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Grazing distribution 
is a critical issue 
around the world!

Chihuahuan Desert, New Mexico, USA

Piedmont, Alps, Italy

Outback, Northern Territory, Australia



Cattle often avoid:

- Steep slopes

- High elevations

- Areas far from water

(Mueggler 1965)
(Roath and Krueger 1982)
(Vallentine 1947)

Poor grazing distribution:
- Often results in localized overgrazing 
- May require reductions in stocking rates 

(Holechek 1988, Bailey et al. 1996)



 Terrain use is multi-dimensional

– Steep slopes near water are a 
minor problem

– Steep slopes at high elevations or 
long distances from water are a 
problem



Integration of terrain attributes

 Normalize slope, 
elevation and distance to 
water

 Then average attributes 
together

 “Rough” = elevation & 
slope

 “Rolling” = elevation, 
slope and distance to 
water

𝑆𝑙𝑜𝑝𝑒 𝑢𝑠𝑒 𝑜𝑓 𝑐𝑜𝑤𝑖

[∑𝑠𝑙𝑜𝑝𝑒 𝑢𝑠𝑒 𝑜𝑓 𝑐𝑜𝑤(𝑖−𝑛)  ] ÷ 𝑛
X 100

results in normalized value where the 
average cow = 100

Above average > 100 

Below average < 100

Normalized values for slope, elevation 
and distance to water can then be 
averaged



Hartley Ranch
Roy, NM

Individual cattle can 
approach grazing rugged 
and/or extensive 
rangeland very differently

Heifer 7710

Opportunities

Heifer 7913



Heifer 7710
A_A genotype

Heifer 7913
A_C genotype

Variation in grazing patterns of 
heifers with differing genotypes 
for the glutamate receptor 5 
gene on chromosome 29 

Selection?



NMSU – CDRRC
Las Cruces

NMSU Corona Ranch

Montana State University 
Thackeray Ranch, HavreHartley Ranch, Roy, NM

Todd Ranch, Willcox, AZ

Carter Ranch
Thatcher, AZ

Evans Ranch,
Silver City, NM



Associations with “rough” trait 
(slope & elevation) and “rolling” 
trait (slope, elevation and distance 
to water) and genetic markers 
(SNPs) on chromosomes 4, 8, 17 
and 29.

5% to 25% of the variation in 
these traits  was explained by 
some SNPs

Results from Bailey et al. (2015)

Heritability may 
be similar to 
weaning weight



Estimated Progeny 
Differences (EPDs) are the 
common method for 
comparing bulls during 
selection

A grazing distribution EPD based on genetic markers  
(DNA) would cost about $30 USD per animal 



EPDs are expressed in measurable units
(e.g. lbs, inches, %)

Ratios are not 
appropriate for EPDs 

Unequal selection pressure 
on the numerator versus 
the denominator of the 
ratio

Challenges



Objectives

 Develop a new metric that combines 
multiple aspects of terrain use (slope and 
vertical and horizontal distance from 
water)

 Compare the new metric to indices used 
by Bailey et al. (2015) 



Hartley 

Ranch

Holechek (1988) Horizontal Distance to 
Water Adjustment 

Distance to 
water, km

Reduction in grazing 
capacity (%)

0-1.6 None

1.6-3.2 50

3.2+ 100



Holechek (1988)  Slope 
Adjustment

Slope, % Reduction in grazing capcity, %

0-10 None

11-20 30

31-60 60

60+ 100



Vertical Distance to Water (Roath & 
Krueger 1982, Bailey 2005) 

Vertical distance to 
water, m

Reduction in grazing 
capacity, %

0-35 None

35-50 20

50-80 80

80+ 100



NMSU – CDRRC
Las Cruces, NM

MSU Thackeray Ranch, 
Havre, MT

Methods

• Used data from 3 ranches (Arizona, Montana and New Mexico)
• “Unexpected Use” calculated from recommended reductions 

in grazing capacity (Holecheck 1988)
• Developed continuous ratings via regression

Todd Ranch,
Willcox, AZ
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Equation used to estimate unexpected 
use of areas far from water (continuous) 



0

20

40

60

80

100

120

0 20 40 60 80

U
n

e
x

p
e

c
te

d
 u

s
e

, 
%

Slope, %

Slope continuous adjustment

Unexpected

Predicted
Unexpected

Equation used to estimate unexpected 
use of steep slopes (continuous) 



Methods (continued)

 Values for slope, horizontal and vertical 
distance to water were averaged for 
unexpected use of rolling terrain 

 Values for slope and vertical distance to 
water were averaged for unexpected 
use of rugged terrain 



Results – Rolling Terrain
CDRRC 
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R = 0.88



Mountainous Terrain
Thackeray Ranch

R = 0.61
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Conclusions

 In rolling or diverse terrain, the unexpected use 
indices were correlated to the previously used 
indices (Bailey et al. 2015).

 In mountainous terrain, the impacts of horizontal 
and vertical distance to water on expected use 
appear complex

 Conceptually, unexpected use is a measureable 
trait, but combined effects of slope and horizontal 
and vertical distance to water  on terrain use 
requires additional study.



Implications

 Relationships between terrain use indices 
and genetic markers (SNP) suggest that 
selection for grazing distribution is both 
biologically and economically feasible

 Grazing distribution is a complex trait

 Metrics based on unexpected use are 
promising,

 but they require further study and 
development



Questions?


