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Abstract approved:

Small herds of cows were observed and spatially mapped over continuous

twenty-four hour periods. Treatments were implemented that investigated the

effect of water site and supplementation on animal distribution patterns. A series

of six observation periods constituted each observation series. Observation series

were repeated winter (January) and summer (July) for two years. Forage

conditions varied considerably between years and seasons. Three regression

models for different periods related forage variables to animal use with R2 values

ranging from 0.51 to 0.77. A spatial point analysis, Ripley's K, also discerned

differences in spatial point arrangements related to differences in forage and

season. It detected and quantified changes caused by locating a high-protein

supplement in the pasture. Swale sites and slopes of less than 10 percent were

preferred for grazing in all seasons. Water sources and shade trees were

distribution focal points for three observation series. In the winter of 1998,

animals spent more time on warmer sites. We recorded more cow activity and

movement at night than other researchers. Resting areas had aspect and elevation

attributes that relate to temperature regulation. Animal positions were analyzed to

determine cattle subgroups. Forage availability and thermoregulatory needs

influenced the distance between associated members. Social dominance and

subgroup membership were closely related to the age of individual animals. A

geographic information system based technique called multi-criteria evaluation
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was used to develop temporal/spatial models predicting cattle distribution across

the landscape. Summer models worked better than winter models because water

sources and shade sites were more consistent as focal points for cattle activities.
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Cattle Behavior and Distribution on the San Joaquin
Experimental Range in the Foothills of Central California

Chapter 1: Introduction

"Energy," I heard Mr. John Dodie, my sixth grade teacher, shout. The

word penetrated my daydream and brought the world quickly back into focus.

Shouting was Mr. Dodie's way of gaining the attention of a, usually, distracted

class of 12-year-old pupils. "If you examine the energy pathways in a natural

setting, you will gain an understanding of how the organisms live," he said.

Apparently, his teaching method worked at least with me because as I conduct

research 36 years later I often think back on that lesson. My mind then usually

skips a few years to my first college experience and my Quantitative Physics class

with Mr, Rhli Pashnamurhi. The lesson dealt with the Laws of

Thermodynamics. The First Law, the law of conservation, states that energy is

always conserved; it cannot be created or destroyed, only converted from one

form to another. The Second Law, the law of entropy, states that in all energy

exchanges, if no energy enters or leaves the system, the potential energy of the

state will always be less than that of the initial state (Fermi 1937). Now taking

this rather abstract start and relating it to the distribution of cattle on the landscape

seems like a long stretch of the imagination, but it is a valid way to approach the

problem.

The distribution of cattle on the landscape is strongly affected by

vegetation (Brock and Owensby 2000, Senfi et al. 1987, Smith 1988, Wade et a!

1998). The distribution of vegetation on the landscape, in turn, is related to the

spatial arrangement of the resources necessary to maintain plant life (Harper

1977). These resources are primarily soil based, such as moisture and nutrients,

and are influenced by soil structure and composition (Brady 1990). However,

suitable sites for plant establishment and growth are also determined by
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topographical factors such as aspect and exposure (Hobbs 1997). This

combination of factors and resources determines suitable areas for various types

of vegetation. The energy source powering most vegetative communities is the

same, the sun. Energy in the form of solar radiation strikes the surface of the

earth. Plants that are actively growing convert solar energy into biomass but not

at 100 percent efficiency (Taiz and Zeiger 1998), thereby obeying the First Law

of Thermodynamics. Some solar energy is transmitted through the vegetative

material or reflected from the leaf surface. Typically, 3 to 10 percent of incident

radiation in the blue (0.45 ,um) and red (0.68 pm) regions of the visible light

spectrum is reflected from the plant's surface, while about 10 to 20 percent of the

green (0.56 pm) light is reflected (Harris et a! 1996). Energy in the near infrared

range (0.70 to 1.30 pm) is strongly reflected from vegetation with values reaching

50 percent of incident radiation (Knipling 1970). Energy with wavelengths over

1.30 1um is transmitted through vegetation with little reflection or absorption

(Lillesand and Keiffer 1987). Therefore, only about 45 percent of solar energy is

within the region capable of powering photosynthesis (Gosz et al. 1978). The

energy contained in a photon of blue light is more than that required for

photosynthesis so that excess energy from this reaction must be dissipated as heat.

This further reduces the efficiency of the conversion of solar energy into plant

biomass (Taiz and Zeiger 1998). Because of all the constraints, Lewis (1969)

estimated that less than 1 percent of the sun's radiation striking the earth's surface

is converted into chemical energy by terresizial vegetation. The conversion of

energy into mass at the plant level is far from perfect, following the Second Law

of Thermodynamics. The above process is known as primary productivity (Briske

and Heitschmidt 1991).

When cattle graze forage, the process is characterized as secondary

productivity (Briske and Heitschmidt 1991). Energy in the form of plant biomass

is converted back into energy by the cow's digestive tract. In the process, a

considerable proportion of the energy is lost in the form of methane, the heat of

fermentation in the rumen, and as metabolizable energy to maintain the animal's
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body functions (Church and Pond 1988). Only about 10 percent of the energy is

converted into mass as part of an animal's growth (Briske and Heitschmidt 1991).

The conversion from primary production to secondary productivity is further

reduced in efficiency by the fact cattle do not consume forage evenly across the

landscape. Ames (1977) stated that riparian zones often receive more use than

upland areas because they provide water, shade, thermal cover and are a

productive source of high quality forage. Bentley and Talbot (1951), working on

the San Joaquin Experimental Range in California, found that cattle preferred to

graze in swale sites, even though they comprised only a small part of the

landscape. Plant growth is usually compressed into a relatively short period of

time. In the California annual grasslands, adequate green forage is usually present

for only four or, at most, five months out of the year (George et al. 1996). Cattle

are unable to graze all the forage while it is actively growing. It then senesces

and most of the remaining energy enters the detrital food chain (Briske and

Heitschmidt 1991). Cattle continue to regraze these swale sites throughout the

year. Therefore, the Laws of Thermodynamics are still adhered to at this level of

life.

The same laws continue to explain the patterns of daily life observed in

cattle. Solar energy striking the body of a cow is converted into and felt as heat.

Cows have few mechanisms to control body temperature and to deal with

excessive heat. They can do one or more of the following: 1) accelerate

respiration, 2) consume water, 3) restrict or slow down movements, 4) seek more

comfortable environments, and 5) perspire through relatively insufficient apocrine

sweat glands (Bryant 1982). Many researchers (Bennet et al. 1984, Reppert 1960,

Roath and Krueger 1982, and Senfi et al. 1985b) have written about the use of rest

areas to avoid high temperatures during the day in which animals restrict

movement and seek a more comfortable environment. Bennett et al. (1984) found

a strong correlation between respiration rate while in the sun and time spent in the

shade. Loza et aL (1992) developed a thermal model to predict respiration rate

that was then used to determine shade seeking in cattle.



It seems that the Laws of Thermodynamics can be used to interpret cattle

activities and distribution, if we can put the factors into the proper context.

Factors relating forage distribution, water locations, and thermoregulatory sites,

ie. shade, would seem to define the spatial distribution of cattle on the landscape.

We need to develop a better understanding of the extent that cattle respond to the

concepts of physics in their daily routine. In particular, we need to understand

how cattle adhere to the Laws of Thermodynamics.

Literature Review

The Problem

4

One of the major concerns of land managers today is to control the

distribution of livestock on the landscape and to minimize undesired impacts on

sensitive areas (Coughenour 1991, Bailey et al. 1996). Many researchers (Bryant

1982, Gillen et al. 1984, Roath and Krueger 1982a, Kauffman et al. 1983,

Wagnon 1968) have shown that free ranging cattle use nparian areas more than

they use the surrounding upland areas. Several frderal agencies, including the

U.S. Forest Service, the Bureau of Land Management, and the Environmental

Protection Agency have stated that livestock grazing has adversely impacted a

majority of the stream systems in the western United States (Armour et aL 1994,

GAO 1988).

Any attempts to scientifically quantify effects of livestock grazing on the

riparian corridor are extremely difficult. Larsen et aL (1998) examined 428

articles relating to grazing impacts on riparian communities and fish habitat and

found that only 89 were experimental, replicated, and statistically valid. Often,

the results of research may seem contradictory. This seeming incongruity only

serves to emphasize the fact that natural systems are immensely complex.
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Kauffman and Krueger (1984) state that livestock grazing can affect four

general components of an aquatic system. 1) streamside vegetation, 2) stream

channel morphology, 3) shape and quality of the water colunm, and 4) the

structure of the soil portion of the stream bank. Kauffman et al. (1983b) found

that cattle grazing caused significant differences in 4 out of 10 vegetative

communities sampled. They found heavy browsing of willows on gravel bars and

suggested that this retarded succession. With a reduction in the intensity of

grazing, McLean et al. (1963) recorded an increase in plant biomass the following

year. Roath and Krueger (1 982a), on the other hand, found that grazing was

unlikely to have long term effects on the either the grass or shrub communities

present in their mountain riparian system.

Kauffman et al. (1983a) found grazing caused greater erosion and more

loss of stream bank on Catherine Creek in eastern Oregon. However, Laliberte et

al. (2001) using remote sensing and ground measurements on the same stretch of

Catherine Creek found over a twenty-year period that topography and stream

dynamics had a greater affect on stream morphology than grazing. Buckhouse et

al. (1981) also found that high runoff and ice flows caused damage, while no

significant effect was measured for cattle grazing on Meadow Creek in the same

area. Allen-Diaz et al. (1998) reached a similar conclusion on low-flow

spring/creek systems in the Sierra Nevada foothills. They observed non-

significant changes, primarily on ungrazed creeks, that appeared related to rainfall

patterns.

Buckhouse and Gifford (1976) found that indicator bacteria from cattle

feca! deposits were transported under artificial rainfall. Tate et aL (2000) also

found that Crtosporidium parvum oocysts were transported from cattle fecal

deposits for a distance of at least 1 meter by rainstorms. Clean water standards

further emphasize the importance of controlling use of watersheds by livestock.

Orr (1960) found that bulk density of soils increased and large macropore

space decreased in grazed sites compared to exclosed sites. This trend was

apparent in the top 4 inches of soil. The study also showed a five-year-old



exciosure had values at about the same level as older exciosures suggesting that

recovery was relatively rapid upon removal of grazing pressure. Rauzi and

Hanson (1966) reported a nearly linear decrease in water intake (infiltration) with

an increase in grazing intensity. Conversely, surface runoff increased with

grazing intensity.

By distributing livestock more evenly across watersheds, watershed

condition can be improved and erosion reduced (Kauffman and Krueger 1984).

Senfi et al. (1987) state that knowing how spatial and temporal factors affect

cattle distribution is critical for effective management of livestock on these

landscapes. Grazing distribution patterns result from decisions and processes that

are made at a variety of spatial and temporal scales (Bailey et aL1996).

Cattle Activities

Researchers have been observing cattle for many years. It is hoped that

observations will offer insight into the cattle activity phases and spatial

distribution patterns. They further hope to decipher the process of decision-

making involved. Cory (1927) made one of the earliest studies in Texas and went

into considerable detail as to the time spent in various activities. In Maryland,

Hem (1934) found that grazing time was directly proportional to the quantity and

quality of forage available. Moorefield and Hopkins (1951) noted a regular

polyphasic activity pattern with animals alternating between foraging and resting

activities. They noted three distinct daylight-grazing bouts: early morning, mid-

day and evening. They only observed animals from 8 a.m. to 8p.m. and therefore

did not generate information about grazing after dark. Sheppard et al. (1957)

reported the same type of pattern in Illinois and indicated that the heaviest grazing

occurred during the evening grazing bout. Sneva (1970) noted much the same

pattern in eastern Oregon. Both of the studies also indicated that there was very

little grazing activity at night and chose to follow animals only until they bedded
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down at night. Reppert (1960) also observed that little grazing occurred in

complete darkness. He did note that a ff11 moon significantly prolonged the

duration of evening grazing. However, Johnstone-Wallace (1938) reported that

cattle in New York might graze as much at night as in the daylight. Peterson and

Woolfolk (1955) followed groups of cows in Montana for 24-hour periods.

During August over one-third of all grazing occurred at night. By October, night

grazing decreased by 1.5 hours and daytime grazing increased by almost 2 hours.

In California, Wagnon (1963) calculated that 25 percent of grazing occurred at

night, longest on new forage in March and the shortest on mature forage in May.

Herbel and Nelson (1966) noted Hereford cattle grazed more at midnight (2.5

hrs.) than Santa Gertrudis (1 hr.). Low et al. (1981b) found that cattle were more

"restless" at night, changing activities more frequently than during the day. They

found cows graze less at night in the spring and summer than during the other two

seasons.

Most of the aforementioned studies used individual observation intervals

from one hour to ifiteen minutes, most often an interval of 15 minutes. Hull et al.

(1960) concluded that an observation interval of up to 30 minutes was adequate

for reporting major behavior patterns (grazing, ruminating, and idling). They also

noted significant differences in individual animal behavior and concluded that

several (at least 4) animals needed to be observed each period to accurately

estimate animal behavior. Nelson and Purr (1966) also concluded that

observation intervals of 15 or even 30 minutes accurately estimate major

behaviors, but failed to give reliable estimates of activities such as walking,

sleeping, nursing calves, defecation, urination, and drinking. Wagnon (1963)

reported grazing habits of cattle observed continuously, but only watched one cow

at a time. Clearly there is a trade-off in using continuous versus interval

observations that must be assessed in view of the goals of the study.

Intuitively, it seems that behavioral activities should be related to forage

factors or weather, and many studies have attempted to accurately defme the

linkages. Davis et al. (1970) found that dry matter intake explained much of the
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variation in body weight gain of steers. Cook et al. (1962) fbund that animal use

and daily intake was less on range in poor condition compared to range in good

condition. In southern New Mexico, Herbel and Nelson (1966) found no apparent

relationship between grazing time and quantity of forage per unit area. Anderson

and Kothma.nn (1980) found that distance traveled by cattle was positively

correlated to forage attributes. In particular, they found that travel was positively

correlated with the availability of palatable forbs. Havstad et aL (1983) found

insignificant differences in forage intake when grazing steers on a diminishing

supply of crested wheatgrass. While Cordova et al. (1978) in a review of articles

found that forage intake usually decreased with advancing plant maturity. In

eastern Oregon, Ganskopp et al. (1993) found that cattle were less likely to graze

plants that had residual straw or cured straw. The animals removed less material

from plants as the density of cured stems increased. Low et al. (1981c) found

little effect from varying forage conditions on animal behavior in central

Australia. They did seem to graze more widely as forage became scarcer.

However, the main behavior adjustment seemed to be an increase in the frequency

and duration of ruminating activity in summer.

Ehrenreich and Bjustad (1966) found a temperature-humidity index to be a

good indicator of the daily time spent grazing by cattle. In eastern Oregon, Roath

and Krueger (1982b) found that time after sunrise and relative humidity were the

key factors in determining the kind and timing of cattle activity. They found that

the temperature-humidity index was not an accurate predictor of grazing

activities. Bryant (1982) also found relative humidity to be an important

influence on cattle distribution. Cows and yearlings preferred areas where the

relative humidity was 60 to 70 percent, regardless of the temperature. Anderson

and Kothmann (1980) found that maximum diurnal temperature and maximum

diurnal water vapor, when expressed as a maximum mixing ratio, were

significantly associated with travel under high-intensity, low-frequency grazing.

Beverlin et al. (1989) found that daily forage intake increased when

ambient or wind-chill temperatures deviated (increased or decreased) from



temperature averages of the previous one, two, or three days. They also found

that daily grazing time decreased with ambient or wind-chill temperature that

deviated from the acclimated thermal regimes of the past three days. However,

they concluded that the responses were so slight that thermal fluctuations within a

familiar winter environment were only minimally stressfuL On Hereford cattle

consuming a sub-maintenance diet, Malechek and Smith (1976) found several

relationships between behavior activity and winter weather. Cattle spent more

time grazing and less time standing on warm days than on cold days. They also

grazed and ruminated longer following changes in atmospheric pressure. Daily

travel distances were inversely related to average daily wind speeds. They felt the

net result was to reduce energy expenditures during periods of weather stress.

Prescott et al.(1994) also found that daily grazing time increased with increased

ambient temperatures and decreased with increased thermal stress. They

concluded, however, that for cattle grazing winter foothill ranges in the northern

latitudes, the thermal environment is a minor factor influencing grazing behavior.

In their research with feedlot cattle, Gonyou et al. (1979) also recorded that steers

spent significantly more time lying down with decreasing temperatures. Osuji

(1974) states that animals on pasture must expend more energy (25 to 50 percent)

than animals kept indoors because of the energy expended walking to graze and

"the work of digestion" done by the gut in handling bulky pasture materials.

Moen (1973) in writing about work with white-tailed deer concluded that the

dynamic response to cold seems to be one of heat conservation rather than heat-

production. This strategy is more cost effective for the animal.
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Animal Distribution

Animals use the various elements of a landscape to fulfill their needs.

Stafford Smith (1988) used three physiological drives to determine not only

animal activity but also probable distribution on the landscape. The three drives

were, in order of importance: 1) water (thirst), 2) thermoregulatory, and 3) food

(hunger). The amounts by which these drives affect the animal determine not

only their activity, but also the direction they will traveL Loza et al. (1992)

assigned three degrees of low, moderate, or high to each of these drives and

formulated seven activities that would ensue from the various combinations of

them. In this way, they attempted to explain livestock distribution.

Many studies have pointed to water sources and forage attributes as

important factors in livestock distribution. Mueggler in 1965 stated that distance

to water was a factor affecting cattle distribution. Miller and Krueger (1976)

found the environmental factors of distance to water and salt, soil depth, and

canopy cover were highly correlated with utilization. Distances to water and salt

accounted for 71 percent of the variation in the amount of forage consumed by

cattle. Pinchak et aL (1991) recorded 77 percent of animal use was within 366 m

of water. Approximately 65 percent of the land was beyond 723m from water and

it only received 12 percent of observed use. They also found that observed use

was significantly correlated to standing crop and crude protein standing crop.

Roath and Krueger (1982b) found water and vegetation type to be the most

important factors in determining area and degree of use. Vertical distance above

water was the most important factor in determining vegetation utilization on

moderately steep slopes. Cook (1966) also found distance to water an important

factor in explaining cattle distribution. However, he felt that none of the factors

alone explained cattle distribution accurately. Senfi et at. (1985a) found

seasonalgrazing distribution to be correlated with proximity to water and forage

quality indicators. The authors (Senfi, et at 1985a) found a combined relative

measure of forage quality and quantity to be a good predictor of use. Senfi et al.
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(1985b) also found water to be a good predictor of daytime rest areas. Owens et

a! (1991) found water availability to be important in the regression models they

developed to explain the spatial distribution of cattle utilization in Texas pastures.

Water, road, and fence were the dominant abiotic thctors in addition to the biotic

factors of frequency of grass, forbs, and brush. Hart et al. (1993) found utilization

declined on a 207-ha pasture, but not on 24-ha pastures, as distance to water

increased. They concluded that intensive grazing systems are unlikely to benefit

animal performance unless they reduce pasture sizes and the distance to water

below previous levels. Smith et al. (1992) found on a large allotment (49,900 ha)

that greater avoidance of upland areas by cattle is likely due to greater distances to

drinking water. Selection of grazing sites was based on quality and quantity of

succulent forage. The study by Clary et al. (1978) was one of the few that did not

fmd some sort of correlation with distance to water. In their study, forage

consumption was significantly correlated with forage production and tree density.

They also did not find any correlation with slope, but suggest that the topography

of their study site was so gentle that slope was not a factor.

The previous sentence leads into the second most often-cited factor

influencing cattle distribution, which is slope. Mueggler (1965) indicated that

slope was a major factor influencing cattle distribution. Using 75 percent as a

standardized utilization level, utilization was 810 yards from the bottom of a 10

percent slope. On a 60 percent slope, only 35 yards from the bottom was utilized.

Slope was the highest in importance of the 21 major factors Cook (1966) defined

to explain cattle distribution. Bryant (1982) found that slopes of less than 35

percent were preferred throughout the grazing season. Gilen et aL (1984) found

that slope gradient was the only physical factor related to cattle grazing. Pinchak

et al. (1991) found that 79 percent of cattle use was on slopes under 7 percent.

Roath and Krueger (l982a) cite slope as being a physical limitation on cattle

movement on their study constraining the distribution pattern. Wade et al. (1998)

used slope, along with distance from water, and vegetative type, to model grazing
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using a Geographic Information Systems (GIS) for the state ofOregon. They felt

their results compared favorably with the 1992 census of beefcattle.

The use of range sites often helps in the classification of vegetation and

the use patterns exhibited by cattle. Bentley and Talbot (1951) developed a

classification for the California oak savanna that broke the landscape into ten

range sites. The sites were based on topographical, vegetative, and soil

differences. Wagnon (1968) compared cattle observational data seasonally with

range site use. Cattle used the south fhcing range sites more in the late winter,

spring, and early summer. In late summer and fill, the animals would use the

north iheing slopes more. Marlow and Poganik (1985) also reported seasonal

trends in cattle use of riparian and upland areas. Cattle spent significantly more

time grazing the upland areas in late June and July, then spent more time grazing

the riparian vegetation in August and September. In the early part of the season,

cattle spent significantly more time resting in the upland areas. Later, there was

no difference in the time spent resting in either area. Senft et al. (1985b) noted

similar trends in night resting areas. They generated cool-season and warm-

season models to account for the differences. From southern England, Pratt et al.

(1986) reported that patterns of habitat might be explained in relation to changes

in priority of the animals' requirements for food and shelter during the year.

During the spring and summer, daytime distribution seems primarily dictated by

foraging, while at night the animals withdraw to cover. During the winter, shelter

assumes a greater priority at all times and animals restrict their foraging to

communities providing cover. DudzInski et al. (1982) used aerial surveys of

range in Australia to examine the aggregation of cattle in mobs (herds) and the

dispersion of mobs through the paddock. They found that cattle mobs were

bigger and closer to other mobs in open communities than in wooded

communities. Aggregation increased and nearest neighbor distances decreased in

both communities as forage improved.
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Cattle Society

Sato (1982) classified cows as leaders, followers and independent animals.

He suggested that the active movement of high ranking animals and the

independent movement of low ranking animals govern the nature of the social

interactions among grazing cattle. Bailey (1995) suggested that one or two

individuals might have influenced the initial patch selection for the remainder of

the group. Reinhardt and Reinhardt (1981) followed a herd of zebu cattle (Bos

indicus) for five years. They documented long lasting grazing and licking

associations between pairs of cattle. Relationships could be unidirectional, but

were often bidirectional and usually occurred between related, thus familiar,

animals. Beilharz and Zeeb (1982) concluded that the dominance relationship of

any pair of animals is a result of learning. Once learned, they persist for a long

time. Young animals have not yet accepted dominance by others and have bi-

directional relationships. Mature animals generally have clear unidirectional

relationships. Bailey et aL (2000) found that leaders facilitated followers in

fmding high-quality food. They suggested that cattle could learn feeding site

locations from other animals but could not identify the behavior mechanisms that

influence social facilitation during foraging. Oberosler et al. (1982) stated that

older cows had an elevated social status because they had more range experience.

The influences of age, size, and weight all seemed to play a role in the cow's

social adaptation to the herd. They also found that dominance hierarchies became

unstable as cows entered early and late stages of lactation. Arnold and Grassia

(1982) found that dominance rank or value changes with social context. Cows

competing in close proximity to one another for a limited resource abandon the

social structure they have while grazing. Stricklin and Gonyou (1981) found that

high-ranking cattle had fewer meals per day but tended to spend more time per

day eating. In their stall-feeding study, dominant animals did not prevent

subordinates from gaining access to the stall.
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Broom and Leaver (1978) reported that group-reared calves were higher in

rank than all isolation reared animals. Isolation reared animals associated

infrequently with grouped-reared animals and spent more time alone. In a

previous study, Sato (1976) reported cows that were more independent tended to

split the grazing herd into subgroups. Takeda et al. (2000) found that social and

maintenance behaviors of cows having 16 km mates were like those having zero

or one farm mate. This suggested to them that the social bond was weak between

them. They concluded that a group size of three to five cows might be optimal for

a stable life in a communal pasture. Roath and Krueger (1982b) found discrete

socially structured hierarchical groups in their observations of cattle in eastern

Oregon. Individuals within subgroups showed considerable uniformity in the

tuning of activity and movement, although time when an activity occurred was

often different between home range groups. Howery et al (1996) indicate that

individual animals with in home range groups generally did not strongly associate

with one another. This suggested to them that the continuity of cattle home range

groups was the result of general gregariousness rather than tightly knit, social-

based groups. Cows also displayed a high degree of fidelity to home ranges.

Distribution Models

Low et al. (1981a) found that the location of the cow at daybreak was a

good indicator of the plant community in which the cow did most of its foraging

during the 24-hour period. At daybreak, 72 percent of the cows were in the

community where they spent their grazing time during the 24-hour period. Bailey

et aL (1990) found that cattle seldom grazed the same area for more than two

successive mornings. Cattle appeared to graze nearby areas on the following

morning. Some of the earliest models to predict cattle distribution were

regression-based models. Cook (1966) tried 21 major thctors believed to affect

use in mountainous terrain and calculated they accounted for 37 to 51 percent of
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the variability in use. Using linear regression relationship, only 11 factors showed

significance. The R2s for three years of pooled data ranged from 0.14 to 0.375.

He felt no single variable could be used to predict utilization. Clary et al. (1978)

used two combinations of variables to account for over 75 percent of the variation

in forage consumed. Two variables, perennial grass production and Ponderosa

pine density, each accounted for over 61 percent of the variation. Senft et al.

(1983) used seven independent variables to describe three modes of behavior on

an annual basis. The modes were grazing/traveling, resting, and bedding.

Comparisons of the models with a separate set of behavior observations varied

from a close fit for grazing to marginal for resting. Gillen et aL (1984) found

slope gradient to be the most consistent physical feature to be associated with

cattle use of the landscape. They felt grazing distribution patterns are difficult to

predict because they are influenced by a complex of physical and biological

factors, including animal social behavior. They concluded that multiple

regression models could not predict grazing distribution patterns with useful

precision. Coughenour (1991c) stated that regression models were limited by

simplifying assumptions and did not consider the actual mechanisms of foraging.

He (Coughenour 1991a, 199lb) used an index of habitat suitability as a modeL It

included four indices: forage abundance, water, topography and cover. He

calculated an HSI weekly to monthly for each spatial grid cell to simulate

temporal change in habitat suitability. Losa et aL (1991) used a series of sub-

routines and a hierarchical ranking of physiological drives to model activity

budgets as well as distribution patterns. The model worked well on simulations,

but was untested on actual data. Pickup (1994) used an inverse Gaussian

distribution function to model grazing distribution and resultant defoliation

through time. The models were calibrated using remotely sensed data (Landsat

MSS) and closely reflected observed animal distributions. Wade et al. (1994)

used Boolean logic and a geographic information system to develop models to

predict which areas beef cattle are most and least likely to graze in Oregon.. The

models showed that about 60 percent of the state has the potential for rangeland
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grazing. They stated the results compared favorably with the 1992 census of beef

cattle. Brock and Owensby (2000) used stepwise regression to develop grazing

distribution and forage utilization models. The forage utilization model was

linked with the grazing distribution utilizing Tobit analysis. Comparisons of

predicted grazing distribution with a holdout data set yielded a close fit (R2 =

0.99). The predicted forage removal model yielded a poor fit (R2 = 0.28). They

hypothesize that the differences in model performance show that grazing

distribution and forage utilization operate at different spatial scales and

parameters.

Conclusion

While much research has been done on cattle distribution on landscapes,

there is still much to learn about how landscapes are used and the factors that

affect cattle behavior and distribution. While many researchers have shown some

factors to be common in influencing cattle distribution, for example slope and

water, other influences are not as clear. Research has shown no consistent

relationship between cattle behavior and weather variables. Thermoregulation is

often mentioned as an important drive, but thermal patterns on the landscape are

not accurately quantified and the mechanism for thermoregulation is not filly

understood. Modeling efforts have produced good resuhs for specific sites, but

have not proven to be effective at other sites. Complex mathematical models do

not accurately reflect the cow's decision-making process. Therefore, a great deal

of knowledge can still be gained from cattle distribution studies.
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Chapter 2: Influence of Vegetation, Topography, and Climate
on Cattle Distribution in the California Foothills

Abstract

For two years, small herds of cows were observed and spatially mapped

over continuous twenty-four hour periods. A series of six observation periods

investigated the effect of water site and supplementation on animal distribution

patterns. Observations were repeated winter (January) and summer (July) for two

years. Forage conditions varied considerably between seasons and years. Three

regression models for different periods related forage variables to animal use with

R2 values ranging from 0.51 to 0.77. In the summer, animals grazed 35 percent of

the time and rested 60 percent of the time. Other activities such as drinking and

walking occupied the remaining time. Activity budgets during winter

observations varied considerably. In 1998, the cows grazed 54 percent of the time

and rested 44 percent of the time. During 1999, these figures were 39 percent and

55 percent respectively. Swale sites cover about 6 percent of the study area yet

were preferred for grazing in all seasons. Slopes of less than 10 percent were

preferred. Water sources and shade trees were distribution focal points for three

of the four observation periods. In the winter of 1998, animals spent more time

on warmer sites. Resting areas had aspect and elevation attributes that related to

temperature regulation. We recorded more cow activity and movement at night

than other researchers. The temporal and spatial nature of our data suggested that

a GIS-based model would perform best in predicting animal use. Our data

indicates that a multi-criteria evaluation model could accurately predict cattle

distribution.
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Introduction

The U.S. General Accounting Office, USDA Forest Service, USD1 Bureau

of Land Management and U.S. Environmental Protection Agency (U.S. GAO

1988, Armour et at 1994) state that livestock grazing adversely affects a majority

of ripariari/stream systems in the western United States. Livestock can affect

riparian/stream systems in many ways. Two of these effects are through removal

of vegetation by grazing (Kauffiuian et al. 1983) and through the impact of

trampling (Bryant et at. 1972). Livestock use of the landscape is determined by

many factors. Abiotic factors (ie. slope and distance from water) and biotic

factors (ie. forage quality and quantity, species composition, plant morphology

and canopy cover) act in combination to determine livestock distribution patterns

(Senft et at. 1987, Smith 1988). Animals also possess spatial memory that allows

them to return to areas with high quality forage (Bailey Ct al. 1996, Laca 1998).

Riparian zones often receive more use than upland areas because they provide

water, shade, thermal cover and a productive source of high quality forage (Ames

1977). If we can distribute livestock more evenly across the entire landscape,

watershed condition can be improved and erosion reduced (Kauffman and

Krueger 1984).

Few studies have attempted to document changes in diurnal and seasonal

use or activity patterns in response to a changing environment. Water locations

and quality, forage quantity and quality, canopy cover, temperature, precipitation

and relative humidity all change with the seasons. Consequently, livestock use

patterns also change. The influence of free water on distribution will be greatest

during dry seasons. During periods of rapid (spring) growth, forage quality across

the landscape will be more similar and cattle foraging patterns should be broader.

When forage quantity and quality are high, supplementation of protein and energy

should therefore be less influential. Likewise, when forage water content is high,

supplementation with dry matter may be influential.
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When riparian areas provide the highest quantity and quality forage as

well as shade and water, it is a challenge to provide sufficient amenities elsewhere

that will result in reduced utilization of the riparian zone. However, off-site water

has been used to reduce the time that livestock spend in or near streams (Miner et

al 1992); and the strategic placement of supplemental feed has been used to

reduce grazing in riparian areas (McDougald et al. 1989) during periods when the

riparian zone is most attractive.

Regression-based models have been used to predict grazing distribution

patterns by many researchers (Cook 1966, Senft et aL 1983, Gilen et al. 1984,

Smith 1988). Because these models are empirical and descriptive in nature, they

are adequate to predict animal distribution at a research site, but cannot be

generalized to other locations (Senft et al. 1985). Most regression models

oversimplify assumptions and do not consider actual mechanisms of foraging

(Coughenour 1991c).

Habitat suitability indexes have been employed by wildlife biologists to

objectively quantify use of habitat by various wildlife species. A cow habitat

suitability index would use simple correlation and multiple regression to identify

habitat variables that relate to cattle distribution patterns (Irwin and Cook 1985).

Coughenour (1991a, 1991b) used an index of habitat suitability that included four

indices: forage abundance, water, topography and cover. To simulate temporal

change in habitat suitability, he calculated an HSI weekly to monthly for each

spatial grid cell.

The goal of our study was to map the distribution of livestock in a pasture

setting on California foothill rangeland. We examined animal use patterns in

different seasons and developed a predictive model for livestock distribution. Our

study: (1) developed a landscape classification that predicts suitability of locations

for cattle, (2) quantified changes in distribution caused by moving feed and water

around the landscape, and (3) developed and refined techniques for detecting

changes in livestock distribution.
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The San Joaquin Experimental Range (SJER) (UTM zone 1 iN, Easting

257600, Northing 4109300) located along State Highway 41 approximately 30

km north of Fresno, California, was used for our study. The SJER encompasses

1,837 hectares (Figure 2.1) and has been a USDA Forest Service research facility

since 1934. This research facility is located on the east side of the San Joaquin

Valley within the oak savanna vegetation type of the Sierra Nevada foothills.

Elevation of the research facility ranges from 213 to 518 m above sea leveL Soil

on slopes is comprised mainly of coarse sandy barns averaging 0.5 m in depth

with numerous outcroppings of granitic bedrock. The Ahwahnee series (Mollic

Haplustall) is common, covering about 96 percent of the SJER. The Visalia

series (Cumulic Haploxeroll) is generally found on alluvial or swale sites. Soils

in the swales, transported from the slopes above, are of a heavier texture, are

deeper, contain more organic material, and produce more vegetative biomass.

The SJER has a Mediterranean climate. Long-term average precipitation

(65 years) is 48 cm (Appendix Figure A. 1). However, annual precipitation varies

between 23 and 95 cm with most occurring as rain. Snowfall is rare. Rainfall

usually occurs between the months of October and March but may occur earlier in

the fall or later in the spring. Forage production varies considerably with the

amount and timing of storm events. Monthly mean air temperature ranges from

6°C in January to 27°C in July.

The annual grasses, soft chess (Bromus hordeaceus L.) and foxtail fescue

(Vulpia myuros (L) C. Gemlin), and two broadleaf filaree species are principal

herbs. These species constitute between 75 and 95 percent of annual herbaceous

production. Some of the heavier, more productive soils (approximately 7 percent
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Figure 2.1. Fences on the San Joaquin Experimental Range showing the locations

of the study areas.
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of the study area) support large populations of bur-clover (Medicago polymorpha

L.) and Bermuda-grass (Cynodon dactylon (L.) Pers.). Two species of ceanothus;

wedgeleaf(Ceanothus cuneatus (Hook.) T. & G.) and whitethorn (Ceanothus

leucodermis E. Greene) are the dominant shrubs. The evergreen, interior live

oak (Quercus wislizenii A. DC.), the deciduous, blue oak (Quercus douglasii

Hook & Am.) and the conifer, California foothill pine (Pinus sabiniana Douglas)

make up approximately 98 percent of the trees. Oaks are an important source of

shelter for cattle. Trees and shrubs cover about 20 per cent of the total surface of

the study site.

Range Units

Range Unit 72 ranges in elevation from 375 m to 455 m above sea level

(Figure 2.2). The site (>60 percent) is dominated by south fcing rolling slopes.

It is triangular with the treatment water sites located in the western and eastern

points (Figure 2.2). These locations are also some of the lowest elevations in the

unit. The highest point is located on a ridgeline near the center. During three of

our observation series (Summer 1997, Winter 1998, and Winter 1999),

supplement was on this ridge. In summer 1998, the supplement was on a ridge

near the south fence, approximately equidistant from both water sites (Figure 2.2).

Study Design

Cattle distribution patterns were mapped using direct observation and

videography that was supplemented by global positioning system (GPS)

technology. The timing of observation/treatments corresponds to pheno logical

and physiological stages of the forage referred to in the California literature
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Figure 2.2. Arrangement of study area showing locations of water and
supplement. Contours are 40-foot elevation changes. Fences are shown as broad
black lines.
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(Bentley and Talbot 1951, George et aL 1996) as the inadequate green and

inadequate dry periods. Supplemental feeding of livestock is a common practice

during these times, and our study examined effects of supplemental feeding, as

well as water location, on livestock distribution and activities. Observations

began in June of 1997 and ended by February 1999.

Range units 1 and 6-2 (Figure 2.1) on the SJER were combined into one

grazing unit (cattle had free access to both units through open gates) with an

enclosed area of 134 hectares. This unit, simply referred to as unit 1, is part of an

on-going watershed/cattle study and our study was designed to complement that

study. In the summer of 1997, this unit contained a herd of 18 cows with 17 four-

month-old calves as part of the aforementioned study. A second range unit, 72,

was also used for this study. It encloses 75 hectares and is located north of Unit 1

with which it shares a common interior fence. Two teams of observers followed

two herds, one in unit 1 and another in unit 72, simultaneously. This approach

identified responses to abiotic factors, such as temperature and solar exposure,

occurring across units. Observations were made in summer (July) and winter

(January) for two years, 1997-1998 and 1998-1999.

Cattle locations from range unit 72 were analyzed and were used to

develop a model to predict cattle distribution across the landscape. Cattle

locations from range unit 1 were used to veriIr and assess accuracy of the modeL

This chapter only discusses unit 72 observations and discussion of unit 1

verification data will be the subject of a later chapter.
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Experimental Design

Treatments

Our experiment changed the position of water and supplement in range

units 1 and 72 in the pattern shown in Table 2.1 and Figure 2.2. Animals were

allowed three to seven days to adjust to the resource pattern then were observed

for a 24-hour period. Two existing water troughs in each range unit were selected

as water sources and all other water troughs were drained for the study periods.

Unit 1 troughs were located 1,657 meters from each other, while unit 72 troughs

were 1,120 meters apart (Figure 2.2). Because water sources were alternated as

part of the treatments, float valves were periodically wired shut and troughs were

pumped dry (Table 2.1). Similarly, a high protein supplement was placed or

removed from each unit (Table 2.2). Supplement sites were chosen for each

range unit at the start of each series of observations. Composition of the

dehydrated molasses supplement that had a crude protein of 20 percent is given in

Table 2.2.

Table 2.1. Experimental design used for the SJER Cattle Distribution Study. A
series of six patterns of water and supplement were presented to animals in each
range unit (pasture) during each triaL In the table below, X denotes the treatment
was present; a 0 denotes it was absent or unavailable to livestock. See Figure 4
for position of water and supplement in each pasture for each observation period.

Observation Supplement Water Source 1 Water Source 2
1 0 X 0
2 X X 0
3 X X X
4 X 0 X
5 0 0 X
6 0 X 0
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Table 2.2. Nutrient content and ingredients of the high protein supplement used in
the study. Ingredients were: cane molasses, rice bran, urea, cottonseed meal,
hydrolyzed feather meal, animal fat (preserved with ethoxyquin), monocalcium
phosphate, dicalcium phosphate, calcium carbonate, magnesium oxide,
manganese sulfate, zinc sulfate, copper sulfate, ethylenediamine dihydriodide,
calcium iodate, cobalt carbonate, sodium selenite, vitamin A acetate, vitamin D3
supplement, vitamin E supplement.

Nutrient Level
Crude protein 20 %
Not more than 13.0 % equivalent crude
protein from non-protein nitrogen
Crude fat 4.0%
Crude fiber 2.5 %

Two 250-pound barrels of supplement were placed in each range unit.

This placement provided one barrel per 7 or 8 cows. Adequate supplement was

maintained during supplemented observation periods. Animals were lead to the

supplement sites when the barrels were placed in the range units to show them

supplement locations. All animals had previously been fed supplement as a

normal part of herd operations. Using these variables, a set of six treatments was

implemented during each series of observations (Table 2.1).

Cows

Herds of mixed breed cattle were randomly selected from a large breeding

herd of approximately 250 cows. Observation herds usually contained 15

animals. However, herd size ranged from 14 animals, winter 1999 (unit 72), to 17

animals, summer 1997 (unit 1). All animals had previously grazed in the study

range units thus were familiar with the parcels. Animals ranged from 2 years to
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16 years with a mean age of 7 years. Ninety-eight different cows were part of the

study. Seventy-five animals took part in only one observation series. Twenty-

two animals took part in two observation series, while one cow participated in

three observation series. As previously mentioned, 17 four-month-old calves

were with the cows in range unit 1 during the summer of 1997. Five calves were

unexpectedly born during the winter observations, two calves in unit 1 during

1998 (one stillborn), while one calf was born in unit 1 and two were born in unit

72 in 1999.

Cows were weighed prior to the start of the observation series and color-

coded, reflective tags were attached to their ears. A general body condition score

was determined. Bells were placed on two randomly selected cows from each

herd to iheilitate tracking during night and in dense fog. Cows were weighed

again at the end of each observation series.

Measurements

Detailed orthophotographic maps with a resolution of 2 m and an overall

spatial accuracy of 2 m (RMS = 1.97 m) were developed from low-altitude color

aerial photography and a 10 m Digital Elevation Model (DEM). The coordinate

system employed was Universal Transverse Mercator NAD 1927 Zone 11 North.

Six individual images were corrected by removing terrain and camera lens

distortion, then concatenated to produce a single orthographic map for each range

unit. All GIS layers were standardized to this orthophotographic map.

Range sites were delineated (Figure 2.3) based on the ten-site classification

routine of Bentley and Talbot (1951). The map was produced from a

comprehensive SJER (uS database and low-altitude, color aerial photography

obtained on April 30, 1997. Aerial photography coincided with the "transition" or

rapid drying of range plants on the uplands. Swales were easily delineated at this
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time, as they were still green while the upland vegetation had matured and dried.

Aerial photos were analyzed using Idrisi32 GIS/image processing software to

identify areas with greater than 30 percent shrub and tree canopy cover vs. open

areas. Another mask showing rock outcroppings was also developed from these

photos. These data were combined with slope and aspect map layers derived from

a I Urn digital elevation model to produce a range site classification map (Figure

2.3). The aspect separating north from south in our classification ranged from

125°, southeast, to 315°, northwest, because west slopes functionsimilarly to

south slopes in vegetative/atmospheric interactions, while east slopes act like

north (Hobbs 1997). In this way, a range site classification consisting of 260

polygons was created (Figure 2.3) with the following classes:

1. Swales

2. South gentle slope

3. North gentle slope

4. South open rolling

5. North open roffing

6. South brushy rolling

7. North brushy rolling

8. South brushy steep

9. North brushy steep

10. Steep rocky bluff

Ground verification of 100 randomly located points produced a Kappa

Index of Agreement (MA) of 0.95 for the classification image. The percent of

landscape in each range site class was determined, the landscape was stratified,

and vegetation monitoring plots were established and positioned with GPS (Table

2.3). Previous research (Bentley and Talbot 1951, Wagnon 1959, and George et

aL 1996) has shown that the swale sites produce the greatest amount of forage and

are the most highly utilized areas on the landscape. For this reason, these sites

were sampled more intensively (five plots). Three of the range sites were poorly
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represented on the landscape (1.49 percent) and were also rarely used by cattle

(<1.0 percent in our range units), thus were not sampled. Vegetation in all other

range sites was sampled using three sample plots, except for north rolling brushy

sites. Only two representative plots could be established for this range site.

Table 2.3. Range sites showing the percent of the landscape in each range unit
and the number of forage sampling sites for range site.

Range Site Unit 1 Unit 72 Average Number
of Sample

Sites
Swales 8.73 6.12 7.43 5

North gentle
10.99 13.78 12.39 3

South gentle 34.77 25.12 29.95 3

North open rolling
3.83 4.73 4.28 3

South open rolling 13.54 21.76 17.65 3

North brushy 5.63 11.36 8.50 2
rolling slopes
South brushy 20.98 13.90 17.44 3
rolling slopes
North brushy steep

0.13 0.28 0.21 0

South brushy steep
0.25 1.49 0.87 0

Steep rocky bluff 0.00 0.81 0.41 0

Standing crop was first measured on April 30,1997 during the transition

stage. Standing crop was also measured in the middle of each observation series.

Forage was sampled at twenty-two locations throughout the two range units. At

each location, two 0.093 m2 (1ft2) plots were clipped. Twenty-two plots were
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also clipped from under the tree canopies located within 10 m of sample sites.

Clipped plots from under the canopy were not necessarily located in

representative range site classes and were not used to establish class vegetation

characteristics but only for comparison of under-canopy versus open-exposure

standing crop and quality. Vegetation was weighed, dried in an oven at 550 C for

24 hours, and reweighed. Samples were pooled within range sites and canopy

location, ground to pass through a 1 mm screen and sent to a laboratory for

analysis of crude protein and acid digestible fiber (ADF). Sample sites were also

photographed during the spring of 1997 and during both summer observations

using a plot frame camera and a small tethered blimp (Harris et al. 1996).

Inclement weather prevented winter photographic monitoring.

Consumption of supplement was determined by estimating the weight of

each barrel before and after it was placed in the range units. The height (sides and

center) of the supplement within the barrel was measured to determine the weight

of supplement remaining in the barrel. Weight of eaten supplement divided by

the number of cows and the number of days between supplement placement and

removal from the range unit gave consumption per cow day.

Cow position and movement was monitored during six 24-hour

observations each season. Treatments were implemented and the cows were

allowed 3 to 7 days to become accustomed to the change. Observers then

followed the herds continuously for a 24-hour period. In each range unit,

observers followed the largest individual groups of cattle when herds fragmented

into smaller units. Two types of observations were recorded at 1 5-minute intervals

(scan sampling) depending on whether it was day or night. During daylight

hours, observers videotaped all visible animals every 15 minutes to record animal

identity, spatial location, and activity. Observers used a Trimble Pathfinder Pro

XRS GPS unit to obtain a positional fix of the videographer. This positional fix

coupled with objects visible in the video allowed individual animals to be

accurately mapped on the landscape (± 2m). Videotapes also recorded weather
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conditions and captured verbal notes from the observers. At night, observers

located animals using flashlights and/or night-vision scopes every 15 minutes and

obtained a GPS positional fix of their location. Because individual animals could

neither be identified nor accurately positioned, herd position was outlined on

transparent overlays on our orthophotographic base map. Observers also recorded

the total number of animals in the group and the number of animals engaging in

each activity (ie., grazing, walking, laying, standing, drinking, browsing, and

eating supplement), air temperature, and weather conditions.

Videotapes were used in conjunction with the digital planimetric base map

to input animal locations to the GIS database, via on-screen digitizing. Tapes

were also used to identify individual animals, their activity, health, whether they

were with calf, and whether they were in the shade or under a tree/shrub canopy.

This information was entered into a spatially linked database. All animal

activities are therefore linked to date, time, and position in the range units. Other

information entered included the number of cows in each observation period,

ambient air temperature, and weather conditions (rain or fog). Additional data

were extracted from GIS database layers including elevation, slope, aspect of

slope, distance to fences, distance to trails, distance to swales, distance to water

sources, distance to supplement, range site, topographic shape (Pellegrini, 1995),

and clear sky solar insolation. Time stamps and spatial locations were used to

calculate straight-line distance traveled and speed. Forage parameters (dry

weight, percent water, crude protein, and ADF) were entered fbr matching range

sites.

Statistical Analyses

Forage and supplement data were analyzed by analysis of variance (SAS

1998) using two models. Tukey's studentized range test (SAS 1998) was used to

separate means. The model used for analyzing forage parameters included year,



41

season, range site, sampling location (under tree canopy or open exposure) and

interactions. Supplement consumption was analyzed using a model that included

year, season, temperature, period in range unit and interactions. In both of these

models, the residual was used as the error term for statistical tests.

The position of cows within a herd is autocorrelated because animals tend

to move together. Thus, positions of individual animals are not independent

observations. This precluded the use of cows as replicates in parametric statistical

tests. Analysis of variance was therefore applied to data of only one cow for each

observation series. The model used for this analysis included distance from

supplement, distance from both water sites, distance from fences, distance from

swales, and interactions. As with forage and supplement analysis, the residual

was used as the error term.

Stepwise linear regression (SAS 1998) was used to explore and analyze

selection of range sites mitigated by forage and time effects. Significance levels

to enter and stay in the model were set at P = 0.10. Potential independent

variables included:

1. temperature

2. cloud cover

3. rain

4. fog

5. slope

6. aspect

7. year

8. forage consumed before current grazing (total use in the

observation series)

9. cumulative time spent grazing each range site before current

observation (an index of preference based upon number of

previous observations in the observation series)

10. green weight biomass per unit area
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11. dry weight biomass per unit area

12. water content of the forage

13. crude protein content of the forage

14. acid detergent fiber content of forage

Data were preference indices since each class of independent variables did

not contain an equal proportion of the landscape. Preference index was calculated

as the ratio of the percentage of total animals observed within a particular

landscape class to the percentage of the total accessible landscape within that

class (Gillen et aL 1984). This is similar to relative preference index as used in

animal diet selection studies (Krueger 1972). An index value greater than one

indicated that more cattle were observed within a class than would have been

expected by random use and was considered to imply positive animal preference

for that class. Index values near one are neutral, those less than one indicate

avoidance.
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Weather
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Weather conditions during this study were variable. Precipitation in 1996-

1997 was 63 cm, while for 1997-1998 it was 91 cm. The final winter observation

in 1999 was during a year that produced 33 cm of precipitation. Along with the

differences in the amount of precipitation was the pattern of precipitation. The

first observation series (summer 1997) were made during a year dominated by an

El Niño/Southern Oscillation climatic pattern. These conditions resulted in a

truncated winter rainy season and a dry spring. The last significant rain occurred

in late January with only 0.71 cm of additional rain falling before our summer

observations. An extremely strong La Nina dominated weather the following

year. This produced a long and wet spring with the last significant rain (5.23 cm)

occurring on June 6,1998. Summer weather during the observation series

produced neither rain nor fog. Overcast conditions were present during 10

percent of the summer 1997 observations, in the summer of 1998, 5 percent.

Weather for daylight winter observation series of 1998 was 35 percent

sunny, 38 percent rainy, and 27 percent overcastlno rain conditions. There was

rain for 23 percent of the nighttime observations. Prior to our winter 1998

observation series, the rainy season (the start of September) had produced 14.38

cm of rainfall. During the time of our observation series (eighteen days), another

17.91 cm of rainfall was accumulated with 11.33 cm of this occurring on

observation days. In the winter of 1999, daylight observations were 52 percent

sunny, 10 percent rainy, 24 percent overcast/no rain, and 14 percent foggy. There

was rain during 30 percent of the nighttime observations. Prior to our
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observations, 5.75 cm of rainfall had been received. During the nineteen days that

our observations covered, 8.71 cm of rain fell. Only 1.7 cm of this rainfall

occurred during actual observation days.

The temperatures experienced during our observations were average and

are given below in Table 2.4:

Table 2.4. Minimum, maximum, and mean temperatures, and percent of rainy
observations for each observation series.

Observation
Series

Minimum
Temperature

Maximum
Temperature

Mean
Temperature

______________

Percent of
Rainy

Observations

Summer 1997 14°C 39°C 27°C 0

Winter 1998 -3°C 14°C 9°C 35

Summer 1998 12°C 39°C 28°C 0

Winter 1999 -2°C 18°C 7°C 10

Pattern of Forage Availability and Ouality

Variations in precipitation and weather led to variations in forage standing

crop and quality. Separating the data into years with summer 1997-winter 1998

being the first year and summer 1998-winter 1999 being the second year, there

were significant differences in forage quantity and quality between years.

Standing crop for the first year was 60 percent of the second year's production

(p=0.0001), while the percent ADF was 95 percent of the second year (pO.O872).

There were no significant differences in crude protein content or percent water

between years.

Seasonal differences in available forage were dramatic (Table 2.5).

Summer standing crop (dry biomass) was 50 percent greater than winter (P =
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0.00 19). Summer forage contained less than 18 percent of the water that was

contained in the winter forage (P < 0.0001) and crude protein was 6.1 percent

while winter protein was 12.2 percent (P <0.0001). There were no significant

differences in the percent ADF between seasons (P = 0.63).

Standing forage available to cattle varied across range sites (Table 2.6).

During the summer, swale sites had significantly more crude protein (P = 0.018)

than forage on any other range site, 33 percent more crude protein in 1997 and 47

percent more in 1998 than upland vegetation.

Table 2.5. Mean forage standing crop and quality available for cattle in each
observation series.

Observation
Series

Standing Crop
kgDM/hectare

Water
percent

Crude Protein
percent

ADF
Percent

Summer 1997 1690.3 10.1 6.2 50.1

Winter 1998 816.0 77.5 13.4 46.2
Summer 1998 2387.0 16.9 6.1 49.4
Winter 1999 1785.5 74.9 11.1 51.4

In 1997, previous grazing by cows reduced standing crop during the

summer observation series. Eighteen cows had grazed Unit I continuously for the

previous two years. Unit 72 had approximately 5 animal unit months (AUM)

removed by spring grazing. In both units, most of the swale sites had been grazed

to a stubble height of 4 cm and standing biomass on gentle slopes was lower than

brushy sites. Peak standing crop for the SJER was 2535 kg/hectare in 1997,

which is near the thirty-four year average of 2563 kg/hectare. By summer the

range units used in this experiment bad 1690 kgDM/hectare.
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Table 2.6. Spring (1997) and Summer (1997 and 1998) mean dry weights and
crude protein content for range sites. Standing crop was measured as grams per
0.092903 m2 (1 ft2) then converted to kilograms of dry matter per hectare. Range
sites north brushy, steep slope, south brushy, steep slope and rocky bluff were not
sampled, as they made up less than 1.5 percent of the area.

Spring Summer Summer Spring Summer Summer
Range Site 1997 1997 1998 1997 1997 1998

Percent Percent Percent

(kgDM/ha) (kgDM/ha) (kgDM/ha)
Crude Crude Crude
Protein Protein Protein

Swales 1270 936 2626 13.5 7.83 8.43

North gentle
1345 1378 2723 6.0 6.32 5.00

slope

South gentle
1561 1464 3961 6.6 6.43 6.45

slope

North open,
1098 1195 1615 6.7 5.08 4.55

rolling slope

South open,
915 2680 2562 6.0 6.20 6.30

rolling slope

North
brushy 1270 1938 1453 6.7 5.30 6.50

rolling slope

South
brushy 1313 2540 2185 6.1 6.25 5.45

rolling slope

In summer 1998, units were only grazed during the winter series (about 10

AUM removed for each range unit) and were not entered again until late June.

Peak standing crop for the SJER in 1998 was 2812 kg/hectare (110% of the 34

year average). For the summer 1998 observation series the range units had 2387



kgDMlhectare herbaceous standing crop. South slopes during both summers

produced 50 percent more dry weight biomass than north slopes (P = 0.0365) and

the forage contained 14 percent more crude protein (P = 0.0028).

During winter observation series, all range sites had similar standing

forage, but the effect of tree/shrub canopy (under canopy or open) was significant

(P = 0.00 1). Winter forage composition was different between 1998 and 1999

(Table 2.7). Nineteen percent more water was contained in forage in 1998 (P =

0.00 12) growing under trees. In 1999, there was 6 percent more water in forage

in the open areas (P = 0.0047). Standing crop (kgDM/ha) was 178 percent higher

in 1998 and 39 percent higher in 1999. In 1998, the crude protein content was

significantly (p<O.0001) higher for under canopy forage (76 percent), while in

1999 there was no significant difference (p=O.69) (Table 2.7).

Table 2.7. Percent Grazing and Vegetation Characteristics for Areas Under Tree
Canopies versus Open Areas.

Season Year Position Percent Dry Wt. Percent Percent Percent
Grazing kg/ha Water Protein ADF

Under
Summer 1997 22 1687.4 11.61 6.25 50.57canopy
Summer 1997 Open 78 1693.1 10.14 6.20 50.06

Under
Summer 1998 16 2383.9 16.56 6.04 49.69canopy
Summer 1998 Open 84 2390.1 16.86 6.10 49.35

Winter 1998
Under
canopy

22 421.5 84.98 17.30 38.86

Winter 1998 Open 78 1210.5 72.03 10.64 54.24

Winter 1999
Under

46 1468.0 73.74 11.07 50.73canopy
Winter 1999 Open 54 2103.0 77.17 10.98 51.42
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Forage palatability and nutritional value changes with the pheno logical

development of plants. George et aL (1996) has classified forage value on the

California foothills as inadequate green, adequate green, and dry based on plant

phenology. Figure 2.4 shows the variation in the length and timing of forage

seasons on the SJER over a 14-year period. "Transition" is a 10- to 14-day period

between the adequate green forage stage and the dry forage stage.

Figure 2.4. Example of variation in the length of time of the inadequate green
season, adequate green season, and the dry season at the San Joaquin
Experimental Range over a 14-year period, 1934- 1947.
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Our summer 1997 observation series was conducted when vegetation was

in the dry forage stage. Transition had occurred seven weeks earlier at the end of

ApriL Forage water content averaged 10 percent and crude protein averaged 6.2

percent. At the beginning of our observation series in summer of 1998, forage

was still very green and actively growing on the uplands as well as in the swales.

Forage quality sampling occurred while forage was in transition and rapidly
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changing. Thus samples were not representative of those that prevailed during the

first half of the cow observation series. Even at the end of our observation series

in late July, the forage was still in the transition stage. This abnormally late

transition (Figure 2.4) is reflected in cattle behavior.

A similar difference between years occurred with the winter observations.

In the winter of 1998, the forage was at the inadequate green stage. Crude protein

content was 13.4 percent, but dry weight standing crop was 754 kg/hectare.

However, during our winter 1999 observation series, forage was phenologically

advanced and well into the adequate green stage (crude protein content 11 percent

and dry weight standing crop 1661 kgDM/hectare).

Cattle Activities

Summer

Cattle activity in summer included seven to eight hours of daytime loafing

in the shade, either standing or laying. In the wet 1998 winter cows rarely spent

daylight hours resting and were seldom in the shade. The dry winter of 1999,

cows spent an average of two hours during the day and on bright sunny days did

use shade trees. As would be expected, drinking was a more frequent activity in

summer. However, drinking is rapidly completed, generally in less than three

minutes. Scan sampling on a 15-minute interval therefore often fails to record

drinking because it occurs between observations (Hull et aL 1960, and Nelson and

Furr 1966). Times spent walking/not grazing and browsing are also short-

duration and are therefore infrequently recorded.

Cow activities during the two summer observation series (Table 2.8) were

similar. Cows walked further at night in 1998 and spent less time eating

supplement at night and in total. Cows on average walked 4.1 km in summer
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1997, while in 1998 they walked 4.6 km. Anderson and Kotlunann (1980)

reported Hereford heifers traveling distances between 3.6 km and 5.2 km per day

in smaller pastures than our study area. Herbel and Nelson (1966) reported travel

distances for Hereford and Santa Gertrudis cows ranging from 6.9 to 14.6 km per

day on semi-desert pastures between 1,000 and 1,500 ha in size.

Table 2.8. Activities of cattle grazing range unit 72 on the San Joaquin
Experimental Range, Madera County, California, during the summer of 1997 and
1998. Values are the percentage of all observations for each activity class.

No Supplement With Supplement
Activity Day Night Total Day Night Total

Walking 4.9 1.7a 3.9 5.6 0.5 4.0
Standing 18.9 13.0 16.6 19.0 12.0 16.7
Laying 35.2 60.8 43.7 35.2 66.4 45.2

Grazing 39.1c 23.2 34.2c 36.1c 19.3 30.7c

Browsing 1.3 1.1 1.2 0.8 0.1 0.6
Drinking 0.7 0.1 0.5 0.6 0.0 0.4

Eating
Supplement

27 17b 24b

S statistically significant difference at pO.l 0, 1998 total is higher
b statistically significant difference at p=O.lO, 1997 total is higher

statistically significant difference at pO.lO between treatments (no supplement vs. with
supplement)

In the summer of 1997, 4.2 percent of daylight observations were of

animals consuming supplement when it was present. In the summer of 1998, 1.5

percent of daylight observations were of animals consuming supplement. During

the summer of 1998, no cows were observed eating supplement at night, while, in

1997, these composed 3.7 percent of nighttime observation. When supplement

was present, daytime grazing and total time grazing was reduced.
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If we translate cow summer activities into duration, cows grazed for 8.2

hours per day. Daylight grazing accounted for 6.3 hours of that total. Cows

rested/ruminated 14.5 hours each day with about 8.7 hours being daylight rest.

These budgets are within the range of times reported by other researchers (Hart et

aL 1993, Hepworth et al. 1991,Wagnon 1963,Walker and Heitschmidt 1989).

Winter

During winter the percent of time engaged in every activity during the day

(Table 2.9 and 2.10) was different. When no supplement was present, more time

was spent grazing in 1998 (84.3 percent) than in 1999 (52.8 percent) (Table 2.9).

More time was also spent browsing shrubs (0.4 percent versus 0.0 percent) and

the total grazing/browsing was greater, probably because cows had to graze

longer to fill their rumens in 1998 as green forage was limited. In the winter of

1999, the cows spent more daylight hours in rest areas and more of time standing

and laying. They also expended more energy walking. In winter 1998, cows

walked an average 3.0 km per day, while in 1999 they walked 3.6 km per day.

Malechek and Smith (1976) speculated that cattle might defer some energy

expenditures when food quantity is limited. This might be the case with

decreased travel distances in 1998. The decreased travel distances for winter

compared to summer observation also support the fmdings of Anderson and

Kothmann (1980) that travel distances decreased when forage was higher in crude

protein concentration.

Free water was drunk sparingly during the winter but was more important

in winter 1999 than in 1998. Only six animals out of fifteen drank any water

during the observation series and this occurred only on one day.

Cows spent more time consuming supplement during 1998 (4.7 percent

versus 0.5 percent) (Table 2.10). In the relatively dry winter of 1999, very few

cows were observed consuming supplement during daylight hours. More



52

available forage may have suppressed consumption of supplement. During night

observations without supplement, cows walked further in 1999 (1.6 percent versus

0.1 percent).

Table 2.9. Activity Budget for the Winter Observation Series with No
Supplement. Numbers shown are percent of total observations.

1998 1999
Activity Day Night Total Day Night Total

Walking 0.1a 2.la 11.7a 1.6a 59a

Standing 8.8a 11.9 10.6a 22.8a 13.8 17.6a

Laying 1.6a 57.5 33.6 12.8a 56.1 37.6
Grazing 84.3a 30.5 535a 52.8a 28.5 38.9a

Browsing 0.4a 0.0 o.2 o.oa 0.0 o.oa

Drinking 0.Oa 0.0 o.oa o.la 0.0 o.la

a statistically different between years at p0. 10

Table 2.10. Activity Budget for the Winter Observation Series with Supplement.
Numbers shown are percent of total observations.

1998 1999
Activity Day Night Total Day Night Total

Walking 54a 0.6 2.6a lo.la 0.9 4.8a

Standing 7.8a 6.5a 16.8a 29.5a 24.0a

Laying 8.3a 61.oa 38.5 23.4a 29.4* 26.7
733a 19.1* 42.2 48.5* 31.3a 38.8

Browsing 0.4* 0.2* o.3a 0.1* 0.0* 0.0*

Drinking 0.2* 0.0 o.la 0.68 0.0 o.3a

Eating
supplement________

478 13.6 9.8* 0.5* 9.1 548

a statistically different between years at p=0. 10



53

When supplement was available to the herd in 1998, cows spent more time

laying (61.0 percent versus 29.4 percent) and browsing (0.2 percent versus 0.1

percent). For supplemented nighttime observations in 1999, more time was spent

standing (29.5 percent versus 5.5 percent) and grazing (31.3 percent versus 19.1

percent).

The only significant difference between supplement treatments in 1998

was that less time was spent grazing (42.2 percent versus 53.5 percent) during a

24-hour period. In 1999, significantly less time was spent laying at night (29.4

percent versus 56.1 percent) and during a 24-hour period (26.7 percent versus

37.6 percent).

If these observation percentages are converted to duration, cows grazed

between 9.3 hours (1999) and 12.8 hours (1998) per day. Daylight grazing

accounted for between 5.3 hours (1999) and 8.4 hours (1998). Resting accounted

for between 10.6 hours (1998) and 13.2 hours (1999). Daylight resting was

between 1.0 hour (1998) to 3.6 hours (1999) of these totals. These figures are

once again within the ranges quoted by other researchers (Wagnon 1963, Walker

and Heitschmidt 1989).

Cattle Grazing Patterns and Distribution

Daytime grazing

Most grazing occurred at two times. Cattle would leave night rest areas

soon after sunrise and would graze towards water sites. This early morning

grazing bout would last between three and four hours. In the summer and in the

first half of the winter 1999 observations, animals would then drink water and

rest. In late afternoon, usually after the highest temperature for the day had

passed, animals would graze for four or five hours. There were often two other
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times when some grazing would occur, a period around 1 p.m. and at about 12:30

a.m. when an hour of grazing would occur. At noon only a few animals would

graze while the majority lay in the shade. This activity seemed to be sensitive to

temperature, becoming shorter and less frequent with higher temperatures. In our

study, those days when air temperature was above 370 C had no midday grazing.

The night grazing bout occurred at about 12:30 a.m.. Once again it was

not definite and often only a few animals would graze for a couple of hours, while

most animals rested. However, observers noted that if over half of the animals

were grazing at this time, the whole herd would move to a new location before

laying down. Observations in the winter of 1998 were different in that animals

usually did not rest in the daytime but grazed continuously.

Table 2.11. Relative preference indices of the slope classes for daylight
observations only.

Slope Classes

Percent Slope

Summer

1997

Summer

1998

Winter

1998

Winter

1999

Average

Oto5 2.6 1.9 1.4 2.0 2.0

5tolO 1.8 2.3 1.1 1.8 1.8

lOtol5 0.6 0.4 1.1 0.6 0.7

15 to 20 0.7 0.3 0.8 0.5 0.6

20 to 25 0.3 0.3 0.8 0.5 0.5

25 to 30 0.3 0.1 0.5 0.6 0.3

Over 30 0.3 0.4 0.4 0.7 0.6

Many previous researchers (Bryant 1982, Cook 1966, Gillen et al. 1984,

Mueggler 1965 and Pinchak et aL 1991) found that cattle preferred to graze sites
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with shallow slopes. In our study, flat land (slopes less than 10 percent) was

preferred during all observation periods (Table 2.11). Over 80 percent of all

cattle locations occurred on slopes less than 10 percent. Cows did grazed steeper

slopes during the winter of 1998 when forage was limited. This may also be a

response to heavy rainfall, which made the lowlands wet and muddy.

Table 2.12. Relative preference indices of topographic shape classes for daylight
observations.

Shape Classes Summer 1997 Summer 1998 Winter 1998 Winter 1999

Peak 0.00 0.00 0.00 0.00

Ridge 0.96 0.73 1.11 1.01

Saddle 0.30 0.25 0.54 0.58
Flat 0.16 0.93 0.29 0.25
Ravine 0.77 1.82 0.75 1.48

Pit 0.00 0.00 0.00 0.00
Convex hillside 1.27 0.57 0.99 0.51

Saddle hillside 0.86 0.86 1.12 0.91
Slope hillside 0.00 0.66 0.00 0.00
Concave hillside 1.50 1.30 0.81 1.19
Inflexion hillside 0.38 1.05 1.14 1.03

Unclassed 0.00 1.98 0.00 0.00

Preference indices for the topographic shape classes did not generate any

conclusive trends. Ravines (Table 2.12) were preferred areas in the summer of

1998 and the winter of 1999. These two observation series occurred during the

periods of adequate forage. Senft (1985) found that cattle preferred draws and

lowlands during the growing season. In our study concave hillsides were preferred

during three observation series: winter 1999, and summer 1997 and 1998.
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Swales were always preferred for grazing (Table 2.13) varying only in the

intensity of use. Lowest preference (RPI = 1.48) occurred in the winter of 1998

when soils in swales were saturated and soft. The highest preference for swales

was in summer of 1998 (RPI = 9.49). This value is within the range quoted by

Gillen (1984) for highly preferred forage sites. Swales and upland areas within 10

meters of swales received 82 percent of all grazing during the summer of 1998.

Table 2.13. Relative preference indices of range sites for grazing during daylight
hours.

Range site Summer 1997 Summer 1998 Winter 1998 Winter 1999
Swales 4.17 9.49 1.48 3.08

North gentle slope 0.85 0.49 0.67 1.04

South gentle slope 0.66 0.82 1.22 1.06

North open rolling 2.16 0.33 1.15 0.22

South open rolling
0.97 0.31 1.53 0.99

North brushy
0.66 0.14 0.33 0.65

roiling_slope
South brushy
roffing_slope

0.32 0.22 0.50 0.56

orth brushy steep
0.00 0.00 0.00 0.00slope____________

South brushy steep
slope____________0.83 0.27 0.36 0.75

Steep rocky bluff 1.15 0.00 0.26 0.57
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Figure 2.5. Charts showing summer grazing observations at different time
periods as graphed by elevation. Trend lines are also indicated.
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The pattern of daylight summer grazing showed a consistent trend of

animals grazing up the elevation gradient (Figure 2.5) in the late afternoon and

evening. They then grazed down the elevation gradient the following morning.

This tendency was not as pronounced both years, but it was consistent. This

pattern may have occurred because our water sites were located at the lowest

points in the range unit and daytime resting/loafing areas were usually close to

water. However, temperature regulation could also be a ictor because this

pattern of movement was not observed in winter.

Nighttime grazing

During the night, cows foraged near night camps that were usually on

upland slopes. Cooler nights might induce cows to move to more sheltered

draws. On these occasions nighttime grazing would occur there. Over 75 percent

of all nighttime grazing was on land with elevations greaterthan 416 m (land

higher than 416 m comprised 55 percent of the range unit) (Table 2.14). Cows

grazed mainly (70 percent) southwest facing slopes with 7 to 15 percent slopes.

However, there were seasonal differences in night grazing distribution. Animals

grazed higher elevations (P 0.0006) and steeper slopes (P < 0.000 1) in the

winter than in summer.

When winter cow positions were analyzed using aspects derived from the

digital elevation model, animals favored southwest aspects (P = 0.001). In

summer they favored a southern aspect (P <0.0001). Northern slopes were the

next most preferred sites for grazing in all seasons except winter of 1998 when

south gentle slopes were preferred.

In the winter of 1999, they rested significantly (P <0.0001) further from

the swales at night, yet cows showed the same relative preiërences for grazing
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swales at nighttime as they did for daylight grazing. In the winter of 1998, cows

showed a slight preference for swales in the daylight yet exhibited avoidance at

night.

Table 2.14. Relative preference indices of range sites for grazing during nighttime
hours.

Range site Summer 1997 Summer 1998 Winter 1998 Winter 1999
Swales 5.83 10.49 0.49 2.70

North gentle slope 1.00 1.30 0.86 2.79
South gentle slope 0.73 0.24 2.50 0.73

North open rolling 2.55 0.00 0.00 0.96

South open rolling
0.55 0.28 0.96 0.83

North brushy

rolling_slope
0.57 0.26 0.00 0.31

South brushy

rolling_slope
0.00 0.36 0.00 0.00

4orth brushy steep
0.00 0.00 0.00 0.00slope____________

South brushy steep
slope___________0.00 0.00 0.00 0.00

Steep rocky bluff 0.00 0.00 0.00 0.00

Effect of tree canopy on grazing

The cows grazed under the tree canopy more (P <0.0001) in the winter of

1999 than in any other observation series (Table 2.7). Under canopy grazing was

significantly higher than that reported by Wagnon (1963) in his research on these

same sites. This response appeared to be independent of temperature or rain but

forage under the tree canopies did contain significantly less water during this



period. Osuji (1974) suggested that, because of the enormous amount of cold

water that animals ingest with green forage in winter, the energy cost of eating

could be twice as great as when dried grass is eaten. Drier forage might provide

an animal with more digestible energy per kilogram and less heat loss from

warming water.

Factors that predict grazing intensity and preference for range sites

Stepwise regression of grazing locations was used to identify site, weather,

and forage factors that could predict the intensity of use of a range site. No

weather variables entered any of the models. Because of differences of forage

availability, winter observations were analyzed separately. The results of this

modeling are shown in Table 2.15. The model generated for summer grazing

incorporated four forage characteristics; dry weight, water content, crude protein

and ADF.

Because most observations were from swales, this site was most

influential on this model and the forage characteristics described by the model are

present in swales. The negative coefficient for dry weight reflects that the areas

with the greatest dry weight standing crop are the upland slopes adjacent to the

swales. They have more standing crop because they are more lightly grazed.

Swale vegetation usually contains the highest percentage of water and protein.

The regression model for winter of 1998 reflects the limiting effects of

plant growth. Dry standing crop and two prior use variables entered the modeL

The variable AUM consumed is modeled with a negative coefficient. This

variable quantifies animal use in the present observation series and is based on the

total days the cows have been in the range unit prior to the present observation.

The other use variable, cumulative time, indicates the cows preference for a

particular range site and quantifies the cumulative percent of grazing counting
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only those days during which a researcher recorded behavior in this same

observation series.

Table 2.15. Stepwise regression analysis of relationships between percent grazing
in range site classes for each observation and use variables and intrinsic forage
characteristics for observation series. P<O. 10 for acceptance or rejection.

Model bo' b,X, b2X2 b3X3 b4X3

Both -0.58 1.41 3.38 1.89
Summers
R2=0.77

-108.38
DryWt PerWater PerProtein PerADF

Winter -1.43 0.19 5.98
1998

R2=0.70
-49.51

AUMcons CumTime DryWt

Winter
-7.99 20.58 67.62

1999
R2=0.5 1

-2156.38
DryWt Per Water PerProtein

l,o = intercept, b = slope of variable n
DryWt = Dry weight biomass in gift2
PerWater = Water content of forage expressed as percent of total wet weight
PerProtein = Protein content of forage as expressed as percent of dry weight
PerADF = Acid Digestible Fiber content of forage as expressed as percent of dry

weight
AUMcons = Animal Unit Months of forage consumed before observation
CumTime = Cumulative time spent grazing each range site before observation

The regression model for the winter of 1999 is similar to the summer

model and uses three of the five forage characteristics we measured. The

correlation coefficient was low 2 = 0.51) because our range site classification

does not include the effect of tree canopy on vegetation. A model that combines

range site preferences and position (under tree canopy versus open), might

perform better for this stage of forage development (Table 2.7).
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These models coincide with the findings and models of other researchers

(Bailey 1995, Launchbaugh et al. 1990, Pinchak et aL 1991 and Senfi et aL

1985a). Protein content and standing crop of forage are the dominant factors

influencing the selection of grazing sites by cattle.

Rest areas (camps

Cows rest and ruminate at locations with special attributes. In summer

they try to avoid the high daytime temperatures. In summer, cows would rest in

the shade for 8 to 9 hours during the hottest part of the day. Generally rest would

begin around 9 a.m. and last until 5p.m.. Even in winter (1999) cows rested in

the shade. Cows were probably acclimatized to cold temperatures and on sunny

days felt heat stress. On sunny days in winter 1999, cows spent one or two hours

in rest areas in the shade. Cows did not rest during the day when it was raining.

Rest areas used during daylight hours were located at lower elevations than

nighttime rest areas and were closer to water sites. This may be because our water

sites were at the lowest points in the range unit. However, Senft et al. (1985b)

also reported that cows used lowland areas for daylight resting sites.

The main prerequisites for a daylight rest area seem to be proximity to

water, good shade cover from trees, and proximity to good grazing, often swale

sites. Attributes of a good shade tree include ground clearance (branches located

higher than the cows' backs) and good airflow. An open area with sparse brush,

topographic exposure, and a high canopy facilitates airflow. Cows used broadleaf

trees for shade trees, but no species preference was shown. One favorite shade

tree was a black walnut (Juglans nigra L.) a lone survivor from a long abandoned

homestead.

Table 2.16 lists the number and topographic characteristics of daylight rest

areas used during our observation series. Some cows had fidelity to certain shade
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trees even if water troughs at that location did not contain water (summer of 1998

and winter of 1999). But other animals would switch shade tree preference with

water availability (summer of 1997). It might be coincidental that herds tended to

have more fidelity to a shade tree during the adequate green stage of forage

development. Time for loafing and energy for walking are less of an issue when

forage is abundant. A broader study will be required to define topographic

characteristics of rest areas. The percent of resting observations in the shade and

under the tree canopy are indicative of heat stress. Of special interest is that

during the winter of 1998 cows seemed to be seeking sunny locations for rest.

Table 2.16. Topographic characteristics of daylight rest areas and observations of
resting activity.

Summer
1997

Summer
1998

Winter
1998

Winter
1999

Numberofrestareas 4 4 3 5

Mean Elevation (m) 402.2 382.5 419.5 392.6
Mean Slope (%) 9.5 7.6 9.9 7.4

Preference Index NE 0.05 0.00 0.59 1.85
Preference Index SE 0.60 0.09 0.00 0.32
Preference Index SW 1.82 0.47 1.80 0.13
Preference IndexNW 0.73 2.41 0.95 2.01

Observations
In s1aije (%) 86 85 21 50

Observations
Under tree canopy (%) 61 62 16 36

Approximately 73 percent of activity at night, for summer and winter

observations, involved laying or standing in rest areas. This translates to 6 hours

in the summer and 10 hours in the winter. Different areas were used for nighttime

resting sites than were used during the day. There were two different types of

night resting areas based on topographic shape. Ridge camps were located on



ridge tops that are exposed to warm air movement on clear nights. Sheltered

camps are located in protected areas. These areas probably have less wind and

are warmer on rainy nights. The decision as to which rest area is to be used

seemed to be based on thermal factors. Temperatures recorded at animal

locations were compared to temperatures at the official USFS weather station

located at the SJER headquarters, approximately 2 km to the southeast. The

weather station is located in a lowland area at an elevation of 319 m. In the

summers, the temperatures at the ridge camps when occupied by cows averaged

6° C higher in 1997 and 30 C higher in 1998). When cows occupied sheltered

camps, there was no difference between local temperatures and those of the

weather station.

Table 2.17. Topographic characteristics of nighttime rest areas and observations
of movement to new resting areas.

Summer
1997

Summer
1998

Winter
1998

Winter
1999

Number of rest areas 5 7 7 6
Mean Elevation (m) 429.1 416.2 430.8 420.4

Mean Slope (%) 8.4 8.9 9.9 10.1
Preference Index NE 0.00 2.48 0.00 0.00
Preference Index SE 1.79 0.00 0.48 0.81
Preference Index SW 1.84 1.60 2.06 1.71
Preference Index NW 0.00 0.54 0.59 0.74
Nights Cows Moved

Location (%) 33 83 66 100

Average Distance Moved
(m) 725 390 305 721

Cows used sheltered camps five out of six times when daytime high

temperatures were below 36° C. When the temperature was higher, they camped
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on ridges. Winter observations did not produce an obvious pattern. However,

during low temperatures, below 00 C, cows would move to more protected

sheltered camps even when supplement was present at ridge camp areas. Cows

also lay under the canopies of interior live oaks in the winter, while in the summer

they lay in the open. Topographic characteristics of resting areas used at night are

shown in Table 2.17. Southern exposures were preferred for all observation

periods. The preference shown in the summer of 1998 for northeastern exposures

was for the first resting area at night. The animals would always move from that

location to a southwestern exposure before daylight. Much of the literature

(Pinchak et al. 1991, Roath and Krueger 1982, and Senfi et aL 1985b) shows very

little movement of cattle at night. We observed that the cattle on the SJER were

more likely to move at night than stay in one place. The cows often moved as far

as 1 km with the longest nighttime movement at 1.5 km. Once again, animals

seemed to move more when forage was abundant.

Other Factors Affecting Cattle Distribution

Water

Position of drinking water on a landscape can also influence the

distribution of cattle (Cook 1966, Senft 1985a, and Valentine 1947). Cattle in our

study preferred locations close to water during summer grazing (Table 2.18 and

2.19). In summer 1997 areas within 200 m of water source 1 were strongly

preferred but those close to water source 2 less so. In summer 1998, areas near

water source 2 were more strongly preferred. The reason for this change is

unknown but may be related to preference of the lead cow. Animals preferred

areas as far as 600 meters from water site 1 in the winter of 1998 and did not use

areas within 300 m of site 2. During winter observations in 1999 there was a



strong preference for areas close to water site 2 (Table 2.18 and 2.19). It should

be noted that range unit 73 is only 75 ha and cattle can quickly walk the 1250 m

breadth of the unit. Cows often walk at 2 m per second, and thus could cross the

range unit in slightly over 10 minutes. Larger pastures than ours could show a

stronger water influence and areas that receive little use because of their distance

from water.

Table 2.18. Relative preference indices for distance to water site 1 when filled
with water, for daylight observations only.

Distance
Class(m)

Summer
1997

Summer
1998

Winter
1998

Winter
1999

All
observations

0 - 100 15.75 5.13 3.22 5.41 8.03
100-200 6.11 2.74 2.35 0.42 3.23
200 - 300 1.52 0.26 1.41 0.49 0.86
300 - 400 0.66 0.18 2.05 0.57 0.70
400 - 500 1.03 0.31 1.54 0.48 0.76
500 - 600 0.87 0.26 1.42 0.48 0.67
600-700 0.96 0.71 0.66 0.70 0.77
700 - 800 0.08 0.56 0.36 0.60 0.39
800 - 900 0.02 0.66 0.40 0.97 0.49
900-1000 0.07 0.74 0.72 1.16 0.62
1000 - 1100 0.96 1.67 0.31 3.05 1.50
1100 - 1200 4.00 23.26 0.63 9.66 11.29

Table 2.18 also shows a preference in range unit 72 for the distance of 1100 to

1200 m. This is the distance between water sources (1120 m) in the unit. This

preference is evident even when the other tank is dry. Cow selection of daylight

morning resting sites (morning camps) also contributes to this effect. Some cow

groups exhibited a definite preference for morning resting sites and would use

these sites, even when troughs nearby were dry.

It seems reasonable to assume that drinking water is not as important a

determinant of cattle distribution during winter observations when forage was
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succulent, covered with dew and streams contained water. The distance to water

site 2 preference indices (Table 2.19) actually show no use of the area within 300

m of the site, when it was filled, for the winter of 1998. During that winter's

observations (six 24 hour observation periods), we only observed six cows out of

fifteen that drank water once.

Table 2.19. Relative preference indices for distance to water site 2 when filled
with water, for daylight observations only.

Distance
Class (m)

Summer
1997

Summer
1998

Winter
1998

Winter
1999

All
observations

0-100 3.85 21.18 0.00 15.83 12.28
100-200 0.12 0.78 0.00 1.84 0.65
200 - 300 0.23 0.50 0.00 2.11 0.61
300 - 400 0.96 0.97 0.50 0.91 0.88
400-500 3.94 1.21 1.23 0.73 1.87
500 - 600 0.56 0.26 0.40 0.73 0.44
600 - 700 0.11 0.67 0.33 1.52 0.60
700- 800 0.11 0.16 0.26 0.53 0.22
800-900 0.41 0.19 1.14 0.31 0.42
900 - 1000 0.39 0.20 1.16 0.16 0.40
1000 - 1100 1.31 0.26 1.20 0.33 0.70
1100- 1200 2.32 1.49 3.22 0.30 1.80
1200 - 1300 0.74 0.19 1.51 0.00 0.52
1300 - 1400 0.92 0.00 0.00 0.00 0.25

Supplement

Bailey and Welling 1999, Vallentine 1990, and others have suggested that

cattle distribution is changed when supplements are placed at strategic locations.

Our study investigated the effect of supplementation on cattle distribution

patterns. The consumption of supplement varied considerably among seasons and
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years (Table 2.20). During summer observation series, placement of supplement

altered distribution (Table 2.21) and drew animals into the uplands. Preference

was shown for an area approximately 100 m around the supplement site.

Supplement exerted little effect beyond that zone. However, during the summer

of 1997, we noted that grazing in the swales decreased substantially when

supplement was present. For observations without supplement, 37 percent of all

grazing occurred in swale sites. When the supplement was present, only 14.5

percent of grazing occurred there.

Table 2.20. Supplement consumption, cow weight change, and distances from
supplement to water.

Observation
series

Supplement
consumed

kg/animal/day

Average cow
weight change

kg

Distance to
water site 1

m

Distance to
water site 2

m
Summer 1997 0.748 21.02 622.11 1029.03
Winter 1998 1.061 22.28 603.45 1078.98
Summer 1998 0.839 11.79 506.97 616.66
Winter 1999 0.508 -4.16 622.24 1044.87

In the summer of 1998, there was no significant reduction in grazing of

swales. Even though the consumption of supplement was higher in 1998 (0.84

kg/animal/day versus 0.75 kg/animal/day), there were fewer direct observations of

animals consuming supplement. The supplement was located in a different

location during the summer of 1998 than the other observation series because wet

spring conditions made the soil too soggy and soft to allow access to the ridgeline

site. This difference in location could have caused the difference in nighttime

consumption of supplement. Observers also noted that a sub-group, composed of

five cows, often dominated the supplement site. This "boss cow" effect could be



reflected in the low number of direct observations of supplement consumption as

observers follow a majority of visible animals.

Table 2.21. Relative preference indices for distance to supplement for summer
observation series, for daylight observations only.

Distance
Class (m)

Summer
1997

No supple.

Summer 1997
With supple.

Summer
1998

No supple.

Summer 1998
With supple.

0-100 1.08 5.75 0.51 1.63
100 - 200 0.47 0.40 1.45 0.91
200-300 0.55 0.53 0.45 0.18
300 - 400 0.24 0.32 0.44 0.35
400 - 500 0.70 0.30 0.27 0.38
500 - 600 1.83 2.30 1.47 1.51
600 - 700 2.27 1.89 2.53 2.93
700 - 800 0.62 0.47 0.28 0.48
800 - 900 0.49 0.19 0.29 0.46
900 - 1000 0.05 0.07 4.20 6.46
1000 - 1100 17.08 4.12

The winter observation series produce quite different results between

years even though the supplement sites were located within 50 m of each other.

Consumption in the winter of 1998 (Table 2.20) was the highest of any

observation series at 1.06 kg/animal/day, while the consumption for 1999 was the

lowest (0.51 kg/animal/day). Winter 1998 had little forage available and relative

preference indices for distance to supplement showed that supplement exerted a

much stronger effect (out to 400 m) than at any other time (Figure 2.22). Very

few daylight observations of animals consuming supplement were recorded for

1999 (less than 1 percent) probably because more high quality forage was

available.
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Table 2.22. Relative preference indices for distance to supplement for winter
observation series for daylight observations only.

Distance
Class (m)

Winter 1998
No supple.

Winter 1998
With supple.

Winter 1999
No supple.

Winter 1999
With supple.

0 - 100 0.40 4.45 0.00 0.39
100-200 0.41 1.11 0.05 0.27
200 - 300 1.42 1.82 0.16 0.39
300 - 400 1.07 1.27 0.33 0.70
400 - 500 0.97 1.01 1.87 0.94
500 - 600 1.26 0.77 0.89 0.67
600-700 1.85 0.01 2.68 0.80
700 - 800 1.20 0.00 1.67 0.76
800-900 0.35 0.00 1.61 1.30
900 - 1000 0.29 0.00 1.39 1.31

1000 - 1100 0.09 0.00 2.19 21.72
1100-1200 0.00 0.00 0.00 0.00

One of the reasons for using high protein supplement is to obtain better

distribution of animals across the landscape (Bailey and Wellington 1999). We

converted our daylight point data for no supplement and with supplement

observations to a raster mask with a 10-meter resolution. We then calculated

areas for each mask and ran cross-correlation operations (Figures 2.6 and 2.7)

between treatments to quantify spatial changes (Table 2.23). Our nighttime data

did not have a spatial accuracy exact enough to make a meaningfiul comparison of

nighttime observations. However, the cows did not go anywhere at night that

they did not also travel in daylight hours for all observation series. The greatest

area covered by the cows in any daylight observation series was in the winter of

1998. They covered 14.61 hectares, or about 19 percent of the total area in the

range unit. The least area covered in any observation series was in the summer of

1998 (10.59 hectares, or about 14 percent of the range unit). This difference in

coverage is related to forage availability, cows traveled further when
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Figure 2.6. Cross-correlation images for summer 1997 (top) and 1998 (bottom).
Cross-correlations are between observations without supplement (blue) and
observations with supplement (tan). Cross-correlated areas are shown in red.
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Figure 2.7. Cross-correlation images for winter 1998 (top) and 1999 (bottom).
Cross-correlations are between observations without supplement (blue) and
observations with supplement (tan). Cross-correlated areas are shown in red.
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swales did not contain adequate forage and uplands were green. It is important to

note that our observation days only represented about 25 percent of the time, 6

days out of an average of 24 days, during which the animals were in the range

unit. Actual areas of coverage for the entire stay in the pasture were probably

more than our measurements. Continuous tracking devices, such as GPS collars,

allow more accurate assessment of actual utilization. Our measurements are

based on all visible animals in the herd, while most GPS tracking is only done on

selected individual animals. The higher cross-correlated area for the summer

observation is based, in part, on the fidelity of inimaIs to certain shade camps.

But part of the overlap for both summer observations is the swale sites, 0.26

hectare for 1997 and 1.07 hectares for 1998. The Kappa Index of Agreement

adjusts the percent overlap to compensate for random chance events.

Table 2.23. Areas covered by cows without supplement, with supplement, total of
observations, cross-correlation, and Kappa Index of Agreement.

Total
Observation

No With
for

Cross Kappa
supplement supplement . Correlations Index of

series Ha Ha senes
Ha Agreement

Ha
Summer

6.79 6.73 12.14 1.38 0.18
1997

Summer
5.99 6.97 10.59 2.37 0.34

1998
Winter

7.81 7.88 14.61 1.08 0.10
1998

Winter
6.88 6.73 12.43 1.18 0.14

1999
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Regulation of body temperature

Many researchers (Anderson and Kothmann 1980, Havstad and Malechek

1982, Malechek and Smith 1976, Roath and Krueger 1982) have attempted to

determine how weather factors affect cattle behavior and distribution on the

landscape. Cows attempt to maintain an optimal external environment to reduce

energy cost of maintaining body temperature (Senft and Rittenhouse 1985).

Animals selected night resting areas with moderate temperatures, daytime thermal

regulation was addressed in part by the description of daytime resting areas.

We constructed solar insolation models from known positions of the sun

and the 10 m digital terrain model for each 15-minute observation period during

the day, following an algorithm developed by Eastman (1999). These models

quantify clear-sky direct solar radiation across the landscape. We then extracted

the values at animal daylight locations. These values were converted to relative

indices indicating how much of the available landscape was receiving more solar

insolation because areas receiving more solar insolation would theoretically be

warmer sites. Individual values for each cow observation series were extracted

and averaged. A random pattern would yield 50 on a scale from 0 to 100. Values

above 50 would indicate that a selection of warmer sites is taking place, while

values below 50 would indicate selection of cooler sites. Summer observations

show that animals seek sites that are slightly cooler during the day (Table 2.24).

Observations for the winter 1999 indicate that on clear sunny days some selection

for cooler sites is occurring. The value of 61.2 for the winter of 1998 (Figure 2.8)

indicates that animals are actively seeking warmer sites.

Animals apparently not only seek aspects and landscapes with less direct

sunlight but also shade from trees. During the summer over 72 percent of cattle

daytime positions were in the shade. Even when the cows are actively grazing,

they were in the shade 61 percent of the time.



Figure 2.8. Composite solar insolation model for January 15th showing cattle positions (red points) for winter 1998. Insolation
values shown as shades of gray (black = low and white = high). Trees and shrubs are shown in green.
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Table 2.24. Relative indices for solar insolation, percent of observations in the
shade, and temperature.

Observation Mean Observ. in Mean Maximum Minimum
Series Solar Shade Temp. Temp. Temp.

Insolation (%) (°C) (°C) (°C)

Summer 47.4 76 27 39 14
1997

Winter 61.2 28 9 14 -3
1998

Summer 47.6 72 28 39 12
1998

Winter
46.3 46 7 18 -2

1999

In the dry winter of 1999, cows were in the shade 46 percent of the time

the sun was shining and grazing in the shade 64 percent. However, this statistic

might reflect their preference for under-canopy forage during this period. In the

wet winter of 1998, cows were in the shade !br 28 percent of the observations and

when grazing, 36 percent of the time.

Daily Activity Patterns

Other researchers (Malachek and Smith 1976) developed regression

models relating time spent grazing to temperature and other weather factors.

However, no suitable regression models were found in our study. The pattern of

daily activity for each set of observations was generalized as time lines of

activities. Summer and winter timelines differed (Figure 2.9). Time lines for

summer of 1997 and 1998 were very similar with the cows grazing for 8.4 and 8.0

hours a day, respectively. Two distinct grazing bouts were evident. The morning

bout averages 3 hours and the afternoon 5. Rumen fill appears to control grazing

duration (Havstad et aL 1983). Cows grazed 12.8 hours a day in the



Figure 2.9. Timeline Models.
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winter pattern (during the inadequate green forage stage). Arnold and Dudzinski

(1978) recorded few cases of cattle grazing longer than 13 hours a day and Stobbs

(1975) suggested that fatigue limits a cow's daily grazing time to about 12 hours.

Factors modifying timelines are: 1) monthly mean temperature, 2) recent

precipitation, 3) forage water content, and 4) forage dry weight standing crop per

unit area. As temperature and standing crop increase, time budgets switch from

the winter model to the sunmier model. As recent precipitation and forage water

content decrease and temperature increases, the animal's need to drink and rest in

cooler areas increase. Simultaneously cows graze fewer hours. Daily maximum

and minimum temperatures modify the periods designated as temperature

dependent in Figure 2.9.

A Conceptual Cow Distribution Model

We developed a temporal/spatial model of cow movement using the

information in this study. Our initial premise is that cattle seek to control their

external environment via sensory awareness of the experiences of hunger, thirst,

heat, cold, and fatigue, within a social/herding context. At any given moment, an

individual will seek to maintain its internal environment by responding to stimuli

and by engaging in stereotypic action patterns (grazing, drinking, walking,

resting, etc.) at a position on the landscape. Stimuli vary in their intensity

throughout the day. Thirst, for example, may be relatively intense yet diminishes

rapidly after drinking. Thus, an animal alters its behavior, activity, and location

based upon fluctuating needs. Hunger, thirst, and rest/rumination are the driving

forces in our model and each are responsible for initiating a behavioral activity.

Heat, cold, sunlight, and wind moderate the responses.

Grazing is initiated by hunger in the individual or by an associate.

Grazing location in our model is predicted by a multi-criteria evaluation using the



following layers: forage quality of range sites, slope, elevation, distance from

water, distance from trails, and solar insolation. A separate set of weighting

factors for each period was developed from our cow response and the tinieline.

These weights determine the relative importance of the separate layers. Forage

quality was categorized using the regression formulas (Table 2.15) developed

from our data. The attractiveness of a feeding site is dependent upon:

A) the concentration of food given as consumable standing crop per unit

area;

B) the proximity of the food;

C) the ease of access (J)athways with low travel cost are preferred over

high cost pathways;

D) thermo-neutral locations are preferred over cold or hot sites and are

moderated by wind and solar insolation.

Slope is usually an important factor in energy expenditure for travel with

cows preferring shallow slopes (Table 2.11). Elevation is an important factor

during summer grazing observations with cows following an elevation gradient

during daylight grazing hours (Figure 2.5). The cows also grazed higher

elevations in the winter of 1998 when the lower elevations were water-soaked and

mushy. Distance from water was an important factor during three of our

observations. Increased weighting of this layer for the early morning hours

moves the cows to water/shade sites. Later in the afternoon, decreased weighting

for this layer allows cows to move away from water sites. Water sites are not a

factor for winter observation periods, when accumulated rainfall is higher than

17.5 cm. At this point, the ground becomes saturated and water channels on the

landscape begin flowing (pers. comm. George 1998). Water sites are also not a

factor when free water is available on the outside of forage. Distance to trails is

usually an important factor with 75 percent of all grazing occurring within 30

meters of a major trail. Solar insolation is a relatively minor factor but is
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pervasive influencing all activities. Solar insolation is modeled using one set of

temporal models developed for the middle (fifteenth day) of each month.

Resting is modeled in the same way using a MCE routine. The layers

used for modeling include tree canopy, distance from water, distance from swales,

slope, aspect, elevation and solar insolation. Tree canopies determine daytime

and winter nighttime rest areas. Distance from water is an important factor in

determining daytime water/shade sites for most observations (except the winter of

1998). Seventy percent of daytime resting observations are located within 30 m

of large swale sites. The slope layer has the same importance in determining rest

areas as it does in determining grazing sites. Aspect is important in determining

suitable daytime and nighttime rest areas (Table 2.16 and 2.17). Distance to water

functions as a stronger variable in determining daytime rest areas, but elevation is

a strong variable in determining nighttime rest areas. As stated previously, the

use of high or low elevation night camps seems to be temperature related. With

our modeling, temperature conditions are nearly identical for our two range units.

Therefore, we can use a simple high camp! low camp determination and the

relationship does not need to be clarified. However, this relationship should be

addressed with further research. Solar insolation has the same relationship with

rest areas as it has with grazing areas.

This model will be used to generate a probability map for each time

period. Some probability maps will be the same for some closely related time

periods. In the next step, these probability maps will be cross-checked using

observational data from range unit 1. The accuracy of the modeling technique

will be assessed and problems identified. With this procedure, we will gain

further insight into cattle behavior and how cattle move and use the landscape.
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Chapter 3: A Temporal-Spatial Model to Predict Cattle Distribution

Abstract

This paper deals with the development and verification of a temporal,

decision-based model for predicting cattle distribution across the landscape. Two

types of models were produced. One model predicts areas for grazing, the other

model predicts areas for resting. The models use a geographic information

system and multiple map layers to produce a spatial model indicating suitability

for the activity. The modeling technique, a multi-criteria evaluation procedure,

uses a hierarchical-based decision process. Spatial data from a series of direct,

summer and winter observations were used to verify model performance.

Summer models performed better than winter models because water and shade

operated as focal points for the cattle and were more consistent in their effects.

The effectiveness of supplement locations was indicated by models and verified

by direct observations.
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Introduction

Livestock have an impact on the landscape based primarily on activities

associated with grazing. The effects of forage removal and associated trampling

of riparian/stream systems have long been a concern of private and public land

managers (Bryant 1982, and Kauffman et al 1983). Lately, contamination of city

water supplies from cattle fecal deposits on watersheds has emerged as a major

concern of public land managers (Tate et al. 2000). Today, land managers are

under even more pressure to effectively balance livestock use with public

concerns. Effective management of livestock requires an understanding of the

factors that affect livestock distribution on the landscape (Bailey et aL 1999, and

Coughenour 1991c).

Through the years, many attempts to model cattle distribution have met

with varying levels of success (Brock and Owensby 2000, Cook 1966, Gillen et

al. 1984, Loza et al. 1992, Pickup 1994, Pinchak et al. 1991, Senft et al. 1983,

Wade et al. 1998). Most of these models described conditions at specific sites and

did not work well when they were applied to other sites (Bailey et al. 1996). In

part, the weakness of these models arises from a lack of connection to the spatial

arrangement of the study area and the pattern shown by animal distributions

(Isaaks and Srivastava 1989, and Imfeld 2000).

The earliest models (Cook 1966, Senft et aL 1983, and Gillen et al. 1984)

were regression-based. Coughenour (1991 c) stated that regression models were

limited by simplifying assumptions and did not consider the actual mechanisms of

foraging. Coughenour (1991a, 1991b) used an index of habitat suitability that

included four factors: forage abundance, water, topography and cover. To

simulate temporal change in habitat suitability, he calculated an habitat suitability

index (HIS) weekly to monthly for each spatial grid cell. Pickup (1994) used

dispersion equations coupled with remotely sensed forage indices and distance to

water to model livestock distribution in Australia. Loza et al. (1992) used nested
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sub-models to predict animal responses to environmental fictors as well as

landscape factors. However, the spatial modeling of distribution was untested

with an actual complex landscape. Brock and Owensby (2000) used Tobit

analysis to predict grazing distribution and to model forage removal. The grazing

model worked well compared to a hold-out data set (R= 0.99), but the forage

removal model had a poor fit (R=0.28). Brock and Owensby, and Wade et al.

(1998) felt that modeling using geographic information systems (GIS) held great

promise to predict cattle distributions.

Our study used a spatial distribution data set collected from one herd of

cattle to develop a temporal decision-based model to predict the cattle distribution

of a second herd that was observed simultaneously. The study sought to limit the

effects of abiotic and biotic variables by predicting herd distributions occurring at

the same time as the modeling observations. In this way, we hoped to acquire a

better understanding of the overall effect of these variables. Another goal of the

study is to use publicly available spatial data or easily obtained data for modeling

distribution. Many data layers were based upon a publicly available digital

elevation model (DEM). A low cost global positioning unit could supply

coordinates for other important variables such as fences, water sites and

supplement locations. Such a unit is currently (2001) available for less than $100

US. A digital image composed of three aerial photos was used to develop range

classifications and tree/shrub layers. These photos are currently (2001) available

for a cost of $120 US. The model is PC-based and does not require high-powered

computers. The (GIS) software is readily available and relatively easy to learn.

Methods and Materials

Our study used the San Joaquin Experimental Range (SJER) (UTM zone

1 in, Easting 257600, Northing 4109300) located along State Highway 41
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approximately 30 km north of Fresno, California. The SJER encompasses 1,837

hectares and is currently managed by the USDA Forest Service. The research

facility is located on the east slopes of the San Joaquin Valley within the oak

savanna vegetation type of the Sierra Nevada foothills. Elevation of our study

area ranges from 327 to 451 m above sea leveL Soil on the slopes is comprised

mainly of coarse sandy barns averaging 0.5 m in depth with numerous

outcroppings of granitic bedrock. The Ahwahnee series (Mollic Haplustaif) is

common, covering about 96 percent of the SJER. The Visalia series (Cumulic

Haploxeroll) is found on alluvial or swale sites. Soils in the swales, transported

from the slopes above, are of a heavier texture, are deeper, contain more organic

material, and produce more vegetative biomass.

The SJER has a Mediterranean climate. Long-term average precipitation

(65 years) is 48 cm, however, annual precipitation can vary between 23 and 95

cm. Most precipitation occurs as rain; snowfall is rare at this location. The

majority of rainfall occurs between October and March, but this can be quite

variable. As an annual grassland, forage production can vary considerably with

the amount and timing of storm events. The monthly mean air temperature ranges

from 6°C in January to 27°C in July.

The herbaceous component of the range is composed mainly of the annual

grasses, soft chess (Bromus hordeaceus L.) and foxtail fescue ( Vulpia myuros (L)

C. Gemlin), and two broadleaf filaree species. These species are responsible for

between 65 to 95 percent of the annual production depending on rainfall (Bentley

and Talbot 1951). Some of the heavier, more productive soils (approximately 7

percent of the study area) support populations of bur-clover (Medicago

polymorpha L.) and Bermuda-grass (Cynodon dactylon (L) Pers.) during part of

the year. The shrub component of the range consist mainly of two species of

ceanothus; wed geleaf (Ceanothus cuneatus (Hook.) T. & G.) and whitethorn

(Ceanothus leucodermis E. Greene). Two species of oak and one species of

conifer make up approximately 98 percent of the tree component. The oak

species are the evergreen, interior live oak (Quercus wislizenii A. DC.) and the



deciduous, blue oak (Quercus douglasii Hook & Am.). The conifer is the

California foothill or the grey pine (Pinus sabiniana Douglas). The oaks are an

important source of shelter for the cattle. Trees and shrubs cover approximately

20 percent of the study area.

The main observation/treatment periods were planned to correspond to the

forage phenological and physiological stages referred to in California literature

(Bentley and Talbot 1951, George et al. 1996) as the inadequate green and

inadequate dry periods. Supplemental feeding of livestock is a common practice

during these times. This study was planned to eximine the effects of

supplemental feeding, as well as water location, on livestock distribution and

activities. Our study started in June of 1997 and ended in January 1999.

Our study used range units 1, 6-2, and 72 (Figure 3.1) on the SJER.. Range

units 1 and 6-2 were combined into one unit for the study (cattle had free access

to both units through open gates). This study unit encloses an area of 134

hectares. This unit, simply referred to as unit 1, is part of an on-going

watershed/cattle study and our study was designed to complement that study

without interfering with it. In the summer of 1997, this unit contained a herd of

17 cows with 16 four-month-old calves as part of the study. Range unit 72

encloses 75 hectares and is located north of unit 1 with which it shares a common

interior fence. Two teams of observers followed two herds, one in unit 1 and

another in unit 72, simultaneously. We hoped this approach would help to

identitr responses to abiotic factors, such as temperature and solar exposure,

occurring across units. Observations were made summer (July) and winter

(January) for two years, 1997-1998 and 1998-1999.

Small herds of cows, averaging 15 animals, were followed for 24-hour

periods. Six observations were made during each observation series. Observation

days were separated by three to seven days during which treatments (Table 3.1),

changing of water sites, and/or the addition of a high protein supplement site,

were implemented. This period of days allowed cattle to become accustomed to

the changes implemented and to develop any new patterns. Cattle
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Figure 3.1. Arrangement of study area showing locations of water and
supplement. Contours are 40-foot elevation changes. Fences are shown as broad
black lines.
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distribution was mapped using direct observation and videography supplemented

by global positioning technology. During daylight hours, all visible animals were

scanned every 15 minutes using a small video camera. In cases where the herd

fragmented or only subgroups of animals were found, the observer followed the

group which contained a majority or, in some cases, the greatest number of

animals. The position of the videographer was recorded using a Trimble

Pathfinder Pro XL GPS unit. Positions were differentially corrected to produce

points with an accuracy of less than 2 meters. Videotapes were then reviewed and

animal positions were converted to digital format through digitizing on

georeferenced orthophotos.

Table 3.1. Experimental design used for the SJER Cattle Distribution Study. A
series of six patterns of water and supplement were presented to animals in each
range unit (pasture) during each triaL In the table below, X denotes the treatment
was present; a 0 denotes it was absent or unavailable to livestock. See Figure 4
for position of water and supplement in each pasture for each observation period.

Observation Supplement Water Source 1 Water Source 2
1 0 X 0
2 X X 0
3 X X X
4 X 0 X
5 0 0 X
6 0 X 0

Herds of mixed breed cattle were randomly selected from the facility's

large breeding herd of approximately 210 cows. Observation herds usually

contained 15 animals. However, herd size ranged from 14 animals in the winter

1999 (unit 72), to 17 animals in the summer 1997 (unit 1). All animals had some

previous experience in the study range units. The animals ranged in age from 2

years to 16 years with a mean age of 7 years. Ninety-eight cows were part of the
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study. Seventy-five animals were subjects of one observation series. Twenty-two

animals were subjects of two observation series, while one cow was in three

observation series. As previously mentioned, 16 four-month-old calves were with

the cows in range unit 1 during the summer of 1997. Five calves were

unexpectedly born during the winter observations. Two calves were born in unit

1 during 1998 (one stillborn), while one calf was born in unit 1 and two were born

in unit 72 in 1999.

Cows were weighed prior to the start of the observations and color-coded

reflective tags were attached to their ears. A general body condition score was

determined for each herd. Two randomly selected cows from each herd were

fitted with collars which had bells attached to them. This made it easier to follow

herds at night and in conditions of dense fog. Cows were weighed again at the

end of the study.

The herd observations made in range unit 72 were analyzed and used to

develop a model to predict cattle distribution across the landscape. The herd

observations made in range unit 1 served as a verification data set and were used

to assess the accuracy of the model. This paper deals mainly with the verification

process.

Model description

The starting point for our theoretical model envisions the cow responding

to a series of four stimuli every 15 minutes. The four stimuli are:

1) Thirsty?

2) Am I at a comfortable temperature?

3) Hungry?

4) What are the other cows doing?
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The responses to these stimuli determines not only the activity the animal will

engage in for that period, but also the direction that the animal will traveL These

are similar to the physiological drives suggested by Staflbrd Smith (1984) and

used in a behavioral model by Loza et aL (1992). Our stimuli are ranked

hierarchically in the same manner as Stafford Smith (1984) in that water

requirements must be satisfied first, shade/heat (thermoregulatory) requirements

are satisfied next, and food requirements are satisfied last. Cattle are not

controlled by only one stimuli or drive, but might be under the influence of two,

three or all drives to some degree. Therefore, if an animal is moderately thirsty, at

a comfortable temperature, and moderately hungry, it will graze toward water.

Loza et a! (1992) came up with seven possible activities that could result from

their three physiological drives. While we recognize the importance of social

activity to the cow, question four, we were not able to accurately categorize and

quantify it in our spatial modeL We were, therefore, left with the same three

drives as Loza et al. (1992) and Stafford Smith (1984).

Geographic information systems have an analytical procedure that blends

well with our theoretical model called a multi-criteria evaluation (MCE).

Constraints determine areas that are either suitable or unsuitable for an activity;

factors rank suitable areas as better for that activity. The MCE procedure uses

two types of layers: constraints and fctors. Using this procedure, several criteria

can be evaluated to produce a continuous spatial index of suitability fbr an

activity. The specific procedure we used is known as a weighed linear

combination (WLC) wherein continuous criteria, or factors, are standardized to a

common numeric range, and then combined by means of a weighted average

(Eastman 1999). The results can then be masked by a boolean constraint to

accommodate qualitative criteria. Our results were then scaled to a range of

values from 1 to 255 with 255 representing the most suitable areas.

Factor layers are all standardized to a common range of values, 0 to 255 in

our case to facilitate 8 bit computer coding. Higher values designate areas that are

more suitable for the process being evaluated.
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This often requires that the values on an image must be reversed to meet

the criteria. For example, when we assign a range of values to an image showing

the distance from water, high values are given to those areas farthest away from

water, or the least desirable for the decision of where to rest. We can reverse the

values through map algebra by subtracting that image from another image

containing only the value 255. Factor layers are multiplied by their assigned

weights to reflect the importance of that Ihetor in the decision process. The

products of all layers are then added together by the MCE procedure and a

suitability matrix is produced.

Constraint layers are Boolean images because they either are available for

and action or not. Boolean images contain only two values: 0 or 1. In the case of

the study, areas inside the range unit are assigned a value of 1 and all areas

outside the unit are assigned a value of 0. Suitability images that result from the

MCE procedure are then multiplied by the constraint image to produce maps that

show only suitable areas inside the area of interest. Our results were then scaled to

a range of values from 1 to 255 with a value of 255 representing the most suitable

areas. All models were based on a raster data with a resolution, or cell size of 10

meters on a side. Cells in the image therefore represented 100 m2.

Table 3.2. Mean forage standing crop and quality available for cattle in each
observation series.

Observation
Series

Standing Crop
kgDM/hectare

Water
j,ercent

Crude Protein
percent

ADF
Percent

Summer 1997 1690.3 10.1 6.2 50.1
Winter 1998 816.0 77.5 13.4 46.2
Summer 1998 2387.0 16.9 6.1 49.4
Winter 1999 1785.5 74.9 11.1 51.4



While forage conditions (Table 3.2) were quite different between all

observation series, our summer observations were similar in the timing of cow

activities. Therefore, only one set of models was used for both summer

observation series. The forage and weather conditions were quite different for our

winter observations, as were the activities of the cows. Our winter observations

in 1998 occurred during inadequate green forage, while the observations in the

winter of 1999 occurred during adequate green forage. For this reason we created

separate models for each winter series. The model for the first half of winter of

1999 more resembled our summer model, while the model for the second half of

winter 1999 resembled the winter 1998 model. This difference was based on

rainfall and the availability of free water on the outside of the forage. At this

time, water troughs ceased to be a focal point and controlling factor for animal

distribution. All models were based on raster images with a resolution, or cell size

of 10 meters on a side. Cells in each image therefore represented 100 m2.

We created two basic types of models for each observation series. One

model predicted grazing areas, while the second predicted resting areas. Grazing

models were developed for each hour of grazing, instead of our 15-minute

observation periods, to limit the number of model time steps needed. For the

summer observations, cows spent the majority of daylight hours resting under

shade trees. A few animals might get up for short grazing bouts, but the majority

of the animals rested in the shade (Figure 3.2). Temperature dependent activities

shown in the timelines could be grazing or resting. In the summer as

temperatures grew higher near mid-day, grazing frequency decreased. For these

time periods, a single grazing model time step was used to predict the spatial

distribution. A single model time step was also used to predict nighttime grazing

for both seasons. Hourly time step grazing models used the same basic criteria

layers but had different weights assigned to layers. Exceptions to this rule were

times when layers were unavailable, ie., the sun was below the horizon, or for

seasons a layer was judged as not important, ie., the distance to water in winter

1998. Model layers are listed in Table 3.3.
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Two types of resting models were created for each observation series.

One type of model predicted daytime resting areas and a second type predicted

nighttime rest areas. The cows used shade trees for most daytime resting areas

(with the exception of winter 1998) and rested under tree canopies during winter

nights. A second Boolean constraint layer was added for these models that

consisted of tree canopies modified with a 10-meter shade zone around each tree.

Figure 3.2. Timeline Models.

Summer

Shade Shade
(Morning Camp) (Afternoon Camp)

Winter

U Grazing

U Resting

Temperature dependent activity
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Table 3.3. Grazing and resting layers for multi-criteria evaluation models.

Boolean constraint layer for all models study unit 1 mask

Criteria (factor) layers for grazing models

Forage
Solar exposure*
Elevation (high or low)
Slope
Distance to water*
Distance to trails
Distance to supplement*

Additional Boolean constraint layer for summer daytime rest models and winter
nighttime rest models - tree canopy mask

Criteria (factor) layers for resting models

Elevation (high or low)*
Slope
Southwest aspect*
Distance to water*
Distance to trails
Distance to swa1es

* Denotes layers not used in all models

Factor layers

Forage quantity and quality have long been recognized as an important

factor in determining cattle distribution (Senft et al. 1987, Smith 1988, Wade et

al. 1998). It is not surprising that forage conditions at the time are a necessary

component of our model. Our forage layer is based upon a range site

classification based upon the work of Bentley and Talbot (1951). This system

classified the landscape into 10 range classes based on topographic position,

slope, aspect and tree/rock cover. Our analysis of the spatial data for range unit



72 developed regression equations that related forage conditions to livestock use

of the individual range sites. These forage layers (Figures 3.3 and 3.4) contained

the greatest variation between individual observation series. In Figure 3.3 lighter

gray tones indicate locations that contain more suitable forage for grazing. In

summer 1998 (Figure 3.3), the swale sites had most forage, while in the winter of

1998 (Figure 3.4), these sites were among the least suitable. This difference in

winter of 1998 was that these sites were water saturated during this time and cows

sunk into the mud, popularly referred to as "post-holed," as they walked across

them.

Solar exposure was also an important fctor for cattle distribution. The

cows sought cooler sites during summer observations, while in winter of 1998

they sought warmer sites. Observations in the winter of 1999 were less definite.

Cows seemed to be seeking cooler sites at this time also perhaps because we had

warm sunny days and cows were acclimating to cooler temperatures. Loza et al.

(1992) also emphasized the solar exposure in their modeL The modeling of solar

exposure is well defined mathematically. The exact position of the sun can be

calculated for any place on the earth at any time of the day and year. One only

has to know their position on the earth to calculate the solar path for that location.

Mathematical equations for these calculations are can be found in many sources

(ASHRAE 1991, Harris 1998, Loza et al. 1992). GIS software allows us to

develop a map layer showing the relative clear-sky solar exposure for each time

period. Solar exposure is very dynamic and the model requires a separate layer for

each time period. To reduce the number of factor layers, we constructed solar

exposure layers for each season using the midpoint, January 15th for the winter

and July 15th for the summer. Scaling of the layers was reversed for the winter

1998 observations to model a heat-seeking behavior.

Elevation also proved to be an important variable. In summer

observations, the cows showed a consistent pattern of grazing up the elevation

gradient in the late afternoon and evening. They would then graze down the

elevation gradient in morning. In winter, the cows would graze higher elevations
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Figure 3.3. Summer forage factor layers for multi-criteria evaluation model. The
image for summer 1997 is top and the image for summer 1998 is bottom. Lighter
tones of gray represent more suitable forage areas.
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Figure 3.4. Winter forage factor layers for multi-criteria evaluation model. The
image for winter 1998 is top and the image for winter 1999 is bottom. Lighter
tones of gray represent more suitable forage areas.
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during rainy weather and lower elevations during clear weather. Elevation also

proved important in determining nighttime rest areas. The cows used high

elevation rest areas on warmer nights and occupied lower rest areas on cooler

nights. In winter, cows moved to a special sheltered area during the coldest

nights. The exact mechanism of the choice of night rest areas was not apparent

from our research, but temperature and wind chill factors are likely variables.

Slope (Bryant 1982, Cook 1966, Gilen et al. 1984, and Roath and Krueger

1982) and distance to water (Hart Ct al. 1993, Pinchak et al. 1991, and Senft et al.

1985, Valentine 1947) are probably most often identified as fctors that affect

cattle distribution.. Importance of these factors was verified by our data and these

are two factors included in. grazing and resting models.

One undisputed consequence of hoof action is the formation of trails

(Walker and Heitschmidt 1986). Trails frequently develop in pastures and

typically link necessary but limited resources like water, shade, or forage

(Ganskopp et aL 2000). Trails can be thought of as a physical representation of a

cow's spatial memory as they frequently indicate a least-cost route of travel

(Ganskopp et aL 2000). Well-defined trail systems exist on range units of the

SJER.. As part of our study, these trail systems were mapped using DGPS units.

Trails proved to identify preferred grazing sites; over 75 percent of all grazing in

range unit 72 occurred within 30 meters of a major trail. Therefore, trail location

was an important factor in our modeL

Feeding cows supplement at strategic locations has been suggested as a

management technique for altering cattle distribution (Bailey and Welling 1999,

and Valentine 1990). Supplement, when present, was treated as a factor

influencing cattle distribution.

Two additional factor layers are used for modeling rest areas. A factor

layer denoting a southwest aspect is a part of the model for nighttime rest areas.

This was a common feature of all night rest areas in range unit 72 and probably

indicates a warmer site for spending the night. Distance to swales is a factor in
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Figure 3.5. Screen captures of the computer module for developing numeric
weights for factor layers in multi-criteria evaluation procedure. The first image
shows the pair-wise comparison matrix and 9 point continuous scale.

The second image shows weights developed from the comparison matrix.
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determining summer daytime rest areas. Two common features of daytime rest

areas were their proximity to water and swales.

Running the Model

The weighting of factor layers is the portion of the MCE that mimics the

cow decision process described earlier. Weights for factor layers are determined

by using a pair-wise comparison matrix and a continuous 9-point scale (Figure

3.5). Factor layers are entered into the module and the comparison matrix is filled

in. Layers in the first column are compared to the layer in the column heading.

The example in Figure 3.5 is a comparison matrix for 8:30 a.m. on a summer day.

The forage factor, distance to water, and solar exposure are rated as more

important than slope and distance to trails. All factors are rated as more important

than elevation. In the decision process modeled by the matrix, the cow is

moderately thirsty, moderately hot, and has nearly finished grazing. Therefore, it

is grazing toward water, selecting cooler sites on the landscape for grazing.

Weights developed by the module are shown in the second window. Consistency

is reported as acceptable, meaning that the various factors are consistently ranked

in order of importance. An example of the factor weights for a summer's day of

grazing is given in Table 3.4. It is important to remember that weights are

calculated according to the relative importance of each factor at a specific time

period. Therefore, under certain conditions weights do not increase or decrease in

a strictly linear fashion. The same sets of weights used in the morning grazing

models are used in a reverse fashion in the afternoon and evening grazing models.

The dynamic nature of the solar exposure layer produces distinctly different

patterns of suitability for these time periods that use the same set of weights. For

periods where supplement was present, distance to supplement was used as an

additional variable. Supplement was treated in the same manner as high quality

forage (mainly swale sites) and was weighted comparatively. Figure 3.6 shows
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the MCE module ready to run. Factor layers and weights are retrieved from a file

and automatically entered into the module. Figure 3.7 shows the resulting

suitability map produced from the module. The image has been scaled to 255

levels producing a consistent range of model values.

Table 3.4. An example of factor weights by the hour for a summer day of grazing
for water treatment 1.

9:30 PM 5:30 AM 6:30 AM 7:30 AM 8:30 AMFactor
to and and and to

Layers
4:30 AM 8:30 PM 7:30 PM 6:30 PM 5:30 PM

Forage 0.2278 0.1815 0.1861 0.1338 0.1564
Solarexposure - - 0.0682 0.1244 0.3358

Elevation 0.5601 0.5275 0.4231 0.1338 0.0336
Slope 0.0598 0.0787 0.0682 0.0469 0.069 1

Distance to
0.0318 0.0281 0.0682 0.4272 0.3358water__________

Distance to
0.1205 0.1842 0.1861 0.1338 0.0691

Figure 3.6. A screen capture of the MCE module.
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Results and Discussion

A model is of little value unless it accurately predicts the distribution of

cattle on the landscape. A model also is of little use if the area predicted to be

suitable encompasses a large portion of the landscape. We used the observed

positions of the cows from our observations to test the accuracy of the MCE

models. We grouped the four 15-minute direct observation periods for each hour

to compare to the hourly models. We used the observed positions to extract the

corresponding model values in the following way.

Vector point data was converted to raster format. The resulting raster

image indicated frequency of points occurring in each raster cell. Vector point

data was also converted to raster Boolean masks that indicated the presence or

absence of points occurring in cells. Boolean masks were then ranked by value.

In this case, the GIS software ranked cells containing the value 1 in order starting

from the northwest corner of the image and ending in the southeast corner.

Ranked images were masked using the Boolean images to produce individually

numbered cells containing cow positions. The numbered cells were used to

extract values from models. Model values range from most suitable (255) to least

suitable (1). Frequency of cow positions was extracted from rasterized point data

using these same numbered cells. Extracted data was exported to a spreadsheet

where model values were weighted by the frequency of points occurring in the

cells. Model values were totaled and added to model values from the same time

period of similar observations. Time periods were grouped by whether

observations were supplemented or not. Means and standard deviations were

calculated for each group of time periods (Tables 3.5 through 3.8). The percent of

the landscape rated equal or superior to the mean model value was calculated for

each time period.
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Figure 3.7. The model layer for the summer of 1997 at 8:30 a.m.with water
treatment 1. Lighter tones of gray indicate areas more suitable for cattle grazing
at this time.

Summer models (Tables 3.5 and 3.6) tended to more accurately predict

than winter models because of the focal points offered by water points and shady

sites. The model for the winter of 1998 (Table 3.7) was less precise for the same

reason. During the winter of 1998, water did not affect animal distribution as

rainfall was above normal and the animals were exhibiting a heat-seeking pattern.

Their distribution on the landscape was not controlled by focal points and more

resembled a random pattern. Spatial pattern analysis also revealed that the

distribution of animals in the winter of 1998 was different from the other three

observation series. Supplement acted as a focal point for this observation and the

supplement model preformed significantly better than the model without

supplement. Winter models without the gradient created by distance to water had



Table 3.5. Verification results of the models for the observation in the summer of 1997.

Rest Area Models

Day rest Night rest
Mean model value 243 196
Standard Deviation 9 10

Percent of Landscape 0.5
I

11.6

Grazing Models

5:30 6:30 7:30 8:30 9:30 AM 5:30 6:30 7:30 8:30 9:30 9:30 PM
No supplement AM AM AM AM to PM PM PM PM PM to

4:30 PM 4:30 AM
Mean model

value 150 172 180 215 233 198 187 193 203 186 170

Standard. Dev. 69 35 22 25 8 18 20 26 17 26 23

Percentof
25.1 15.2 13.2 2.5 0.8 6.1 9 8.8 6.7 11.2 15.3

With

Mean model
180 188 176 187 212 209 220 208 187 188 181

Standard. Dev. 31 22 33 38 19 23 21 19 40 29 25

Percentof
9.5 14.8 15.8 13.5 4.2 5.8 4.9 10.8 12.5 11.8 4.2

0
00



Table 3.6. Verification results of the models for the observation in the summer of 1998.

Rest Area Models

Day rest Night rest
Mean model value 246 192
Standard Deviation 5 9

Percent of Landscape 0.4 10.2

Grazing Models

5:30 6:30 7:30 8:30 9:30 AM 5:30 6:30 7:30 8:30 9:30 9:30 PM
No supplement AM AM AM AM to PM PM PM PM PM to

4:30 PM 4:30 AM
Mean model

value 178 192 197 211 239 208 207 203 203 184 179

Standard. Dev. 29 15 20 12 9 12 22 16 13 16 21

Percent of
7.1 5.2 4.6 1.2 0.6 3.1 4.6 4.8 4.7 6.2 10.3

With

Mean model
180 198 206 207 232 209 220 203 192 186 184value______

Standard. Dcv. 33 24 30 28 16 20 11 12 23 21 15

Percent of
6.5 4.8 3.8 3.5 1.2 3.8 2.9 4.8 5.5 6.8 8.2



Table 3.7. Verification results of the models for the observations in the winter of 1998.

Rest Area Models

Day rest Night rest
Meanmodelvalue 172 210
Standard Deviation 34 12

Percent of Landscape 35.8 3.3

Grazing Models

7:30 8:30 9:30 10:30 11:30 12:30 1:30 2:30 3:30 4:30 5:30 PM
No supplement AM AM AM AM AM PM PM PM PM PM to

6:30 AM
Meanmodel

143 155 166 179 182 164 131 176 155 151 190

Standard. Dcv. 54 49 30 45 56 57 49 39 62 42 62
Percent of 50.4 40.3 35.6 27.9 26.7 37.2 52.0 30.9 41.8 49.0 13.6

With

Mean model
156 212 235 191 237 238 237 220 180 174 200

Standard. Dev. 25 13 11 15 12 8 6 19 21 22 35
Percent of

17.3 3.7 21.0 5.8 4.7 3.5 12.2 34.3 36.6 6.6
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areas of high suitability separated by areas of low suitability. Cows traveling

from one site to another moved across areas of low suitability. Often our

observations located them grazing as they moved to more suitable sites. The

grouping of observations into hour periods tended to lower the model scores. The

model for the winter of 1999 (Table 3.8) blended a model using a distance to

water fuctor for the first half of the observations with a model using no water

factor for the second half ofthe observations. The summer of 1998 model

worked the best. We expected this to happen because swale areas dominated the

grazing distribution at this time. Over 82 percent of all grazing occurred within

the swales or on the uplands within 10 meters of the swales. We could have

improved the performance of this model by incorporating an additional factor

consisting of distance to swales, but that layer would not be consistent with the

models for other observations. Grazing models also worked better with early

observations than with those occurring later in the season. The model values

associated with observations 1 through 4 were higher than model values

associated with observations 5 and 6. Because there was only one forage

regression model that used any sort of forage depletion variable, this was not an

unexpected result. We would expect more consistent results with a more refined

forage model.

All models functioned better in the afternoon and evening than in the

morning. Part of the reason for this was that our night resting models were not

sensitive enough to register changes from a high camp to a low camp during the

night. Contrary to other research (Pinchak et aL 1991, Roath and Krueger 1982,

and Senfi et al. 1985), during our night observations the cows moved from one

rest area to another more often than not. Therefore, the cows would start graying

in the morning at a lower elevation than our model would predict. This area of

prediction we view as the major shortcoming of our modeling technique. Our

data do not accurately quantify the temperature and wind chill differences based

on topography and vegetation. Preliminary analysis of new temperature



Table 3.8. Verification results of the models for the observations in the winter of 1999.

Rest Area Models

Day rest Night rest
Mean model value 149 189
Standard Deviation 21 21

Percent of Landscape 9.2 10.1

Grazing Models

5:30 6:30 7:30 8:30 9:30 AM 5:30 6:30 7:30 8:30 9:30 9:30 PM
No supplement AM AM AM AM to PM PM PM PM PM to

4:30 PM 4:30 AM
Mean model

value 176 173 204 199 203 202 188 201 200 189 170

Standard. Dev. 18 36 27 26 28 19 19 24 19 12 36
Percentof

10.1 11.3 6.7 8.5 7.3 7.9 9.2 7.6 8.8 9.9 12.2

With

Mean model
193 188 186 209 204 200 201 202 200 202 174

Standard. Dcv. 29 27 28 18 23 16 13 17 19 28 42
Percent of

8.1 9.9 10.9 6.3 5.1 7.1 5.9 6.1 7.6 6.8 10.8

-
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measurements across the landscape indicates that such quantification would

significantly improve model performance.

Supplement models worked better than models without supplement. The

supplement model also gave indications whether a supplement site would be

effective. During the first summer, our model indicated that the supplement site

would not be fully utilized until the water was switched to site 2. This was what

our observations showed. Supplement consumption was the lowest in this unit

during this observation period (Table 3.10). Our model also indicated that the

supplement site would not be visited often in rainy periods during the winter of

1998 as the cows would be at higher elevations. We also noted this trend during

our observations.

We know of no way to statistically gauge the accuracy of these models.

Statistical procedures dealing with spatial data are available but do not deal with

temporal, dynamic modeling. Therefore, we need to develop accuracy assessment

techniques to deal with this issue.

Table 3.9. Supplement consumption, mean weight change in cows, and the
distances from supplement to water.

Observation
Supplement
Consumed

(kg/animal/day)

Weight
Change

(kg)

Distance to
water I (m)

Distance to
water 2(m)

Summer 1997 0.26 -16.46 1009.57 844.70
Winter 1998 0.78 19.40 936.48 826.69

Summer 1998 1.20 28.30 677.73 1045.01
Winter 1999 1.50 8.72 452.46 1223.24
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Conclusions

GIS technology and MCE modeling in particular offer strong tools for

predicting of animal distribution across the landscape. Models developed in this

way seem to accurately reflect the decision-making process used by an animal in

determining daily activities and direction of traveL With the incorporation of sub-

models for determining response to environmental conditions and forage

variables, models could be developed to adapt to the changes presented by nature.

We do not fully understand the relationship between thermal regulation and an

animal's position on the landscape and this is an area for further research. A new

methodology for dealing with the assessment of dynamic models is also necessary

to better develop tools to aid land managers in their decision-making process. We

were pleased that the modeling technique presented was not only effective in

predicting distribution but was also relatively simple to implement and to develop

the data sets for it. This Ihet makes it possible for ranchers to implement the

model without requiring an enormous time investment in data collection.
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Chapter 4: Associations and Dominance of Individuals in
Small Herds of Cattk

Abstract

A series of six 24-hour observations was made in the summer and again in

the winter over two years to maj) cattle distribution on a California foothill

pasture. Small herds of cows were videotaped every 15 minutes during daylight

hours. A global positioning system was used to accurately record the position of

the camera. Animal locations and individual identifications were then entered

into a geographic information system by digitizing on rectified orthophotographs.

Association software, ASSOC1, was used to analyze animal positions to

determine cattle subgroups and herd units. This grouping was compared to

grouping done from direct observation of animals. Direct observation also

identified dominant herd members. ASSOC1 produced results consistent with

direct observations. Forage availability and thermoregulatory needs influenced

the distance between associated members. Herd dispersion and fragmentation

occurred when forage was inadequate or was depleted. Social dominance and

subgroup membership was closely related to ages of individual animals.
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Introduction

Distribution of cattle across landscapes has been a subject of interest and

concern for many years (Coughenour 1991, Bailey et al. 1996). Many studies

have shown that free-ranging cattle use riparian areas more than upland areas

(Bryant 1982, Gilen et al. 1984, Roath and Krueger 1982a, Kauffman et al. 1983,

Wagnon 1968). Several government agencies, including the U.S. Government

Accounting Office, USDA Forest Service, USD1 Bureau of Land Management

and U.S. Environmental Protection Agency, have stated that livestock grazing

adversely affects a majority of stream systems in the western United States

(Armour et al. 1994, GAO 1988). Livestock grazing has been implicated in

streambank erosion (Kauffman et al. 1983) and as a possible source of bacterial

contamination for urban watersheds (Tate et aL 2000). Knowledge of spatial and

temporal ihetors that affect cattle distribution is critical for effective management

of livestock in these ecosystems (Senfi et aL 1987).

Livestock distribution studies are often based on observations of a few

animals (Bryant 1982, Malechek and Smith 1976, Marlow and Pogacnik 1986,

Senfi et al. 1983, and Wagnon 1963). Hull et al. (1960) found highly significant

differences in individual animal behavior patterns over a 24-hour period and

stated that several animals (four in their study) needed to be observed to obtain

reliable estimates of animal behavior. The social influence of neighboring cows

can also go undetected in these studies. Reinhardt and Reinhardt (1981)

documented close and long-lasting grazing associations in a herd over a five-year

period. Associated animals were usually related. Other distribution studies are

based upon the general observation of entire herds (Howery et al. 1996,

Moorefield and Hopkins 1951, Peterson and Woo!folk 1955, and Roath and

Krueger 1982b). Herd observations often lack data on individual cows, which

make associations hard to detect.

In recent years, use of radio telemetry collars has allowed researchers to

track free-ranging cattle over large areas (Pinchak et al. 1991). Today, Global
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Positioning System (GPS) receivers coupled with data loggers fitted onto collars

are used to track animals (Buechner et a! 1971 and Moen et aL 1997). Cost of

these collars usually limits their use to only a few animals out of an entire herd.

Still, collars collect large amounts of positional information at a fine resolution (1

to 2 meters). The questions then become: Do the actions of one or a few animals

accurately reflect herd actions, and how variable are subunits or individuals

within a herd?

Sato (1982) reported that cattle could be grouped into one of three social

classes with regards to movements of a herd during grazing: leaders, Ibilowers,

and independent animals Dominant animals in the social order usually were

leaders. Low ranking animals were independent and did not always follow the

group. Leaders are often involved in grazing associations with specific other

cows (Reinhardt and Reinhardt 1981). Bailey (1995) found that leaders

consistently selected patches for grazing by the herd because lower status animals

followed the leader's example. Movement of a herd seems to be the result of

active movement by dominant animals and a general consensus by low ranking

animals to follow (Sato 1982); therefore, the location of an independent animal

may not be representative of general herd movements.

Honoré and Klopfer (1990) determined that social hierarchies of cattle

differ between male and female groups. Male groups are more linear with male

A dominant over all other animals, while male B is dominant over all males

except A, and so on. Body and/or horn size may be important flictors in

determining male status (Beilharz and Zeeb 1982, and Mloszewski 1983).

Female hierarchies can be linear, or often, triadic in nature. In a triadic hierarchy,

Female A dominates over B, B is dominant over C, but C is dominant over A.

Female organization is much more complex than the male (Oberosler et al. 1982).

One main difference between male and female social groups is permanence of

status among females. Dominance among cows seems to be based on mutual

familiarity within a stable group (Honoré and Klopfer 1990). Takeda et aL (2000)

found herd members most often chose farm mates as nearest neighbors rather than
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non-km mates in a mixed herd situation. Beilharz and Zeeb (1982) reported that

dominance patterns are learned while animals are young and that the pattern

persists. Mature animals generally have clear unidirectional dominance

relationships while young animals have bi-directional relationships.

Because of management actions such as culling, mixing of herds or

purchase of animals, herds are not stable groups. How this mixing of animals

affects herds and the composition of social sub-groups is unknown. Individual

animal activity may reflect movement of a subgroup and, therefore, be atypical

for the herd (Oberosler et aL 1982). A better understanding of herd dynamics can

make predictive distribution models based on GPS or telemetry data more

reliable.

Our study uses association matrices based on cow positions to explore

herd dynamics at the subgroup level. We used association software, ASSOC1,

developed by Keith Weber (Weber et al. 2001) to determine subgrouping and

animal spatial grouping within a small herd.

Methods

This study used the San Joaquin Experimental Range (SJER) (UTM zone

1 iN, Easting 257600, Northing 4109300) located along State Highway 41

approximately 30 km north of Fresno, California. The SJER encompasses 1,837

hectares and has been a research fciity since 1934. The USDA Forest Service

currently operates it. The SJER is located on the eastside of the San Joaquin

Valley within the oak savanna vegetation type of the Sierra Nevada foothills. Our

study used range unit 72 on the fcility. The elevation of our study area ranges

from 374 to 451 m above sea leveL The tree/shrub canopy covers approximately

20 percent of the area. The research site is described in Harris (2001).

This study started in June of 1997 and ended in January 1999. Small

herds of cows, an average of 15 animals, were followed for 24-hour periods
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during two seasons, winter and summer, as part of a larger study. Six

observations were made during each series with the winter series occurring in

January and the summer series occurring in July of each year. Observation days

were separated by three to seven days during which treatments, changing of water

sites and/or the addition of a high protein supplement site, were implemented.

During daylight hours, all visible animals were scanned every fifteen minutes

using a video camera mounted on a monopod. These daylight observations

(Table 4.1) served as the data used for this exploration of social associations. In

cases where the herd fragmented or only subgroups of animals were found, the

observer followed the group that contained a majority or, in some cases, the

greatest number of animals. Our database of daylight observations consists of

14,095 records. If all cows had been observed every daylight period, it would

have 18,704 records, so we captured 75 percent of all possible observations. The

position of the videographer was recorded using a Trimble Pathfinder ProXL°

GPS unit. Positions were differentially corrected to produce points with an

accuracy of better than 2 meters. Videotapes were reviewed and animal positions

for each identifiable individual were converted to digital format through on-screen

digitizing on georeferenced orthophotos. Animals were also assigned to

subgroups based on observed association patterns for comparison to ASSOC1

output.

Table 4.1. Numbers of daylight observation periods and individual cow
observations for each observation series.

Observation
Series

Number of Daylight
Observation Periods

Number of Individual
Cow Observations

Summer 1997 377 4110
Winter 1998 247 2319

Summer 1998 375 5038
Winter 1999 248 2628
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Cows for the experiment were randomly selected from a larger herd

consisting of 250 animals at the beginning of each observation series. Sixty

animals were subjects in this part of our study. They were of mixed breed with an

average weight of513 kg. Cows ranged in age from 2 to 16 years with an average

age of 7 years. During the second year of observations, animals were 60 kg

heavier and scored an average of one number higher on body condition ratings (7

rating classes).

Table 4.2. Number of observations and percent of total observations possible for
each cow in the summer observations.

Cow Id.
number

Summer 1997
Cow Id.
number

Summer 1998

Number of
observations

Percent of
observations

possible

Number of
observations

Percent of
observations

possible
8 220 58.4 95 339 90.4
12 261 69.2 373 314 83.7

471 294 78.0 486 329 87.7
503 262 69.5 596 345 92.0
507 221 58.6 875 351 93.6
508 241 63.9 1064 367 97.9

1094 321 85.1 2025 313 83.5
1155 269 71.4 2043 307 81.9
2142 274 72.7 2044 315 84.0
3104 301 79.8 2070 369 98.4
4027 264 70.0 2197 313 83.5
5060 289 76.7 4003 337 89.9
7113 291 77.2 4154 324 86.4
7123 299 79.3 5050 366 97.6
8123 303 80.4 9084 349 93.1

The association software, ASSOC1, used association matrices, association

patterns, and pattern recognition (Weber et aL 2001) to approximate the amount
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of time that each individual cow spent with each other cow. The software then

assessed the independence of cow movements and assigned cows to herd or

subgroup units. Our data were first scanned using the criterion that any individual

cow appearing in less than 33 percent of the maximum possible observations was

to be omitted from analysis (Tables 4.2 and 4.3). Three cows from the

observations in the winter of 1998 (Table 4.3) violated this criterion and were

omitted from the analysis. The software requires users to select temporal and

spatial thresholds for the program to use in its processing. Analysis of the

videotapes and notes taken during the observations indicated that, because of our

observation protocol, animals with aflinity to sites that were not frequented by the

main herd were observed less. We therefore set the observation minimum at 67

percent threshold. We then ran several iterations of ASSOC1 using different

spatial and temporal thresholds. These runs also indicated that a 67 percent

temporal threshold worked best on our data. In other words, an individual cow

must be within the spatial threshold distance 67 percent of the time to be

considered associated. All of the analysis was done using this temporal threshold.

Spatial thresholds were initially set in increments of 25 meters for a preliminary

analysis. Finer scale analysis used spatial thresholds set in increments of 5

meters. We chose this distance because the spatial accuracy of our data was

estimated to be ±2 meters and therefore all positional data were valid at this

resolution.

ASSOC1 was designed to select association grids as template grids against

which all other association grids are compared. The individual showing

association with the largest set of other individuals has the highest probability of

being selected as a template grid. Template grids are selected until one cannot be

selected without overlapping individuals already identified by a previous template

grid. Each individual association template is then compared to template grids to

determine percent similarity. Individual animals that demonstrate a percent

similarity exceeding the temporal threshold are then assigned to that group, be it

herd or subgroup (Weber et aL 2001).
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Table 4.3. Number of observations and percent of total observations possible for
each cow in the winter observations.

Cow Id.
number

Summer 1997
Cow Id.
number

Summer 1998

Number of
observations

Percent of
observations

possible

Number of
observations

Percent of
observations

possible
1* 75 30.4 35 202 81.5
2* 56 22.7 712 182 73.4
5 117 47.4 4096 182 73.4

190 118 47.8 5078 224 90.3
2124 175 70.9 6066 208 83.9
4006 167 67.6 7080 193 77.8
4065 176 71.3 7115 188 75.8
4066 203 82.2 7152 170 68.5
4067 152 61.5 7167 159 64.1
4106 205 83.0 7455 195 78.6
4147 213 86.2 8029 199 80.2
4164 204 82.6 8037 171 69.0
4184 151 61.1 8055 200 80.6
8003* 77 31.2 9083 155 62.5
8056 94 38.1
9036 136 55.1

' Cows omitted from analysis because the number of observations were less than
33 percent of maximum observations possible.

Results and Discussion

In general, our success in locating and recording individual observations

was related to forage conditions at the time. Forage conditions, quantity and

quality varied considerably between seasons and years (Table 4.4). Forage

production in the California foothills can be categorized into one of three stages

of growth: inadequate green, adequate green and inadequate dry (George et al.

1996). Observations in the summer of 1997 occurred during the stage of
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inadequate dry forage, while the observations in the winter of 1998 occurred

during the inadequate green stage. Observations in the summer of 1998 and the

winter of 1999 both occurred during the adequate green forage stage. Table 4.5

shows the number of cows located during observation periods expressed as a

percent of the total number of observation periods. When high quality forage was

abundant, cows traveled in a larger group and it was easier to see and record all

members of the herd. This is consistent with the findings of DudzInski et al.

(1982) who noted larger herd groupings occurred with better quality forage. In

the summer of 1998 with an abundance of green forage available, all animals

were located during 57 percent of the observation periods. Thirteen or more

animals out of the fifteen were observed over 75 percent of the time. During

observations in the winter of 1999, another period of adequate green forage, we

located all cows 23 percent of the time. Two cows calved during these

observations. When cows calved, they would stay near the calf for a couple of

days before both would join the main group of cows. Because of this calving

activity, only 13 cows were observed for considerable periods of time. This is

indicated by the second highest value for this period of 22 percent of the

observations. Over 50 percent of the time we were observing twelve or more

cows out of fourteen.

Table 4.4. Forage measurements for the observation series.

Observation
series

Dry weight
biomass

(kg/hectare)

Protein
(percent)

Water
(percent)

Acid Digestible
Fiber

(percent)
Summer 1997 1690 6.23 10.88 50.31
Summer 1998 2387 6.07 16.71 49.52
Winter 1998 816 13.97 78.51 46.55
Winter 1999 1786 11.02 75.45 51.07
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When forage was scarce, such as during the observations of the winter of

1998, the animals fragmented into small subgroups, and we were less likely to

locate all animals during an observation period. During this observation

sequence, we located groups of six to ten cows out of sixteen 75 percent of the

time. Only 6.5 percent of our observations included all sixteen animals. During

the observations in the summer of 1997, a period of inadequate dry forage, all

fifteen cows were located about 27 percent of the time. Groups composed often

and eight cows were next most frequently encountered at 16.4 and 13.8 percent

respectively.

Table 4.5. Number of cows in observation periods expressed as percent of total
number of observation periods.

Number of
Cows

Summer 1997'
Percent

Summer 1998'
Percent

Winter 19982
Percent

Winter 1999
Percent

1 0.0 0.0 0.0 0.8
2 0.5 0.0 0.0 0.4
3 0.3 0.8 0.0 1.2
4 1.9 0.0 0.4 2.4
5 1.1 0.3 1.2 2.0
6 6.1 0.3 11.7 9.7
7 6.9 1.3 13.4 2.4
8 13.8 5.1 19.4 8.5
9 2.1 3.2 15.0 8.9
10 16.4 4.0 14.6 9.7
11 8.8 6.4 4.0 2.4
12 5.3 3.2 4.9 5.6
13 5.8 3.5 3.2 22.6
14 4.5 14.4 2.4 23.4
15 26.5 57.6 3.2 -

16 - - 6.5 -

'TotaloflS cows
2 Total of 16 cows

Total of 14 cows
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Summer 1997 Inadequate Dry Forage

Table 4.6 shows the results of multiple runs ofASSOC1 for the summer

of 1997. We used a constant temporal threshold of 67 percent and changed the

spatial threshold by increments of 25 meters. No associations were detected at the

initial 25-meter search radius. By 50 meters, seven templates were apparent. One

of these contained five individuals with association indices beyond the temporal

threshold of 67 percent. At a spatial threshold of 125 meters, all fifteen templates

had been formed with a mean similarity of association of 73.8 percent. At spatial

thresholds beyond 150 meters only marginal gains in mean similarity were

accomplished. In the oak savanna region, groups located 150 meters apart are

usually out of sight of one another (Figure 4.1).

Table 4.6. Association analysis using different spatial thresholds for the
observations of the summer of 1997. The tables shows number of templates,
mean, minimum, and maximum number of individuals associated with templates,
and mean percent of similarity of all individuals. The temporal threshold was
maintained at 67 percent.

Spatial Threshold

25m 50m 75m lOOm 125m 150m 175m 200m

Individual
0 7 14 14 15 15 15 15Templates_______

Mean
0 3.4 4.6 5.8 9.9 11.5 12.5 13.3Frequency______

Minimum
0 1 1 3 6 8 9 9Frequency

Maximum
0 5 7 10 13 15 15 15Frequency

%
0 30.9 44.3 62.9 73.8 79.0 82.1 85.8Mean____
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Figure 4.1. San Joaquin Experimental Range showing terrain, vegetation, and
rock outcroppings. Rock outcroppings and trees identifiable on aerial
photography were used as GPS ground control points to rectify photography.
Seven cows are visible in this photograph.

Figure 4.2 shows the subgroups and herd group that were formed at various

spatial thresholds. Our visual observations lead us to conclude that our herd was

composed of three stable groups composed respectively of six, four, and two

individuals. The remaining three animals seemed to be relatively independent.

often grazing alone. Cow 1155 was particularly independent in her actions. The

factor controlling which of the main two groups we followed, ie., the group

containing the majority of the animals, was the number of independent animals

that chose to accompany the larger subgroups. Using a finer spatial search radius

increment of 5 meters, a subgroup of four cows was recognized at a spatial
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Figure 4.2. Subgroups and herd grouping from associationtemplates for
observations from the summer of 1997. The age of the cow in years is shown in

parenthesis.

30 meters 50 meters

471 (16) 471(16) 507(2)
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7123(10) 7123(10)

8123 (9) 8123 (9)

1094 (6)

142(5)

60 meters

/7113 (10)\(508

I

(2)

7123(10)

1 8123(9) 1155 (6)
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\ 2142(5) 1
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threshold of 30 meters. Two of these cows, numbers 471 and 7113, showed the

closest association and were within 30 meters of each other 73 percent

of the time. They were within 75 meters of each other 90 percent of the time.

Subgroups delineated by the 50 meters threshold matched two of the groups

determined by our visual observations. Cows numbered 507 and 508 were 2-

year-old heifers and, judging from the numbering system commonly used on the

ear tags, were born one after the other. The first number of the cow's

identification usually matches the year of birth, while the last numbers are the

order of birth for that year. The cows not grouped at this spatial threshold were

members of the other, less frequently observed, group and the independent

animals. At a search radius of 100 meters, fourteen out of fifteen cows have been

recognized as a herd unit. At 125 meters, the final member of the herd, number

503, is also included in the grouping.

Observations made when supplement was present helped to define the

social structure (Stricklin and Gonyou 1981). In this cattle herd, cow 471 was

dominant. She was sixteen years of age and six years older than the next oldest

cows. The larger group identified at a spatial threshold of 50 meters was, for the

most part, composed of the oldest cows in the herd. The average age was 9 years,

while the average age of the cows in the other large group was 5 years. The

second most dominant animal was 7123, a 10-year-old cow. After that the

dominance pattern became triadic (7113, 8123, and 3104). In general dominance

patterns seemed related to the age of the animal. This is consistent with the

observations of Beilharz and Keeb (1982) who also found dominance related to

age when age differences existed. Oberosler et al. (1982) also noted that age

seemed to be a Ihetor in social dominance.
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Summer 1998 Adequate Green Forage

The results of preliminary analysis of the summer of 1998 are shown in

Table 4.7. At the first spatial interval, 25 meters, tight grouping of this herd is

indicated by the fact that five templates have been recognized. One of these

templates contains three individuals that exceed the temporal threshold of 67

percent. At a threshold of 50 meters, all member templates have been formed. At

75 meters, all individuals exceed the temporal threshold across all templates. By

150 meters, the percent similarity is 100 for all templates and no further

improvement on grouping is possible.

Table 4.7. Association analysis using different spatial thresholds for the
observations of the summer of 1998. The tables shows number of templates,
mean, minimum, and maximum number of individuals associated with templates,
and mean percent of similarity of all individuals. The temporal threshold was
maintained at 67 percent.

Spatial Threshold

25m 50m 75m lOOm 125m 150m 175m 200m

Individual
Templates_____5 15 15 15 15 15 15 15

Mean
2.2 10.3 15 15 15 15 15 15

Frequency
nimum

1 5 15 15 15 15 15 15
Frequency______
Maximum
Frequency______3 12 15 15 15 15 15 15

% 22.4 74.5 91.7 97.3 99.6 100 100 100
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Figure 4.3. Subgroups and herd grouping from associationtemplates for
observations from the summer of 1998. The age of the cow in years is shown in

parenthesis.
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Subgroups and herd group delineated by ASSOC1 are shown in Figure

4.3. Visual observations led us to conclude that this herd was composed of three

stable subgroups. Two subgroups contained five animals. One subgroup

contained three animals and two animals seemed independent. Finer scale

analysis with ASSOC1 detected a close association between two animals, 596 and

9084, at 20 meters. These two cows were within 20 meters of each other 68

percent of the time. They were within 50 meters of each other nearly 90 percent

of the time. The grouping delineated by a spatial threshold of 30 meters matched

one of our visually delineated subgroups. The small group delineated at 35

meters matched our smaller visually delineated subgroup. The third visually

delineated subgroup was recognized by ASSOC1 as a being a part of the general

herd group at this spatial threshold. Two independent animals, 4154 and 2043,

are the last to be incorporated into the herd group. The herd is accurately

delineated with a spatial threshold of 50 meters. Dudzfnski et al. (1982) also

noted larger herd groups and smaller distances between nearest neighbors with

increased forage quality.

Subgroups and social dominance also seem to be age related with this

herd. The subgroup delineated at 30 meters contained the five oldest animals, one

9-year-old and four 8-year-old cows. The smallest subgroup contained three 6-

year-old cows. Dominance among the top three cows in the social order was

linear. The 9-year-old cow, 9084, was the dominant animal in the herd. A

closely associated cow, 596, was the next most dominant animal and the third

most dominant animal was the oldest cow in the second large subgroup. She was

7 years old, while her other group members ranged in age from 3 to 6 years. An

important aspect of this social arrangement was that the subgroup of oldest cows

dominated the supplement site, keeping other herd members away. This might

have affected supplement consumption by subdominant animals and explain why

there was not a strong clustering of points around the supplement location.

Stricklin and Gonyou (1981) noted a similar effect during their study.
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Winter Observations

Winter observations produced a slightly different pattern for two main

reasons. The daylight period was shorter and, therefore, there were fewer

observations for these herds. Second, the cows do not seek shade for a large

portion of the day as they do during the summer, so they are not clumped in a

compact group under shade trees. During the summer, the cows were under shade

resting for about 8.7 hours each day during 50 percent of the daylight hours. In

contrast, winter daylight resting occurred for ito 3.5 hours, or 10 to 35 percent of

the daylight hours. We, therefore, expected to see looser association and broader

spatial distribution (Shiyomi and Tsuiki 1999).

Winter 1998 Inadequate Green Forage

The observations for the winter of 1998 were collected during a time of

inadequate green forage. When very little standing crop was available, cows

grazed 84 percent of the day. Animals formed into small groups and three

animals were excluded from analysis because they appeared in less than 33

percent of the observations. Two of these animals, numbers 1 and 2, were closely

associated 4-year-old Charolais types and number 8003 was an independent

animal often seen alone. Table 4.8 shows results of our preliminary association

analysis. A spatial threshold of 50 meters identified the first animal template, but

no additional animals exceeded the temporal threshold of similarity for the

template (Weber at al. 2001). Ten templates were recognized at 75 meters. Two

of these templates had four individuals associated with them. All thirteen

templates were recognized at 100 meters and the herd unit was defined. At 175
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meters, all associations were defined and greater spatial thresholds did not lead to

any improvement.

Table 4.8. Association analysis using different spatial thresholds for the
observations of the winter of 1998. The tables shows number of templates, mean,
minimum, and maximum number of individuals associated with templates, and
mean percent of similarity of all individuals. The temporal threshold was
maintained at 67 percent.

Spatial Threshold

25m 50m 75m lOOm 125m 150m 175m 200m

Individual
o i 10 13 13 13 13 13

Mean
0 1.0 2.0 5.5 7.7 9.8 10.2 10.2

Frequency
Minimum

0 1 1 1 1 2 3 3
Frequency
Maximum

0 1 4 10 12 13 13 13

%
o u.s 33.5 55.9 69.6 76.4 78.1 78.1

Mean

The delineation of subgroups was more difficult for the winter of 1998

than for any other period. We seldom saw all of the cows together and they were

constantly moving during the day. We visually delineated three stable groups

consisting of six, five and two cows. The smallest group was the one mentioned

earlier consisting of the two cows omitted from analysis. The group of five cows

was accurately recognized by ASSOC1 at a spatial resolution of 75 meters (Figure

4.4). The larger group of six animals was not delineated, but was grouped

together as part of the main herd at 100 meters. Numbers 5 and 8056 functioned

as independent animals in most cases. Dominance was linear in nature for this

herd and was based on age with two exceptions. Cow 9036 was the dominant

cow. When the independent animals, 8056 and 8003, were present at the
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supplement site, they could exert dominance over all the other cows except 9036.

However, in most cases, they were not with the main herd and cow 190 was the

second most dominant animal. Cow 2124 was the third most dominant animal

and leader of her subgroup.

Figure 4.4. Subgroups and herd grouping from association templates for
observations from the winter of 1998. The age of the cow in years is shown in
parenthesis.

75 meters

4067(4)
4164(4)
2124 (6)
4147 (4)
4106(4)

Winter 1999 Adequate Green Forage

100 meters

4067 (4)\
4164(4)
2124 (6)
4147(4)
4106 (4)
4066 (4)
4184 (4)
190(8)
4065 (4)
4006 (4)
5 (8)
9036(9)
8056 (10)

The observations during the winter of 1999 occurred during the most

favorable forage conditions. Forage was abundant and contained 11 percent

protein. Table 4.9 shows results of our association analysis. Two individual
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templates containing two closely associated individuals were recognized at our

first spatial threshold. These two individuals, numbers 712 and 7455, were within

25 meters of each other about 75 percent of the time. They were within 100

meters of each other for 90 percent of the time. A closely associated group of

four cows was evident at 50 meters with association percentages ranging from 67

to 92 percent. The herd group was recognized at 100 meters with all individual

templates identified. Beyond 175 meters, little improvement was apparent in

association statistics with increased spatial thresholds.

Table 4.9. Association analysis using different spatial thresholds for the
observations of the winter of 1999. The tables shows number of templates, mean,
minimum, and maximum number of individuals associated with templates, and
mean percent of similarity of all individuals. The temporal threshold was
maintained at 67 percent

Spatial Threshold

25m 50m 75m lOOm 125m 150m 175m 200m

Individual
2 10 13 14 14 14 14 14

Templates
Mean

Frequency
2.0 2.9 3.5 7.6 10.1 10.9 12.2 12.7

Minimum
2 1 1 4 6 7 9 10Frequency

Maximum
2 4 6 12 13 14 14 14Frequency

%
14.3 23.3 42.2 68.7 74.3 78.2 82.3 83.8

Visual delineation of subgroups was complicated because two cows in this

herd gave birth during our observations. In general, however, three groups were

evident. Two groups contained four cows, while the third had three members.

Three animals exhibited independence in their actions. The ASSOC1 software at

a spatial threshold of 50 meters recognized the two subgroups with four members
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(Figure 4.5). The first group consisted of older animals that exhibited Brabma-

cross body characteristics. The second group was predominantly younger

animals. An association of three animals was recognized and grouped into a

subgroup at 75 meters. These three animals were also older animals. One of

these animals, 8037, was a cow that calved during the last observation of this

series. Three independent animals were incorporated into the herd group at 100

meters. One of these, 7167, may not have actually been an independent animal

but calved at the beginning of our flflh observation. Therefore, the visual

observations of her and her spatial data resembled an independent animal Social

dominance was linear with dominant animals being older animals. 712 was the

dominant animal and her closely associated partner, 7455, was the second most

dominant animal. The third most dominant animal, when present, was the

independent 35. Cow number 4096 was the oldest and the dominant animal in her

subgroup.

Conclusions

The organization of a herd of cows was very dynamic in our study. The

number of animals in subgroups and their proximity to neighboring groups appear

to be a function of available forage resources. When forage was in good supply,

herds were more compact and grazed as one herd unit. When forage was supply

and quality was inadequate for maintenance of weight, herds fragmented into

relatively independent subgroups. During periods of inadequate forage, we

followed smaller groups of cows more frequently during the last three

observations than we did the first three observations (Table 4.10). This indicates

that herd fragmentation was a result of declining forage resources. This pattern

was not apparent for the periods of adequate green forage. Our data indicated that

the optimal size for a stable subgroup of cows was from three to six animals. We

delineated subgroups of composed of two animals in two of our observation



Figure 4.5. Subgroups and herd grouping from association templates for
observations from the winter of 1999. The age of the cow in years is shown in
parenthesis.
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series. However, these animals were usually seen in the company of larger

groups or with independent animals and seldom operated as a separate group of

two animals. Takeda et al. (2000) suggested that an optimal group for stable life

in a communal pasture ranges from three to five cows.

The association software used in our analysis provided results that

matched our visual observations. The ASSOC1 program accurately recognized

most subgroups and herd units. However, deciphering which spatial thresholds

identified the subgroups was made easier through the use of visual observations.

The last animals incorporated into herd groupings were animals that exhibited

independent social associations. Association matrices and association recognition

programs will help to analyze the spatial data collected by (3PS collared animals.

Subgroup membership and social dominance were age related in our

study. Other studies (Bielharz and Zeeb 1982, and Oberosler et aL 1982)

suggested the same relationship. This result also supports the observations of

Honoré and Klopfer (1990) that social structure is based on familiarity ofanimals.

Cows born in the same year are raised with their peers and develop strong

associations with each other (Reinhardt and Reinhardt 1981). Older animals were

usually dominant over younger animals. We were not able to correlate any

factors to independent animals and believe this is an area for further research.
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Table 4.10. Number of cows in individual observation periods for Summer 1997
and Winter 1998 (Inadequate forage). Number of cows shown as a percent of
total observations.
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Chapter 5: The Use of Spatial Point Analysis to Identify Factors
Influencing Cattle Distribution Across a Landscape

Abstract

Many factors affect animal use on the landscape. Biotic factors, such as

forage quality, quantity and species composition, affect grazing distribution and

timing. Abiotic factors, such as slope and distance to water, also control the

pattern of cattle on the landscape. However, regression models based on these

variables have proven unsatisfactory in predicting animal use. To improve

modeling success, we used a spatial point analysis technique called Ripley's K

analysis. When used on distribution data from two seasons and two years, the

analysis discerned differences in spatial point arrangements related to differences

in forage quality and quantity and season. As an analytical tool, it detected and

quantified changes in pattern caused by locating a high protein supplement feeder

in the pasture. Our study suggests that the Ripley's K analysis or a non-

parametric analog of this procedure can provide resource managers with a tool to

determine the radius of attraction of landscape features. It could also be used to

improve animal distribution by suggesting locations that increase the

effectiveness of distribution tools such as water, supplement feeders, and salt.
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Introduction

Pattern of cattle distribution and use on a landscape or in a pasture is

influenced by biotic and abiotic factors (Coughenour 1991, Bailey et aL 1996).

Slope (Bryant 1982, Cook 1966, Gilen et aL 1984, and Roath and Krueger 1982)

and distance to water (1-lart et al. 1993, Pinchak et aL 1991, and Senft et al. 1985)

are the most frequently mentioned factors, but forage quality and quantity are also

important (Anderson and Kothmann 1980, Senft et al. 1983, and Pinchak et aL

199 1). However, the scale at which factors operate and zone of influence

resulting from point amendments such as water tanks and supplement feeders is

not clearly understood.

Many researchers (Cook 1966, Gillen et al. 1984, and Senft et al. 1983)

have developed regression-based models of cattle distribution. Most of these

models have described conditions for a specific site and cannot be generalized for

other locations (Bailey et aL 1996). Coughenour (1991) states that regression

models are limited by simplifying assumptions and do not consider actual

mechanisms of foraging. In part, the weakness of these models arises from a lack

of connection between the spatial arrangement of factors and the patterns

generated by mapping animal distributions (Isaaks and Srivastava 1989, and

Imfeld 2000).

Spatial arrangement and scale are important in animal studies. Dudzlnski

et al. (1982) detected changes in spatial grouping of cattle in response to changing

vegetative communities and forage conditions. Cattle aggregated into larger

herds and the distances to nearest neighbors were smaller in open (treeless)

communities than in wooded communities. In addition, herd aggregation

increased and nearest neighbor distance decreased in response to higher quality

forage. Shiyoma and Tsuiki (1999) developed a spatial model based on cattle

activities. Activities were classed as attractive (desire to be in a group) and

repulsive (maintenance of individual space). They found that the spatial pattern
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of a cattle herd in a pasture was not random but aggregated. They also found that

distance between individual animals in the herd increased based on activity,

increasing in the following order: resting, feeding, and moving. Within this

context, we performed a spatial point analysis on cattle positions to see if it

improved our understanding of the observed patterns.

Rii,ley's K Analysis

Our daylight observations of small herds of cows consisted of points (±

2m) identifying individual animal positions tagged with the date and time. Initial

spatial point analysis using nearest neighbor and quadrant analysis (Boots and

Getis 1988, and Ripley 1981) revealed that animal positions were highly

clustered, or aggregated. Because observations are of individual cows in a herd

group and we recording positions of all animals visible to researchers, this was

expected. Shiyoma and Tsuiki (1999) reported the same result.

To relate clustering of animal locations (individual observations) to spatial

features on the landscape, we used a spatial point analysis technique called a

Ripley's K. This technique is sometimes referred to as a second-order

neighboring distance analysis, or a second-order neighborhood search (Boots and

Getis 1988, Diggle 1983, and Ripley 1981).

Ripley's K analysis was developed as a statistical tool for exploring and

comparing patterns of spatially referenced points. It tests whether a given point

pattern departs from a complete spatially random (CSR) pattern. Point patterns

may trend toward clusters or toward a regular grid. Thus, it quantffies the

dispersion of points within an unbounded study area (Boots and Getis 1988). The

software program that we used to analyze our data was acquired from Melinda

Mouer and the mathematical description of the program is from her guide (Mouer

1999).
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The procedure is as follows:

1) X, Y coordinates of all points on the plot must be completely mapped.

2) The distance matrix d between all pairs of points on the plot is tabulated.

3) The cumulative distribution function of the distance from all points on a plot

to all other points, fC(d) is computed as:

k(d) = A jtSii(d)forjj
1=1 j1 fl

where

11 if d, d
5(d) Loifd>d'

for n points on a plot of area A. A / n fC(d) can be interpreted as the expected

number of points within distance d of an arbitrary point.

4) The R(d) distribution is computed for values of d from 0 to a maximum of'/2

the length of the shortest plot boundary. To correct for boundary effects

(because the summation excludes pairs of points for which the second point

may be outside the plot and therefore unobservable), the calculation replaces

(d) with a weight w(d), the inverse of the proportion of the circumference

of a circle centered on point i and passing through pointj, lying within the plot

(Moeur 1999). Thus, w(d) = 1 for circles wholly contained in the sample

plot, and w(d)> 1 for situations requiring correction for edge effects (Diggle

1983):

k(d) = A
W11('d)

i j, for all pairs of points with d d.
iI j=I fl

In practice, the Ripley's K statistic as reported is a square root transformation of

the cumulative distribution function that linearizes the function, stabilizes its
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variance, and has an expected value of approximately zero under the Poisson

assumption of randomness (Ripley 1981).

1(d) - d.

When used as a statistical tool, confidence intervals are constructed using a series

of Monte Carlo simulations to define 90 percent intervals.

Positive values for the Ripley's K statistic, above the upper confidence

interval, signif' that a spatial point pattern is clustered with the degree of

clustering indicated by higher values. Values within the confidence intervals,

approximately 0, signify that a spatial point pattern is CSR in nature. Negative

values below the confidence interval signify that a spatial point pattern is regular

or systematic (grid-like). The distance on the x-axis is the major analytical

strength of the Ripley's K analysis (Diggle 1983) and corresponds to the radius of

a circle that contains the clustered point formation. This distance can help

identify landscape features that induce animal clustering or dispersion.

Because our data were based on sequential observations of animals in a

herd, individual data points are not independent observations and are auto-

correlated. This precludes the use of Ripley's K values for statistical

comparisons. Also, our range unit (pasture) (Figure 5.1) was not a rectangular or

square in shape and the analysis and its edge correction algorithm are not meant to

compensate for highly irregular shapes (Boots and Getis 1988). Even if the shape

of our plot were regular, a second statistical problem is that we lack an

expectation of unobserved points beyond the boundaries of our plot (Diggle 1983,

and Mouer 1999). Fences, in most cases, restrict distribution of domesticated

livestock. Fencing is so pervasive an influence in cattle distribution studies that it

often appears as a variable in regression equations predicting distribution patterns

(Brock and Owenby 2000, and Senfi et al. 1983). Our interests are not in

statistical comparisons of CSR pattern or in statistical inference but to explore
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point patterns in relation to landscape features in our study area. "In that

approach if one disregards the need to correct for statistical bias, tests are invalid,

but one is still left with a comprehensive description of the arrangement of points"

(Boots and Getis 1988). With these restrictions and limitations in mind, we used

Ripley's K to describe spatial patterns in cattle distribution to determine if it

facilitated interpretation and understanding.

Figure 5.1. Arrangement of study area showing locations of water and
supplement. Contours show 40-foot elevation changes. Fences are shown as
broad black lines.
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Methods and Materials

This study used the San Joaqum Experimental Range (SJER) (UTM zone

1 iN, Easting 257600, Northing 4109300) located along State Highway 41

approximately 30 km north of Fresno, California. The SJER encompasses 1,837

hectares and is the oldest range research facility in California. It has been a range

research facility since 1934 and is currently managed by the USDA Forest

Service. The SJER is located on the eastside of the San Joaquin Valley within the

oak savaima vegetation type of the Sierra Nevada foothills. Our study used range

unit 72 (Figure 5.1) on the facility. Elevation of our study area ranges from 374

to 451 m above sea leveL Tree/shrub canopies covers approximately 20 percent

of the land surface. The site is fully described in Harris (2001).

This study started in June of 1997 and ended in January 1999. Small

herds of cows, an average of 15 animals, were followed for twenty-four hour

periods during two seasons, winter and summer, as part of a larger study. Six

observations were made during each series with the winter series occurring in

January and the summer series occurring in July of each year. Observation days

were separated by three to seven days during which treatments, changing of water

sites and/or the addition of a high protein supplement site, were implemented.

During daylight hours, all visible animals were scanned every fifteen minutes

using a small video camera. These daylight observations (Table 5.1) served as the

data used for this spatial analysis. In cases where the herd fragmented or only

subgroups of animals were found, the observer followed the group which

contained a majority or, in some cases, the greatest number of animals. Our

database of daylight observations consists of 14,095 records. If all cows had been

observed every daylight period, it would have 18,704 records, so we captured 75

percent of all possible observations. Position of the videographer was recorded

using a Trimble Pathfinder Pro XL GPS unit. Positions were differentially

corrected to produce points with accuracy within 2 meters. Videotapes were later
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reviewed and animal positions were converted to digital format through digitizing

on rectified digital orthophotographic maps.

Table 5.1. Numbers of daylight observation periods and individual cow
observations for each observation series.

Observation
Series

Number of Daylight
Observation Periods

Number of Individual
Cow Observations

Summer 1997 377 4110
Winter 1998 247 2319

Summer 1998 375 5038
Winter 1999 248 2628

Results and Discussion

Summer 1997 Cattle Locations

Ripley's K analysis of the summerl 997 observation series is shown in

Figure 5.2. Our Ripley's K analysis uses a search distance of 600m, which is less

than half the minimum dimension of our range unit. The Ripley's K statistics for

summer 1997 show a high degree of clustering starting at about 60 meters for all

three lines. The top line for all observations combines the attributes of the other

two lines, so we will initially describe the details of the lines for No (no

supplement) and With (with supplement). If we look at a cow location map for

summer 1997 (Figure 5.3), we see large clusters of points in the three corners of

our triangular shaped range unit. Two of these corners, those in the southwest and

southeast, are where drinking water is located. These areas also contain shade

trees where cows rest during the summer. The southeast and northern corners

contain a large swale. These swale sites had been previously grazed to a stubble
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height of less than 5 cm and were dominated by Bermuda-grass (Cynodon

dactylon (L.) Pers.) that was still green. Maximum span (length along the

principal axis) of these swale/rest areas is about 120 meters and can be enclosed

in a circle with a radius of 60 meters. This distance corresponds to a peak in

Ripley's K value at a distance of 60 meters. We can conclude that the highest

peak, the great clustering, for the observations without supplement is related to

these swale/rest areas. Clustering then decreases with distance (Figure 5.2).

Figure 5.2. Ripley's K analysis for the summer observations in 1997.
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Figure 5.3. Daylight observations with no supplement for the summer of 1997.
Individual cow positions are shown as red points. Water sources are shown as
blue points. Swales are shown in green, fences are shown in black and forty-foot
contours are shown in gray.
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At a distance of 280 meters the Ripley's K value increases. This increase

matches the distance to a band of open grazing benches that occur west of the

southeast corner of the unit. From the southwest corner, there is a clustering of

points about 300 meters to the west where the cows grazed northern slopes.

Circles centered on the points in the corners are reflected in this increase in the

Ripley's K values at this distance. At a distance of 450 meters from the southwest

corner is located a favorite afternoon shade tree (Figure 5.3). This attractant
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results in a peak in the Ripley's K graph (Figure 5.2). North of the southeast

corner at about 480 meters, there is an open ridgeline that also results in animal

clustering. This ridgeline is within the 600-meter search radius from the northern

point cluster and continues to generate relatively high statistics until they taper off

after 530 meters.

From this spatial analysis, we can postulate that areas with the strongest

attraction for cows during these observations were water/shade sites, two swale

sites, an afternoon shade tree, upland grazing benches, and an open ridgeline.

Many researchers (Bentley and Talbot 1951, Brock and Owenby 2000, Senfi et al.

1983, and Wagnon 1963) have also identified areas such as these as important in

determining cattle distribution.

Observations taken when supplement was available produced a clustering

of animals at a distance of 60 meters. This time the clustering flattens, reaches a

peak at 80 meters, and finally starts decreasing at 120 meters. During this period,

the swale in the northern part of the pasture was not grazed (Figure 5.4). There is

a noticeable decrease in the importance of the southwest water/shade site, and the

southeast corner maintains its importance and a major axis of about 180 meters.

Other animal observations cluster near the favorite afternoon shade tree, the

supplement site on the ridgeline, with lesser densities at the southwest

water/shade site. The cluster starting at the supplement site and extending south-

southwest along the ridgeline has a major axis of about 240 meters. These

patterns are reflected in a plateau on the Ripley's K analysis at this distance

(Figure 5.2). Clustering decreases until the distance to the point clusters at the

afternoon shade tree and the upland grazing areas cause an increase at 450 meters.

The strong clustering effect of the supplement site is evident in the peak centering

at 540 meters. This is the distance from the cluster at the southeast water site to

the cluster at the supplement site, and also the distance from the cluster at the

shade tree to the cluster extending from the supplement site. The supplement site

is beyond the search area from southwest water site.
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Figure 5.4. Daylight observations with supplement for the summer of 1997.
Individual cow positions are shown as red points. Water sources are shown as
blue points. The supplement site is shown as a yellow point. Swales are shown in
green, fences are shown in black and forty-foot contours are shown in gray.
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From Ripley's K, we can now rank the effect that supplementation has on

cattle distribution. The water/shade sites are the dominant attractants for cattle,

but supplement is exerting a considerable attraction, as far as 540m. Bailey and

Wellington (1999) also reported altered patterns of landscape use when high

protein supplement was placed in pastures.
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Summer 1998 Cattle Locations

The Ripley's K analysis for summer 1998 cattle locations (Figure 5.5) is

influenced by the same factors as was seen in summer 1997, but also some others.

There is a clustering of animal locations in the southeast water and swale site, a

cluster of points in the north swale, and an extremely large cluster in the

southwest water/shade site (Figure 5.6). Two large swales toward the southwest

water site also contain large clusters of cattle locations. The strongest clustering

effect was still exerted by water/rest sites at a distance starting at 60 meters. This

radius matches the extent, about 120 meters, of location clusters in the north and

the southwest corners. The highest value for the Ripley's K statistic is at 100

meters and shows the extent, 200 meters, of the large cluster of points in the

southwest corner and two clusters centered on large swale site.

The effect of the extended clusters in the large swale in the southwest

portion of the range unit combined with the effect of the water trough is seen as a

high K value at a distance of 520 meters. This radius matches the distance from

the water site cluster to the end of the large swale. The effect then tapers off after

that distance. A cluster of smaller swales in the northern portion of the range unit

also concentrated cows but the effect of the southwest water/shade site and the

large southwest swale dominate as attraction points for summer 1998.

Swales, during our observations, contained most of the available green

forage because forage on uplands had already dried and browned. This forage

was also higher in crude protein (Harris 2001). Cattle grazing under these

conditions heavily use swales (Bentley and Talbot 1951, and Wagnon 1968).

Figure 5.7 shows the cattle distribution pattern when supplement was

available. This set of observations yields Ripley's K values that become negative

values at distances over 570 meters (Figure 5.5). The cattle position map (Figure

5.6) reveals that use of the southwest corner has become less and more use is

occurring in the north and southeast corners of the unit. The large southwest
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swale is also frequented less. All these clusters of cattle locations are

approximately 120 meters long on their principal axis. This distance is reflected

by a maximum value at 60 meters on the plot of Ripley's K. Clustering effects

diminish with increasing distance.

Figure 5.5. Ripley's K analysis for the summer observations in 1998.
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There are more isolated observations in the northeast corner of the range

unit with few observations towards the middle (Figure 5.6). This pattern leads to

the grid-like pattern, Ripley's K of 0, at a radius of 580 meters. It is unclear

whether adding supplement induced this pattern or if it is happenstance.



160

Although the reason for the shift of pattern is unknown, swale sites scattered

across the northeast portion of the range unit and the northern slopes are being

utilized more. Perhaps this shift is related to animal search mechanisms (Bailey

1995, and Laca 1998) or thermoregulation (Bentley and Talbot 1951, and Prescott

etal. 1994).

Figure 5.6. Daylight observations with no supplement for the summer of 1998.
Individual cow positions are shown as red points. Water sources are shown as
blue points. Swales are shown in green, fences are shown in black and forty-foot
contours are shown in gray.
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Figure 5.7. Daylight observations with supplement for the summer of 1998.
Individual cow positions are shown as red points. Water sources are shown as
blue points. The supplement sites are shown as yellow points. Swales are shown
in green, fences are shown in black and forty-foot contours are shown in gray.
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Ripley's K analyses for winter 1998 cattle locations are shown in Figure

5.8. The shape of the plot of the K statistic is different from both summer

observations (Figures 5.2 and 5.5) and is also different from the winter of 1999

observations (Figure 5.11). Distribution patterns with and without supplement

show the same basic form. Larger distances exhibit more clustering until
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maximum values are reached at 350 meters (no supplement) and 460 meters (with

supplement). Cattle position maps (Figures 5.9 and 5.10) reveals why the form is

so different. Cattle are broadly distributed across the range unit without focal

locations.

Figure 5.8. Ripley's K analysis for the winter observations in 1998.
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Weather during this observation series was wet and cold. Before our

observations began, 14.38 cm fell with another 17.91 cm of rain falling during the

trial. Free water was abundant on and in forage, thus water tanks held no

attraction for the herd. Forage standing crop was limited (816 kgDMlhectare).
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Figure 5.9. Daylight observations with no supplement for the winter of 1998.
Individual cow positions are shown as red points. Water sources are shown as
blue points. Swales are shown in green, fences are shown in black and forty-foot
contours are shown in gray.
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Figure 5.10. Daylight observations with supplement for the winter of 1998.
Individual cow positions are shown as red points. Water sources are shown as
blue points. The supplement site is shown as a yellow point. Swales are shown in
green, fences are shown in black and forty-foot contours are shown in gray.
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Cows were wet, cold and restless. They spent their days apparently searching for

forage. It has been suggested by other researchers (Bailey 1995, Prescott et aL

1994) that animals search farther when forage is scarce. The distribution map

shows this wider-ranging pattern with preferred locations mainly on southern

slopes. Because southern slopes are potentially the warmest areas available, this

distribution suggests a heat seeking strategy. The distribution of cattle locations

is captured in a 700-meter diameter circle (radius of 350 meters). This explains

the maximum Ripley's K value occurring at 350 meters.

When supplement was available (Figure 5.10) we saw a similar pattern

with cows actively covering upland ridges while avoiding lowlands to the west.

The cow positions are even more concentrated in area as is shown by the steeper

increase and higher overall values on the Ripley's K analysis. The supplement

seems to have moved animals northward where they a better oriented with the

supplement which was placed on a high ridgeline. This clustering as a result of

supplement placement is evident as a small hump on the Ripley's K centered at

460 m (Figure 8). This distance is close to half of the length of the

northwestisoutheast spread of cattle locations. Once again supplement affected

the distribution of cows, which was quantffied by the Ripley's K analysis.

Winter 1999 Cattle Locations

The Ripley's K analysis for the winter 1999 (Figure 5.11) shows a pattern

reminiscent of the two summer periods, especially summer 1998 (Figures 5.2 and

5.5). When supplement was not available, K values are high over short distances

and maximum value is reached at 90 meters. At longer distances clustering

decreases, approaching a random pattern (K =0) at 600 meters.

This curve is similar to the one generated with the set of supplemented

observations for the summer of 1998. Both cattle distribution observations were

taken when forage was abundant and nutritious. In the winter 1999, protein
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content of forage was 11.0 percent. During the summer 1998 trial, protein content

of forage in the swale sites was 8.43 percent. We expected strong clustering in

summer 1998 as animals focused on swale/shade/water locations, but what is the

attraction for certain sites in the winter of 1999?

Figure 5.11. Ripley's K analysis for the winter observations in 1999.
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The cattle distribution map (Figure 5.12) for winter 1999 reveals clusters

in the northern tip, on the ridgeline along the south fence (halfway between water
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Figure 5.12. Daylight observations with no supplement for the winter of 1999.
Individual cow positions are shown as red points. Water sources are shown as
blue points. Swales are shown in green, fences are shown in black and forty-foot
contours are shown in gray.
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sources) and a small cluster of points at the southeast corner. A scattering of cattle

locations around the large swales in the southwest corner is also evident. There

are no observations in the northeast portion of the range unit (Figure 5.12). The

swale site at the northern tip of the unit served primarily as a resting/ruminating

site in the first 24-hour observation period of this series. Cows used it for shade

from 8 a.rn. until 1p.m. This was the longest use of a rest area during any winter

observation. Other points at this location indicated cattle positions at the end of

observation 5, when the cows were grazing from 7 a.m. until the observation

ended at 7:45 a.m.. The cluster of points on the ridge near the south fence

indicated cow positions during the final two 24-hour observation periods. Cows

used the ridge for grazing and rest just before dark during and grazed up to the

site three times over the afternoon of the last day. These clusters are represented

in the maximum Ripley's K statistic at 90 meters. Clusters of cow locations near

the water tank have a spread of about 120 meters. The lack of clustering at greater

distances is because there were few cattle observed at the center of the range unit.

This pattern is similar to the supplemented observations in the summer of 1998, K

values decline to 0 at distances approximately one-half the breadth of the range

unit.

The addition of supplement altered the pattern as is shown in the Ripley's

K analysis (Figure 5.11). The highest K statistic is reached with a smaller search

radius of 50 meters. The map of observed cows (Figure 5.13) shows a tight group

of locations in southwest corner. This water/rest area dominates as an attractant at

this time. The ridge to the east of this site, halfway to the other water site, also

contains a cluster of points about the same size. This area was used for late

afternoon grazing during two of the three observations. The southeast water site

still generates a cluster of observations, but they are more isolated from other

clusters.

The other differences between this set of cow locations and those without

supplement are: 1) the northern corner is not attracting as many animals, 2) a west

facing draw extending from the middle of the range unit was being more
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Figure 5.13. Daylight observations with supplement for the winter of 1999.
Individual cow positions are shown as red points. Water sources are shown as
blue points. The supplement sites are shown as yellow points. Swales are shown
in green, fences are shown in black and forty-foot contours are shown in gray.
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extensively used, and 3) the northeast portion of the site is showing some use.

The supplement site is shown as an extremely tight cluster of points on the

ridgeline. The cows during this observation series did not use the supplement

much during daylight hours, but made more use of it after dark. The Ripley's K

analysis shows a decline of clustering with distance, but shows a slight plateau

ranging from a distance of 240 meters to a distance of 280 meters. This plateau of

values reflects the point distribution across the swales to the southwest as well as

the points extending up the west-iiwing draw. The location of the points in the

center and the northeast portion of the range unit result in a slight leveling off of

values at 560 meters (Figure 5.11).

Conclusions

The Ripley's K analysis is more than a statistical test of spatial

randomness; it can be used to describe and quantify point arrangements. When

applied in studies of animal positions on a landscape, it can describe the effect

and identify aggregation foci such as water sources, special foraging sites, and

shade trees. It also clarified the role of biotic and abiotic factors affecting animal

distribution patterns throughout the year.

In our study, inadequate forage in the winter of 1998 induced a more even

distribution of cows on the landscape than in seasons with more forage. This

dispersion was evident in the Ripley's K analysis. We found that abundant, high-

quality forage reduced the spatial spread of cattle in a herd and distances between

neighbors as was reported by Dudzinski et al. (1982).

The concentrating effect of landscape features such as swales and shade

trees on cattle was reflected in high K values at short distances. We documented

aggregation of cattle during rest as had been reported by Shiyoma and Tsuiki

(1999).
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Animal distribution is difficult to quantify and compare. Ripley's K

statistic was sensitive enough to measure the effect of supplement on animal

distribution. It also indicated the zone of influence of water, supplement, swales

and other features in the landscape. We suggest that this technique can be used to

determine effective supplement sites or water development locations. It can also

facilitate interpretation and understand of the role of landscape features in

livestock movement on rangelands. Ripley's K analysis can be used as a

powerful analytical tool of spatial pattern on the landscape for natural resource

management.
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Summary

Our research operated within the bounds established by the Laws of

Thermodynamics. Energy considerations are constantly changing on the

landscape. During daylight hours, excessive solar energy could be the problem

with the dissipation of body heat a concern. Cows spent the afternoon hours

under shade trees avoiding hot temperatures. At night, the lack of heat would be

the problem with animals adopting strategies to conserve heat. The cows in our

research grazed less the colder it got and did not graze at all when the temperature

was below 0° C.

The distribution of animals on the landscape was largely related to the

distribution of high quality forage. As stated in the introduction, the distribution

of vegetation is control by many factors that limit plant growth to specific areas.

Plants process solar energy to convert energy into plant biomass. Our cows

processed the plant biomass into metabolizable energy and body mass. This was

shown by the weight gains that the animals exhibited in most cases. This is an

example of the First Law of Thermodynamics, the law of conservation. However,

energy was not converted without loss in these exchanges. Each cow consumed

approximately 10 kg of forage per day, but the conversion to animal mass was

less than 1 kg per day during the observation series with the greatest cattle weight

gain. This figure matches the 10 percent conversion factor from vegetative

biomass to animal biomass often stated in the literature. The cows maintained

body functions using some of the energy, but a large portion was lost through the

heat of fermentation and as waste products. This is an example of the Second

Law of Thermodynamics, or the law of entropy.

The Laws of Thermodynamics also influence the daily activities of cattle.

The major daily activities of cows can be separated into two primary categories:

1) grazing and 2) resting. Grazing is the conversion of solar energy into body

mass as stated previously. Resting during daylight hours is an activity that also
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deals with energy conversion. In this case, some solar energy is converted into

sensible heat through the interaction of energy with the earth's surface. The cows

must deal with the additional heat load through various mechanisms. Resting

under shade trees near water sources is a major activity especially during hot

summer days. Trees also modify the microclimate beneath them by vaporizing

water during the process of photosynthesis. This conversion further cools the air

under a tree canopy creating a microclimate that the cows use to cool themselves.

We measured temperature differences of 70 C between open areas and under tree

canopies. Cows used tree shadows to regulate their body temperature.

Drinking water is one way that cows regulate body temperature. Water is

converted into water vapor in the body using some excess energy, thereby

reducing the heat load somewhat. The locations of water sources and shade trees

were important fuctors in our research for determining cattle distribution.

Energy concerns were present even after the sun had set for the night. The

choice of a night resting area was decided based on thermal considerations. On

clear nights, the animals stayed at high areas near the tops of ridges. The

temperatures at these locations were six to ten degrees higher than those

temperatures recorded at the U.S. Forest Service weather station near the

headquarters. In the summer, when daytime maximum temperatures were less

than 36° C, animals would spend the night in lower, more sheltered areas. In the

winter when temperatures were about 0° C, the cows would move to high, warm

sites with more shelter. On cold nights, supplement was ineffective in keeping

cattle at the site through the night. In the winter of 1998, cows exhibited a heat-

seeking strategy staying on sunny, warmer slopes. Perhaps this strategy was in

response to the inadequate green forage present at that time. These mixed results

further emphasizes that decisions are constantly being made by a cow to balance

its energy budget.

Our research produced results that fulfilled our original objectives and

lead us in new directions in data collection and analysis. The integration of global

positioning technology and geographic information systems allowed us to analyze
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data in new and innovative ways. We were able to accurately record and quantify

cattle behavioral activities and spatial distribution. We explored point spatial

analytical techniques that allowed us to quantify point arrangement and to relate it

to features on the study area developing a new understanding of some factors that

influence animal distribution. We were able to adapt videotaping to obtain

enormous amounts of data about a large number of animals in a short period of

time. This technique allowed us to record group interaction and subgroup

membership as well as individual animal activities and placement on the

landscape. Reviewing videotapes allowed us to develop dominance matrices as

well as documenting behavior. We used an association analysis program that

allowed us to explore animal-to-animal interactions in a new and insightfiul way.

Our research showed the possibilities and capabilities of our techniques in

creating a new understanding of animal distribution and the factors influencing it.

Based on our pilot project, we were able to write a grant proposal that led to an

expanded, multiple state (California, Oregon, and Montana), animal distribution

project.

In summary, our work meets the requirements of accepted scientific

research. It presents strong evidence in support of our conclusions. Our

understanding of physiological and ecological processes supports the evidence.

More importantly, it brings more questions to mind than answers it produces.

This is the role of scientific research in our society.
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Table A.!. GIS Database for the San Joaquin Experimental Range. The SJER
has been a USDA Forest Service research fucility since the 1930's. It is the oldest
range research site in the state of California. Currently, California State
University Fresno (CSUF) manages the SJER for research and educational
purposes under a long-term agreement with the USDA Forest Service, Pacific
Southwest Research Station. A herd of approximately 210 beef cattle is
maintained at the station by CSUF. Research is currently being conducted on
watershed functions, hardwood regeneration, and wildlife as well as on
domesticated livestock.

Description of the database:

A PC-based GIS database was developed for the San Joaquin Experimental Range
by converting existing paper maps to electronic digital format, and by accurately
locating and recording the positions of existing features with Gobal Positioning
(GPS) technology. Paper maps from the U.S. Geological Survey and the
University of California at Davis were converted to digital format by manually
digitizing their information. All conversions met U.S. mapping standards.
Physical features located by GPS included fences, survey markers, roads, and
research plots. The main GIS database consists of the following map layers, or
themes:

Description of
Layer
Digital Elevation Model (DEM)

Slope
Aspect of slopes
Roads and trails
Hydrologic features

River, streams, irrigation, etc.

Source for Layer
USGS 1:24000 Topographic Quadrangles;

Millerton Lake West
ONeals
Little Table Mountain
Knowles

Derived from DEM
Derived from DEM
USGS 1:24000 Topographic Quadrangles
USGS 1:24000 Topographic Quadrangles

Buildings USGS 1:24000 Topographic Quadrangles
Coordinate grid systems USGS 1:24000 Topographic Quadrangles

Universal Transverse Mercator (IJTM)
Township, Range, and Section

Soils Soils of Madera County, California by
UC Davis and the County of Madera

Nominal and actual boundary Existing paper map by the University of
California, and GPS

Fences GPS
Water troughs GPS
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Research plots GPS
Research watershed UPS with GIS watershed

delineation routine
Other features GPS

Roads, survey markers, etc.
Digital photo mosaic (Color) Eight 1:24,000 aerial photos taken in 1976
Digital photo mosaic (B&W) Four 1:40,000 aerial photos taken in 1991

In addition, a relational database containing information on pastures was
linked to the pasture map layer. This linkage allows graphical displays to show
the results of complex database queries.

The SJER GIS database uses a Universal Transverse Mercator (UTM)
Zone 10 north coordinate system based on the North American Datum of 1927
(NAD27). This system was established from our base map layer, the DEM, as it
was digitized from the USGS quadrangles. All GPS positions, 607 at the present
time, were recorded using this system. For each GPS position, 180 positional
fixes were recorded using a Trimble Pathfinder Pro XL receiver and at least four
sateffite vectors. The U.S. Forest Service community base station in Sacramento
provided differential correction data. This procedure combined with the distance
from the base station produced an accuracy of 2 to 3 meters for each final point.
Repeated measurements (4 times) of 12 random points showed differences of less
than 1 meter for these corrected positions.
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Figure A. 1. Annual precipitation at the San Joaquin Experimental Range from
1934 to 1999. Measurements are in cm.
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Figure A.2. Orthographic View of the San Joaquin Experimental Range looking
to the Northeast. The boundary of the SJER is shown in thick black lines. The
station encloses 1.837 hectares (4.540 acres) of California's Sierra Nevada
foothills. Elevations inside the station's boundaries range from 201 m to 517 m.
The station is located about 25 miles north of Fresno and is bisected by State
Highway 41 leading to Yosemite, 65 miles to the north.



Figure A.3. Slopes of the San Joaquin Experimental Range showing fences.
Legend shows slope in degrees.
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Figure A.4. Aspects of slopes of San Joaquin Experimental Range showing
fences. Legend shows degrees aspect in clockwise direction. North is 0 degrees.
and 1 is level ground.
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Figure A.5. Fences of the San Joaquin Experimental Range showing GPS
positions. There are 607 points on this map.
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Figure A.6. Old map showing range units on the San Joaquin Experimental
Range. Fences show actual range units as defined by GPS units.
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Figure A.7. Research watershed on the San Joaquin Experimental Range. Flume
was positioned using GPS unit and watershed delineated using GIS delineation
routine and DEM. Fences of range units are shown.



Figure A.8. Rectified mosaic composed of eight photographs taken in 1976
shown with fences.
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Figure A.9. Rectified mosaic composed of four photographs taken in 1991 shown
with fences. A rare snow is coating the ground in this image.




