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Summary 

In beef cattle production systems, grazing distribution is an important aspect of pasture
management in extensive rangeland systems. The objectives of this Western Sustainable
Agriculture Research and Education (WSARE (SW15-015)) project were to 1) validate
previously identified markers associated with grazing distribution traits, 2) expand knowledge
and the number markers identified via association studies, and 3) derive molecular breeding
values for selection. Global positioning system data have been used to develop two terrain-use
indices that were indicative of grazing distribution. These indexes used the traits of slope,
elevation, and distance from water that were collected from beef cattle grazing mountainous
pastures. Marker analyses involving these indices identified 16 SNP in five candidate genes that
appeared to be associated with grazing patterns. The efforts within the project are currently
collecting additional records (n = 8,000 GPS coordinates) and SNP genotypes (BovineSNPHD;
n = 770,000 SNP) from 200 cows. The project is also conducting SNP discovery in candidate
genes using RNA-seq and whole genome sequencing. Findings of this study will help develop
methodologies for examining difficult-to-measure traits and establish genetic evaluations of
grazing distribution for beef cattle.
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Introduction  

Rangelands provide a large percentage (i.e., 50 to 65%) of the forage needed for domestic
ruminants in the western United States (Holechek, 2013). However, rangelands are typically
composed of rugged terrain that deters cattle from grazing steep slopes and high elevation;
therefore, it is estimated that approximately one third of these rangelands receive little, if any,
grazing. Previous reports suggested that genetics may influence cattle grazing distribution.
Studies involving breeds and genotype-to-phenotype associations provide support for this
statement. Grazing distribution traits are complex as they are polygenic and must be recorded
with data-dense global positioning systems (GPS; Bailey et al., 2015, 2017, & 2018).
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Many economically relevant traits are difficult to measure in livestock, especially in
extensive production systems that require cattle to navigate long distances and steep slopes to
graze. Therefore, when developing resources for breeding value estimation for grazing
distribution, several behavioural, genetic, and data management issues must be resolved. These
issues include, but are not limited to, deciphering trait(s) from numerous GPS locations from
each animal, quantifying the diversity of forage and landscape of each pasture, measuring
behavioural characteristics of tracked cattle, and understanding the genetic complexity of each
trait as well as obtaining sufficient pedigree and performance data. These issues are being
studied by a team of scientists within a program known as Western Sustainable Research and
Education (WSARE), which is program funded by the U.S. Department of Agriculture (USDA).
The title of this project was: Implementation of Genetic Selection for Grazing Distribution to
Make Cattle Grazing in the Western United States More Sustainable (SW15-015). The objective
herein was to present the status of phenotype and genotype data collection processes as results
that precede efforts for breeding value estimation.
 

Phenotypes

Previous research has identified an association between landscape characteristics and livestock
grazing patterns. Both abiotic and biotic factors have been shown to affect grazing distribution
of cattle. In large rangeland pastures, abiotic factors have a significant effect on pasture
utilization. As central-place foragers, cattle tend to over-utilize areas near water sources while
avoiding areas further than 1.6 km away from water (Bailey et al., 2015). In pastures with gentle
terrain, this relationship may be characterized as horizontal distance from water. Conversely, in
mountainous pastures this relationship is better characterized as vertical distance above water.
When vertical distance above water is ≥ 80 meters, percent utilization approached zero (Roath &
Krueger, 1982). Even if distance to water is not negatively impacting grazing patterns, percent
slope may limit pasture utilization as cattle prefer to graze on gentle slopes (<10%) and rarely
graze upon steep slopes (>60%; Holechek, 1988).

Global positioning system technology has been used to study animal movement, activity,
and resource utilization (Johnson & Ganskopp, 2008). Bailey et al. (2015) used GPS data to
study cattle grazing patterns and quantify the effect of genetics on grazing distribution. In total,
148 beef cattle on seven ranches in New Mexico, Colorado, Nevada, and Arizona were tracked
between 2009 to 2013 (Table 1). Mature cows (3 to 14 years of age) and pregnant yearling
heifers were collared with Lotek GPS 3300 collars, which recorded the animals’ coordinates
every 10 to15 minutes for one to three months. This resulted in roughly 2,000 to 8,000 records
per animal. The GPS coordinates were then used to determine percent slope, elevation, and
distance from water (Table 2). These traits were incorporated into two terrain-use indices that
were then used to rank the individual animals. The rough index (1) is a normalized average of
elevation and slope where represents the average observation of a collared cow and represents
the average observation of all collared cows at a given ranch. 

Rough: (1) 

The rolling index (2) is a normalized average of slope, elevation, and distance from water where
represents the average observation of a collared cow and represents the average observation of
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all collared cows at a given ranch.  

Rolling: (2)

Genotypes

Bailey et al. (2015) collected blood samples from each animal during the collaring process.
These samples were used to extract DNA from white blood cells. Of the initial 148 phenotyped
cattle, 80 were genotyped with 770,000 SNP using Illumina’s BovineHD BeadChip. An
association study using these genotypes and the terrain-use indices was performed (see next
paragraph). This analysis identified nine SNP on chromosomes 4, 8, 12, 17, and 29 that were
then used to develop a smaller 50-SNP panel (i.e., intra-gene SNP not in linkage disequilibrium)
within five candidate genes: (GRM5 (locomotion), MAML3 (neurogenesis), RUSC2
(intracellular-transport), SUPT20H (autophagy), and SDHAF3(gluconeogenesis)). Further SNP
discovery was conducted in these genes using RNA-Seq data from Angus and Brangus cattle and
tissues from the reproductive and cardiopulmonary systems. From this effort, 560 SNP were
discovered in the samples from Angus cattle and 1,090 SNP were discovered in the samples
from Brangus cattle. There were 376 concordant SNP among the two breeds.

Genotype to Phenotype Association

Genome-wide association study (GWAS) revealed 5 chromosomal loci (BTA 4, 8, 12, 17 and 29)
for the terrain-use indices. This effort also helped identify 16 SNP in five candidate genes
(GRM5, MAML3, RUSC2, SUPT20H, and SDHAF3) that were associated (P < 0.05) with the
rough and rolling indices. Individually, these SNP explained 10 to 24% of the variation in the
terrain-use indices, but combined, these SNP accounted for approximately 34 to 36% of the
variation in the rough and rolling indices. These results suggested that grazing distribution traits
are polygenic and potentially moderately heritable.

Current and Future Research

Although initial GWAS results were promising, quantifying grazing distribution using a trait
ratio (i.e., terrain-use indices) creates a challenge for selection using estimated breeding values
(i.e., unequal selection pressure being placed on the slope, elevation, and distance from water;
Gunsett, 1984). Therefore, new terrain-use metrics need to be developed, which involves
deconstructing the indices and examining each of the component traits presented in Tables 1 and
2. Researchers are also interested in examining the relationship between the distance that cows
walk each day (km/d) and grazing distribution. Results of Herbel & Nelson (1966) suggested an
association between walking distance and grazing patterns.

It is important to note that while new metrics may help quantify grazing distribution, this
project is limited by sample size. Improving tracking methods and re-evaluating the length of the
tracking period can help address this limitation. Commercially available collars cost several
thousand dollars making it difficult to obtain an adequate number of collars for tracking. A team



Proceedings of the World Congress on Genetics Applied to Livestock Production, 11.246

of scientists have developed a modified igotU GT-120® GPS logging collar that cost a few
hundred dollars, which would enable a greater number of collars to be purchased. However, the
igotU GT-120® GPS logging collars need to be deployed and examined to ensure adequate data
resolution (Johnson & Ganskopp, 2008; Bailey et al., 2018). Reducing the sampling duration
may also prove beneficial to increasing the sample size. Most cattle are tracked for
approximately three months, which limits the number of collars available for these types of
studies. Therefore, if a shorter tracking period can provide similar information to a three-month
tracking period, more cattle could be tracked yearly.

Additional blood samples and GPS tracking data are currently being collected from
approximately 200 cattle at 9 different mountainous ranches. Cows are being tracked
using Lotek GPS 3300 collars and modified igotU GT-120® GPS logging collars. Upon
developing new grazing distribution traits and obtaining more genotype data, additional GWAS
will be executed. Significant SNP that are on the BoveneHD chip combined with SNP
discovered from sequence analyses will be incorporated into a new genotyping panel as to
estimate molecular breeding values. In summary, this project will provide new knowledge of
grazing distribution and other difficult-to-measure traits. These results are essential for
development of genetic evaluation of grazing distribution traits in beef cattle.
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Table 1. Characteristics of pastures grazed by beef cattle to study grazing distribution.
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Ranch State Pasture Size
(ha)

Slope1

(%)
Elevation

(m)
Distance to
Water (km)

Carter Arizona 4184 0-29 1081-1250 0-3.1
CDRRC New Mexico 3990 and 2830 1-15 1250-1402 0-10.0
Corona New Mexico 1601 and 721 0-32 1765-1851 0-4.7
Evans New Mexico 2563 1-77 1670-1902 0-4.8
Hartley New Mexico 1056 0-200 1500-1670 0-4.3
Thackeray Montana 336 0-107 1170-1400 0-1.5
Todd Arizona 9065 1-130 1276-2010 0-4.8
1Slope = percent slope calculated as (rise / run) x 100

Table 2. Summary statistics of beef cattle and grazing distribution traits used in terrain-use
indices.

Ranch1 n Slope2

(%)
Elevation3

(m)
Distance from Water4

(km)
Mean SD5 Mean SD5 Mean SD5

Carter 12 2.14 0.23 1153.21 8.11 0.83 0.01
CDRRC 32 4.75 0.54 1315.55 3.21 1.48 0.26
Corona 43 3.64 0.35 1779.31 7.33 1.87 0.30
Evans 16 7.55 0.40 1771.72 28.90 1.47 0.22
Hartley 9 13.34 3.53 1587.75 44.50 0.75 0.29
Thackeray 18 19 1.50 1283.19 8.07 0.47 0.03
Todd 18 7.38 1.87 1387.89 51.85 1.00 0.15
1Gobal positioning system (GPS) data averaged for each cow and then averaged for each ranch (Bailey et al.,
2015). 2Slope = average slope of all recorded positions, percent slope = (rise / run) x 100
3Elevation = average elevation of all recorded positions
4Distance from water = average distance from the nearest water source for all recorded positions
5SD = sample standard deviation


