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Simple Summary: Feed efficiency is becoming an important selection tool in the beef cattle industry.
Traditionally, feed efficiency of beef cattle has been expressed as the ratio of feed intake to body weight
gained; however, selection for high growth rates inevitably increases the maintenance requirements,
feed requirements, and intake of cattle, with subsequent higher feed costs. In contrast, net feed
efficiency, or residual feed intake (RFI), is defined as the difference between an animal’s actual feed
intake and its expected feed requirements for maintenance and growth, with low-RFI animals being
more efficient at converting forage intake into kilograms of production than high-RFI animals. This
study evaluated the impacts of cow age and RFI on body weight (BW) and body condition score
(BCS) change, supplement intake, grazing behavior, and resource use of grazing beef cattle grazing
mixed-grass rangelands. Heifer post-weaning RFI had little effect on subsequent performance (BW or
BCS), grazing behavior, supplement intake behavior, or resource use. However, cow age significantly
influenced subsequent performance, grazing behavior, supplement intake behavior, and resource use.
In summary, post-weaning RFI had minimal effects on beef cattle performance, grazing behavior, or
resource utilization; however, cow age impacted both grazing behavior and resource use.

Abstract: The objectives of this study were to evaluate the influence of RFI and cow age on the
supplement intake and grazing behavior of beef cattle. Average daily supplement intake (kg/cow/d)
displayed an RFI × cow age interaction (p < 0.01), with a linear increase in average daily supplement
intake with increasing RFI of 3-year-old cows (p < 0.01). Average daily supplement intake (g · kg
BW−1 · d−1) displayed an RFI× cow age interaction (p < 0.01), with a quadratic effect on supplement
intake of 3-year-old cows (p = 0.01). Cow age displayed a quadratic effect on variation of supplement
intake (p < 0.01), where 1-year-old cows had a greater CV of supplement intake than all other cow
ages (p < 0.01). Distance traveled displayed a cow age × RFI interaction (p = 0.02), where high-RFI
5-year-old cows traveled further per day than low 5-year-old RFI cows. The probability of grazing
site selection was influenced by cow age (p ≤ 0.03). In summary, heifer post-weaning RFI had
minimal effects on beef cattle performance, grazing behavior, or resource utilization; however, cow
age impacted both grazing behavior and resource use.

Keywords: beef cattle; cow age; grazing behavior; residual feed intake (RFI), resource use; supple-
ment intake

1. Introduction

The greatest operating cost for commercial cow-calf producers is providing adequate
nutrition for animals is where supplemental feed can account for 65% of the annual
expenses [1–3]. Selection pressure for feed efficient beef cattle that have lower feed intake
while maintaining production could have a significant impact on cow-calf profitability [3].
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It has been reported that roughly two-thirds of mature cow energy requirements are utilized
for maintenance [4–6]. However, substantial animal-to-animal variation, independent of
body size and growth, exists in maintenance requirements of cattle [7–9]. Consideration
of the lower maintenance requirements for low-residual-feed-intake (RFI) cattle becomes
much more important as cattle move into times of negative energy balance, such as dormant,
late-season grazing [10]. Therefore, improving feed efficiency through genetic selection
holds significant opportunity for the beef industry.

Currently, RFI is being used as a selection tool for purchasing bulls and/or retention
of heifers. Research evaluating the efficacy of using post-weaning RFI values as selection
criteria for beef cattle that fit Western rangeland systems is currently lacking. Most RFI
studies utilize energy-dense diets and rations focusing on feedlot performance [11]. Re-
search pertaining to RFI in cattle offered forage-based diets is limited [12], with even fewer
data available related to beef cattle forage-based production systems [3,10,13]. As a result,
more research is needed to evaluate the utility of RFI estimates on the selection of heifers
for extensive forage-based systems [10,14,15].

Western US cow-calf production systems rely heavily on rangeland forages to supply
nutrients for both cows and calves [16]. The primary goal in a forage-based livestock
production system is to obtain optimal animal performance while effectively utilizing the
forage resource base [17]. Seasonal nutrient deficiencies associated with dormant rangeland
forages often require protein supplementation to maintain animal performance, production,
and provide increased economic returns [18,19]. However, the reported effectiveness of pro-
tein supplementation programs on grazing beef cattle performance has been inconsistent,
likely due to variation in animal-to-animal protein supplement intake behavior [18–20].
Recent research has demonstrated that cow performance is related to supplement intake
behavior [21], therefore, RFI, a potential proxy for cow efficiency may also be linked to
protein supplement intake behavior. However, information relating cow RFI to protein
supplement intake behavior does not currently exist.

Although a central aspect of domestic livestock ecosystems, the spatial component of
livestock grazing has remained difficult to interpret [22]. Mechanisms that influence graz-
ing distribution of grazing cattle can be characterized as follows: exogenous, the physical
environment (e.g., topography [23,24]), or endogenous (e.g., age and experience [23,25–27]).
Thus, cattle grazing the same pasture can have different grazing distribution patterns [28].
Recent research has demonstrated that low-RFI cows (more efficient) have larger distribu-
tion patterns and outperform high-RFI (less-efficient) cows [10,29]. Therefore, it is possible
that grazing behavior may vary with cow RFI (efficiency) and cow age while grazing nutri-
ent deficient forages. However, relationships between exogenous factors with endogenous
attributes on grazing behavior are less understood [26]. Therefore, the objectives of this
study were to evaluate the influence of cow RFI and age on (1) beef cattle performance;
(2) supplement intake behavior; and (3) grazing behavior, resource use, and distribution
patterns on winter mixed-grass prairie rangelands. We hypothesized that cow RFI and age
interact to influence animal performance, supplement intake, and grazing behavior.

2. Materials and Methods

The use of animals in this study was approved by the Agricultural Animal Care and
Use Committee of Montana State University AACUC #2018-AA12. All animals used in this
study were provided by the Montana Agricultural Experiment Stations, and the study was
conducted at the Northern Agricultural Research Center in Havre, Montana.

Two consecutive years of winter grazing studies were conducted on non-lactating,
pregnant commercial Angus cows to evaluate the influence of RFI and cow age on beef
cattle performance, supplement intake behavior, grazing behavior as well as distribution
and resource use patterns. This study was conducted at the Montana State University
Northern Agriculture Research Center’s Thackeray Ranch (48◦21” N 109◦30′ W), located
21 km south of Havre, MT, USA. Bull Hook Creek, a perennial stream, transects the pasture
and is used for livestock watering. Vegetation is dominated by Kentucky bluegrass (Poa
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pratensis L.), bluebunch wheatgrass (Pseudoroegneria spicata [Pursh] A. Love), and rough
fescue (Festuca scabrella Torr.; Reference [20]). Available forage biomass of the study area
was estimated by clipping ten randomly located plots to 2 cm in height, immediately prior
to grazing, using a 0.25 m2 plot frame. Samples were placed in a forced-air oven at 55 ◦C
for 72 h and then weighed and recorded to calculate dry matter production (kg · ha−1;
Table 1). Vegetation samples were weighed individually and composited by year, ground
to pass a 1 mm screen in a Wiley mill, and sent to a Dairy One for nutrient analysis (Dairy
One, Ithaca, New York).

Table 1. Average yearly grass available biomass (kg DM · ha−1), crude protein (CP% DM), acid
detergent fiber (ADF %), neutral detergent fiber (NDF %), and total digestible nutrients (TDN %)
of the experimental pasture for the 2 years of grazing (2018/2019 and 2019/2020) at the Northern
Agricultural Research Center Thackeray Ranch, Havre, MT, USA.

Grass Production (kg/ha) CP (%) ADF (%) NDF (%) TDN (%)

Year 1 1790 5.4 41.9 63.2 56.0
Year 2 1456 5.4 39.9 66.9 55.0

2.1. Animal Performance and Supplement Intake Behavior

A commercial herd of bred Angus cows (205 in year 1 and 203 in year 2) ranging in
age from 1 to 10 years old were classified into one of 6 age groups (1, 2, 3, 4, 5 to 7, and
≥8 years old) and grazed on rangeland pastures (~1.5 ha · animal unit month−1) from mid-
October to early-January each year. Individual cow body weight (BW) and body condition
scores (BCS) were obtained following a 16-h shrink pre- and post-grazing (Table 2). Body
condition scores were based on a 1–9 scale (BCS: 1 = emaciated, 9 = obese, [30]) and assessed
by two trained individuals, then averaged for a final BCS. All heifers, (9–11 months of age),
went through a 70-day post-weaning RFI trial [7,29] using a GrowSafe system (GrowSafe
DAQ 4000E; GrowSafe System Ltd., Airdrie, AB, Canada) and were classified as either low
(<−0.50 SD from mean), or high (>+0.50 SD from the mean) RFI within their contemporary
age group [31].

Table 2. Initial body weight (BW) and body condition score (BCS) for 6 age classes of cattle (±SE) across a 2-year grazing
trial (2018/2019 and 2019/2020) at the Northern Agricultural Research Center Thackeray Ranch, Havre, MT, USA.

Age Class

1 2 3 4 5–7 ≥8

Cow number
Year 1 37 34 28 30 46 30
Year 2 33 28 30 24 47 41

Initial BW, kg
Year 1 489.6 ± 5.30 495.3 ± 7.55 565.4 ± 11.04 597.0 ± 8.88 617.2 ± 8.72 610.6 ± 9.28
Year 2 467.5 ± 4.20 508.4 ± 7.05 561.0 ± 9.16 616.7 ± 12.41 637.5 ± 6.75 624.6 ± 8.27

Initial BCS 1

Year 1 5.76 ± 0.04 5.24 ± 0.08 5.52 ± 0.11 5.59 ± 0.09 5.56 ± 0.08 5.59 ± 0.07
Year 2 5.76 ± 0.05 5.21 ± 0.05 5.16 ± 0.11 5.47 ± 0.09 5.52 ± 0.06 5.41 ± 0.07

Final BW, kg
Year 1 497.0 ± 5.84 524.4 ± 7.11 496.4 ± 10.05 624.9 ± 6.36 644.3 ± 7.70 641.8 ± 9.39
Year 2 448.7 ± 4.28 490.6 ± 7.04 547.7 ± 7.58 595.8 ± 11.64 606.8 ± 7.02 609.9 ± 8.24

Final BCS
Year 1 5.66 ± 0.04 5.06 ± 0.10 5.41 ± 0.09 5.63 ± 0.05 5.61 ± 0.06 5.45 ± 0.07
Year 2 5.67 ± 0.05 5.29 ± 0.05 5.39 ± 0.07 5.69 ± 0.09 5.65 ± 0.06 5.57 ± 0.07

1 Body condition score based on a 1–9 scale: 1 = emaciated, 9 = obese.
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A free-choice, self-fed, canola based pressed block supplement (28.7% crude protein
(CP; year 1) and 30% CP (year 2)) was provided ad-libitum to cattle. The target daily-
recommended intake range was 0.45 to 0.91 kg · cow−1 · d−1 with 23% salt, texture and
bitterness to limit daily intake. Individual animals were equipped with an electronic
identification tag attached to the left ear for the measurement of daily individual supple-
ment intake (kg · cow−1 · d−1; g · kg BW−1 · d−1), and time spent at supplement feeders
(min· d−1) using centrally located SmartFeed Pro self-feeder systems (C-Lock Inc., Rapid
City, South Dakota) with a total of 2 trailers and 8 feeding stations (4 per trailer). Variation
in supplement intake, measured as the coefficient of variation (% CV), was based on daily
intake estimates for individual animals.

2.2. Grazing Behavior and Resource Use

Each year, a subset of 30 cows were randomly selected within age (2, 5, and 8 years
old) and RFI (Low, High) and fitted with Lotek GPS collars containing an activity sensor
(Lotek Engineering, Newmarket, ON, Canada; 5 collars per RFI × cow age combinations)
representing a minimum of 39% of the total cattle population within each RFI × age combi-
nation each year. GPS collars were configured to record positions at 15-min intervals, and
activity sensor measurements at 5-min intervals to determine distance traveled, location,
and duration of grazing activities, as well as resource use [32–34]. Due to limited battery life
of GPS collars, supplement intake, grazing behavior and resource use was only measured
during the last 45 days of grazing each year. Individual cow was considered the exper-
imental unit to evaluate effects of age and RFI on supplement intake behavior. Grazing
activities were derived by the binary classification methods developed by Augustine and
Derner [35] to evaluate time spent grazing and foraging distribution. Observations were
limited to grazing to determine critical foraging areas rather than general occupancy [17,26].
Pasture supplement and water locations were recorded by using a handheld GPS unit
(spatial error < 10-m). Spatial layers including aspect, terrain ruggedness (sum change in
elevation between a grid cell and its eight neighboring cells; Reference [36]) and distance
from supplement and water locations were developed by using the spatial analysis tool
in ArcGIS (Environmental Systems Research Institute, Redlands, CA, USA) and a digital
elevation model at a 30 m2 resolution.

2.3. Statistical Analysis

The influence of RFI and cow age on cow BCS, BW (Supplementary Materials Table S1),
supplement intake behavior (Supplementary Materials Table S2), time spent grazing, and
distance traveled (Supplementary Materials Table S3) were analyzed by using a generalized
linear mixed model, with a Gaussian error structure, in an ANOVA framework that
included RFI, age, and the interactions of RFI and age as fixed effects, and individual
cow and year as random effects. An alpha ≤ 0.05 was considered significant with animal
considered as the experimental unit. Linear and quadratic effects were determined, using
orthogonal polynomial contrasts for each analysis. The Tukey method was used to separate
means when p < 0.05. Tendencies were considered when p ≤ 0.10.

To model relative resource selection for cattle grazing late season dormant forages,
individual GPS-collared cows were defined as the biological unit of interest. To evaluate
the response of an individual cow’s space use to pasture level covariates, we used multiple
regression in a resource utilization function (RUF) analysis with the ruf.fit package in
R [37–39]. Resource utilization functions reduce error associated with location estimation
and increase sensitivity for detecting resource selection by evaluating within animal vari-
ation in resource use and incorporating an individual cow’s entire grazing distribution,
independently, while accounting for spatial autocorrelation [37,38,40].

Due to cattle grazing distribution being defined by pasture boundary, GPS grazing
locations were used to build RUFs to quantify cow selection of environmental covariates
within pasture (third-order scale; [41]). Specific utilization density rasters for grazing
locations were created for each individual at a 30 m2 resolution, using the adehabitatHR
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and raster packages in R [42,43]. Relative use values were bound between 1 and 99 for
each 30 m2 cell based off of the relative volume of use within the cell compared to all
other cells in the pasture [37]. Pasture level spatial covariates anticipated to effect resource
utilization included distance to supplement and water, elevation, terrain ruggedness and
aspect. Individual relative use and pasture level covariates rasters were stacked and
converted to data files, using the raster function in R as input for the ruf.fit package (see
Supplementary materials Table S4) [39,40]. To meet the assumptions of multiple regression
models, individual relative use values were log-transformed. Standardized β coefficients
were developed and evaluated for each cow to determine the influence of the pasture level
covariates on cattle resource utilization [37,39,40].

Significant predictors of resource use were determined by standardized coefficients
with 95% confidence intervals not overlapping zero [37,38]. Significant resource utiliza-
tion coefficients were determined to be greater or less than expected based on availabil-
ity of the covariate within the pasture [35,36]. For pasture level covariates displaying
high herd-level variability in grazing resource utilization (herd-level SE of standardized
coefficients > 0.25; [44]), a post hoc analysis was conducted to evaluate the effects of RFI,
cow age, and the interaction of RFI and cow age on resource use coefficients relative to each
pasture covariate, using ANOVA with a generalized linear mixed model, with a Gaussian
error structure, including year as a random intercept. An alpha ≤ 0.05 was considered
significant with animal considered as the experimental unit. For age main effects, linear
and quadratic effects were determined by using orthogonal polynomial contrasts for each
analysis. The Tukey method was used to separate means when p < 0.05. Tendencies were
considered when p ≤ 0.10.

Core grazing areas for individual cows were estimated by using the kernel utilization
distribution function in the adehabitatHR package in R [42] (see Figure 1). Kernel utiliza-
tion distributions are three-dimensional representations of estimated distribution of use,
used to calculate home range [45]. The estimated values of use for the kernel utilization
distributions containing only grazing locations were then used to create a contour repre-
senting 50% of the volume of use delineating core grazing areas [46–48]. The area of the
50% contours were calculated by using the gArea function in the rgeos package of R (see
Supplementary Materials Table S5) [49]. Due to pasture management unit defining the
extent of core grazing areas of cattle, contours representing core grazing areas were bound
by pasture boundary. The influence of RFI and cow age on core grazing area was analyzed
by using a generalized linear mixed model, with a Gaussian error structure, in an ANOVA
framework including RFI, age, and the interactions of RFI and age as fixed effects, and year
as a random intercept. An alpha ≤ 0.05 was considered significant with animal considered
as the experimental unit. For age main effects, linear and quadratic effects were determined
by using orthogonal polynomial contrasts for each analysis. The Tukey method was used
to separate means when p < 0.05. Tendencies were considered when p ≤ 0.10. All statistical
analyses were performed in R [50].
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Figure 1. Isopleth showing relative use of one cow winter grazing dormant mixed-grass prairie at the
Northern Agriculture Research Center’s Thackeray Ranch, Havre, MT, USA (45-day grazing period).

3. Results
3.1. Supplement Intake Behavior and Animal Performance

Body weight change over the 84-day grazing period exhibited a tendency for an RFI × cow
age interaction (p = 0.08). Specifically, 4-year-old cows BW change decreased linearly with
increasing RFI (p < 0.01), averaging 22.69 ± 23.66, 2.59 ± 23.31, and −12.49 ± 23.60 kg weight
change for low, average, and high RFI, respectively. No RFI differences (p > 0.44) were observed
for change of cow BW within all other cow ages. Cow age influenced (p = 0.02) weight change,
over the 84-day grazing period; however, no linear or quadratic responses were noted (p≥ 0.19)
with weight changes ranging from −5.01 ± 22.87 kg (yearlings) to 8.72 ± 22.92 kg (3-year-old
cows) with all other cow age being intermediate. Change in BCS exhibited a tendency (p = 0.07)
for a quadratic effect of cow age (p = 0.01), with 1-year-old cows losing BCS (−0.10 ± 0.10
units) compared to 4-year-old cows gaining BCS (0.15 ± 0.10 units) with all other cow age
being intermediate over the 84-day grazing period.

Average daily supplement intake (kg · cow−1 · d−1) displayed an RFI × cow age
interaction (p < 0.01; Figure 2), with RFI exhibiting a linear effect on 3-year-old cows
(p < 0.01) where supplement intake increased with increasing RFI (Figure 2C). However,
RFI had no effect on supplement intake for other cow age (p > 0.28). Supplement intake
expressed as g · kg−1 BW−1 · d−1 displayed an RFI × cow age interaction (p < 0.01).
Specifically, a quadratic effect of RFI was observed on supplement intake of 3-year-old
cows (p = 0.01; Figure 2I), where high-RFI cattle consumed more supplement than low- and
average-RFI cattle (p < 0.01). However, RFI had no effect on supplement intake for other
cow ages (p > 0.23). Likewise, RFI effects were not observed for variation of supplement
intake (% CV; p > 0.69). However, there was a quadratic effect of cow age on variation
in supplement intake (p < 0.01; Figure 3), where 1-year-old cows had a larger CV of
supplement intake than all other ages (p < 0.01).
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There was no effect (p > 0.13) of RFI or cow age observed on supplement intake rate,
with supplement intake rate averaging 60.6 ± 32.0 g · min−1. Time spent at the feeders
was quadratically influenced (p < 0.01) by cow age, where 2-, 3-, and 4-year-old cows spent
more time at the feeders than 1-, 5–7-, and ≥8-year-old cows (p < 0.02; Figure 4). However,
time spent at the feeders exhibited a tendency for an RFI × cow age interaction (p = 0.08),
with a quadratic effect (p = 0.03) of RFI for 5–7-year-old cows, where average-RFI cows
tended to spend more time at the feeders than high-RFI cows (p = 0.08).
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3.2. Grazing Behavior and Resource Use

Distance traveled displayed a cow age × RFI interaction (p = 0.02), where high-RFI
5-year-old cows traveled further per day than low-RFI 5-year-old cows (p < 0.03), and low-
RFI 8-year-old cows tended (p = 0.08; Figure 5) to travel further than high-RFI 8-year-old
cows. No RFI effects (p < 0.71) were observed on distance traveled for 2-year-old cows.
Distance traveled ranged from 3.00 ± 0.09 for 2-year-old cows to 2.49 ± 0.09 km · d−1 for
8-year-old cows. Time spent grazing was not influenced by cow age (p = 0.29) nor RFI
(p = 0.40), averaging 6.06 ± 0.44 h · d−1.

Herd-level grazing resource utilization for cattle on dormant rangeland forage was not
impacted by aspect (β̂ North = 0.02 ± 0.01; β̂ South = −0.01 ± 0.01; β̂ East = −0.02 ± 0.02;
β̂ West =−0.01± 0.02), elevation (β̂ = 0.07± 0.37), distance to supplement (β̂ = −0.37 ± 0.51),
distance to water (β̂ = 0.04± 0.44), or terrain ruggedness (β̂ =−0.06± 0.03; Figure 6). However,
resource utilization relative to elevation, distance to supplement, and distance to water were
highly variable among individuals (herd-level SE of standardized coefficients > 0.25; Figure 7).
Therefore, we conducted a post hoc analysis evaluating the effects of RFI, cow age, and the
interaction of RFI and cow age on grazing resource utilization relative to elevation, distance
to supplement, and distance to water.
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Figure 7. Influence of elevation, distance to supplement, and distance to water on relative use by
cattle grazing dormant northern mixed-grass prairie in 2018/2019 and 2019/2020 at the Northern
Agriculture Research Center’s Thackeray Ranch, Havre, MT, USA.

Cow age did not interact with RFI (p > 0.11) when evaluating the probability of grazing
site selection relative to elevation, distance from supplement and water. As a result, only RFI
and cow age main effects are reported. The probability of grazing site selection relative to
elevation was not influenced by RFI (p = 0.62) or cow age (p = 0.16). The probability of grazing
site selection relative to distance to supplement was not impacted by RFI (p = 0.68), but was
linearly influenced by cow age (β̂ 2-years old = 0.06 ± 0.08; β̂ 5-years old = −0.31 ± 0.08; β̂ 8-
years old =−0.90± 0.08; p < 0.01) with older cows grazing closer to supplement locations than
younger cows (Figure 8A). The probability of grazing site selection relative to distance to water
was also not impacted by RFI (p = 0.63); however, it was quadratically influenced by cow
age ((β̂ 2-years old = −0.20 ± 0.08; (β̂ 5-years old = −0.10 ± 0.08; (β̂ 8-years old = 0.44 ± 0.08;
p = 0.03) with 8-year-old cows selecting grazing locations further from water than 2- and
5-year-old cows (Figure 8B).
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Figure 8. Influence of cow age on distance from supplement (A) and distance from water (B; ex-
pressed as slope estimate ± CI) of cattle grazing dormant northern mixed-grass prairie in 2018/2019
and 2019/2020 at the Northern Agriculture Research Center’s Thackeray Ranch, Havre, MT, USA.
Means lacking common letters (a, b) differ (p < 0.05).
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Core grazing area (ha) was linearly affected by cow age (p < 0.01), with core grazing
area decreasing with increasing cow age (Figure 9). There was no effect of RFI on core
grazing area (p = 0.71), but a tendency for a cow age × RFI interaction was observed
(p = 0.07). However, there were no differences observed for RFI within cow age (p > 0.10)
relative to size of core grazing area.
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4. Discussion

While the estimation of RFI on young bulls and developing heifers is becoming a more
popular practice in the US beef industry, the use of RFI of post-weaned heifers as a selection
criterion for retention of replacement females for forage-based rangeland environments
has not been well studied. Conventional wisdom suggests that cattle with low RFI values
are more efficient in converting nutrients to maintenance energy and body weight gain.
Few research experiments have investigated the effects of RFI on beef cattle performance,
supplement intake and grazing behavior or resource use while grazing late season dormant
rangelands. If low-RFI cattle have lower maintenance requirements, selection for low-RFI
cattle on low quality late-season mature rangelands could lead to cattle that are more
efficient while grazing on low-energy and low-protein diets, assuming that low-RFI cattle
have lower maintenance requirements when facing nutritionally stressful periods.

Sprinkle and coworkers [10] were the first to examine the effects of RFI on livestock
performance while grazing low-quality dormant forages; however, their research focused
solely on 2-year-old cows. In contrast, our study focused on the effects of RFI across multi-
ple age groups on supplement intake behavior, grazing behavior, and resource use while
grazing low quality dormant mixed-grass rangelands. Most of the research investigating
the effects of RFI on cattle performance has occurred on both irrigated and improved
dryland summer pastures [11,14,51]. All the above-mentioned research trials can be char-
acterized as having adequate forage quality to meet maintenance requirements with the
exception of Sprinkle et al. [10], where their grazing and forage conditions were similar to
those experienced during our research trial.
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Previous research [29] reported that low-RFI cows grazing summer rangelands in
central Idaho travel further and graze longer than high-RFI cows at warmer temperatures.
Conversely, we observed no effect of RFI on grazing behavior, and resource use during our
late fall/early winter grazing trial. However, 5-year-old high-RFI cows did travel further
than low-RFI 5-year-old cows, and low-RFI 8-year-old cows tended to travel further than
high-RFI 8-year-old cows with no observed differences among 2-year-old cows. Sprinkle
et al. [10] reported that, while grazing late season dormant rangelands in Idaho, low-RFI
2-year-old cows lost less weight and body condition compared to high-RFI 2-year-old cows
with no difference in daily distance traveled or foraging rate (bites ·min−1). Conversely,
we observed a decrease in BW change with increasing RFI for 4-year-old cows, with no
observed changes in cow BW within all other cow ages. However, we did not observe
effects of RFI on BCS change, and the differences we observed in distance traveled and
core grazing area were associated with cow age and not RFI. Similarly, Sprinkle et al. [52]
also reported no difference in distance traveled or time spent grazing between low-RFI and
high-RFI 2-year-old cows grazing supplemented fall pastures in central Idaho. Our results
are also consistent with Meyer et al. [3], where RFI did not affect BW and BCS change or
supplement intake while grazing during late winter and early spring.

Although limited, previous experiments evaluating supplement intake of mixed-age
beef herds have reported that younger cows spent less time at the supplement feeders and
consumed less supplement than older cows [53,54]. In contrast, Wyffels et al. [44] reported
that younger cattle consumed more supplement and visited the supplement feeders more
often than older cows. Results from our research are similar to Wyffels et al. [44], since
we observed a quadratic effect in supplement intake related to cow age, where 1-year-old
cows consumed more and had a larger CV of supplement intake than older cows.

Previous research reported that cow age significantly impacted grazing behavior and
distribution with older cows grazing further from water and using higher elevations than
younger cows [26,55]. Our results agree with these reports, where older cows selected
grazing locations further from water than younger cows. Wyffels et al. [55] reported results
similar to our study, where older cows selected grazing locations closer to supplement
feeders and herd-level resource utilization was negatively related to terrain ruggedness
on mixed-grass prairie rangelands. In our study we observed that herd-level resource
utilization of cattle grazing dormant mixed-grass prairie rangelands was not impacted by
aspect, elevation, or terrain ruggedness.

Our research suggests that in dormant forage grazing environments, heifer post-
weaning RFI has little effect on supplement intake behavior (with the exception of 3-
year-old cows), grazing behavior, or resource use. We observed no RFI impact on BW or
BCS change over the 84-day grazing period, with the exception of 4-year-old cows. Our
results agree with previous research [56] that suggests post-weaning RFI is independent
of mature cow BW and may have little impact on the efficiency of cattle winter grazing
on dormant rangelands. However, despite the lack of differences in supplement intake
behavior, grazing behavior, and resource use in our study, if cows selected for low RFI have
the same performance parameters as high-RFI cows while consuming less feed, selection
for low-RFI cattle would still be warranted. As a result, further research is needed to
investigate the relationship of heifer post-weaning RFI and dry-matter intake of cows at
different ages and stages of production.

5. Conclusions

Heifer post-weaning RFI had little effect on subsequent cow performance (BW or
BCS), grazing behavior, supplement intake behavior, and resource use. However, cow age
significantly influenced cow performance, grazing behavior, supplement intake behavior,
and resource use. We also observed high individual variability in grazing site selection,
suggesting that individual-level factors may be driving grazing resource use and grazing
behavior. Therefore, our research suggests that cow age has more of an impact on resource
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use, supplement intake, and grazing behavior than heifer post-weaning RFI while grazing
dormant-season mixed-grass prairie rangelands.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/ani11061518/s1. Table S1: Cow body weight and body condition score change data. Table S2:
Supplement intake behavior data. Table S3: Time spent grazing and distance traveled data. Table S4:
Resource utilization data. Table S5: Grazing core area data.
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