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Introduction 

 

OVERVIEW 

In the western United States, beef producers strive to maintain or improve their 

properties while generating a sustainable income from livestock. These goals require 

ranchers to control livestock distribution via fencing, water development, herding, 

placement of salt and supplement, in addition to the timing, intensity, and duration of 

grazing.  Recently, there has been a growing demand for quantifiable data to foster a 

deeper understanding of the factors controlling animal movement and their use of 

pastures.  If available, this information could be used to identify and support sound 

management practices and suggest actions that could increase production efficiency 

while minimizing adverse environmental effects.  

Advanced technology is entering the production system at multiple levels. 

Perhaps one of the most important aspects is the recent development of the 

NAVSTAR Global Positioning System (GPS) that allows us to track animals by 

accurately recording their position and time of day yielding detailed maps of how 

cattle use their environment.  

Our study was designed to 1) increase understanding of the dynamic spatial 

distribution of cattle by comparing two distinctly different breeds, 2) advance GPS 

technology available for grazing animal research, and 3) examine patterns of 

landscape use to realistically assess impact of cattle on the range and canyon 

environments of northeastern Oregon. We focused on fundamental questions about 

how Spanish breeds of cattle (Corriente and Longhorns) and British breeds (Hereford 

and Angus) use landscape. Use patterns have implications both for environmental 

impacts and economic benefits to the producers. 

From the environmental context, livestock grazing is an important 

management tool for rangeland ecosystems, but in some situations has had negative 

impacts. In 1994, the U.S. Environmental Protection Agency stated “livestock grazing 

has adversely affected the majority of riparian/stream systems in the western United 

States.” In the absence of management, animals tend to concentrate in areas close to 

water, shade, thermal cover and high quality forage (Ames 1977). These landscape 
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factors have been quantified and used in various methods by wildlife researchers and 

rangeland scientists. 

Economic impacts can also be accessed in a spatial context. Managers 

recognize that obtaining homogenous usage of the pasture is not just environmentally 

responsible but also increases returns by utilizing a greater amount of available forage 

(Holecheck et al. 1989). In addition, collecting baseline data to document animal 

distribution will benefit producers operating in changing environments. Examples of 

this can be found in Idaho and Wyoming where large predators, such as the recently 

re-introduced wolf, are affecting cattle distribution and consequent economic 

efficiency.  In an entirely different context, producers utilizing emerging niche 

markets for environmentally friendly beef  may want to quantify animal movement to 

ensure their products meet the standards demanded by these consumers.  

Our study attempted to compare and contrast Spanish breed and British breed 

cattle distribution patterns and their responses to dynamic abiotic and biotic factors. 

Spanish breed cattle (Corriente and Longhorn) are primarily used for rodeo stock. 

British breed cattle (Hereford and Angus) are the result of careful breeding and 

management programs designed to produce high quality beef. They are generally 

heavier than the Spanish breed cattle and have their horns removed.  

The two breeds of livestock were used in a traditional elevation rotation 

grazing system. Spanish and British breed cattle grazed the late spring, and early fall 

range on the high elevation Zumwalt prairie while winter range was in the low 

elevation Magpie Basin along the Imnaha River canyon. The objective of this study 

was to use GPS to compare spatial and temporal characteristics of resource use 

patterns between Spanish and British breed cattle. 

 

HYPOTHESES 

This study addressed six key hypotheses relating to cattle use of canyon 

ecosystems. An overriding hypothesis was that Spanish breed cattle used the 

landscape in different and advantageous ways than British cattle. 

 

H01: Spanish and British breed cattle use similar slopes. 
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HA1: Spanish cattle use steeper slopes than British breed cattle. 

  

H02: Spanish and British breed cattle travel similar distances. 

HA2: Spanish travel further than British breed cattle. 

 

H03: Spanish and British breed cattle travel at the same velocity. 

HA3: Spanish breed cattle travel faster than British breed cattle. 

 

H04: Spanish and British breed cattle utilize the same range sites for similar 

durations. 

HA4: Spanish breed cattle utilize different range sites for different durations than 

British breed cattle. 

 

H05: Spanish and British breed cattle range similar distances from water. 

HA5: Spanish breed cattle range farther from water than British breed cattle.  

 
H06: Spanish and British breed cattle range similar distances from salt/mineral. 

HA6: Spanish breed cattle range farther from salt/mineral than British breed cattle.  
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Literature Review 

 

CATTLE ACTIVITIES 

Understanding cattle behavior has been the focus of many researchers over the 

years. In this study, behavior that motivates cattle distribution, both learned and 

genetic, plays a large role in the type of distribution.  

In 1999, Sowel found that cattle herds are composed of social subgroups will 

influence grazing distribution on rangeland. Cows could be leaders, followers and 

independent animals (Sato 1982). Independent animals constituted a tiny percentage of 

the herd and so followers and leaders were the social types that interested researchers 

the most. As few as one or two leaders influenced where the followers chose to forage 

(Bailey et al. 1998). Also, leaders facilitated followers in finding high-quality food, 

but the mechanism for communicating information was not identified. 

Cattle exhibited a regular pattern of pasture use with animals alternating 

between foraging and resting activities (Moorefield and Hopkins 1951). Three distinct 

daylight-grazing bouts have been noted: early morning, mid day, and evening. An 

eastern Oregon study noticed that the heaviest grazing occurred during the evening 

hours and that after dark there was little activity (Sneva 1970). Grazing time has been 

found to be related to quantity and quality of the forage (Hien 1934). In 1925, Wagnon 

calculated that 25% of grazing occurred at night, the longest on new forage in March 

and the shortest on mature forage in May. When considering Hereford cattle that 

consumed a sub-maintenance diet, several relationships existed between behavior 

activity and winter weather (Malechek and Smith 1976). 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 (Malechek and Smith 

1976). The net result was that cattle expended less energy during periods of weather 

stress. 

In fact, the efficient use of energy may be the underlying principle in many of 

the decisions that compile into an overall distribution pattern (MacArthur and Picante 

1966). In general, the mean home range size for the Malechek and Smith study was 

162.80 ha in 1986 and 278.83 ha in 1987. When choosing home ranges, cattle showed 
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the greatest affinity for energy rich areas such as riparian habitat, followed by clear 

cuts, second growth forest, and burned areas (Kie et al. 1996). Anderson and 

Kothmann found in 1980 that distance traveled was positively correlated to forage 

attributes. In studies using salt to lure animals away from or into areas, the foraging 

varied with salt placement, as well as with the quantity and quality of available forage. 

The thermal environment is also very important as a cow is required to utilize extra 

energy to keep a constant temperature (Harris et al. 2001). Slope gradient was the only 

physical factor consistently associated with cattle grazing distribution and is often 

viewed as the most important (Gillen 1984). 

In the words of Dr. Fred Provenza, “continuous change demands that each 

component of the system continually reacts and adapts. This dynamic milieu causes 

problems for individuals which are inflexible . . .” In systems such as Hells Canyon, 

where the factors controlling energy flow change continuously, adaptable cattle may 

be the key to sustained beef production. 

 

CATTLE DISTRIBUTION 

Previous research of cattle movement and distribution patterns were influenced 

by fluctuations in the environment and weather at both diurnal and seasonal scales. 

Use and activity patterns were found to respond to this changing environment (Harris 

et al. 2001). The location of water, forage quantity and quality, overhead canopy 

cover, temperature, precipitation and relative humidity all change with the seasons, 

and livestock distribution changes accordingly. Harris also found that when springtime 

plant growth and forage quality were more similar across the study landscape and that 

grazing patterns were more similar than in other seasons. In the fall, nutrient levels 

and forage quantity were more diverse, and animals concentrated in areas that retained 

soil moisture like swales and riparian zones of intermittent streams (Harris et al. 

2001).  

Cattle from rugged terrain, like the French Alps, may be more adaptable to 

steep topography than British breed (Bailey et al. 2004). Grazing patterns of individual 

animals vary within a breed and may be separated into two groups; hill climbers and 

bottom dwellers. Hill climbers used steeper slopes and higher elevations and bottom 
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dwellers used gentler slopes near water (Bailey et al. 2004). Grazing distribution is, in 

part, a learned response; therefore, management strategies that alter the social 

composition and structure of cattle subgroups may affect habitat use. Herding and 

selective culling are two management strategies that may be used to relieve grazing 

pressure on environmentally sensitive areas (Sowel et al. 1999). 

Abiotic factors, such as topography, water availability, and thermal cover, 

affect animal performance and uniformity of grazing. Livestock usually prefer gentle 

slopes and avoid traveling long horizontal and vertical distances to water. Shade and 

nearby water are used for thermoregulation when temperatures are high, and 

topographic relief and woody vegetation can be used for thermal cover during cooler 

temperatures. Biotic factors, like forage quality and quantity, influence spatial grazing 

preferences and affect animal performance. Uniformity of grazing may be greater in 

homogeneous vegetation, but animal performance may be greater in heterogeneous 

vegetation, especially at lower stocking rates (Bailey 2005). 

Slope was the most significant of the 21 factors defining cattle distribution 

(Cook et al. 1966). On a 10% slope where access is only from the bottom, 75% of 

cattle use was likely within 741 m of the foot of the slope. On an 80% slope, 75% of 

use is likely of be within 35 yards of the foot of the slope. Cattle, horses and deer 

show an initial steep site avoidance followed by a curvilinear response to the greater 

the slope of the site (Ganskopp et al. 1987).  

Small riparian meadows were the most preferred plant communities for cattle. 

Logged forest communities ranked second in animal preference when available 

(Gillen 1984). Choosing high quality locations has been shown to be based at least 

partially on memory of these locations from previous grazing episodes. Observed 

livestock grazing patterns and forage measurements showed that grazing use increased 

in areas within 600 m of salt. In similar terrain where salt was not placed, grazing use 

by cattle was minimal (Bailey et al. 2004). Distribution is also influenced by distance 

from water (Mueggler 1965). GPS tracking was used to confirm that cattle will use the 

least-effort pathway to travel between points in pastures (Ganskopp et al. 2000). 

Sites selected for daytime resting during June through August were low-lying 

areas, fence lines, and stock-water areas. Daytime resting during September through 
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May occurred on south-facing slopes and lowland areas (Senft et al. 1985). Degree of 

use of warm slopes varied from month to month, peaking in midwinter. A significant 

portion of daytime resting occurred near water (23%) and fence lines (27%) at all 

times of the year. Resting at night during October through May occurred on south-

facing slopes, low-lying areas, and sites with sandy soils. During June through 

September, cattle preferred sites on east-facing slopes and on lowlands. Cattle rested 

near fence lines less at night than during the day. Patterns and factors correlated to 

resting were different from those associated with grazing activity. Resting behavior 

was correlated with topographic variables, whereas previous work has shown grazing 

to be correlated with vegetation variables (Senft et al. 1985). 

 

LITERATURE REVIEW CONCLUSIONS 

A great volume of research has focused on cattle distribution issues on 

landscapes, but there are many unresolved questions about how the landscape is used 

and the factors that affect animal behavior and distribution. What has been shown is 

that slope, distance from water, forage quantity and quality, temperature, and season 

are all critical factors affecting animal distribution. 
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Methods 

STUDY AREAS 

The research was conducted at two separate locations in northeast Oregon 

(Figure 1) during the years 2005 and 2006. Both study sites are in the Blue Mountain 

Ecological Province (Anderson et al. 1998). During spring, summer, and fall trials, 

animals grazed pastures on the Zumwalt prairie and during winter the herds were 

moved to Magpie Basin on the Imnaha River. The pastures on the Zumwalt were 

selected based on similiarity. However, in the north canyon pasture, the canyon runs 

east/west and is shaded on the north slope whereas in the south canyon pasture, the 

canyon runs north/south and has no shaded aspects. 

 

ZUMWALT 

The Zumwalt prairie is situated on a basalt plateau (elevation; 1,060 – 1,680 

m) and is dominated by several native bunchgrasses, including Festuca idahoensis 

Elmer (Idaho fescue), Pseudoroegneria spicata (Pursh) A. Löve (bluebunch 

wheatgrass), and Poa secunda J. Presl. (Sandberg bluegrass) and many species of 

wildflowers and forbs including Geranium viscosissimum Fisch. & C.A. Mey. ex C.A. 

Mey. (sticky purple geranium), Geum triflorum Pursh (old man’s whiskers),  Senecio 

spp, and Arnica sororia Greene (twin arnica).  It is noted for the aesthetic beauty of 

the rolling grassy hills, peculiar scabby biscuit mounds, abundance of predatory birds, 

and availability of big game.  

The Zumwalt prairie study area is approximately 36 km northeast of 

Enterprise, OR (45°38’31.74”N, 116°57’12.3”E WGS84). It is deeded property divided 

into several pastures (Figure 2). For this study, we chose two pastures of similar size 

and topography both supporting prairie and canyon areas (Table 1).  

The climate of the Zumwalt prairie is continental and semi-arid with the 

majority of the precipitation during winter months as snow. Annual precipitation for 

the Zumwalt is 475 mm and there is usually 113 frost free days (Oregon Climatic 

Service 2006). 

Soils are similar between both pastures. The soil series in the north canyon 

pasture (Figure 3) includes; Albee-Bocker complex (2 to 15 percent slopes) Harlow-
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Bocker complex (2 to 15 percent slopes), Harlow-Bocker complex (15 to 30 percent 

south slopes), Harlow-Bocker complex (30 to 60 percent south slopes), Harlow-

Threebuck complex (30 to 60 percent north slopes), Hurwal silt loam, moist (8 to 15 

percent slopes), Klicker-Anatone complex (2 to 15 percent slopes), Snell-Harlow-

Imnaha complex (moist, 15 to 30 percent north slopes), Threebuck-Tamarackcanyon-

Harlow complex (30 to 60 percent north slopes), and Wallowa-Bocker complex (2 to 

15 percent slopes). The soil series in the south canyon pasture (Figure 4) includes; 

Dixiejett-Lickskillet-Rockly complex (30 to 60 percent south slopes), Harlow-Bocker 

complex (2 to 15 percent slopes), Harlow-Bocker complex (30 to 60 percent south 

slopes), Harlow-Threebuck complex (30 to 60 percent north slopes), Hurwal silt loam 

(15 to 30 percent north slopes), Tippett-Harlow complex (0 to 3 percent slopes), 

Wallowa-Bocker complex (2 to 15 percent slopes), and Zumwalt-Harlow complex (2 

to 8 percent slopes). 

. 

 

 



 10

Table 1: Pasture comparison. Pastures were located in northeast Oregon in 2005 and 
2006. 
 

 North Pasture (NC)  South Pasture (SC)  Magpie Basin (MB) 

Lowest Elevation 1273m  1052m  490m  

Highest Elevation 1448m  1427m  932m  

Elevation Range 175m  375m  442  

Area 2.11 (km^2)  1.9 (km^2)  8.6 (km^2)  

Average Slope 13.82 degrees  14.02 degrees  n/a  

Range site North Pasture (ha) % South Pasture (ha) % Magpie Basin (ha) % 

North (15-90) 7.84 3.72 15.11 7.76 424.62 49.40

South (15-90) 34.81 16.54 67.52 34.71 290.65 33.82

North (5-15) 15.56 7.39 0.00 0.00 51.46 5.99

South (5-15) 6.54 3.11 35.06 18.02 68.67 7.99

Brushy North 25.27 12.01 0.00 0.00 0.00 0.00

Swale 5.77 2.74 15.83 8.14 0.00 0.00

Flat (0-5) 114.68 54.49 61.04 31.37 24.11 2.81

 



 11

Figure 1: Location of study area. The study was conducted in 2005 and 2006. The 
shaded zone represents the Blue Mountain Ecological Province. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Zumwalt study area. Pasture boundaries present in 2005 and 2006 are 
donated as black lines. 
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Figure 3: North canyon (NC) pasture soil map. Study location was the Zumwalt 
prairie during 2005 and 2006.  
 

 
 
 
Table 2: North canyon soil units and relative area. Study location was the Zumwalt 
prairie during 2005 and 2006.  
 
Map Unit Symbol Map Unit Name Area (ha) Percent 

4 Albee-Bocker complex, 2 to 15 percent slopes 4.33 2.1 

113 Harlow-Bocker complex, 2 to 15 percent slopes 3.60 1.8 

114 Harlow-Bocker complex, 15 to 30 percent south slopes 10.89 5.3 

115 Harlow-Bocker complex, 30 to 60 percent south slopes 33.14 16 

129 Harlow-Threebuck complex, 30 to 60 percent north slopes 0.16 0.1 

139 Hurwal silt loam, moist, 8 to 15 percent slopes 0.49 0.2 

157 Klicker-Anatone complex, 2 to 15 percent slopes 13.96 6.8 

285 Snell-Harlow-Imnaha complex, moist, 15 to 30 percent north slopes 39.29 19 

322 Threebuck-Tamarackcanyon-Harlow complex, 30 to 60 percent north slopes 2.27 1.1 

349 Wallowa-Bocker complex, 2 to 15 percent slopes 98.50 47.7 
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Figure 4: South canyon (SC) pasture soils map. Study location was the Zumwalt 
prairie during 2005 and 2006.  
 

 
 
Table 3: South canyon soil units and relative area. Study location was the Zumwalt 
prairie during 2005 and 2006.  
 

Map Unit Symbol Map Unit Name Area (ha) Percent 

61 Dixiejett-Lickskillet-Rockly complex, 30 to 60 percent south slopes 14.53 7.2 

113 Harlow-Bocker complex, 2 to 15 percent slopes 61.76 30.7 

115 Harlow-Bocker complex, 30 to 60 percent south slopes 81.87 40.6 

129 Harlow-Threebuck complex, 30 to 60 percent north slopes 4.33 2.1 

136 Hurwal silt loam, 15 to 30 percent north slopes 2.79 1.4 

324 Tippett-Harlow complex, 0 to 3 percent slopes 0.32 0.2 

349 Wallowa-Bocker complex, 2 to 15 percent slopes 28.98 14.4 

357 Zumwalt-Harlow complex, 2 to 8 percent slopes 6.92 3.4 
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MAGPIE BASIN 

During winter months Spanish cattle were located 700 m lower and 12 km east 

of the Zumwalt study area near the Imnaha River. For the purposes of this study, we 

also transported the British herd there for 17 days of observation before returning them 

to irrigated pasture in Wallowa valley. This is called Magpie Basin by local managers 

and is located 14.4 km north of the town of Imnaha (45°40’35.74 N, 116°48’10.39”W 

WGS84). See Figure 5 for an aerial view of the site. 

This site was composed of rugged canyon terrain that was bisected at mid-level 

by an extensive bench system. This gave the site a distinct “stair-step” structure that 

consisted of level areas in the riparian zones, benches, and tops separated by very 

steep grassy slopes. The Magpie Basin site had drift fences and natural barriers to 

contain cattle. Other site characteristics are listed in Table 1. 

Annual precipitation for Magpie Basin is 325 mm which accumulates over an 

average of 89 wet days. There are usually 126 frost free days per day. 

Plant communities and range sites are similar to the description of the Zumwalt 

prairie bordering the canyon on the west side. There is an estimated increase of 5 

degrees Celsius in temperature and fewer conifers are present. South aspects are 

dominated by, bluebunch wheatgrass, Sandberg's bluegrass, Sporobolus cryptandrus 

(Torr.) Gray (sand dropseed), Phlox colubrina Wherry & Constance (Snake River 

phlox), Balsamorhiza ssp. (balsamroot), Opuntia ssp. (pricklypear). The flat benches 

are composed of bluebunch wheatgrass, and Sandberg's bluegrass, Sand dropseed, 

annual bromes (cheatgrass and soft chess), Snake River phlox, balsamroot, and 

pricklypear. The riparian areas are composed of sand dropseed, Kentucky bluegrass, 

Leymus cinereus (Scribn. & Merr.) A. Löve  (basin wildrye), sedges and rushes, and 

Phalaris ssp. (canarygrass). There are also invasive plants such as Anchusa officinalis 

L. common (bugloss), Onopordum acanthium L. (Scotch cottonthistle), and Cardaria 

ssp. (whitetop). In addition, there are shrubs and trees such as willow spp., Acer 

negundo L. (boxelder), Alnus ssp. (alder), and Populus ssp. (cottonwood). The north 

slopes support Idaho fescue, bluebunch wheatgrass, Sandberg's bluegrass, yarrow, 

Lupinus sericeus Pursh (silky lupine), biscuit root, lomatium spp., and Snake River 

phlox. 
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Figure 5: Magpie Basin Study Area.  Study location was the along the Imnaha river in 
2005. Elevation is depicted as red being the lowest elevation rising to purple at the 
highest peaks. The bench areas are generally located in the yellow zones.



 16

 
 

STUDY DESIGN 

Our study was designed to document the distribution of British (Hereford and 

Angus) and Spanish (Corriente and Longhorn) breed livestock on mountainous 

pastures containing various slopes, aspects, and plant communities. This was 

accomplished primarily by using Global Positioning Systems (GPS) collars to locate 

animal positions at an interval of 80 seconds, 30 seconds, or 1 second depending on 

the collar. The statistical unit of the experiment was the cattle herd with sub-samples 

being individual cows. The duration of the observation was one day. The resource 

usage was examined with one treatment in two levels; 

 

1. Spanish Breed (Coriente and Longhorns) 

2. British Breed (Hereford and Angus) 

 

Several layers of data were found for each cow position record generated. 

These variables were; 

 

1. Landscape slope 

2. Herbaceous vegetative standing crop 

3. Distance from water 

4. Distance from salt/mineral 

5. Velocity of the cow 

6. Path slope (the actual slope of the cows path) 

7. Distance traveled from previous GPS record 

 

Site description variables collected independent of cattle location were: 

 

1. Observation of animal activity 

2. Cattle parameters (weight, 1-7 body condition, age, photos, and description) 
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Because some site specific variables change over time, the study examined 

several seasons of use. When utilizing the randomized block design discussed below, 

we blocked the experiment to isolate seasonal variability. These were; 

 

1. Fall (Trial 2) 

2. Winter (Trial 3) 

3. Spring (Trial 4) 

4. Fall (Trial 5) 

 

The primary function of the experimental animals was to provide profit to the 

owners who donated them for use in this study. Management constraints consisted of 

1) herd separation during the spring and fall seasons to prevent cross breeding by the 

bulls and 2) no significant weight loss during the fall season.  

To meet these experimental and practical constraints, the spring and fall trials 

had the herds graze sequentially for short periods (approximately one week) in the 

spring and fall seasons when the animals were present on the Zumwalt summer range. 

Duration and stocking rate of animals was low to ensure that the environment was 

altered as little as possible for each breed within each trial. The herds were rotated 

between two similar pastures; 

 

Rotation for fall and spring (no rotation in winter) 

1. North Canyon (NC) pasture 

2. South Canyon (SC) pasture 

 

During the Magpie Basin winter trial, there were no fences to separate the 

breeds so they grazed a common pasture and were not rotated. In Table 4, a summary 

of the animals, collars, and dates of trials can be found. 

Herd size ranged from 13 pairs in the spring 2006 to 60 pairs in fall of 2006. 

The British cattle were selected randomly from Dr. Dennis Sheehy’s herd that 

numbered 200 and the Spanish cattle came from herds provided by Mr. Mark 

Ramsden and Mr. Mike Hale that together numbered 50. All cattle used in the study 
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were accustomed to local conditions and management. The Spanish cattle had 

previously grazed the south canyon (SC) pasture and the Magpie Basin (MB) pasture 

in spring, fall and winter of 2004 whereas the British breeds had not. No animals had 

used the north canyon (NC) pasture. During spring and fall trials, 1 to 3 bulls 

accompanied the cattle. Spanish cattle weighed between 292 kg and 450 kg with an 

average weight of 369 kg SE (+/- 49 kg) . The British weighed between 360 kg and 

648 kg and averaged 495 kg SE (+/- 75 kg). All animals were in good health and the 

ages ranged from 2 to 9 years. 

Results were analyzed using three approaches; randomized block design 

(RBD) as an overview, trial by trial comparisons using simple t-tests, and specific 

contrasts drawn from within each trial. The RBD analysis was performed using 

statistical analysis software (SAS) for each variable associated with position. The 

dataset for each of these variables constituted 12 numbers; each representing a breed 

of cattle in one pasture in one trial (4 per trial) (See appendix 1: SAS output). We felt 

that many of the subtle trends in the data were masked by the simplicity of the RBD 

dataset. The second approach used simple, 2-tailed, non-paired, t-tests at a 95% 

confidence level to directly compare the daily means of the British and Spanish cattle 

variables. This was done on a trial by trial basis. For example, slope use in the south 

canyon pasture trial 2 had 48 day observations; 16 British cattle slope means and 32 

Spanish cattle slope means which were compared with a t-test. This was done for 

every variable in every trial giving 25 corresponding p-values. The dataset was then 

split into two halves representing only the “active” or “localized” behavior records and 

the method was performed again for an additional 50 corresponding p-values. The 

third and final approach constitutes exploratory research. We present specific 

examples from within the trials themselves in order to expand upon differences 

detected in the first two approaches.  
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Table 4: Study overview. Study location was the Zumwalt and Magpie Basin, in 2005 
and 2006. Failure of the GPS collars resulted in total data loss during the first trial 
and reduction of collar numbers in subsequent trials. 
 

TRIAL BREED # COWS #COLLARS 
GPS 

RESOLUTION PASTURE START DATE # DAYS 

1 N/A N/A N/A N/A N/A  

2 Spanish 15 pairs 4 80 sec SC 9/13/2005 7 

2 British 13 pairs 2 80 sec SC 9/4/2005 9 

2 Spanish 15 pairs 4 80 sec NC 9/4/2005 9 

2 British 13 pairs 2 80 sec NC 9/13/2005 7 

3 British N/A 4 30 sec Haas 11/22/2005 17 

3 Spanish N/A 4 30 sec Haas 11/22/2005 17 

4 Spanish 
18 pairs, 4 heifers, 4 

steers 3 30 sec SC 6/13/2006 8 

4 British 28 pairs, 1 bull 3 30 sec SC 6/21/2006 5 

4 Spanish 
18 pairs, 4 heifers, 4 

steers 2 30 sec NC 6/21/2006 5 

4 British 28 pairs, 1 bull 4 30 sec NC 6/13/2006 8 

5 Spanish 
33 cows, 19 claves, 2 

bulls 4 30 and 1sec SC 8/5/2006 7 

5 British 60 pairs, 3 bulls 2 30 and 1sec SC 8/12/2006 5 

5 Spanish 
33 cows, 19 claves, 2 

bulls 2 30 and 1sec NC 8/12/2006 5 

5 British 60 pairs 1 30 and 1sec NC 8/5/2006 7 
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GPS OBSERVATION OF CATTLE POSITIONS 

Cows were randomly selected from the herd for GPS tracking collars. Two 

animals were removed from the sample in order to minimize the risk to the field crew 

because they either too dangerous or bulls. Weight, age, and body condition (based on 

a 1 to 7 ranking) and identifying features were recorded for each collared cow.  

The GPS collars were improved periodically throughout the study. In trial 1, 

the collars failed completely and were consequently redesigned. During trial 2, the 

spatial resolution was 2 to 3 m and the sampling frequency was 1 point every 80 

seconds. During this trial, 103,680 records were collected. For trials 3, 4, and 5 collars 

that collect a point every 30 seconds were used. This generated 391,680 points for trial 

3 and 233,280 points for trial 4. In trial five, additional collars that can collect a 

position every second were developed to supplement the 30 second versions. 

1.347x106 records were collected in this trial. For the entire study, 2.076x106 GPS 

records were collected. 

For every position, the variables of land slope, herbaceous standing crop, 

distance from water, distance from salt/mineral, travel velocity, path slope, and 

distance traveled from the last point were either calculated or queried from maps. Each 

of these positions and its corresponding variables were then sorted into two behavior 

classes: “active” or “localized” (See “separation of cattle behavior” for more 

information). Both behavioral classifications of the dataset were then reduced 

independently of each other to provide single observations of each variable per animal 

for a 24-hour period.  This resulted in daily averages of distance traveled, land slope 

utilized, vegetative standing crop present, distance from water, distance from 

salt/mineral, travel velocity, and path slope for each animal. There were 368 sets of 

these observations for “active” positions and their associated variables and 368 sets of 

observations of “localized” positions and their associated variables.   
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RANGE SITE DETERMINATION AND PREFERENCE 

Detailed orthophotographic maps with a resolution of 1 m were developed 

from USGS aerial photography and 10 m USGS digital elevation models (DEM). The 

coordinate system employed was the Universal Transverse Mercator WGS 84. All 

Geospatial Information System (GIS) data layers were standardized at 10 m.  

These maps (Figure 6 and 7) were used to determine seven similar range sites 

based on slope, aspect, and plant community (Bentley 1951 and Harris 2002). Slope of 

the landscape was classified into flat (0-5 degrees), moderate (5-15 degrees) and steep 

(greater than 15 degrees). Aspect was split between north and south facing. Important 

plant communities were determined to be swale areas, riparian areas, and brushy areas. 

Seven range sites were determined: steep north, steep south, moderate north, moderate 

south, swale, flat, and steep north brushy. 

In the north canyon pasture, the largest percentage of area was flat ground 

(55%), followed by steep south slopes (17%), brushy north faces (12%), moderate 

north faces (7%), steep north without brush (4%), moderate south slopes (3%), and 

swale bottoms (<3%) (Figure 6). This percentage was similar in the south canyon 

although steep south faces constituted 35%. This was followed by flat ground (32%), 

moderate south slopes at (18%), swale bottoms (8%), and steep north faces (8%). At 

Magpie Basin, the terrain is much steeper around a bench/river system. The largest 

range site was moderate north faces (50%). These were followed by steep north faces 

(34%), moderate southern slopes (8%), steep southern faces (6%), and finally a 

combination of level benches and river areas (3%). By visual estimation, the range site 

dominant vegetation was as follows; 1) swale was Idaho fescue, Junegrass, sticky 

purple geranium, geum, and lupine, 2) steep south was bluebunch wheatgrass, 

Sandbergs’s bluegrass, cheatgrass, and mountain brome, 3) riparian was Kentucky 

bluegrass, bluebunch wheatgrass, sticky purple geranium, and slender cinquefoil, 4) 

steep north was bluebunch wheatgrass, Sandbergs’s bluegrass, cheatgrass, and 

mountain brome, 5) moderate north was Idaho fescue, Junegrass, sticky purple 

geranium, 6) brushy north was ponderosa pine, nine-bark, rose, 7) moderate south was 

Idaho fescue, Junegrass, and sticky purple geranium. 
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Figure 6: Zumwalt north canyon range sites. Location was the Zumwalt prairie in 
2005 and 2006. 

 
Figure 7: Zumwalt south canyon range sites. Location was the Zumwalt prairie in 
2005 and 2006  
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Frequency of range site selection was tallied using the GPS position data. The 

number of data points within each range site for a given pasture and trial was summed 

for each breed. A percentage of use by breed was found for each site and if significant 

then this number was divided by the percentage of area that this site occupied (Heady 

1964). For example, in Magpie Basin the “flat” range site occupies only 2.81% of the 

total study area, yet when the Spanish cattle were active, they used it 19.98% of the 

time. Thus, their preference for the “flat” range site when active was high at 7.11. 

 

VEGETATIVE COMPOSITION AND STANDING CROP 

Standing crop estimates were obtained at the beginning and end of each trial 

using a double-sampling comparative yield method for each range site (Haydock et al. 

1975). A visual “walkthrough” of the study area was done. Forage production for the 

study area was divided into 5 classes and a representative sample of each class was 

photographed and harvested using a 0.25 m2 plot frame. Major functional groups such 

as grass, forbs, and shrubs were separated. These first five clipped plots were used to 

calibrate the field personnel. Next, a random starting place was determined within 

each range site and a straight transect line was walked. If a boundary was encountered, 

another random transect was initiated. Personnel stopped every 10 steps and assigned 

a visual standing crop class until 50 scores were generated. Of these 50, no fewer than 

6 were double sampled via clipping. 

Utilization of the south canyon and north canyon pastures was estimated to be 

40% of the total standing crop over each year. During trials, stocking density was 

reduced to less than approximately 1 animal per 12 hectares. This reduced utilization 

to less than 1% and ensured that pastures remained as similar as possible across each 

rotation. 

 

DISTANCE FROM WATER 

Cattle generally drink once per day which is a factor often governing how far 

they will travel in a day. All water sources were found in each pasture and GPS 

locations recorded. Distance from water maps were generated using IDRISI 

Kilimanjaro® GIS software (see Figure 8). Each raster pixel in the pasture map (10m x 
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10m) was assigned a distance from water. Every cow record logged by the collars was 

queried for the nearest distance to water based on these maps. Frequency of water 

visitations was found by plotting the distance from water and counting the number of 

times each animal approached the site. 

 

DISTANCE FROM SALT/MINERAL 

Salt and mineral is another attractant for cattle and can influence where cattle 

forage (Valentine 1975, Holechek et al 1989). Distance from salt and mineral 

locations were generated using IDRISI Kilimanjaro® GIS software (Figure 9). Every 

cow record logged by collars was queried to extract a distance from salt and mineral. 

Frequency of salt/mineral visititations were found by plotting the distance from 

salt/mineral and counting the number of times each animal approached the site. 
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Figure 8: Distance from water gradients in meters. Location was the Zumwalt prairie 
in 2005 and 2006. Blue represents small values and yellow represent large values. 
The red squares depict the salt/mineral sites. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Distance from salt/mineral in meters. Location was the Zumwalt prairie, 
2005 and 2006. Black represents small values and red represents large values. 
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SEPARATION OF CATTLE BEHAVIOR 

GPS position data can be used to describe behavior ranging from large scale 

movement patterns to specific activity events. In this study two major behavioral 

divisions were desired and designated “active” and “localized.” It was possible to pool 

several other behavior types within these two major divisions including; moving fast, 

nursing, calling, walking, grooming, watering, foraging, standing, and lying down 

(Figure 10).  

This was accomplished using Microsoft Excel sorting functions applied to the 

data collected by the GPS units. An example of the Excel sorting spreadsheet occurs in 

Table 5.  

The basic premise was that if the cow traveled more than 50 meters from the 

starting place in 13 minutes, or the animal is moving faster than 0.1 m/s, then the 

animal is likely exhibiting an “active” behavior classification. If not, then it would 

likely be “localized” behavior. The calculations were accomplished in Excel columns 

in the following manner. “Distance” was found to be the hypotenuse of the right tri-

angle formed between position observations of the collar. “Velocity” was found to be 

the distance divided by the time elapsed. If the velocity was less than 0.1 m/s, then a 

“0” was assigned in the “velocity threshold” column. Otherwise a “1” was assigned. In 

the “distance between points” column a second distance measurement was determined 

as the linear distance traveled between points separated by roughly 13 minutes or ten 

records. If this distance was less than 50 meters, a “1” was assigned in the “distance 

threshold” column, otherwise a “0.” In the “velocity mode” column, the most common 

number was found for the previous fifty “velocity threshold” entries. This number 

could only be a 1 or 0. For “distance mode” the most common number from the 

previous twenty “distance threshold” entries was taken resulting in a “1” or a “0.” In 

the “computer sorted modes” column, an “IF” statement examined the “distance 

mode” column and if “1” was found, the entry was determined to be active. If not, 

then the “velocity mode” column was examined and if a “1” was found than the record 

was determined to be “active.”  

GPS units operate with a certain amount of random error that tends to inflate 

distance traveled and velocity estimates especially if the unit is stationary. This error 
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was not removed from the data and consequently the “localized” positions are 

overestimated when considering velocity and distance as are the “active” positions to a 

lesser degree. 

Direct observation by technicians of collared cows was conducted in the field 

to provide an alternative sorting to the Excel method. Observers chose a collared 

animal and observed it during the trial recording the behaviors of moving fast, nursing, 

calling, walking, grooming, watering, foraging, standing, and lying down for every 

minute of observation. These behaviors were later combined into classifications 

“active” and “localized” according to Figure 10 and synchronized with the Excel 

sorting method to match the 20 min modal smoothing routine. After paring the data to 

match what was available from the GPS collars, a total of 3,933 observations, 

encompassing 24 hours, were available for comparison. These observations evenly 

represented Spanish and British breed cattle. As seen in Table 6, the visual 

observations agreed with computer sorting method 73% of the time when considering 

the British and 61% of the time when considering the Spanish breeds for an overall 

similarity of 65%.  
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Figure 10: Sorting by behavior. Position records were for 2005 and 2006. All but 
watering behavior can be sorted by the computer into either “Active” or “localized” 
categories. 
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Table 5: Sorting data sheet. Records were for 2005 and 2006. An example of an Excel 
datasheet used for sorting collar records into localized or active movement. 
 

Distance 
Velocity 

(m/s) 

Velocity 
Threshold < 

.1m/s =0) 
Distance Between 

Points (10 samples)

Distance 
Threshold 

(1=>50m, 0<50m)
Velocity 

Mode 
Distance 

Mode 

Computer Sorted 
Modes 0=Localized,  

1=Active 

17.11 0.57 1 49.55 0 1 0 1 

1.44 0.05 0 47.12 0 1 0 1 

6.33 0.21 1 55.98 1 1 0 1 

30.14 1.00 1 85.26 1 1 0 1 

34.28 1.14 1 107.94 1 1 0 1 

29.81 0.99 1 126.66 1 1 0 1 

 

Table 6: Comparison of computer sorted and visual observation of GPS collared 
cattle. Location was the  Zumwalt prairie in 2005 and 2006. 
 

Breed 
Number of 

Observations 
% Similarity Between Computer Sorted 

and Visually Sorted  

Spanish and British 3933 65% 

Spanish  1967 61% 

British  1968 73% 
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Chapter 4 Results 

 
 

ENVIRONMENT 

Greater precipitation and warmer temperatures in 2006 generated a much 

higher standing crop than in 2005. Temperatures averaged 9 degrees Celsius in trial 2 

(fall 2005), followed by -0.68 degrees in trial 3 (winter 2005), 16.44 degrees in trial 4 

(spring 2006), and 18.17 degrees in trial 5 (fall 2006). 

Precipitation for September 2005 during trial 2 on the Zumwalt prairie was < 1 

mm (personal communication, Phil Shepard), which was below the average from 1971 

to 2000 of 22.5 mm (Oregon Climatic Service 2006). The Zumwalt received 78 mm 

(personal communication, Phil Shepard) during the month of June (trial 4), as 

compared with the 1971-2000 average of 125 mm (Oregon Climatic Service 2006). 

No rain occurred during trial 5. The 29 year August average was 30.25 mm (Oregon 

Climatic Service 2006). Current and historical weather records were weak for Magpie 

Basin, but it is assumed to have a similar pattern to the Zumwalt prairie. Intermittent 

precipitation records were made between 1950 to 1974 and the average precipitation 

for the month of December was found to be 28 mm (Oregon Climatic Service 2006).  

Vegetation data was collected at the beginning, rotation, and end of each trial 

for each range site. Averages for the range sites by trial can be seen in Table 7 and 

Figure 11. Standing crop was much greater in 2006 than 2005. In addition, vegetation 

in the fall of 2005 (trial 2) was very dry, brown, and appeared poor in quality. It can be 

seen that during the spring of 2006 (trial 4) at peak standing crop for the Zumwalt 

prairie, there was a very large relative amount of forage available and visual 

observation suggested this forage was of excellent quality. 
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Table 7: Mean standing crop. Units are in kg DM/ha for the Zumwalt and Magpie 
Basin study areas in 2005 and 2006. 
 

TRIAL 2 3 4 5 

DATE 9/3/2005 12/17/2005 6/15/2006 8/15/2006 

PASTURE NC, SC HAAS H. NC, SC NC, SC 

SITE      

SWALE 585   3084 1613 

(5-15 N) 747 1200 1315 710 

(5-15) S 753 1250 2933 2474 

(15-90) N 841 1800 1765 2964 

(15-90) S 775 2100 3378 2489 

FLAT 917 1750 3196 2191 
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Figure 11: Standing Crop for the Zumwalt prairie. The study was conducted in 2005 
and 2006. Values reflect averages across all range sites for north and south canyons 
and was not an estimate of the total standing crop in the pasture. 
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Across seasons, the swales had the highest standing crop in the spring but were 

reduced too much lower standing crop by the fall trials. This is likely an effect from 

early season grazing, shattering, and trampling but was outside the scope of the study. 

For the Zumwalt prairie, the “flat” range sites have the highest standing crop. For the 

Zumwalt prairie and Magpie Basin, the north facing slopes had the least.  

All pastures were intentionally under stocked to stabilize standing crop 

amounts within the trial. In Figure 11, one can see that a nearly constant standing crop 

between the beginning and end of each trial was achieved except for trial 5.  

 
RANDOMIZED BLOCK DESIGN RESULTS 
 

The RBD design showed very few significant differences by breed, trial or 

pasture when considering the variables of slope, distance to salt/mineral, distance to 

water, distance traveled, path slope, or velocity. In fact, pasture was significant only 

when examining distance to salt/mineral (P = 0.0313) and distance to water (P = 

0.0277). 

 
TRIAL BY TRIAL T-TESTS AND SPECIFIC CONTRASTS 
 
Landscape Slope Use by Cattle 

The slope use by cattle varied between pasture and season. Spanish cattle used 

steeper slopes in the south canyon during trial 2 (P < 0.005) (Figures 12 and 13) 

whereas in the North canyon during trial 4 the British cattle used steeper slopes (P < 

0.005) (Table 8). When comparing just the data positions sorted as “localized,” we see 

a similar trend for trials 2 and 4 with the addition of steeper slope use by the British 

cattle when “active” in trial 3.  

From Table 9, it is apparent that in trial 2, during the fall of 2005, the slope of 

Spanish cattle paths was significantly greater than British breed (P < 0.005) in the 

north canyon. In the south canyon the situation was reversed. In the north canyon, 

during trial 5, the British cattle also walked on paths that were steeper than the 

Spanish cattle (P < 0.005).  
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When comparing path slope to land slope, both breeds always walked nearly 

level paths across the landscape that could be quite steep. In the fall of 2005, when 

standing crop was very low, both breeds walked path slopes that averaged less than 

one degree of slope, whereas in other trials when the standing crop was much higher, 

both breeds walked paths that averaged steeper than one degree slope.  
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Figure 12: Slope use by trial. Location was the Zumwalt and Magpie Basin in 2005 
and 2006. North canyon is denoted as “NC,” south canyon “SC,” and Magpie Basin 
“MB.” 
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Figure 13: Histogram of slope use for the south canyon. Slope use was in fall of 2005. 
The graph is delineated by 2.5% slope bins. Spanish cattle and British cattle slope use 
was significantly different. 
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Table 8: Mean slope for each breed and t-tests between them. “Both” indicates 
significance test has combined “active” and “localized” categories to examine 
overall breed differences. T-tests are homoscedastic 2-tailed tests. 
 
SLOPE   British       Spanish                   

   localized  active  localized  active  LOCALIZED  ACTIVE  BOTH   

TRIAL  mean stdev mean stdev mean stdev mean stdev P = <0.05 P = <0.05 P = <0.05 

2 NC 8 . 2 5 1.89 10.43 2.86 6 . 3 1 6.25 11.18 3.85 0 .3666   0.5535   0.5280   
2 SC 3 . 1 2 0.87 3.53 0.64 5 . 1 1 2.34 7.50 1.82 0 .0347 Span 0.0000 Span 0.0000 Span 
3 MB 17.05 1.08 14.37 2.67 12.67 3.69 15.54 4.08 0 .0013 Brit 0.0896  0.1745   
4 SC 4 . 6 5 1.08 5.47 1.16 4 . 8 1 1.31 4.97 1.56 0 .7600  0.2468  0.4276   
4 NC 5 . 9 5 3.51 4.96 2.32 3 . 8 1 1.40 3.77 1.11 0 .0395 Brit 0.0470 Brit 0.0046 Brit 
5 SC     6 . 9 7 2.90 4.58 2.11        

5 NC 9 . 8 9 3.42 5.81 3.58 8 . 2 5 2.62 4.83 3.37 0 .3144   0.5712   0.2868   

 
Table 9: Mean slope of paths traveled for each breed and t-tests comparisons. “Both” 
indicates significance test has pooled “active” and “localized” categories. T-tests are 
homoscedastic 2-tailed tests. 
 

PATH   British       Spanish                   

   localized  active  localized  active  LOCALIZED  ACTIVE  BOTH   

TRIAL  mean stdev mean stdev mean stdev mean stdev P = <0.05 P = <0.05 P = <0.05 

2 NC 0 . 5 5 0.67 0.85 0.52 1 . 0 1 0.14 1.24 0.15 0 . 0 0 1 1 Span 0.0001 Span 0.0000 Span 

2 SC 0 . 9 7 0.09 1.09 0.19 0 . 5 8 0.54 0.64 0.57 0 . 0 4 7 6 Brit 0.0006 Brit 0.0000 Brit 

3 MB 1 . 0 4 0.33 2.21 1.39 1 . 9 0 1.64 1.82 1.61 0 . 1 4 6 0  0.1825  0.4673   

4 SC 1 . 7 6 0.37 0.75 0.27 1 . 5 6 0.53 0.91 0.31 0 . 3 3 2 3  0.0785  0.8845   

4 NC 1 . 6 6 0.39 4.68 11.94 1 . 4 5 0.25 1.00 0.36 0 . 0 8 9 6  0.1988  0.1670   

5 SC     2 . 8 6 2.60 1.83 1.53        

5 NC 6 . 2 9 2.91 3.54 2.19 1 . 0 5 1.61 0.35 0.69 0 . 0 0 0 8 Brit 0.0013 Brit 0.0000 Brit 
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Distance Traveled 

No significant differences were found in the t-tests between the mean distance 

traveled daily by each breed. Both breeds of cattle ranged 7 and 10 kilometers daily 

(Table 10).  

 

Velocity 

It appears that during the fall of 2005 (trial 2), the Spanish velocities were 

significantly higher for both pastures (P = 0.0044 and 0.0005, respectively) (Table 11). 

This occurred when forage quantity and quality were low. British cattle velocities 

ranged from 0.3 m/s to 0.04 m/s, while the Spanish cattle ranged from 0.46 m/s to 0.05  

m/s. 
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Table 10. Distance traveled per day. Averages are for all trials in 2005 and 2006. T-
tests are between distance observations of breed. T-tests are paired 2-tailed tests. 
 

  DISTANCE  British   Spanish   
  (km*d^-1) localized active localized active 

Trial Pasture mean mean mean mean 

2 NC 2.79 7.15 2.11 4.94 
2 SC 3.02 4.94 2.77 6.12 
3 MB 8.91 3.48 5.91 2.22 
4 SC 4.39 2.17 4.39 4.08 
4 NC 2.65 4.28 4.35 2.74 
5 SC 4.72 0.39 2.99 4.25 
5 NC 5.74 9.48 2.00 5.90 
  Average 4.60 4.56 3.50 4.32 

  Stdev 2.22 3.04 1.43 1.48 

P= Active 0.8201       

P= Localized 0.1703       

 
Table 11: Mean velocity for “active” breed positions and t-tests between them. Results 
were for all trials in 2005 and 2006. T-tests are homoscedastic 2-tailed tests. 
  

VELOCITY  British       Spanish                   
(m*s^-1)   localized  active  localized  active  LOCALIZED  ACTIVE  BOTH   

TRIAL  mean stdev mean stdev mean stdev mean stdev P = <0.05 P = <0.05 P = <0.05 

2 NC 0.09 0.03 0.10 0.02 0.07 0.04 0.31 0.15 0.3236   0.0000 Span 0.0044 Span 
2 SC 0.05 0.01 0.08 0.05 0.08 0.08 0.20 0.12 0.1158  0.0001 Span 0.0005 Span 
3 MB 0.07 0.01 0.18 0.12 0.08 0.01 0.21 0.08 0.1356  0.0651  0.1017   
4 SC 0.08 0.02 0.28 0.15 0.07 0.01 0.23 0.05 0.1590  0.1162  0.2772   
4 NC 0.08 0.03 0.22 0.08 0.10 0.10 0.19 0.09 0.4570  0.1961  0.5112   
5 SC     0.30 0.12 0.08 0.03        

5 NC 0.23 0.04 0.08 0.04 0.31 0.11 0.08 0.02 0.0737   0.6484   0.4941   
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Distance from Water  

In arid landscapes, the location of water largely dictates cattle distribution. 

While British breed cattle water once per day in the dry season (Harris 2002) the 

Spanish cattle in this study averaged 0.46 watering events per day. The British cattle 

watered 1.02 times per day (Table 12). 

In the Table 13, t-tests are reported to note differences in how far the breeds 

travel from water. In the north canyon during trial 2 and in Magpie Basin during trial 3 

the Spanish cattle were observed to be significantly further from water than the British 

cattle. This was true for both “localized” and “active” analysis (P < 0.001). In trial 2 

the Spanish cattle “localized” positions, which include resting behavior, are not 

located near water sources in contrast to some of the British cattle “localized” sites. 

The maximum distance from water was reached by the Spanish cattle at 712 m with a 

standard error of 161 m and the British maximum reached was 493 m with a standard 

error of 124 m. Both breeds were exhibiting localized behavior at these maximum 

distances (Figure 14). 

 

Distance from Salt/Mineral 

In the case of distance from salt/mineral, it appears that Spanish cattle are 

significantly closer to a salt/mineral site than British cattle in the north canyon trial 2 

(P < 0.0001) (Table 14). However, in Magpie Basin, the Spanish cattle crossed the 

river and did not have ready access to the salt/mineral. The maximum distance from 

salt/mineral during the Zumwalt trials was reached by the British cattle at 802 m with 

a standard error of 139 m and the Spanish reached 638 m with a standard error of 214 

m. 
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Table 12: Mean watering events/day. Events were measured on the, Zumwalt prairie  
in 2005 and 2006. 
 

Trial 2 4 5 

 British 1.01 1.35 0.81 

Spanish 0.52 0.95 0.35 

 
Table 13: Mean distance from water for each breed and t-tests between them. 
Measurements were taken on the Zumwalt and Magpie Basin study areas in 2005 and 
2006. “Both” indicates significance test has combined “active” and “localized” 
categories to examine overall breed differences. “Active and localized” categories 
matched “both” so they were not displayed. T-tests are homoscedastic 2-tailed tests.  
 
WATER (m)  British       Spanish           

   localized  active  localized  active  BOTH   
TRIAL  mean stdev mean stdev mean stdev mean stdev P= <0.05 

2 NC 323.36 88.37 368.57 108.64 712.57 161.04 595.31 155.81 0.0000 Span 
2 SC 324.06 106.38 435.82 83.21 451.08 206.22 462.71 197.72 0.1203   
3 MB 72.62 43.68 75.69 30.57 229.18 171.87 237.68 160.80 0.0000 Span 
4 SC 241.38 52.81 216.79 76.24 241.29 73.21 204.22 52.53 0.5607   
4 NC 360.69 223.42 430.26 202.57 374.66 150.79 421.74 122.90 0.9492   
5 SC     256.66 55.00 321.90 87.78    
5 NC 493.55 124.09 462.67 194.08 514.05 159.85 562.94 264.94 0.3498   

 
Table 14: Mean distance from salt/mineral for each breed and t-tests between them on 
the Zumwalt and Magpie Basin study areas. Measurements were taken on the 
Zumwalt and Magpie Basin study areas in 2005 and 2006. “Both” indicates 
significance test has combined “active” and “localized” categories to examine 
overall breed differences. “Active and localized” categories matched “both” so they 
were not displayed. T-tests are homoscedastic 2-tailed tests. 
 

SALT/ 
MINERAL (m) British       Spanish           

   localized  active  localized  active  BOTH   
TRIAL  mean stdev mean stdev mean stdev mean stdev P= <0.05

2 NC 802.71 138.70 668.32 153.11 298.28 110.71 427.17 111.47 0.0000 Brit 
2 SC 499.41 52.91 207.01 264.04 332.20 336.53 277.53 312.90 0.6856   
3 MB 675.61 180.00 504.77 207.95 1776.57 955.82 2194.70 678.91 0.0000 Span 
4 SC 456.24 33.10 412.20 91.85 366.68 174.85 410.77 102.62 0.2654   
4 NC 772.10 299.40 637.45 328.86 606.07 147.86 631.36 86.24 0.2526   
5 SC     450.90 127.60 477.81 192.38    
5 NC 455.66 100.10 525.63 144.45 536.10 176.45 638.26 214.45 0.0881   
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Figure 14: GPS positions plotted over distance to water maps for trial 2. British 
“active” positions are plotted in blue and “localized” positions are plotted in white. 
Spanish “active” positions are plotted in red and “localized” positions are plotted in 
black. Both are overlaid on a distance from water gradient of blue increasing to red. 
 
 British in the North canyon: Trial 2 (N=2)     Spanish in the North Canyon: Trial 2 
(N=4) 
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 Range Site Use 

When examining the range site usage, there was a remarkable similarity of 

range site selection between breeds, even though each consistently operated in 

opposite sides of pasture areas (Figure 15). In Tables 15, 16 and 17 the preference 

index for the most preferred range site is plotted for each breed and all were 

significant.  Complete preference indices are presented in Appendix 2: Range site 

preferences. 

In the north canyon, Spanish and British breed cattle for most trials preferred 

swale or flat ground. In the fall of 2005 in the north canyon, the British cattle preferred 

the steep north faces, either open or brushy. This occurred only when exhibiting 

“active” behavior. In the south canyon, the Spanish and British cattle also preferred 

the range sites of flat ground and swale areas. Seasonally, on both Zumwalt pastures, 

the cattle preferred the flat (prairie w/ close proximity to water) range sites in the 

springtime, but in the fall, they would venture out onto brushy steep north faces or 

more remote swale sites. In Magpie Basin, again both breeds selected flat ground near 

the river and on the benches. 

The total area used when the animals were active can be termed “home range.” 

It was found to be significantly larger for the Spanish cattle in the south canyon during 

trial 2 (P = 0.0245) and again in Magpie Basin (P < 0.0001). For the entire study, the 

Spanish cattle home range size averaged 1.65 km2 with a standard error of 0.9 km2 and 

was significantly larger than British cattle (P = 0.0065) which averaged 0.93 km2 with 

a standard error of 0.59 km2 (Table 18).  
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Figure 15: GPS positions for Trial 2. Red dots are “active” Spanish positions and the 
blue dots represent “active” British positions. Both are plotted on the range site 
maps. 
    

 
North Canyon: Trial 2  

  
 
 
 
 

 

 

 

 

South Canyon: Trial 2 
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Table 15: Most preferred range site preference. Results were plotted by breed and 
trial in the north canyon in 2005 and 2006. Every index value was significant. 
 

  NORTH CANYON 
North   
(15-90) 

South   
(5-15) Swale Flat 

Trial Breed Behavior 3.72% 3.11% 2.74% 54.49% 

2 British active  1.88    
4 British active    1.54 

5 British active   4.64   

2 Spanish active     3.14   
4 Spanish active    1.71 

  Spanish active    1.52 

2 British localized 1.57       
4 British localized    1.49 

5 British localized   2.85   

2 Spanish localized     5.50   
4 Spanish localized    1.64 

5 Spanish localized 1.68       

 
Table 16: Most preferred range site preference. Results were plotted by breed and 
trial in the south canyon in 2005 and 2006. Every index value was significant. 
  

  SOUTH CANYON Swale Flat 

Trial Breed Behavior 8.14% 31.37% 

2.00 British active 7.84   
4.00 British active 5.21   

5.00 Spanish active 2.27   
2.00 Spanish active  1.80 

4.00 Spanish active 2.83   

2.00 British localized 11.57   
4.00 British localized 5.55   
2.00 Spanish localized  2.29 

4.00 Spanish localized  2.06 

5.00 Spanish localized 2.35   

 
Table 17: Most preferred range site preference. Results were plotted by breed and 
trial in Magpie Basin in 2005. All index values were significant.  
  

  HAAS HOLLOW Flat (River+Bench) 

Trial Breed Behavior 2.81% 

3 British active 11.93 

3 Spanish active 7.11 

3 British localized 18.56 

3 Spanish localized 9.47 
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Table 18: Active home range size. Measurements are in square kilometers for the 
Zumwalt and Magpie Basin in 2005 and 2006. T-tests are homoscedastic 2-tailed 
tests. 
  

HOME 
RANGE (km2) British   Spanish       

   active  active  T-TEST   

TRIAL   mean stdev mean stdev P= <0.05 

2 NC 1.42 0.01 0.89 0.61 0.3930   
2 SC 2.00 0.11 0.72 0.11 0.0002 SPAN 
3 HH 0.49 0.56 1.00 0.55 0.2848 SPAN 
4 NC 1.49 0.15 1.45 0.14 0.7469   
4 SC 3.41 0.08 1.65 1.63 0.1350   
5 NC 1.12 0.02 1.39 0.52 0.5351   

5 SC     1.30 0.40     

ENTIRE STUDY 0.93 0.59 1.65 0.90 0.0065 SPAN 
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 Chapter 5: Discussion 

 

When examining the position data in conjunction with the environmental 

factors we found that in particular circumstances, the pasture use varies significantly 

between these herds of cattle. This is evident in the fall of 2005 (trial 2) when forage 

standing crop was low. It can be seen that changes in behavior are expressed 

differently between breeds (Table 19). For example, if both breeds had responded to 

the lack of forage by traveling less distance and using gentle slopes in the same 

fashion, there would only be a significant difference between seasons and not between 

breeds. There is evidence to suggest the breeds responded in different ways. 

The first null hypothesis was that Spanish and British breed cattle use similar 

slopes when grazing canyon ecosystems in northeastern Oregon. The preponderance 

of evidence supports the null hypothesis. Slope use by the Spanish cattle was similar 

in most trials to the British cattle and averaged 5 degrees in the spring and 7-12 

degrees in the fall trials. In 1966, Cook found that most use of the slopes was adjacent 

to flat ground and our study supported this. Also, the path slope or slope actually 

walked by both breeds averaged near 1 degree.  

The second null hypothesis stated that Spanish and British breed cattle travel 

similar distances when utilizing canyon ecosystems in northeastern Oregon. The 

preponderance of evidence supported this hypothesis. The distance traveled was not 

significantly different between breeds in any trial and ranged from 7-10 km/day 

depending on the trial.  
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Table 19: Summary of Significant results. Location was the Zumwalt and Magpie 
Basin, in 2005 and 2006. The breed with the significantly larger mean response is 
reported by trial. The”*” denotes trial 2 in the fall of 2005 when forage resources 
were limited. 
 

Summary of Significant 
Results               

Distance 
to  Distance Note: "Active and Localized" 

included Trial Slope Salt 
Distance to 

Water Traveled 
Path 
Slope Velocity  

          
2 (Fall 2005) NC  British * Spanish * Spanish * Spanish * Spanish * 
2 (Fall 2005) SC Spanish *    British * Spanish * 

3 (Winter 2005) MB  Spanish      
4 (Spring 2006) SC        
4 (Spring 2006) NC British       

5 (Fall 2006) SC        
5 (Fall 2006) NC         British   

 
Table 20: Standing crop in kg/ha for range sites in the north and south canyon 
pastures. Study are was located on the, Zumwalt prairie in 2005 and 2006. The “*” 
denotes preferred range sites in the pasture. Both breeds of cattle had similar range 
site preferences.  
 

PASTURE NC (kg/ha) SC (kg/ha) 

SEASON Fall 2005 Spring 2006 Fall 2006 Fall 2005 Spring 2006 Fall 2006 

(5-15 N) 747.2 1314.74 709.5 n/a n/a 1124.5 
(5-15) S 661.72 1656.14 1093.5 844.95 954 1200 
(15-90) S 638.08 1612.57 1040.5 912.55 1765 1449 
(15-90) N n/a  n/a 1515.5 * 841.5 1277.81 1381 
SWALE 669.49 * 1051.03 488.5 * 500.44 * 2032.73 981.5 * 

FLAT 918.98 1425.33 * 1210 915.79 * 1771.59 * 1448.5 
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The third hypothesis proposed that Spanish and British cattle travel at similar 

velocities. The preponderance of evidence did not support this and the alternative that 

Spanish breed cattle travel at higher velocities was accepted. For both breeds, velocity 

increased during active periods, as does the distance traveled on a daily basis. 

Velocities were approximately, <0.1 m/s when exhibiting “localized” behavior and 0.2 

– 0.3 m/s when “active.” The Spanish exhibited the greatest velocities (0.25 m/s) in 

the fall of 2005 (trial 2) during the period of low forage production. Interestingly, the 

British cattle velocities declined during this period (0.9 m/s) and were significantly 

less than the Spanish cattle. This could be interpreted as an alternative strategy of 

energy conservation. Also, it could suggest that the British cattle are less adapted to 

conditions of poor forage and high temperatures.  

The fourth null hypothesis was that Spanish and British cattle utilize the same 

range sites for similar durations when utilizing canyon ecosystems in northeastern 

Oregon. The preponderance of evidence supported the null hypothesis. In the north 

canyon both breeds consistently chose the flat and swale areas in the springtime even 

though the herds ranged on opposite sides of the north canyon. During the fall trials, 

they again ranged on opposite sides but this time they chose the swale sites and the 15-

90 N. The north facing sites had a relatively high standing crop (1515 kg/ht) on 

average. They were composed of Ponderosa pine trees, with under story of browse and 

bunchgrasses. In the south canyon, both herds again operated on separate halves of the 

south canyon, and again both breeds preferred either flat ground or the swale sites. 

The south canyon did not have any steep north faces and thus did not have trees and 

associated shrubbery. Once a pattern of land use had developed, it was observed that 

both breeds tended to repeat the selection independent of season or year. 

Null hypothesis five proposed that Spanish and British breed cattle range 

similar distances from water when utilizing canyon ecosystems in northeastern 

Oregon. The preponderance of evidence supported the alternative that the Spanish 

cattle range further from water. During the spring, both breeds traveled further from 

water than they did in the fall.  However, within the fall, differences in breed 

relationships to water were evident. The Spanish cattle watered once every two days 



 49

while the British cattle watered once per day. Consequently, the Spanish cattle average 

distance from water was higher. In addition, the bulk of Spanish cattle GPS positions 

were not near a water source. It should be noted that in the southeast corner of the 

north canyon pasture a break in the fence was detected post-study that may have 

furnished the Spanish cattle a second water source within a kilometer of the study 

area.  

The sixth null hypothesis stated that Spanish and British breed cattle travel 

similar distances from salt/mineral when utilizing canyon ecosystems in northeastern 

Oregon. The preponderance of evidence supported the null hypothesis. The distance 

traveled was not significantly different between breeds in most trials.  

Management implications of these differences can have impacts both 

environmentally and economically. During fall season range use (when forage was 

poor) our data suggests that Spanish cattle may be able to more effectively utilize 

pastures with limited water availability. This may lead to better performance of the 

animals. Also, environmental impacts near water sources due to excessive use of these 

areas may be less with Spanish cattle. In this study, the stocking rates were kept very 

low, but most managers will not have this constraint. It may be true that higher 

stocking rates in the spring would be an incentive for Spanish breed cattle to exhibit 

behavior similar to that in the fall. Sowel (1999) suggests that grazing distribution is, 

in part, a learned response; therefore, management strategies that alter the social 

composition and structure of cattle subgroups affect habitat use. If managers put a 

dominant Spanish cow in a herd of British breed animals, they may benefit from 

behaviors associated with Spanish breed animals in the British breed herd. 

Some believe that Spanish breed cattle are much more inclined to use steeper 

slopes. If this study were to be repeated, increased stocking rates may better reflect 

real world conditions prompting these observations. In our low stocking rate situation, 

there was little evidence to support Spanish cattle using steeper slope areas. Careful 

observation of weight gain and loss, improved assessment of cattle condition, and 

collection of diet composition between breeds would also help us understand 

management implications of different breeds. 
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 APPENDIX 1: SAS OUTPUT 
Appendix Table 1:SAS raw dataset 
 

Trial Season Pasture Breed Slope 

Distance to 
salt/mineral 

(m) 

Distance 
to Water 

(m) 
Distance 

(m) 
Path 
Slope 

Velocity 
(m*s^-1) 

2 Fall South British 2.30 242.86 399.66 6174.53 0.96 0.07 
2 Fall South Spanish 6.28 302.70 457.36 7767.79 0.61 0.15 
2 Fall North British 9.84 725.92 349.19 5806.90 0.69 0.09 
2 Fall North Spanish 8.90 364.94 637.66 15706.21 1.09 0.20 
4 Spring North British 5.34 688.62 403.83 3901.15 3.54 0.15 
4 Spring North Spanish 3.79 620.29 401.14 5755.65 1.20 0.15 
4 Spring South British 5.19 427.39 225.27 18230.49 1.10 0.21 
4 Spring South Spanish 4.92 396.85 215.93 14169.79 1.11 0.16 
5 Fall South British 3.78 315.26 244.80 1708.44 2.04 0.19 
5 Fall South Spanish 5.84 469.14 288.58 2202.03 1.86 0.15 

5 Fall North British 7.85 490.65 478.11 4084.99 4.92 0.16 

 
Appendix Figure 1:SAS Code 
 

data cody; 
input Trial Season$ Pasture$ Breed$ Response; 
datalines; 
 
; 
proc glm; 
Title 'SLOPE - option 1'; 
/*gives most df for testing breeds, but no tests for 
interactions over seasons;*/ 
class Trial Pasture Breed; 
model Response = trial Pasture breed; 
random trial pasture/test; 
run; 
proc glm; 
 
Title 'SLOPE - option 2'; 
/*permits specific contrasts to be made about seasons*breed 
interactions and main effects of seasons*/ 
class Trial Pasture Breed; 
model Response = trial Pasture breed trial*breed; 
random Pasture/test; 
run; 
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Appendix Table 2: SAS Output. Output is from “Option 1.” Option 2 is not reported 
because there was no significant results for trial*breed interaction. 
 

Dependent Variable: Slope 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Trial                          2        8.723171        4.361586           0.98          0.4283 
       Pasture                      1       17.075438       17.075438         3.84          0.0979 
       Breed                        1        0.805101        0.805101           0.18           0.6855 
 
       Error: MS(Error)             6       26.706362        4.451060 
 
Dependent Variable: Distance to Salt/Mineral 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Trial                          2           31363           15682                 1.02         0.4149 
       Pasture                      1          119951          119951             7.82         0.0313 
       Breed                        1     2643.664341     2643.664341       0.17          0.6925 
 
       Error: MS(Error)             6           92047           15341 
 
 
Dependent Variable: Distance to Water 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Trial                          2           45003           22501              3.04         0.1224 
       Pasture                      1           61734           61734             8.35         0.0277 
       Breed                        1           10619           10619                 1.44         0.2760 
 
       Error: MS(Error)             6           44374     7395.631690 
 
Dependent Variable: Distance Traveled 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Trial                        2       111948693        55974346             1.78        0.2467 
       Pasture                      1        12135140        12135140            0.39        0.5570 
       Breed                        1         4427799         4427799              0.14        0.7201 
 
       Error: MS(Error)             6       188335558        31389260 
 
Dependent Variable: Path Slope 
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       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Trial                        2        7.850584        3.925292              4.76         0.0577 
       Pasture                      1        3.596288        3.596288            4.37         0.0817 
       Breed                        1        1.236001        1.236001            1.50         0.2665 
 
       Error: MS(Error)             6        4.942712        0.823785 
 
Dependent Variable: Velocity 
 
       Source                      DF     Type III SS     Mean Square    F Value    Pr > F 
 
       Trial                        2        0.004250        0.002125              1.00        0.4219 
       Pasture                      1     8.07404E-34     8.07404E-34        0.00        1.0000 
       Breed                        1        0.001050        0.001050              0.49        0.5084 
 
       Error: MS(Error)             6        0.012750        0.002125 
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APPENDIX 2: RANGE SITE PREFERENCES 
Appendix Table 4: Complete range site preference, % of use, and % of standard 
deviation for each trial plotted by breed in the north canyon during 2005 and 2006. 
Every index value was significant except those denoted with an “*”. 
 

  NORTH CANYON 
North 
(15-90) 

South 
(15-90) 

North 
(5-15) 

South 
(5-15) 

Brushy 
North Swale Flat   

      0.0372403 0.1654134 0.07 0.03 0.12 0.03 0.54 % area 

Trial Breed Behavior 1 2 3 4 5+6 7 8 Rangesite 
2 British active 1.79 0.58 1.46 1.88 0.61 0.54 1.07 Index 
    0.07 0.1 0.11 0.06 0.07 0.01 0.58 %use 
    0.01 0.01 0.01 0.01 0.01 0 0.02 %stdev 
4 British active 0.16 0.35 0.21 0.76 0.41 0.27 1.54 Index 
    0.01 0.06 0.02 0.02 0.05 0.01 0.84 %use 
    0 0.01 0 0 0.01 0 0.04 %stdev 
5 British active 0.1 0.03 0.74 0.2 0.64 4.64 1.33 Index 
    0 0.01 0.05 0.01 0.08 0.13 0.73 %use 

    0 0 0.01 0 0.01 0.03 0.05 %stdev 

2 Spanish active 0.92 0.5 0.93 0.53 1.12 3.14 1.06 Index 
    0.03 0.08 0.07 0.02 0.13 0.09 0.58 %use 
    0 0 0 0 0 0 0 %stdev 
4 Spanish active 0.02 0.07 0.31 0.84 0.02 0.17 1.71 Index 
    0 0.01 0.02 0.03 0 0 0.93 %use 
    0 0 0 0 0 0 0.02 %stdev 
    1 1 1 1 1 1 1 Sig? 

  Spanish active 0.68 0.27 0.48 0.01 0.45 0.36 1.52 Index 
    0.03 0.04 0.04 0 0.05 0.01 0.83 %use 

    0 0.01 0.01 0 0.01 0 0.07 %stdev 

2 British localized 1.57 0.79 1.26 * 0.2 1.2 * 0.38 
1.02 

* Index 
    0.06 0.13 0.09 0.01 0.14 0.01 0.56 %use 
    0.01 0.02 0.02 0 0.03 0 0.03 %stdev 
4 British localized 0.17 0.15 0.82 0.76 0.49 0.54 1.49 Index 
    0.01 0.03 0.06 0.02 0.06 0.01 0.81 %use 
    0 0 0 0 0 0 0.03 %stdev 
5 British localized 0.69 0.2 2.02 0.76 1.89 2.85 0.85 Index 
    0.03 0.03 0.15 0.02 0.23 0.08 0.46 %use 

    0 0.01 0.02 0 0.02 0.01 0.03 %stdev 

2 Spanish localized 2.66 0.15 1.3 0.26 0.61 5.5 1 * Index 
    0.1 0.03 0.1 0.01 0.07 0.15 0.55 %use 
    0 0 0 0 0 0.01 0.01 %stdev 
4 Spanish localized 0.06 0.05 0.63 0.98 * 0.07 0.34 1.64 Index 
    0 0.01 0.05 0.03 0.01 0.01 0.89 %use 
    0 0 0 0 0 0 0.02 %stdev 

5 Spanish localized 1.68 0.32 1.5 0.8 1.15 1.01 * 
1.07 

* Index 
    0.06 0.05 0.11 0.02 0.14 0.03 0.58 %use 

      0.01 0.01 0.02 0 0.01 0 0.04 %stdev 
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Appendix Table 5: Complete range site preference, % of use, and % of standard 
deviation for each trial plotted by breed in the south canyon during 2005 and 2006. 
Every index value was significant except those denoted with an “*.” 
 

  SOUTH CANYON 
North 
(15-90) 

South 
(15-90) 

South (5-
15) Swale Flat   

Trial Breed Behavior 7.76% 34.71% 18.02% 8.14% 31.37%   

2 British active 0.02 0 0.28 7.84 0.98 * Index 
    0.13% 0.08% 5.11% 63.84% 30.85% %use 
    0.02% 0.02% 0.39% 2.56% 2.24% %stdev 
4 British active 0 0 1.69 5.21 0.86 Index 
    0.00% 0.00% 30.49% 42.39% 27.12% %use 
    0.00% 0.00% 2.58% 3.51% 2.78% %stdev 
2 Spanish active 0.63 0.29 1.01 1.27 1.8 Index 
    4.90% 10.19% 18.23% 10.36% 56.33% %use 
    0.10% 0.15% 0.25% 0.18% 0.84% %stdev 
4 Spanish active 0.01 0.01 1.02 * 2.83 1.85 Index 
    0.07% 0.52% 18.42% 23.00% 57.99% %use 
    0.01% 0.09% 1.55% 1.71% 4.62% %stdev 
5 Spanish active 0.17 0.16 1.11 2.27 1.75 Index 
    1.34% 5.38% 20.08% 18.44% 54.76% %use 

    0.23% 0.75% 1.82% 1.95% 3.14% %stdev 

2 British localized 0.03 0 0.15 11.57 0.09 Index 
    0.23% 0.16% 2.64% 94.20% 2.78% %use 
    0.05% 0.05% 0.60% 6.09% 0.47% %stdev 
2 Spanish localized 0.38 0.15 0.91 0.46 2.29 Index 
    2.95% 5.26% 16.34% 3.75% 71.70% %use 
    0.13% 0.17% 0.48% 0.18% 0.78% %stdev 
4 British localized 0 0 1.27 5.55 1.02 * Index 
    0.00% 0.01% 22.95% 45.15% 31.90% %use 
    0.00% 0.00% 1.26% 1.82% 1.43% %stdev 
4 Spanish localized 0.01 0.01 1.26 1.51 2.06 Index 
    0.06% 0.23% 22.79% 12.32% 64.59% %use 
    0.01% 0.03% 1.12% 0.37% 3.22% %stdev 
5 Spanish localized 0.22 0.16 1.2 2.35 1.66 Index 
    1.70% 5.41% 21.66% 19.15% 52.08% %use 

      0.27% 0.67% 2.26% 1.41% 2.76% %stdev 
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Appendix Table 6: Complete range site preference, % of use, and % of standard 
deviation for each trial plotted by breed in Magpie Basin during 2005. Every index 
value was significant. 
 

  HAAS HOLLOW 
South 
(15-90) 

South 
(5-15) 

North 
(5-15) 

North 
(15-90) 

Flat 
(River+Bench)   

Trial Breed Behavior 5.99% 7.99% 49.40% 33.81% 2.81% % area 

3 British active 0.46 0.39 0.65 0.84 11.93 Index 
    2.76% 3.08% 32.23% 28.47% 33.46% %use 
    0.07% 0.07% 0.68% 0.66% 0.74% %stdev 
3 Spanish active 0.62 3.04 0.50 0.81 7.11 Index 
    3.69% 24.32% 24.50% 27.55% 19.94% %use 

    0.07% 0.49% 0.37% 0.32% 0.41% %stdev 

3 British localized 0.31 0.34 0.46 0.62 18.56 Index 
    1.86% 2.71% 22.52% 20.87% 52.05% %use 
    0.16% 0.18% 1.05% 1.73% 1.04% %stdev 
3 Spanish localized 0.85 2.72 0.51 0.63 9.47 Index 
    5.12% 21.74% 25.23% 21.35% 26.56% %use 

      0.09% 0.36% 0.28% 0.21% 0.32% %stdev 
 
 


