock distribution

to

topographical constraints on rangelands. Not only differences among
species may lead to poor utilization; but also the preference of a

particular topography by each animal species. Bighorn sheep {Ovis
canadensis) activities were not impaired by slopes of up to 80%
(Ganskopp and Vavra, 1987). Cattle and deer {Odocoileus virginianus)
demonstrated negative curvilinear productivity responses to increasing
slope. Ganskopp and Vavra (1987) found that cattle avoided slopes of
20%. Animal performance depends on the steepness of the slope
traveled in searching for food. Physical topographic constraints caused
cattle to concentrate their grazing activities and unevenly utilize the
vegetation (Roath and Krueger, 1982a).

2.1.3 Vegetation
The location of preferred food can strongly influence livestock
distribution. Foragers tend to search for

food based on forage

availability. Forage quality and quantity were good predictors of spatial
preferences of cattle (Senft et al., 1985). The relative abundance of
preferred food dictates the grazing pattern of grazing animals (Senft et
al., 1985). Preference for some types of vegetation can result in
variability of utilization of a forage species (Holechek et al., 1995). A
patchy environment may result in increasing overuse of certain plants
over others. Food searching by grazing animals would be more

concentrated and time spent foraging in any given patch varies.
Variability in foraging within a patch would be affected by availability
and abundance of preferred food. Low vegetative cover affected the
place where cattle grazed (Senft et al., 1985), and the time spent feeding
(Senft et al., 1987; Edwards et al., 1997).

2.1.4 Fencing
Fencing, is an effective tool to control herbivores in a pasture. It
can be used to separate overutilized areas from areas that are lightly or
moderately utilized (George, 1996). Piatt and Nelson (1985) studied the
effect of fencing on forage production in riparian areas, and concluded
that forage production was high in fenced areas when compared to
unfenced ones. The cost of such improvement is high, but may be cost
effective (Platts and Nelson, 1985).

2.1.5 Herding
The effectiveness of herding to manipulate livestock distribution
is unquestionable. In a study done in the Malheur National Forest in
Oregon, Storch (1978) stated that herding is an effective practice to
attract

livestock away from

riparian
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areas. However, the

cost

effectiveness of herding can be a decisive factor. It is a practice that can
be considered where labor cost is low. When this is not the case,
attracting livestock away from overutilized areas can be done by
supplementing, fertilizing and providing shading areas.

2.1.6 Attraction
Fertilization, supplementation, and shading can be used to attract
livestock to underutilized areas. Providing shade and supplements away
from preferred areas can reduce the time spent by livestock in these
plant communities (George, 1996). Increasing temperatures require
shading for animals. Rittenhouse and Senft (1982) stated that any
deviation from the acclimated temperature regime resulted in a decline
in grazing time. Such decline may result in spending more time around
shaded areas. Storch (1978) studied the effect of reseeding away from
riparian

areas to manipulate grazing distribution.

He suggested

reseeding with palatable species to attract livestock. The distribution of
livestock can also be manipulated by changing supplementing sites
periodically (Laca, 1995). When the place of supplementation changes,
livestock may learn to "expect" supplement at various locations.
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Therefore, animals visit wider areas and may accomplish more even
grazing patterns.

2.1.7 Other Factors
Diverse other factors affect livestock distribution. Among these
factors changes in climatic conditions greatly affect the ability of
livestock to search for feed. Moreover, the species of animal used
determines the efficiency of the plant utilization, and therefore their
grazing distribution. Using different animal species allow a better use of
the available forage. Different animal species use different forage types
which may lead to increased areas searched. Holechek et al. (1986)
studied cattle and sheep diets on low elevation winter range in
northcentral New Mexico. They found that the overall diet of sheep
contained nearly equal amounts of grasses, forbs, and shrubs. They
added that diet overlap between cattle and sheep was 83% in winter,
61% in spring, 75% in summer, and 57% in fall. As diet overlap
increases, less uniform grazing can be expected. Next, I will consider
the diverse aspects of searching mechanisms by animals and their
importance.

2.2 Foraging Mechanisms
A variety of mechanisms determine where ruminants forage, and
the consequent pattern of defoliation and range utilization. These
mechanisms, ranging from rate of movement to social interactions to
effects of abiotic factors such as slope, were discussed by Senft et al.
(1987). In a recent review, Bailey et al. (1996) classified the
mechanisms as cognitive and non-cognitive, depending on whether they
involve learning and memory or not. In this section, I will briefly
review the literature on the mechanisms that determine grazing
distribution patterns, concentrating on cognitive mechanisms.

2.2.1 Spatial Memory
Spatial memory is the ability of organisms to orient their
behavior on the basis of previous experience with a specific spatial
pattern of external stimuli (Staddon and Ettinger, 1989). It is spatial
memory that allows animals to orient behavior with respect to a location
or object that provides no immediate stimulus whatsoever (e.g., it is out
of sight, it is not different from the background, and does not generate
any chemical gradient that could be perceived). The orientation is based
on a map-like representation of the position of the object in relation to
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other stimuli, and on the recognition of the organism's current position
in relation to the same stimuli.
Mazes have been widely used to test for spatial memory in
animals. A maze consists of an area of decision and few arms at the end
of which a reward may be placed. The most common is the radial arm
maze. This type of maze has been used for cattle, rats {Rattus rattoides),
and even pigeons {Columba inornata). Radial arm mazes consists of a
center or decision area and two to eight arms (Bailey et al., 1987).
Bailey et al. (1987) used 37.5 m long arms with a 25 m wide decision
area. This technique was also used in testing spatial memory of rats.
Olton and Samuelson (1976) used an eight-arm maze to test how rats
remember the location of arms visited. The central area was 34 cm wide
and 86 cm-long arms with different widths. Roberts and Veldhuizen
(1985) used the radial arm maze for pigeons. The central area was
octagonal with a 32 cm diameter. The arms were 76.5 cm long by 17.5
cm wide. Kovalcik and Kovalcik (1986) used a different apparatus.
Their device consisted of a starting box of 2 x 2 m, a corridor and a
goal area of 3 x 3 m (Kovalcik and Kovalcik, 1986). The most common
of mazes were performed on rats.
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Spatial memory has been studied extensively in rats (Olton et al.,
1977; Olton and Samuelson, 1976; Grobety and Schenk, 1992; Langley,
1994; Lanke et al., 1993), particularly in reference to their ability to
find food and avoid visiting locations where food was recently depleted
(Olton and Samuelson, 1976). It is generally accepted that rats do
develop an internal spatial representation

of their

environments

(Staddon and Ettinger, 1989). For example rats performed well and
above what was expected by chance in a 17-arm set-up even as the
number of correct choices decUned (Hosoi et al., 1995). In a different
study, rats performed very accurately in choosing maze arms that
contained food (Olton and Samuelson, 1976).
Spatial memory has been divided into spatial reference and spatial
working memory (Olton, 1978). In our study, cattle used reference and
working memory to locate food patches. Animals use their reference
memory to increase their searching efficiency and therefore meet their
daily energy and nutrient requirements. Bailey et al. (1996) defined
reference memory as a map-like representation of the foraging
environment. It is a long-term memory. Working memory, on the other
hand, is used to remember the location of food patches already visited.
It is short-term memory and can be used to avoid returning to recently
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visited areas. This may be beneficial if used when forage was depleted
over a period of time. This is true when forage availabihty is high. On
the other hand, if forage is scarce, it is a waste of energy to revisit an
area already depleted.
Langley (1994) studied the spatial memory of the desert
Kangaroo rat {Dipodomys deserti). In one experiment, desert Kangaroo
rats that discovered the location of a plastic token in one box accurately
dug for a token hidden in the same location in a second box. In a study
of the influence of spatial irregularities upon radial-maze performance
of rats, Grobety and Schenk (1992) found that rats showed poor
performances when trained on a horizontally distorted maze. On the
other hand, Olton and Samuelson, (1976) stated that rats performed
efficiently choosing an average of more than seven different

arms

within the first eight choices in an eight-arm radial maze. They added
that rats did not use intramaze cues in solving the task. The mazes were
rotated to control for intramaze effect. Experiments have shown clearly
that rats use cues outside the maze to orient themselves (Olton and
Samuelson, 1976).
Other studies have looked into the spatial memory of pigeons.
Roberts and Veldhuizen (1985) studied the spatial memory in pigeons

on the radial maze. In one experiment, they found that the percentage of
correct responses of pigeons was significantly higher than random
sampling in all trials. Some non-storing birds were also the subject of a
study done by Brodbeck (1995). He concluded that these species of birds
responded well to spatial cues associated with a reward.
Spatial memory may decay over time. Animals such as rats
(Beatty and Shavalia, 1980) remember well even after

lengthy

interruption of the testing procedure. This may affect the efficiency of
finding food on the basis of spatial memory. The decay of spatial
memory can play an important role influencing spatial distribution of
grazing. Animals would have to search more areas rather than revisit
previously located preferred food areas. Thus, displaying a more even
search pattern. Animals may remember the most recent locations visited
when searching for food. Shettleworth and Krebs (1982) concluded that
Marsh Tits {Parus palustris) recovered more seed from the most
recently visited locations.
Spatial memory of cattle may be affected by numerous factors
and has been the subject of a variety of studies (Bailey, 1988; Bailey et
al., 1989, 1990; Edwards et al., 1994, 1997). Understanding the
characteristics of spatial memory of grazing herbivores may lead to a
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better understanding of their grazing behavior. In one experiment,
Bailey et al. (1989) found that in a 4-arm maize the mean number of
correct choices in the first four entrances was 3.83 and 3.60 for cattle in
radial and parallel mazes, respectively. With an 8-arm maze, they
reported that the number of correct choices in the first eight entrances
was 7.78 for the radial and 7.36 for the parallel maze. Kovalcick and
Kovalcick (1986) studied the learning ability and memory in cattle of
different ages. They found that 92% of heifers, 54% of cows after the
second calving and 23% of primiparas learned in which of two feeders,
situated in opposite comers of a trial apparatus, food was presented.
After six weeks of interruption, 77% of cows and 46% of heifers chose
the feeders with food.
Besides spatial memory, animals can use visual cues to orient
themselves. The use of these cues by sheep was studied by Edwards et
al. (1997). The researchers found that sheep with vegetation cues behind
their food patches learned quicker than those without cues. They
suggested that sheep would be able to use both spatial memory and
spatial associations to explore a foraging environment. Rats used
extramaze cues to make correct choices as where food reward was
placed (Grobety and Schenk, 1992). Similarly, grazing animals use
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variation in the vegetation to select diets (Newman et al., 1992).
Animals use patchy environments of different species that may have
different variations from the background. These variations are used by
animals to initiate foraging based on expectations about individual
patches (Edwards et al., 1997).
Other strategies are used by foraging animals to locate preferred
food patches. These mechanisms are beyond the scope of this section. A
more detailed description of foraging mechanisms was discussed by
Bailey etaL (1996).

2.2.2 Social Learning
Social learning of animals has been studied for decades (Scott et
al., 1995; Nicol, 1995) and was defined as a behavior learned by
observing conspecifics (Galef, 1988). The behavior of other individual
animals can be affected by the presence and behavior of individuals of
the same species (Nicol, 1995). Livestock can learn about foods from
social models and through trial and error. Many large herbivores rely
on their herd to adapt to many of their environmental conditions and to
meet their day to day needs. For example, the reluctance of animals to
try novel foods has been shown to be affected by social facilitation
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(Thorhallsdottir et al., 1990), and positive postingestive consequences
(Provenza et al., 1993). Green et al. (1984) found that lambs consumed
more food when mothers were present during feeding than when
mothers were not present. Livestock ingested small amounts of novel
foods and gradually increased ingestion if postingestive consequences
were not negative (Provenza and Balph, 1989).
Besides trying novel food, avoiding poisonous plants can be an
advantage for animals in a herd. Galef et al. (1984) studied the transfer
of information concerning distant food in rats. They found that food
preferences were established by olfactory transmission. The rats smelled
the breath of a conspecific. Food and habitat selection are also affected
by peers (Scott et al., 1995). Scott et al. (1995) studied dietary habits
and social interactions of sheep. They concluded that place of preferred
food was influenced by social interactions. Lambs that were feeding
with companions were more affected than when feeding with strangers.
Lynch et al. (1992) stated that social interactions affected grazing
distribution. These results were in general agreement with observations
of goats (Biquand and Biquand-Guyot, 1992), and sheep (Hunter and
Milner, 1963). Biquand and Biquand (1992) concluded that peers of a
group affected the grazing distribution of others in the same group.
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Bailey (1995) stated that animals that are leaders chose grazing locations
and the rest of the herd followed. The preceding studies emphasized that
familiarity with an area plays a role in the feeding pattern of large
herbivores. Social models are believed to affect feeding behavior and
preferences (Rabinowitch, 1969; Thorhallsdottir et al., 1990; Key and
Maclver, 1980).

2.3 Statistical Tests for Spatial Memory
Different maze formats have been used to test spatial memory of
animals, (Olton and Samuelson, 1976; Olton et al., 1977; Bailey et al.,
1987, 1989; Grandin et al., 1994; Hosoi, 1995; Edwards et al., 1997;
Locky, 1982). In traditional mazes, animals return to the same decision
area before making a choice for a particular arm. The variable measured
is the sequence of arms visited. An error is counted each time an arm is
revisited. This technique

focuses on short-term memory and allows

straightforward statistical analysis of performance. All arms have the
same chance of being chosen at any given time. This makes testing for
randomness more correct. However, it is an artificial method. In real
environments, animals search for food in 2 or 3 dimensions and they do
not need to return to any decision areas. The protocol I used is similar to
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the one used by Edwards et al. (1997) and Laca (1995), and is more
focused on using a more realistic testing area for long-term spatial
memory. An 8 row by 8 column grid of plastic containers was used to
test the performance of animals. Steers would enter the paddock where
the plastic containers were located and try to find a specific set of trays
that contain food.
Tillie et al. (1996) studied some tests to examine the departure
from randomness of spatial memory. A procedure was outlined to test if
an animal(s) is locating food randomly or not. A Z-test, among others,
was performed to test randomness. Tillie et al. (1996) categorized their
tests depending on the procedure used to test the animals. Animals were
tested until either a fixed number of locations were visited or until a fixed
number of successes (locations with rewards) were visited. Within each
of these categories, Tillie et al. (1996) showed the procedure in two
different ways: with and without replacement. Let me use the analogy of
a bag of marbles of two colors, white and black. Choosing a black
marble is considered

a "correcf choice. When a choice is made by

removing a marble from the bag, and put back, it is sampling with
replacement. In other words, the subject has always the same probability
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of choosing a black marble. Likewise, animals in arm mazes have the
possibility of choosing any arm. On the other hand, the sampling is
without replacement when the chosen marble is not replaced by another.
The probability of choosing a black marble changes depending on the
previous choices made.

2.3.1 A Fixed Number of Locations
Visited
2.3.1.1 Without Replacement
The same 3 steps will be followed for each procedure. First, the
expected value of found locations (FL) is calculated.

M=

nA
N

Second, the variance is calculated.

CJ'

=

nAB
~N^

N-n
N-l
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Third, the Z value is calculated.

Z =

X-p
V(T'/V

Where:
A: the number of locations with rewards,
B: the number of locations without rewards,
N: the total number of locations,
n: the number of locations visited,
v: the number of animals tested.
Fourth, I compare the calculated Z to the table Z (at the desired
significance level: ZQQ^= -1.64). If the absolute value of the calculated Z
is larger that the absolute value of the table Z, I reject the null
hypothesis that the number of locations visited is less than expected by
chance.
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2.3.1.2 With Replacement
First, the expected value is calculated and then the variance.
u = A \--

{

a' ^A

—

(A^ - 1)" + (A - l)(A^-2)"
N"

(A^ - 1)'" ^
N

2/1

After the Z is calculated, using the formula in section 2.3.1.1, I
compare it to a table Z (-1.64). If the calculated Z is larger than table Z,
I reject the null hypothesis that the expected number of locations visited
is less than expected by chance.

2.3.2 A Fixed Number of Successes
2.3.2.1 Without Replacement
First, I calculate the expected value and then the variance.
p =r

N-\-\
A+ \

(j^ - ^{^'^^ r)[N+ )

^YiQYQ r is the number of successes.

(A + l)'(A + 2)
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After the Z is calculated, using the formula in section 2.3.1.1, I
compare it to a table Z (-1.64). If the calculated Z is larger than table Z,
I reject the null hypothesis that the expected number of locations visited
is less than expected by chance.

2.3.2.2 With Replacement
First, I calculate the expected value and then the variance.

"^ A-

T

After the Z is calculated, using the formula in section 2.3.1.1,1
compare it to a table Z (-1.64). If the calculated Z is larger than table Z,
I reject the null hypothesis that the expected number of locations visited
is less than expected by chance.

2.3.3 Neither Fixed Number of Successes
nor Fixed Number of Locations
Now, that I have looked into ways to test departure from
randomness in radial arm mazes, let me discuss the ways to test
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randomness of search when using an open-grid procedure. In the arenas
that Edwards et al. (1997) used, working memory can be tested as
possible searching strategy using the ratio of the number of locations
visited (NL) during testing to the total visits (TV). On the other hand,
reference memory can be tested as a strategy to locate food by using the
ratio of the number of found locations (FL) by the number of locations
visited (NL). To test if the working and/or the reference memories are
better than expected by chance, I calculate the appropriate ratios, their
expected values, their variances, and their standardized values (same as
the Z values).

2.3.3.1 Working Memory
First, I calculate the ratio NL per TV (NLTV).

W=

NL
TV

Second, I calculate the expected W.

EiW) =

JL
TV V

1-

iN-\)

TV\

N TV
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Third, 1 calculate the variance of W.

^(^_i)-^jv-^^^_^^_^(^_i)-Y(iv-i)-^l
N
ViW) = V

(7V-1)

N TV-\

(7V-!)
J V N^^-'^ y
V N

TL'

Fourth, I calculate the standardized W (or the Z value).

W-EjW)
^|V(W)

SiW)

Fifth, I compare S(W) to a table Z at a desired significance level (Zo.o5=1.64). If the absolute value of S(W) is greater than table Z, 1 reject the
null hypothesis that the expected W is less than random chance.

2.3.3.2 Reference Memory
First, I calculate the ratio FL per NL (R).
R=

FL
NL
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Second, I calculate the expected value of R.
EiR) =

FL
NL

Third, I calculate the standardized R.
SiR) =

R-EjR)
^ViR)

Fifth, I compare S(R) to a table Z at a desired significance level (Zo.o5=1.64). If the absolute value of S(R) is greater than table Z, I reject the
null hypothesis that the expected R is less than random chance.

2.4 Summary
In summary, the spatial distribution of grazing animals can be
manipulated using different tools. First, water distribution can be an
effective tool to overcome a poor spatial grazing pattern. Water
distribution also permits better forage use. Second, topography affects
plant utilization. It has been shown that slope is a limiting factor to
evenly use rangelands. The use of different species of animals may
allow a better use of the resources and therefore covering more grazing
ground. Different animals tolerate and prefer different slopes and
forage species.
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Micro-climatic changes have shown to be important.

The

behavior of a grazing animal plays a crucial role in locating preferred
food, thus affecting grazing distribution. Animals use various foraging
mechanisms to locate preferred food patches. Among these mechanisms,
spatial memory plays an important role in dictating where to forage.
Hence, affecting the efficiency of finding food.
Various techniques have been used to test the spatial memory of
animals. The most commonly used technique is the radial arm maze. It
has been used for cattle, rats, as well as pigeons, among other animal
species. Spatial memory in cattle has been proven to be well developed.
Its characteristics have been studied by few scientists. Some other
animals have been studied for their spatial memory such as rats (Olton
et al., 1977) and pigeons (Roberts and Veldhuizen, 1985).
In addition to spatial memory, animals use other searching
mechanisms to locate food. Bailey et al. (1996) discussed the cognitive
and non-cognitive aspects of these mechanisms. Cognitive ones involve
learning and memory but the non-cognitive mechanisms do not involve
the use of memory during foraging (Bailey et al., 1996).
The effectiveness to remember the spatial features of any object
or place might decay. This may be used to promote even grazing in
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rangelands. Animals that remember the location of preferred

food

patches may display a more concentrated search pattern.
Social learning of animals has been studied extensively and shown
to be important in the feeding behavior of animals. Trying novel foods
and avoiding poisonous plants by animals have been shown to be
affected by social facilitation. Habitat selection in animals was stated to
be affected by peers. This demonstrates the importance of social
learning in animals and the need to further our understanding of the
subject.
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CHAPTER III
DURATION OF SPATIAL
MEMORY IN CATTLE
3.1 Abstract
Duration of spatial memory in catde {Bos taurus) is potentially
important for

grazing management. The ability of livestock to

remember the location of food patches may lead to uneven range use.
Thus, selecting the appropriate length of use and non-use of grasslands
based on duration of spatial memory, can potentially improve grazing
distribution. I hypothesized that if spatial memory decays and if cattle
are kept out of a paddock for a time long enough for them to forget
preferred food locations, more uniform grazing could be promoted. In
this experiment, I determined how long cattle are able to remember
food locations. Two groups of three steers each were used to conduct
this study in two separate pastures. Each pasture had an 8 row by 8
column grid of 64 plastic containers 5 meters apart. Four randomly
chosen trays were loaded with feed pellets. All steers were trained to
find the loaded locations until a minimum of empty trays were visited.
After this initial training, each steer was tested at 5, 10, 20, and 48 days
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post-training. At each testing session the number of locations visited
until all four trays were located, time spent eating, time spent searching,
and total time spent in each trial were recorded. Once the steers learned
the locations of loaded trays, logarithm base 10 of new locations visited
(LNL) did not increase with time since last training up to 48 days.
Steers were equally efficient in locating trays that contained feed. The
steers also showed that their ability in locating food was much better
than expected by chance. Steers remembered locations accurately for at
least 48 days.

3.2 Introduction
Periods of use and non-use in grazing systems are extremely
important. A recovery period for forage plants is important to their
survival in a plant community. Allowing a plant community to recover
from grazing helps build up carbohydrate reserves and reestablishes
photosynthetic material. Carbohydrates are needed for plants to initiate
new growth. Regulating the length of the grazing period can limit
selectivity of defoliation (Kothman, 1984). If the grazing periods are
too long, tillers may be regrazed before the recovery period begins
(Valentine, 1990). Valentine (1990) also stated that if the no-grazing
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^i

periods are too short, the regrowth of plant tillers may be grazed too
soon.
Besides manipulating the periods of grazing, an optimum goal
may be to graze the available forage evenly. Even grazing results in
allowing desirable forage species to compete equally for the available
water and nutrients. Holechek et al. (1995) stated that uneven grazing of
rangeland by livestock has always been a crucial factor affecting the
productivity

of rangelands. Heavily grazed

areas

expand

when

moderately grazed areas become smaller (Valentine, 1990). Valentine
(1990) stated that it is important to obtain maximum use of as wide an
area as possible without causing serious damage to any portion of a
pasture. Selecting a range site over another may be affected by the
grazing behavior of livestock.
Grazing animals use, among other mechanisms, their spatial
memory to search for food. Understanding such memory may allow
range managers to prevent uneven grazing. Spatial memory greatly
influences the feeding behavior of animals (Olton et al., 1977). It can be
important to increase the efficiency of locating preferred food patches.
When using spatial memory, livestock can spend less time searching for
feed and more time foraging.
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The purpose of this experiment

was to test the ability of the

steers to use their spatial memory to remember the location of food.
While previous studies (Bailey et al., 1989; Willson and Wilkie, 1993)
focused on short-term memory, this experiment dealt with long-term or
reference memory. This study emphasized the duration of spatial
memory of steers. I hypothesized that steers would learn and then forget
the location of food as time since last experience passed.

3.3 Materials and Methods
3.3.1 Experimental Arena
The experimental arena consists of two 55 by 55 meter-paddocks.
Each paddock contained an 8 row by 8 column grid of plastic containers
5 meters apart. The area was dominated by Old-World bluestems
{Bothriochloa spp.). This experiment was conducted from June 7 to
October 19, 1994.

3.3.2 Animals
Six steers were used to conduct

this experiment. The average

weight was about 400 kilograms. The steers were grazing an OldWorld-bluestem pasture when not tested. They were grazing with 4
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other steers in the herd. Water was available ad libitum. The steers were
fed 25 kg of feed every other day. The experimental protocol and
animal handling and use were approved by the Texas Tech University
Animal Care and Use Committee.

3.3.3 Treatments
In order to test my hypothesis, steers were trained to find trays
that contained food (loaded trays) in 4 constant locations. An initial
training was performed before applying treatments to each steer. Five
treatments were tested. The first treatment was a control. Animals in
this treatment were tested immediately after the initial training. The
second treatment was a lapse of five days since last experience. In the
third treatment, 10 days elapsed between the last experience and testing.
The fourth treatment was 20 days since last experience. Steers in this
treatment were allowed to locate the loaded food trays 20 days after
their last encounter with their combination of loaded trays. The fifth
treatment was 48 days since last experience. Each of the steers was used
for all five combinations. First, all six possible combinations of the 5day, 10-day, and 20-day treatments were observed. In other words,
steer no. 1 was tested for the 5-day, 10-day, and then 20-day treatments.
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respectively. On the other hand, steer no. 2 was tested for 5-day, 20day, and 10-day treatments, respectively. This way, I needed six steers
to observe all six combinations. The 48-day treatment was added later
for all six steers.

3.3.4 Training
All steers were trained initially before starting the experiment.
They were trained 11 times each, over a 3-day period. Training was
also done after the first testing session on each testing day. The purpose
of these training sessions was to make the steers remember well the
location of the four loaded trays. Each steer had a different combination
of four loaded trays out of the 64 tray-grid. The combination for each
steer was kept the same for the whole experiment. Steers were allowed
to locate their combination of 4 loaded trays until they found them all.
At that time, the training session was terminated and the animal was let
out of the experimental paddock. Feed pellets were placed under each of
the 64 trays to prevent the animals from finding food on the basis of
odor. These feed pellets could not be seen nor eaten, they were out of
reach of animals.
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3.3.5 Testing
A calendar was established to plan the testing dates for each steer.
At each testing day, a steer was allowed to locate its combination of 4
loaded trays. A testing session was stopped when the steer found all four
loaded trays. At each testing day, steers were allowed to locate the
loaded trays 5 times. The first time was considered testing and the other
4 times were considered training. Again, feed pellets were placed under
each tray to control for smell.

3.3.6 Measured Variables
All training and testing sessions were entirely observed. At each
training and testing day, a map of the paddocks was used to record data.
The maps represented the location of all trays including the loaded
trays. Every time a steer was tested, the path followed was drawn and
trays visited were marked. At the side of the map, a table was used to
record time at start of each session, time spent at each loaded tray, time
spent searching and time at end of each session.
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3.3.7 Calculated Variables
Number of locations visited was referred to as NL, found loaded
locations visited was referred to as FL, and total visits (including
revisits) was referred to as TV. Two ratios were calculated to test
working and reference memory. Working memory was tested using the
ratio of NL over TV (NL/TV). Reference memory was tested using the
ratio of FL over NL (FL/NL). A Z test was performed to test if
searching for food by animals can be either at random or based on
behavioral mechanisms (Tillie et al., 1996).

3.3.8 Experimental Design and Analysis
A completely randomized design was used to analyze the data. A
test for normality and homogeneous variances was performed to assess
the validity of using an F-test to compare treatments. To test for
normality, a Shapiro-Wilks test was performed using SAS computer
software (SAS, 1985). To test for homogeneous variances, a Levine's
test was performed using SAS (SAS, 1985). When normality and/or
homogeneity

of

variances

were

not

observed,

one

of

two

transformations was done. Either a square root or a base 10 logarithm
of the original variable was used. Dowdy and Wearden (1991) reported

36

that plotting the means against the variances is a way to choose the kind
of transformation. They reported using the square roots, the logarithm,
or angular transformations. I used the same technique to decide the kind
of transformation. For each variable discussed, I will give the kind of
transformation done, if any.

I used Dunnett's t test to compare the

control treatment to each of the other four treatments.

3.4 Results and Discussion
The experiment allows two means of assessing the duration of
spatial memory. First, I compared the performance of steers in relation
to their maximum performance achieved immediately before they
started the treatment period of no exposure to the food distribution.
This comparison uses each animal as its own control and removes
potential differences due to differences in prior experience of individual
animals. The test focuses on whether any decline in performance can be
detected as the decay period between training and testing increases.
Second, I compared the average performance of each steer against the
performance expected if steers visited food trays in a random order,
ignoring trays already visited within each session (no replacement). This
test aims at detecting the length of time necessary for memory to decay
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until performance

cannot be distinguished from

random chance.

Although this test does not use each animal as its own control, I was
statistically conservative in extrapolating to other steers. By using
animals as replicate and ignoring the different sequence of treatments to
which animals were exposed, effects of sequence of total number of
exposure (Table 3.1) appear as error and prevent inflation of the power
of the test. In any case, the average (across steers) number of exposures
was the same for the 3 intermediate treatments (Table 3.1) and very
similar to that for the 48-day treatment.
Steers remembered the location of food trays for up to 48 days
post training (Table 3.2). The analysis will be discussed for each
variable separately.
Total visits or TV was transformed to its logarithm base 10
(LTV). Treatments did not affect L of TV P>0.05 (Table 3.2). The 48day treatment had the highest value of 0.80. However, the control
treatment was not significantly different when compared to each of the
other four treatments P>0.05. The number of days since last experience
did not alter the number of visits made to locate the loaded trays.
The variable NL was transformed to its logarithm base 10
because it did not have homogeneous variances. Treatment did not affect
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the log of NL (LNL; P>0.05; Table 3.2). The lowest values were
observed at the 10-day and the 20-day treatments (Figure 3.1). Each of
these two treatments had an average LNL of 0.63. The highest was 0.80
at the 48-day treatment. No significant differences were found between
the control and each of the other four treatments. Steers in all
treatments visited the same number of trays as the control.
The ratio NL/TV did not have homogeneous variances. For that
reason, it was transformed to its square root (SNLTV). There was no
treatment effect on the SNLTV P>0.05 (Table 3.2). A perfect score was
observed for the 10-day and 48-day treatments (1.0 for each of the
treatments). Steers in these two treatments did not revisit any of the
previously located trays. The ratio gives us an idea about their working
memory. Because of the absence of treatment effect, all treatments did
well in avoiding previously visited locations. This is a mechanism that
can be used by grazing animals in rangelands. Grazers can use their
working memory to save the energy of visiting recently depleted areas.
Avoiding the depleted areas increase their chances of encountering nondepleted food patches, and therefore increases their foraging efficiency.
To test if NL/TV was better than by chance I performed a Z test.
The Z test was not different between the control and each of the other
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treatments P>0.05 (Table 3.2). However, animals in all treatments did
better than expected by chance

(Tillie et al., 1996). The average Z

value for each treatment was compared to a Z table of 1.64 (Figure
3.2). The value of 1.64 is the limit under which a performance can be
expected by chance assuming a random search without replacement. The
lowest Z value was observed for the 48-day treatment (6.42), and the
highest was observed for both the 10 and the 20-day treatments (7.64
for each treatment).
The ratio FL/NL did not have homogeneous variances and
therefore

was transformed

to its square root

(SFLNL). Again,

treatments did not affect SFLNL P>0.05 (Table 3.2). The highest value
was observed in the 10-day and 20-day treatments with an average of
0.96 (Figure 3.3). Each of the treatments when compared to the control
had similar SFLNL. All treatments were similar to the control in their
efficiency

of finding

the loaded food

trays. Their

success of

encountering loaded trays per tray visited was the same. Length of delay
since last experience did not affect their success rate.
The distance walked was transformed to its base 10 logarithm
(LTD) because the original data did not meet the analysis of variance
assumption of homogeneous variance. To locate the loaded trays, steers
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•

traveled the most in the 5-day treatment (Table 3.2). The LTD was
highest in the 5-day treatment with an average of 1.72.

However, the

control was not significantly different from any of the other four
treatments P>0.05. Steers walked the same distance to locate the food
trays despite the length of period since last experience. In other words,
grazing animals would walk similar distances to locate preferred food
patches.
My study showed that cattle can remember the location of
preferred food for long periods (up to 48 days). This agrees with a
study done by Kovalcick and Kovalcick (1986), 77% of cow and 46% of
heifers performed well, after six weeks of interruption. These results
are different from the findings by Bailey et al. (1989). The authors
studied the length of periods that cattle remembered food locations.
They found that cattle remembered the location of food for 8 hours. It
is important to state that my study and that of Bailey et al. (1989) tested
two distinct aspects of spatial memory. I studied long-term spatial
memory and they studied short-term spatial memory. Memory decay
has also been studied for rats by Beatty and Shavalia (1980). Their
findings agree with mine in the sense that animals have efficient spatial
memory. Marsh Tits were studied by Shetdeworth and Krebs (1982).
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They stated that Marsh Tits efficiently recovered seeds from most
recently visited locations. Short-term spatial memory was tested in their
protocol.
Days since last experience did not alter the number of visits made
to locate the loaded trays. Animals did not locate food at random. They
used some mechanism to be efficient. Spatial memory was assumed to
have played a prominent role. Initially, I intended to use these results to
manipulate grazing

methods. We would

have incorporated

the

information from spatial memory decay as a factor on deciding the
length of non-use of plant communities. Animals would forget where
preferred food was, and therefore start a new searching pattern, leading
to a more uniform grazing distribution.
The protocol used in all my studies is more realistic than those
previously used, i.e., by Bailey et al. (1987). As discussed earlier, the
protocol I used permits animals to choose where to forage without
returning to any decision areas.
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Table 3.1

Number of times steers were exposed to feed trays per
treatment, right after training (treatment 0), 5, 10, 20, and
48 days since last encounter.

Treatment
0 (comtrol)
5
10
20
48
Total
Table 3.2.

2R
11
21
26
16
28
102

25R
11
16
21
26
28
102

STEER ID
53R 61W
11
11
16
26
26
16
21
21
28
28
102
102

61R
11
26
21
16
28
102

74R
11
21
16
26
28
102

Avg
11
21
21
21
28
102

The p•erformai ice of st(^ers (Nf=6) righ t after 1:raining
(treatment 0), 5, 10, 20, and 48 days since last encounter,
for logarithm base 10 of total visits (LTV), logarithm base
10 of new locations (LNL), Z value, square root of ratio
new locations per total visits (SNLTV), ratio of found
locations per new location visited(SFLNL), and logarithm
base 10 of distance traveled (LDT).

LTV
LNL
SNLTV SFLNL LTD
Z Value
Treatment
0.74
0.70
7.09
0.96
0 (control)
0.90
1.60
0.78
0.73
6.85
0.94
0.87
1.72
5
7.64
0.63
1.00
0.63
0.96
1.55
10
7.64
0.97
0.63
0.96
0.66
1.49
20
6.42
1.00
0.80
0.83
0.80
1.60
48
No significant differences were detected between the control and each of
the other treatments P>0.05, for any of the variables.
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Figure 3.1. The effect of days since last experience with a particular
food distribution on the logarithm base 10 of new locations
(LNL) visited by steers. Vertical lines indicate standard
error.
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Figure 3.2. The effect of days since last experience in randomness of
finding food using a Z test. A Z value below 1.64 (solid
line) indicates a random search. Vertical lines indicate
standard error.
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Figure 3.3. The effect of days since last experience with a particular
food distribution on the square root of the ratio found
locations per new location (SFLNL) visited by steers.
Vertical lines indicate standard error.
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CHAPTER IV
EFFECT OF GROUP SIZE ON RATE OF
LEARNING FOOD LOCATIONS
BY CATTLE

4.1 Abstract
The rate at which grazing animals learn the location of preferred
food patches is important from two standpoints. First, animals that learn
fast are more efficient foragers as individuals. Second, they may impose
more uneven grazing distributions with potential reductions in grazing
capacity- I tested if animals trained in groups learn food locations faster
than those trained as individuals. Steers were trained to find 10 trays
with food in a grid of 64 trays. The steers were trained in groups or as
individuals in three 8-minute sessions on days 1, 3, 5, and 7 of the
experiment. All steers were tested individually on days 2, 4, 6, and 8. I
recorded the search path and the trays visited. No significant differences
were found between treatments in any of the variables measured. This
suggested that social interactions did not have a net effect on the ability
of animals to find and learn location of food patches. Steers in both
treatments (individual and group training) learned the locations of food
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over time. Steers in group treatment did better than expected by chance
after 5 days and those in solitary treatment after 7 days. Covariance
analysis showed that there was no significant interaction between days of
experience and treatment. In other words, steers in both treatments did
perform similarly over time.

4.2 Introduction
Many large herbivores rely on their herd structure to adapt to
many of their environmental conditions and their day to day needs.
Social learning can be used to pass foraging information

from

experienced to inexperienced foragers (Provenza and Balph, 1987). For
example, the trial of novel food by animals has been shown to be
affected by social facilitation (Thorhallsdottir et al., 1990). Besides
trying novel food, avoiding poisonous plants can be an advantage for
animals in a herd (Scott et al., 1995). Finding food can be greatly
affected by the social structure of the herd. Animals that are leaders
chose where to graze and the rest of the herd follows (Bailey, 1995).
The way a group of animals behaves is an important aspect that can
crucially affect the success rate of survival.
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Many factors can affect the location of food by grazing animals.
In order to efficiendy use the spatial characteristics of an area, animals
may rely on observing their conspecifics. Green et al. (1984) concluded
that lambs consumed more grain with the presence of their mothers than
without. In a different study, Scott et al. (1995) found that where to
forage was more affected when sheep {Ovis aries) grazed in the
presence of companions than in the presence of strangers. To locate a
food patch, animals use various means such as their spatial memory .
Locating food patches based on spatial characteristics was the focus of
this study. I hypothesized that group grazing may enhance the rate of
learning of animals. Some members of a group may be more efficient
than others in finding food. Howery et al. (1995) and Warren and
Mysterud (1993) reported that the familiarity of individual animals
within a herd affects the passage of information as to where to forage.
This may be the case in quality as well as in quantity of search. In other
words, some members of a herd may increase the overall success rate of
other members by social facilitation. In this experiment, eight steers
were used to test if spatial memory improves when feeding in a group.
Increasing foraging efficiency may lead to concentrated search and
therefore uneven grazing pattern.

49

4.3 Materials and Methods
4.3.1 Experimental Arena
The experimental arena consisted of two 55 by 55 meterpaddocks.

They

were

established

in

an

Old-World

bluestems

{Bothriochloa spp.) pasture. Each of the paddocks had an 8 row by 8
column grid of plastic containers 5 meters apart. The experiment was
conducted from September 11, 1995 to January 30, 1996.

4.3.2 Animals
Eight steers were used to conduct this experiment. The average
weight was 500 ± 53 kg. When not used for the experiment, they were
grazing in an Old-World-bluestem dominated pasture. Water was
available ad libitum. Animals were fed 12.5 kg of feed every day. The
experimental protocol and animal handling and use were approved by
the Texas Tech University Animal Care and Use Committee.

4.3.3 Treatments
Two treatments were tested to study the effect of group size on
the rate of learning of food locations. In the solitary treatment steers
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were trained to locate 10 trays loaded with food. In the group treatment
steers were trained to locate the loaded food trays as groups of three
animals. Each group of animals in the latter treatment consisted of 3
steers. The combinations of loaded trays were randomly chosen for each
of the treatments. Each treatment was replicated four times.

4.3.4 Training
During training, steers were allowed to locate 10 loaded trays out
of 64 available. For convenience, each treatment was randomly assigned
to one of the two available paddocks. In other words, steers within the
same treatment were always trained and tested in the same paddock for
the duration of the experiment. Training was done on days 1, 3, 5, and
7 of the experiment. Steers were allowed to locate the 10 loaded trays
for

8 minutes. Steers in the solitary treatment,

were

trained

individually. One training session was conducted for each steer on each
training day. The amount of feed in each loaded tray was about 130
grams for the solitary treatment and about 400 grams for the group
treatment. This was done to minimize the effect of competition on
finding food. Feed pellets were placed under each tray to control for
smell. These pellets could not be seen or eaten by the animals.
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4.3.5 Testing
Steers from both treatments were tested as individuals on days 2,
4, 6, and 8 of the experiment. Each steer was tested for 5 minutes. The
reason behind shorter testing sessions was to minimize the impact of
learning using other mechanisms such as spadal memory. The amount
of-feed in each loaded tray was about 130 grams for both treatments.

4.3.6 Measured Variables
All training and testing sessions were observed continuously. A
map of each paddock was used to record data. The maps included the
locations of loaded trays and trays that did not contain feed. Every time
steers were tested, I drew the path that they followed. In addition to the
path followed, I recorded starting time of each session, time of arrival
at each loaded tray, time of departure from each loaded tray, time spent
consuming food, and the ending time of each session.

4.3.7 Calculated Variables
New locations visited were referred to as NL, found loaded trays
visited were referred to as FL, and total visits (including revisits) were
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referred to as TV. Two ratios were calculated to test working and
reference memory as a possibility among animal searching mechanisms.
Working memory was tested using the ratio of NL and TV (NL/TV).
Reference memory was tested using the ratio of FL and NL (FL/NL). A
Z test was used to investigate if searching for food by animals was
random (Tillie et al., 1996).

4.3.8 Experimental Design and Analysis
A completely randomized design in a split-plot was used to
analyze the data. Treatments were used as main-plots and days were
used as sub-plots. Tests for normality and homogeneous variances were
performed to assess the validity of using an F test to compare
treatments. To test for normality, a Shapiro-Wilk procedure was
performed using SAS computer software (SAS, 1985). To test for
homogeneous variances, a Levine's procedure was performed using SAS
(SAS, 1985). When data were not normally distributed and/or their
variances were not homogeneous, transformations were used. I used two
different approaches to analyze the data in this experiment. First I used
an analysis of variance procedure to compare treatments. An LSD test
was performed to compare treatments within days and from one day to
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the next. A critical difference was calculated to do the comparison with
a 5% significance level. Second, I used a covariance analysis to test for
interactions between days and treatments. This would give an idea of the
rate of learning by steers in each treatment.

4.4 Results and Discussion
In this experiment, I assessed the effect of social interaction from
three standpoints. First, I compared the performance of steers in the
group treatment in relation to steers in the solitary treatment. Second, I
compared

the average

performance

of

each steer

against the

performance expected by random search. Standardized values were used
to compare treatments. Comparing treatments using the original ratios
(NL/TV and FL/NL) cannot be done because variances and means
change as FL and NL changed. The standardized ratio NL/TV (Zl) was
calculated to test if NL/TV was better than expected by chance. The
standardized ratio FL/NL (Z2) was calculated to test if FL/NL was
better than expected by chance. Third, I used a covariance analysis to
study learning over time. This would give an idea if steers in one
treatment learned faster than those in the second treatment as testing
days passed.

54

The variable TV was transformed to its logarithm base 10 (LTV)
because it did not meet the assumptions of analysis of variance
procedures. When this value is high, animals may cover a wider area
searching for, and locating preferred food. There was no interaction
treatment by day P>0.05 (Table 4.1). Covariance analysis revealed that
there was no interaction treatment by day (P=0.747; Table 4.2).
Learning was not different in one treatment when compared to the
other.
New locations or NL was transformed to its square root (SNL)
and showed no interaction treatment by day P>0.05 (Table 4.1; Figure
4.1). WTien animals do not know where the food is, they try to visit as
many distinct locations as possible and avoid trays visited within the
same session. As they gain experience, animals tend to concentrate
around those areas and SNL declines. Being trained in a group or
trained individually did not affect the number of locations visited.
Covariance analysis showed no interaction treatment by day (P=0.743;
Table 4.2).
The analysis of variance using an F test did not show a treatment
by day effect for FL P>0.05 (Table 4.1). A covariance analysis did not
exhibit any treatment by day interaction (P=0.876; Table 4.2). Animals
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in both treatments learned at a comparable speed. The searching
efficiency of animals was closely related to how successful they were in
locating preferred food. Steers that find more loaded trays, tend to be
more efficient foragers. However, this depends of how many locations
they visit.
The ratio NL/TV was transformed to its angular sine (SINLTV).
The purpose of calculating this ratio was to assess the impact of
searching mechanisms on food finding. Working memory was the most
important mechanism targeted by this variable. The closer this ratio to
1, the better animals used their working memory. The analysis showed
that there was no interaction of treatment by day P>0.05 (Table 4.1).
Covariance analysis also revealed no difference on the rate of learning
to avoid recently visited locations (P=0.569; Table 4.2). Overall, steers
succeeded in avoiding the previously located feed trays. This would help
in increasing the success rate in a real world situation. Grazing animals
would explore more new places, which leads to increasing intake rate.
Exploring new locations would help toward achieving the goal of even
grazing in rangelands.
The

variable

FLNL was transformed to its square root

(SFLNL). It was one of the best means of analyzing spatial learning in

56

my experimental protocol. At random, the value would be 10/64 (its
square root, in this case). Ten was the number of loaded trays available
for steers to locate, and 64 was the total number of available containers.
The purpose for calculating this ratio was to value the magnitude of
reference memory on food searching. The analysis showed that there
was no interaction treatment by day P>0.05 (Table 4.1; Figure 4.2). A
significant increase was observed between day 2 and 8

of the

experiment for both treatments. In both treatments, steers learned to
find more loaded trays as testing days passed.
For Z l , there was no interaction between treatment and day
P>0.05 (Table 4.1). When this value is less than 1.64, the search was
random; however, when it is greater than 1.64 steers used some
behavioral mechanisms to avoid recentiy visited locations. Working
memory can be one of these mechanisms. In both treatments, Zl was
not better than expected by chance in almost all days. Covariance
analysis evinced no interaction treatment by day (P=0.461; Table 4.2).
No one treatment learned faster than the other to avoid previously
located trays. If forage replenishes periodically, the use of working
memory can be profitable (Bailey et al., 1996).
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In order to study if animals were locating loaded food trays better
than by chance, I calculated Z2. Covariance analysis showed no
interaction day by treatment (P=0.794; Table 4.1). Animals in both
treatments learned comparably fast. There was no treatment by day
interaction P>0.05 (Table 4.1; Figure 4.3). In order to check if steers
were performing better than a random search, I compared each Z2 to
1.64. Random search can be expected if Z2 was less than 1.64. Animals
in the group treatment showed a clearly increasing trend over the study
period. They started performing better than expected by chance after 5
training days. On the other hand, animals in the solitary treatment did
not perform better than expected by chance until day 8 of the
experiment, when they caught-up with the other treatment.
The searching efficiency of steers was assessed by calculating the
ratio of time spent searching and FL (SRCHFL). A non-significant
interaction of treatment by day was observed (P>0.05). Covariance
analysis did not show any differences in the rate of learning between
treatments (P=0.780; Table 4.2).
Individual animals may learn to forage more efficiendy when
around conspecifics. Foraging efficiently may lead to uneven grazing
pattern. The presence of social models such as mothers (Green et al..
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1990) helped the feeding behavior of other animals. Rats transformed
information about food by smelling other members of a group (Galef
et al., 1984). Galef (1980) studied wild rats diving in water for food.
When naive wild rats were trained in the presence of experienced ones,
interaction with or observing a conspecific was not efficient to dive for
food. This was not the case when Galef et al. (1984) studied rats. The
results were that observing rats were influenced by what conspecifics
were consuming. However, the interactions with model animals may
weaken when naive rats were deprived of food for 24 hours (Galef,
1984). The place to forage was affected by social interaction

and

efficiency of feeding was improved (Scott et al., 1995). Male bees {Apis
mellifera)

performed better in groups when locating female ones

(Wcislo, 1992). The previous findings may be important

when

reporting social facilitation concerning feeding behavior, but not
negative stimulus. Alpern and Mclntyre (1985) reported that rats
trained individually avoided shocks better than those trained as groups.
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Table 4.1. Performance of steers when trained to locate food as
solitary and as group (N=16) over the 4-day testing period.
DAY
Variable
LTV

Treatment
2
4
6
8
SOLITARY
1.38
1.32
1.35
1.18
GROUP
1.24
1.22
1.17
1.10
SNL
SOLITARY
4.66
4.48
4.52
3.86
GROUP
4.16
4.07
3.89
3.55
FL
SOLITARY
4.0
4.25
6.25
5.75
GROUP
3.5
4.08
5.25
5.33
SINLTV
SOLITARY
0.78
0.81
0.78
0.81
GROUP
0.82
0.82
0.82
0.83
SFLNL
SOLITARY
0.42
0.46
0.55
0.63
GROUP
0.45
0.50
0.59
0.66
Z2
SOLITARY
0.97
0.83
0.37
2.92
GROUP
0.71
1.17
2.36
3.01
Zl
SOLITARY
2.17
1.37
1.24
1.43
GROUP
1.34
1.16
1.28
0.98
SRCFIFL
SOLITARY
58.8
39.9
26.4
20.8
GROUP
56.1
35.3
23.1
21.2
Means were not significantly different within the same day and the same
variable.
LTV: Logarithm base 10 of total visits (TV).
SNL: Square root of new locations (NL).
SINLTV: Angular sine of ratio NL per TV.
Z l : Z values to test randomness of the ratio NL/TV.
Z2: Z values to test randomness of the ratio FL/NL.
SRCHFL: Ratio of search time (in seconds per FL).
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Table 4.2.

Covariance analysis probabilities (N=6) to compare rate of
learning (probability of equality of slopes) in steers trained
as solitary and within a group of animals.
VAJUABLE

PROBABILITY
0.747
0.743
0.876
0.569
0.979
0.794
0.461
0.780

LTV
SNL
FL
SNLTV
SFLNL
Z2
Zl
SRCHFL
LTV: Logarithm base 10 of total visits (TV).
SNL: Square root of new locations (NL).
SINLTV: Angular sine of ratio NL per TV.
Z l : Z values to test randomness of the ratio NL/TV.
Z2: Z values to test randomness of the ratio FL/NL.
SRCHFL: Ratio of search time (in seconds per FL).
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Figure 4.1. Changes in Square root of new locations (SNL) over time
for steers trained as solitary and within a group of animals.
Vertical lines indicate standard error.
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(SFLNL) over time for steers trained as solitary and within
a group of animals. Vertical lines indicate standard error.
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Figure 4.3. Changes in Z value to test for randomness in using
reference memory (Z2) over time for steers trained as
solitary and within a group of animals. When Z is below
1.64 (solid line), random search can be expected. Vertical
lines indicate standard error.
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CHAPTER V
SOCIAL EFFECTS OF EXPERIENCE ON FINDING
FOOD AND SOCIAL TRANSMISSION
OF E^JFORMATION IN CATTLE

5.1 Abstract
Experienced members (social models) may play a part in the
searching pattern of naive animals in a herd. Naive animals may
distribute themselves more evenly because their

expectations of

preferred areas are not as developed as those of experienced animals. I
tested three treatments to investigate if experienced animals tend to
transmit information about places of grazing to naive ones, and if the
food distribution tends to be more uniform when animals have less
experience with the area. Three 55 by 55 meter-paddocks (open to each
other) were used to conduct this experiment. Each paddock contained an
8 row by 8 column-grid of plastic containers (total number of
containers available was 192). The first treatment was the clumped
distribution treatment (CDT). Food containers were placed as sets of
four. The second treatment was the scattered distribution treatment
(SDT). Food containers were placed evenly covering the whole area. In
these two treatments, steers were allowed to find 32 containers with
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feed in the presence of a social model. In the control treatment (CT),
steers were allowed to find 32 containers containing feed with no social
model present.
Starting on day 4 of the experiment, CDT had a higher FLNL
(ratio FL/NL) than CT. This suggested that naive animals tend to be
more efficient in locating preferred food locations when having an
experienced model around. CDT had higher FLNL than SDT on days 3,
6, and 7 of the experiment. This suggested that the initial distribution of
food affected the searching efficiency of naive animals. Steers in all
three treatments did better than expected by chance in locating food.
This suggested that the initial distribution affected the search pattern of
naive animals.

5.2 Introduction
Grazing pattern is affected by the degree of familiarity livestock
have with a particular paddock. When familiarity is low, uniform
grazing patterns may be expected. On the other hand, when hvestock
familiarity is high, uneven grazing patterns may occur. Past experience
appears to play a prominent role in the sites that grazing animals choose
to graze. Proper grazing distribution within each range site requires the
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scattering of grazing animals in an area to obtain even use of forages
(Holechek et al., 1995). The distribution of grazing animals is affected
by various complex factors. Some factors are site related and others are
animal related. Among the latter factors, grazing behavior is considered
to be important. The grazing pattern may result from decisions made by
animals at different spatial and temporal scales (Bailey et al., 1996).
WJien preferred plant communities are grazed more than others, the
impact can result in declining rangeland productivity. Unwanted and
unpalatable forage species may invade the more heavily grazed areas
because of the impact of defoliation on palatable species.
Improved

livestock

distribution

on

rangelands

could

be

accomplished if range managers succeed in attracting them away from
heavily grazed areas. In a herd of livestock, some may be more
experienced in their familiarity with a grazing site thus affecting the
social learning of others in the same herd. Heyes (1994) discussed the
different categories of social learning. The mixing of experienced
animals with naive ones may affect the herd's grazing pattern. Past
experience appears to play a prominent role in the foraging sites chosen
by grazing animals (Valentine, 1990).

67

In the current study, I looked into the effects of experienced
animals on the distribution pattern of grazing by naive ones. I wanted to
test if naive animals increase their searching efficiency when grazing
with an experienced one. Naive animals may distribute themselves more
evenly because their expectations of preferred areas are not as well
developed as those of experienced animals (Bailey et al., 1996). In this
study, I had three objectives. First, to determine if animals recently
introduced to a grazing area tend to learn the grazing distribution of
resident experienced animals. Second, to determine if the grazing
distribution tends to be more uniform as animals have less experience
with the area. Third, to determine if the initial distribution of grazing,
affects the role of social transmission.

5.3 Materials and Methods
5.3.1 Experimental Arena
The experimental arena was established in an Old-World
bluestems {Bothriochloa spp.) pasture. Three 55 by 55 meter-paddocks
were used. Each paddock consisted of an 8 row by 8 column grid of
plastic containers. The total number of containers available for animal
to choose from was 192. Plastic containers were equally placed at 5
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meters from each other. Depending on the treatment being tested, food
was placed around some of the trays. Trays with food were referred to
as loaded trays. A set of four loaded trays were arranged in adjacent
trays (2 by 2). The experiment was conducted from July 20 to October
29, 1996.

5.3.2 Animals
Eight steers were used to conduct the experiment. The average
weight was 550 kg. When not tested, steers were grazing an Old-World
bluestem dominated pasture. Water was always available, and animals
were fed 12.5 kg of feed every other day. The experimental protocol
and animal handling were approved by the Texas Tech University
Animal Care and Use Committee.

5.3.3 Treatments
Three treatments were tested in this experiment. First, I created a
clumped food distribution treatment (CDT) of 20 out of 192 trays. In
this treatment an experienced animal and a naive animal were searching
for loaded trays at the same time. An experienced animal is an animal
that was familiar with the combination of loaded trays through training.

69

A naive animal is an animal that did not have any prior familiarity with
the location of the loaded trays. These trays were placed in sets of
clumped trays. Second, a scattered distribution treatment (SDT) where
an experienced animal and a naive animal were searching for loaded
trays at the same time. The loaded trays were placed all over the pasture
covering most of the area. Third, a control treatment (CT) where a
naive animal was searching for loaded trays which were placed the same
way as CDT. In order to assess the impact of experienced animals on the
searching pattern of naive animals, CDT and CT were compared. In
order to test if the initial distribution of food mattered, CDT and SDT
were compared. The combinations of loaded trays for all three
treatments were kept the same during the whole experiment.

5.3.4 Training
Before training, twenty trays were chosen for CDT and SDT
around which food pellets were placed. Pellets were distributed in a I
meter circle around a tray. In other words, trays were used as centers
for patches of pellets. This would minimize the impact of competition
when more than one steer were feeding around the same tray. The
experienced animals were trained to locate the combination of 20 trays
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(clumped for CDT and dispersed for SDT). They were trained until
they established a very distinct search pattern. On average each of the
experienced animals was trained for 8 days, three to four times daily.
Each loaded tray contained about 100 grams of pelleted food. For CT
the animals did not have any previous experience. They were introduced
to the combinations of loaded trays (same combination as that of CDT)
for the first time during testing.

5.3.5 Testing
Animals were trained to their combinations of loaded trays for
both CDT and SDT. These animals were referred to as experienced
animals. The combinations of trays initially introduced during training
were referred to as training trays. Additionally, 12 trays were added to
each treatment during testing. For CDT and CT, we added three sets of
clumped trays and for SDT we added 12 trays located all over the
experimental arena. The addition of 12 trays would give the naive
animals the chance to chose trays different from the ones available to
the experienced animals during training. Two animals were observed
until the experienced one (for both CDT and SDT) found 8 loaded
trays. The loaded trays found had to be among the training trays. When
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the experienced animals (within each treatment) found 8 of the training
trays, the session was terminated. The session for CT was terminated
when a steer found 8 of the loaded trays. Animals in each treatment
were tested once every day for 7 consecutive days.

5.3.6 Measured Variables
All training and testing sessions were entirely observed. A map
was used to record data. The map included the locations of loaded trays
and trays that did not contain food. The path followed by each steer,
trays visited, time spent eating in each loaded tray, and total time spent
in each session were recorded.

5.3.7 Calculated Variables
Number of

locations visited were referred to as NL, found

locations that had feed were referred to as FL and total visits were
referred to as TV. Two ratios were calculated to test for the presence of
working and reference memory as possible searching strategies. The
presence of working memory was tested using NL divided by TV
(NL/TV), and the presence of reference memory was tested using FL
divided by NL (FL/NL). A Z test was performed to examine if locating
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loaded trays was either at random or based on behavioral mechanisms
(Tillie et al., 1996).

5.3.8 Experimental Design and Analysis
A completely randomized design with a split plot was used to
analyze the data. Treatments were used as main plot and days as subplots. A test for normality and homogeneous variances was performed
to assess the validity of using an F test to compare treatments. To test
for normality, a Shapiro-Wilk test was performed using SAS computer
software (SAS, 1985). To test for homogeneous variances, a Levine's
test was performed using SAS (SAS, 1985). When data were not
normally distributed and/or their variances were not homogeneous,
transformations were done. A Least Significant Difference procedure
was used to compare treatment means.

5.4 Results and Discussion
In this experiment, I assessed the effect of social models in
finding food from four different perspectives. These approaches will be
discussed one by one for

each variable. First, I compared the

performance of steers in CT in relation to steers in CDT. This would
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permit evaluation of having a social model to affect the searching
efficiency and pattern. Second, I compared the performance of steers in
CDT to steers in SDT. This would allow examination of the initial
distribution of loaded trays on the searching efficiency and pattern.
Third, I compared the average performance of each steer against the
performance expected by random search. Standardized values, on the
basis of their means and variances, were used to compare treatments.
The standardized ratio NL/TV (Zl) was calculated to test if NL/TV was
better than expected by chance. The standardized ratio FL/NL (Z2) was
calculated to test if FL/NL was better than expected by chance. Fourth,
we used covariance analysis to investigate if rate of learning was
comparable. In the following paragraphs, each variable is going to be
discussed separately.
The variable TV was transformed to its base 10 logarithm (LTV).
There was a treatment effect, a day effect, and an interaction day and
treatment effect P<0.05 (Table 5.1). A critical difference of 0.182 was
found and used to detect any significant differences between treatments,
as appropriate, within the same day or from one day to another. I
observed a higher LTV for CT than for CDT on days 1, 2, 4, and 6
(P<0.05). Overall, this suggested that animals in the CT visited more
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locations than those in CDT. Consequentiy, animals without the presence
of social models develop a more uniform search pattern. When
comparing CDT to SDT, I observed that SDT had higher LTV on the
first 4 days of the experiment. This suggested that the initial distribution
mattered early during the social interaction period. When preferred
food is uniformly distributed, animals tend to have a more uniform
grazing pattern.
The variable NL was transformed to its base 10 logarithm (LNL).
There was a treatment effect (P<0.05), a day effect (P<0.05), and an
interaction between day and treatment P<0.05 (Table 5.1; Figure 5.1).
A critical difference of 0.179 was found and used to detect any
significant differences between the treatments within each testing day
and from one day to another. When comparing CDT and CT, I found
that the latter had higher LNL continuously starting on day 4. This
suggested that social models affected the searching pattern of naive
animals. However, LNL was not different between CDT and SDT the
later days of the experiment. This suggested that the initial distribution
did not affect the spatial pattern of searching late during the social
interaction.
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The variable FL was transformed to its base 10 Logarithm
(LFL). There was an interaction between treatment and day P<0.05
(Table 5.1; Figure 5.2). A critical difference of 0.156 was found and
used to detect any significant differences between the treatments within
the same day or from one day to another. LFL was higher for CT than
for CDT in the first 3 days of the experiment. The covariance analysis
showed that the rate of learning was higher when comparing CDT to
CT (P<0.05; Table 5.2). Steers in CDT started at a low LFL level and
then increased over time. However, as days passed, finding food
locations did not change for CT and SDT.
The ratio NL/TV was transformed to its square root (SNLTV). I
did not detect any significant effect of treatment, day, or an interaction
between day and treatment P>0.05 (Table 5.1; Figure 5.3). The
regression analysis was not significant for all three treatments P>0.05
(Table 5.2). Steers did not learn to improve their working memory
over time.
The variable FLNL had a significant interaction treatment by day
P<0.05 (Table 5.1; Figure 5.4). A critical difference of 0.11 was found.
Starting on day 4, CDT had higher FLNL than CT. This suggested that
social models affected the searching efficiency of naive animals. When
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comparing CDT and SDT, I found a significant difference starting on
day 6 suggesting that the initial distribution of food was a decisive
factor. A significant covariance analysis was detected (P<0.05). Steers
in CDT learned at a faster rate than those a CT. The learning rate for
CDT was higher than SDT. Both, presence of model and initial
distribution were substantial.
Calculated Zl was not affected by the interaction treatment by
day P>0.05 (Table 5.1; Figure 5.5). It is important to note that Zl was
not greater than 1.64 except for SDT on day 1. This suggested that
visiting recently located trays was done at random. The covariance
analysis was not significant for all three treatments P>0.05 (Table 5.2).
Steers in all treatments did not learn to avoid recently visited locations.
Calculated Z2 was affected by the interaction treatment by day
P<0.05 (Table 5.1; Figure 5.6). A critical difference of 1.23 was found.
CDT had a higher Z2 starting on day 6. Social models affected the
efficiency of departure from randomness in searching for food. CDT
had also a higher Z2 than SDT starting on day 5 of the experiment. The
initial distribution affected the efficiency of departure from randomness
in searching for food. All treatments starting on day 3, had an average
Z2 greater than the 1.64 limit. This showed that steers were locating
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loaded trays better than expected by chance. Steers in CDT learned to
locate food better than by chance and improved over time (P<0.05).
The presence of social models has been proven to be a major
factor in feeding efficiency of animals (Provenza and Balph, 1988;
Galef et al., 1984; Lynch et al., 1992; Scott et al., 1995). Galef and
Whiskin (1994) reported the importance of conspecifics in learning
food preferences in rats. Observational learning has been shown to play
an important role in feeding behavior of animals (Chappie et al., 1987).
Rats preferred food that a social model (demonstrator) ate (Galef,
1993). In this experiment, the results found showed that having a model
around helped improve the efficiency of locating food. Previous work
by Galef et al. (1984) proved the importance of models in feeding
behavior. Familiarity with social models did not play a role in choosing
food by rats. There was a communication of information

from

experienced to naive animals. Naive animals visited fewer locations
when a model was present. Number of found locations visited by naive
animals was lower when models were present. Drea and Wallen (1995)
reported that monkeys visited more locations to areas with reward over
time. Manual searching of these monkeys was higher as experience
increased. The results reported by Drea and Wallen (1995) agree with
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what I found. Animals with models were more efficient and therefore
concentrated their search. Naive rats were shown to prefer

food

through observing a model (Galef, 1983; Galef et al., 1983). Steers in
all 3 treatments did better than expected by random in most testing days.
This supports the findings that livestock use some searching mechanisms
to efficiently graze. Edwards et al. (1994) found that sheep {Ovis aries)
performed better than expected by chance, when they tested intake rate.
Galef (1980) reported the importance of social models especially when
rats were young.
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Table 5.1:

Performance of steers (N=16) in all treatments. CT or
Control Treatment (steers did not have any prior
experience as where food was located), CDT or Clumped
Distribution Treatment (naive animal with the presence of
an experienced, and food was in clumps of four trays),
SDT or Scattered Distribution Treatment (naive animal
with the presence of an experienced, and food trays were
scattered all over the paddock); over the 7-day testing
period.
DAYS

Variable

Treatment

LTV

CT

1.45=

1.75=^

1.35

1.40=*=

1.42

1.39=^

1.29

CDT

1.16

1.36

1.25

1.13

1.26

1.20

1.11

SDT

1.47=

1.6P

1.61*

1.34=

1.32

1.06

1.07

CT

1.44*

1.71*

1.34

1.39*

1.42*

1.37*

1.25*

CDT

1.15

1.32

1.22

1.11

1.21

1.17

1.06

SDT

1.43=

1.58=*=

1.59*

1.31*

1.32

1.06

1.07

CT

0.83*

0.88*

0.83*

0.83

0.86

0.88

0.83

CDT

0.46

0.67

0.66

0.73

0.77

0.95

0.89

SDT

0.60*

0.92*

0.84*

0.85

0.89

0.71* 0.80

CT

0.99

0.95

0.99

0.99

0.99*

0.97

0.96

CDT

0.98

0.95

0.96

0.97

0.94

0.96

0.94

SDT

0.95

0.98

0.98

0.97

0.96

0.97

0.98=

CT

0.27

0.16

0.33

0.30*

0.29*

0.35*

0.42*

CDT

0.25

0.25

0.30

0.45

0.40

0.66

0.77

SDT

0.16

0.22

0.18*

0.37

0.40

0.51*

0.59*

LNL

LFL

SNLTV

FLNL
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Table 5.1 (Continued)
DAYS

Variable

Treatment

Zl

Z2

1

2

3

4

5

6

7

CT

1.14

1.13

0.91

0.72

1.05

1.58

1-45

CDT

1.14

1.07

1.05

1.07

1.63

1.40

2.01

SDT

1.74

1.30

1.45

0.69

1.17

1.50

0.85

CT

2.76* 1.26

3.57

3.27

3.31

3.95* 4.25*

CDT

1.45

2.21

2.61

4.16

3.88

6.93

SDT

1.00

2.75

1.83

4.01

4.50* 4.38* 5.31*

* Values are significantly different from CDT within the same day
P<0.05.
^ Logarithm base 10 of total visits (LTV); logarithm base 10 of new
locations (LNL); logarithm base 10 of found locations (LFL); square
root of ratio new locations per total visits (SNLTV); ratio of found
locations per new locations (FLNL); a Z test for randomness of ratio of
new locations per total locations (Zl); a Z test for randomness of ratio
of found locations per new locations (Z2).
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Figure 5.1. Logarithm base 10 for total locations visited (LNL) over
the testing period for control treatment (CT), clumped
distribution treatment (CDT), and scattered distribution
reatment (SDT). A star above a bar indicates difference
from CDT. Vertical lines indicate standard error.
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Figure 5.2. Logarithm base 10 for found locations (LFL) over the
testing period for control treatment (CT), clumped
distribution treatment (CDT), and scattered distribution
treatment (SDT). A star above a bar indicates difference
from CDT. Vertical lines indicate standard error.
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Figure 5.3. Square root of new locations per total visits
(SNLTV) over the testing period for control treatment
(CT), clumped distribution treatment (CDT), and scattered
distribution treatment (SDT). A star above a bar indicates
difference from CDT. Vertical lines indicate standard
error.
86

0.9

0.8

DCT

BCDT

DSDT

0.7

0.6

0.5

z
0.4

0.3

- T

0.2

-

0.1

0
4
DAYS

Figure 5.4. The ratio of found locations per new location visited
(FLNL) over the testing period for control treatment (CT),
clumped distribution treatment (CDT), and scattered
distribution treatment (SDT). A star above a bar indicates
difference from CDT. Vertical lines indicate standard
error.
87

2.5

1.5

M

0.5 -

0
4

7

DAYS

Figure 5.5. Z value for the ratio new locations per total visits (Zl)
over the testing period for control treatment (CT), clumped
distribution treatment (CDT), and scattered distribution
treatment (SDT). Random search can be expected if Zl
drops below 1.64 (solid line). A star above a bar indicates
difference from CDT. Vertical lines indicate standard
error.
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Figure 5.6. Z value for the ratio found locations per new location (Z2)
over the testing period for control treatment (CT), clumped
distribution treatment (CDT), and scattered distribution
treatment (SDT). Random search can be expected if Z2
drops below 1.64 (solid line). A star above a bar indicates
difference from CDT. Vertical lines indicate standard
error.
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CHAPTER VI
USE OF VEGETATION CUES TO
LOCATE FOOD BY CATTLE
6.1 Abstract
Grazing animals use different features in the environment to
locate preferred food or revisit already located food patches. Visual
cues characterizing a given location are among the features that grazing
animals use to orient themselves. I used bundles of grass at different
heights to investigate the importance of visual cues in locating food. I
tested if animals discriminated between different heights of vegetation
cues and associated taller cues with food reward.

I tested two

treatments. First, I tested if animals distinguished between 10 cm and 20
cm tall bundles of grass (10/20 treatment). Second, I tested if animals
discriminated between 10 cm and 30 cm tall bundles of grass. A reward
(feed pellets) was placed in the trays where the taller bundles were.
Each treatment was replicated three times. The learning curves of steers
were observed for 10 consecutive days. No significant differences were
detected between treatments. This suggested that visual cues were not a
factor to associate reward with cue heights. The dryness of the grass
used as cues could have been a reason for this lack of significance. It
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may have been blended with the surrounding dry plant communities. It
may be true to state that when grass is dry, especially when precipitation
is scarce or late, or when late in the growing season, grazing animals
establish less distinguished grazing patterns. They cannot efficiendy
revisit preferred grass communities. That may result in more even
grazing pattern because spatial characteristics of vegetation are more
limited.

6.2 Introduction
Plant

communities exhibit

different

spatial

and

temporal

variations that grazing animals use to locate preferred food patches.
Grazing animals use variation in the vegetation and select diets that are
different from those expected when foraging at random (Newman et al.,
1992). Animals use patchy environments of different species that may
have different variations from the background. These variations are
used by animals to initiate foraging based on expectations about
individual patches (Edwards et al., 1995). Rats also, used extramaze
cues to choose an arm with feed (Grobety and Schenk, 1992), therefore
increasing their feeding performance.
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In this study, I wanted to test if animals discriminated between
different heights to recognize food rewards. It was clear that grazing
animals use spatial characteristics of the environment to locate food
(Bailey et al., 1989). It was not clear, however, which cues animals use
in order to locate preferred food. In this experiment, two different
heights of cues were used to test if catde (Bos taurus) discriminate in
that basis. I tested the hypothesis that cattie associate food locations with
vegetation cues that differ in height.

6.3 Materials and Methods
6.3.1 Experimental Arena
The experimental arena was a 55 by 55 meter-paddock containing
64 plastic trays. The trays were arranged in a grid of 8 by 8 trays.
Trays were equally spaced by about 5 meters from each other. The
vegetation was an Old-World bluestems field {Bothriochloa spp.). Feed
was placed in designated trays depending on the treatment. The
experiment was conducted from May 20 to July 15, 1996.
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6.3.2 Animals
Six steers were used to conduct this experiment. The average
weight was 550 kg. When not tested, the animals were grazing an OldWorld bluestem dominated field. Water was available ad libitum and
they were fed 12.5 kg of commercial pelleted feed every day. The
experimental protocol and animal handling and use were approved by
the Texas Tech University Animal Care and Use Committee

6.3.3 Treatments
I hypothesized that steers would associate the height of vegetation
cues with rewards. Two treatments were tested to study the effect of
height of vegetation cues on locating food trays. In the first treatment I
placed grass bundles of about 8 to 10 cm thickness next to each tray.
Next to each of 54 trays, I placed a 10-cm high bundle of grass. Next to
each of the remaining 10 trays, I placed a 20-cm tall bundle of grass.
Each of the latter trays would contain food pellets. This was referred to
as the 10/20 treatment. This treatment was set-up to see if steers
differentiate between the different heights of cues and associate food
rewards with the 20-cm-high grass bundles. In the second treatment I
also placed grass bundles of about 8 to 10 cm thick next to each tray.
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Next to each of 54 trays, I placed a 10-cm high bundle of grass.
However, next to each of the remaining 10 trays, I placed a 30-cm high
bundle of grass. Each of the latter trays would contain food pellets. This
was referred to as the 10/30 treatment. This treatment was set-up to see
if steers differentiate between the different heights of cues and associate
food rewards with the 30-cm-high grass bundles.

6.3.4 Testing
With no prior training, steers were tested to locate the loaded
food trays for 10 consecutive days. Before each testing session, 10 trays
were loaded with feed pellets. These trays were randomly chosen daily
and each contained about 150 grams of feed. I always kept the taller
grass bundles (20 cm or 30 cm, depending on the treatment) next to the
loaded trays.

6.3.5 Measured Variables
All testing sessions were entirely observed. A map was used to
record the data. The map included the position of all trays, loaded and
empty- Path followed by each steer, trays visited, time spent in each
loaded tray, and total time in each session were recorded.
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6.3.6 Calculated Variables
Number of locations visited were referred to as NL, found
locations visited were referred to as FL and total visits were referred to
as TV. Two ratios were calculated to test for the presence of working
and reference memory as possible strategies used by livestock. The
occurrence of working memory was tested using the ratio NL per TV
(NL/TV) and reference memory using the ratio FL per NL (FL/NL). A
Z test was performed to investigate if locating trays was either at
random or not (Tillie et al., 1996).

6.3.7 Experimental Design and Analysis
A completely randomized design with a split plot was used to
analyze the data. Treatments were used as main plot and days as subplot. A test for normality and homogeneous variances was performed to
assess the validity of using an F test to compare treatments. To test for
normality, a Shapiro-Wilk test was performed using SAS computer
software (SAS, 1985). To test for homogeneous variances, a Levine's
test was performed using SAS (SAS, 1985). When data were not
normally distributed and/or their variances were not homogeneous.
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transformations were done. A Least Significant Difference procedure
was used to compare treatments within each testing day. A critical
difference was calculated to detect significant differences.

6.4 Results and Discussion
In the present experiment, I tested the effect of visual cues on the
rate of learning food locations using three approaches. First, I
compared the performance of steers in the 10/20 treatment in relation to
steers in the 10/30 treatment. This would permit detection of any effects
of visual cues on the learning curves of steers. Second, I compared the
average performance of each steer against the performance expected by
random search. Third, 1 used covariance analysis to examine if heights
of cues promoted the rate of learning to associate them with food.
TV was transformed to its square root (STV). The interaction day
by treatment was not significant P>0.05 (Table 6.1).

A critical

difference of 1.69 was used to compare treatments within the same day
and from one day to another. Covariance analysis was not significant
P>0.05 (Table 6.2). This suggests that learning was not different for the
steers in both treatments to visit fewer number of total locations.

96

NL was transformed to its square root. The interaction day by
treatment was not significant P>0.05 (Table 6.1; Figure 6.1). The
critical difference was 1.42. Covariance was not significant P>0.05
(Table 6.2). Steers did not learn differently to visit fewer new locations
over time.
NLTV was transformed to its square root. The interaction day by
treatment was not significant P>0.05 (Table 6.1). A critical difference
of 1.12 was found to detect any differences between treatments at the
same day or from one day to another. Covariance was not significant
P>0.05 (Table 6.2).
FLNL was also transformed to its square root. The interaction
day by treatment was not significant P>0.05 (Table 6.1; Figure 6.2).
The critical difference was 1.13. Covariance analysis was not significant
P>0.05 (Table 6.2). Again, the steers did not learn to improve their
reference memory.
The Z value was also non-significant for the day by treatment
interaction (P>0.05; Table 6.1; Figure 6.3). A critical difference of
1.13 was found. The covariance analysis did not seem to support the
hypothesis that both treatments would visit food trays better than by
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chance, and improve over time. It was not significant P>0.05 (Table
6.2).
SRCHFL was significant for the interaction day by treatment
(P<0.05; Table 6.1, Figure 6.4). A critical difference of 46.3 was used
to compare treatments within the same day and from one day to
another. Covariance analysis was significant P<0.05 (Table 6.2).
Animals in 10/30 treatment learned to efficiently use their search time.
In this experiment, vegetation cues were not important to help
animals locate food. Newman et al. (1992) found that grazing animals
used variation in the vegetation to select food. Brodbeck (1994)
concluded that non-storing birds responded well to spatial cues
associated with a reward. Edwards et al. (1997) found that sheep {Ovis
aries) with vegetation cues next to their food improved their learning
abilities. The animals used spatial association to

ameliorate their

feeding efficiency. In a sense, the results contradict each other. Two
important reasons are behind the contradiction in results. First, in my
study I used grass bundles that are similar in color to the environment.
The grass was dry and that made it harder for animals to notice.
Second, I was interested in the effect of cues height rather than the
presence or absence of them.
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Table 6.2:

Covariance analysis results (N=12) for the use of cues to
locate food. 10/20: Each tray had a 10-cm visual cue,
except for the trays that contained food which had a 20cm tall cue. 10/30: Each tray had a 10-cm visual cue,
except for the trays that contained food which had a 30-cm
tall cue.

VARIABLE

PROBABILITY
STV
0.7675
SNL
0.4553
SNLTV
0.3252
SFLNL
0.5039
Z
0.4439
SRCHFL
0.0282
Note: Square root of total locations (STV); square root of new locations
(SNL); square root of ratio new locations per total visits (SNLTV);
square root ratio of found locations per new location (SFLNL); a Z test
for randomness of locations found (Z).
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Figure 6.1. The effect of heights of cues on the square root of new
locations visited (SNL). 10/20: food was placed next to 20
cm-tall cues. 10/30: food was placed next to 30 cm-tall
cues. Vertical lines indicate standard error.
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Figure 6.2. The effect of heights of cues on the square root of found
locations per new locations (SFLNL). 10/20: food was
placed next to 20 cm-tall cues. 10/30: food was placed next
to 30 cm-tall cues. Vertical lines indicate standard error.

103

2.5

lU

<
>

0.5

-
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next to 30 cm-tall cues. A random search can be expected if
Z was below 1.64 (solid line). Vertical lines indicate
standard error.
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Figure 6 4 The effect of heights of cues on the search time in seconds
per found location (SRCHFL). 10/20: food was placed next
to 20 cm-tall cues. 10/30: food was placed next to 30 cmtall cues. Vertical lines indicate standard error.
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CHAPTER VII
SUMMARY

The length of periods since last encounter has been shown to have
minimal impact on remembering places visited. In the first experiment,
I concluded that steers remembered the location of food for at least 48
days since last encounter. The total locations visited after a 48-day decay
were as low as during initial training. The efficiency with which the
steers located food was shown to be better than by chance. The animals
used spatial memory as a mechanism to find food. This implied that the
48-day decay did not affect the efficiency of locating food. The
hypothesis was to include memory decay in deciding the length of
periods of use and non-use in a grazing system. This would allow
manipulation of the intensity and frequency of grazing. Forage species
would have adequate periods to recuperate from

the impact of

defoliation. Carbohydrates can be restored through photosynthesis
activity during periods of non-use.
Another hypothesis was that group grazing may affect the
learning ability of steers. Various variables have been studied and
analyzed. The results did not support that hypothesis. However, I found
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that steers trained in a group performed better than expected by chance
sooner than those trained individually. The feeding area may be a
reason for not detecting more convincing results. Containers may have
been too small and did not allow for better social facilitation among
individuals of animals within a group. Initially, I expected to have a
significant difference between both treatments with the steers trained in
grpups having higher number of loaded trays found. This was not the
case in my experiment. Inspite of the suggestion that the behavior of
individuals within a group of animals can be affected by social
facilitation (Balph and Balph, 1986), the steers' individual needs
(feeding) dominated the impact of their social structure.

Covariance

analysis did not show any differences between treatments in the rate of
learning.
The third hypothesis was to test the importance of social models
on directing search. Social models as well as food distribution affected
the transmission of social information on searching pattern. Starting on
day 4, CDT had a higher FLNL than CT. This suggested that naive
animals tended to be more efficient in locating preferred food locations
when having an experienced model around. Furthermore, CDT had
higher FLNL than LDT on days 3, 6, and 7 of the experiment. This
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suggested that the initial distribution of food affected the searching
efficiency of naive animals. Steers in all three treatments did better than
expected by chance in locating food. Starting on day 6, CDT did
significantiy better than CT when comparing Z2. When comparing CDT
and LDT, I observed a significant difference starting on day 5 (P<0.05).
Olton (1978) suggested that, besides spatial memory, animals use
response chain, general algorithms, and/or visual marking to locate
food. First, it cannot be response chain because from my field
observations, the steers did not follow the same sequence in finding the
trays that contained feed. Response chain is a mechanism to find a tray
based on the location of another. In order to do that, steers would have
found consistently the same trays at the same sequence, say, #4, #8, #22,
and #51. Second, the steers could not have used general algorithms.
Olton (1978) gave an example of this mechanism as animals choosing
adjacent locations in a consistent clockwise order. Again, my field
observations did not support the presence of such order. Third, the
steers could not have used visual marking because all the trays looked
very much the same. I even mowed the paddocks to the ground to
eliminate any visual cues that can differentiate one tray from another.
Fourth, smell was controlled for by placing a few pellets under each
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tray in a way that the steers could not get to them. Accordingly, I
concluded that the only strategy used by the steers to locate food was
their spatial memory.
Visual markings seemed to play no role in the efficiency of
locating preferred food.

No significant differences were detected

between the treatments. This suggested that visual cues were not a factor
for animals to associate reward with scales of visual cues. The dryness
of the grass used as cues could have been a reason for this result. It may
have been blended with the surrounding dry plant communities. I may
conclude that when grass is dry, especially when precipitation is scarce
or late, or when late in the growing season, grazing animals estabUsh
less distinguished grazing patterns. They cannot efficiently revisit
preferred grass communities and therefore may promote more even
grazing.
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CHAPTER VIII
MANAGEMENT IMPLICATIONS

Limiting the ability of the animal to learn spatial characteristics
of areas grazed may be efficient in improving the distribution pattern.
Laca (1995) suggested to frequently move the animals among grazing
units. A grazing method that includes shorter utilization periods may be
a practical scheme. However, an increase in cost may result because of
the increase in fencing material. I may have to create more grazing
units which results in higher fencing charges. This scheme may be hard
to accomplish considering the results reported in the first experiment
about the duration of spatial memory. Cattle remembered food locations
for at least 48 days post training. Long non-use periods cannot be
incorporated into most grazing methods. Nevertheless, the duration of
spatial memory may much be longer than the 48 day-period tested. My
field observations suggested that catde may remember the location of
food for months and maybe for up to a year. Besides limiting the
learning process of herbivores, I suggested using rewards as a tool to
promote uniform grazing.
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I believe that the reward of visiting a food location may affect the
learning abilities of animals. Hosoi et al. (1995) reported that it may be
more important for cattle to remember how they failed than to
remember how they succeeded. Training livestock to expect high
rewards can be used to promote grazing distribution (Laca, 1995). Pfe
suggested placing supplemental feed in different locations. This would
increase the evenness of the distribution of the animals and help in
increasing their reward expectations. Moreover, associating the reward
such as supplementation with an artificial sound (honking) can be
performed. As days pass, animals would learn to associate between the
sound and the food. I can use this to change the area where to
supplement which promotes spatial distribution of grazing animals.
Locating preferred plant communities is based not only on the reward
but also on the spatial features of the vegetation.
Physical characteristics of neighboring plants are important
factors in remembering preferred food locations. In a study done by
Edwards et al. (1995), evidence showed that sheep can learn associations
between different cues and different rewards. On that basis sheep
associations between cues and rewards are an important pre-grazing
mechanism, acting independentiy of spatial memory (Edwards et al..
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1995). However, in my study involving the association of vegetation
cues with food reward did not affect the learning ability of steers. I
concluded that associating reward and visual cues would not affect the
spatial grazing pattern, especially late in the season when grass plants
are dry. However, grazing animals may use the same vegetation cues
early in the growing season. The array of colors in the plant community
may play a role in remembering the preferred food patches and
therefore help establish a map-like representation of any given area.
Repeated visits to preferred areas develops experience and can be used
to concentrate forage searching patterns.
The experience that a free-grazing animal develops may affect its
grazing efficiency. Steers with experience established much shorter and
directed search path interacting with a small proportion of the pasture
(Laca, 1995). In order to limit developing familiarity with an area,
animals may be supplemented at different times of the day and different
places within a field. Supplementation in unpredictable locations may
prevent animals from developing high expectations in specific places
(Laca, 1995). Most of the available area was searched when animals did
not use spatial memory (Laca, 1995). Moreover, changing the time as
well as the place of supplementation may promote covering extended
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grazing ground. In addition to grazing methods and supplementation,
mixing animals may be used to enhance grazing distribution.
Mixing experienced and naive animals in a herd may help the
efficiency of grazing when vegetation is scarce and/or when drought
occurs. This would result in limiting the searching pattern and
increasing the grazing efficiency of the naive animals. Less energy
wpuld be used looking for food. On the other hand, I may prevent
mixing experienced and inexperienced animals in a given grazing unit
when forage production is good. The inexperienced animals may widen
their

searching areas which may lead to more

even

grazing.

Furthermore, the level of patchyness of a plant community may play a
role in the effectiveness of social transmission of information. The
distribution of food has shown to be important in shaping the search
pattern even when social models are present. When preferred plants are
in distinct patches, experience of one animal may be transmitted to
another in a herd.
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