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We monitored grazing behavior and habitat selection of Argentine Criollo (AC), South American heritage cattle
breed, and Angus (AA) cows during summer and winter of 2016 (wetter year) and 2017 (drier year) at a site in La
Rioja, Argentina. In each year and season, five AC and five AA cows were fitted with GPS collars configured to log
animal position at 10-min intervals for 40 days. Movement, activity, and vegetation use patterns of each breed
were derived from the GPS data. In summer, AC cows traveled similar daily distances, explored smaller (wetter
year) or slightly larger (drier year) areas of the pasture, tended to move along more sinuous path trajectories, and
showed stronger selection of the vegetation unit with higher forage quality and lowest woody cover compared to
AA counterparts. AC cows allocated similar (wetter year) or more time to graze (drier year), allocated roughly
the same amount of time to travel, and spent similar (wetter year) or less time resting (drier year) than AA cows.
In winter, foraging behavior differences between breeds were only observed in the drier year. AC cows traveled
farther and spent less time resting than AA counterparts that year. When comparing summer vs. winter move-
ment patterns of each breed, AC cows showed an apparent greater ability to adapt to changing forage conditions
(foraging plasticity) compared to AA counterparts which appeared to exhibit more rigid foraging patterns.
Criollo cattle could be a tool to increase the resilience of Arid Chaco beef systems in the face of climate change.
The rangeland conservation implications of raising Criollo vs. British beef cattle require further investigation.

1. Introduction

Climate change is posing new challenges for graziers who raise
livestock on desert and semi-desert rangelands worldwide (Polley et al.,
2017; Godde et al., 2020). Increased variation in precipitation patterns
and greater frequency of weather extremes including heat waves,
wildfires, and drought (Sloat et al., 2018; Churchill et al., 2022; Wilcox
et al., 2022), are accelerating the quest for novel adaptation strategies
(Briske et al., 2015; Spiegal et al., 2020). Grazing remains the primary
land use of arid ecosystems globally (Maestre et al., 2016), but the
sustainability of desert animal agriculture is uncertain and increasingly

depends on graziers’ ability to select animal genetics that match grazing
environments which are becoming more heterogeneous in space and
time (Briske et al., 2021).

The use of locally adapted livestock breeds has been suggested as a
cost-effective alternative to improve the resilience of rangeland-based
animal agriculture enterprises (Spiegal et al., 2020). Previous studies
conducted in the deserts of the southwestern United States, showed that
compared to commercial beef cattle, heritage cows from northern
Mexico (Raramuri Criollo) ranged farther from water, covered larger
areas of extensive desert pastures, and exhibited a lower number of
grazing hotspots during times of the year when herbaceous forage was
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dormant and/or scarce (Peinetti et al., 2011; Spiegal et al., 2019; Nya-
muryekung’e et al., 2022). An analysis of the economics of raising
heritage cattle in this environment showed that in the Chihuahuan
Desert, a rancher could obtain higher returns raising Criollo vs. com-
mercial beef cows (Torell et al., this issue). Spiegal et al. (2020) there-
fore suggested that the use of heritage genetics could be a valuable tool
to help ranchers adapt to increasing weather variability in the US
Southwest. The efficacy of this approach, however, has not been tested
in other arid and semi-arid ecosystems with different heritage cattle
breeds or biotypes. Our primary goal was to determine whether a locally
adapted heritage cattle breed, the Argentine Criollo (that differs in
important ways from the Raramuri biotype), exhibited foraging traits
similar to those of its North American relatives and whether use of this
livestock genetics could be a viable climate adaptation strategy for
ranchers in South America’s Gran Chaco ecosystem.

The Gran Chaco region is one of the driest forest ecosystems of South
America extending over northern Argentina, Paraguay, and southern
Bolivia. In this region, cattle production based primarily on cow-—calf
operations is the main source of agricultural income and livelihood for
many communities (Ferrando et al., 2001, 2006). A diversity of native
grasses, seasonal forbs and browse species are main diet resources for
cattle (Ferrando et al., 2001; Blanco et al., 2008). Despite the richness
and abundance of forage species, previous studies have documented
declines of up to 50% in the carrying capacity of rangelands across the
Gran Chaco region (Blanco et al., 2005). The associated decline of native
grasses and forbs, increasing shrub encroachment and associated pat-
terns and risks for increasing soil erosion are among major concerns for
rangeland management and conservation (Blanco et al., 2005).

Argentine Criollo (AC) cattle are direct descendants of cattle brought
into the continent by the first Spanish explorers some 500 years ago
(Armstrong et al., 2022). These animals evolved with little to no artifi-
cial selection pressure, giving rise to the current AC cattle that are
known to thrive in high altitude steep mountain ranges, and arid
grasslands of northwestern Argentina. This region that currently faces
increasing variability of precipitation and temperature, and greater
livestock numbers as a result of agricultural expansion and rural
development (Namur et al., 2004; Ferrando et al., 2006). Argentine
Criollo cows perform better than commercial beef cattle in Arid Chaco
rangelands increasingly impacted by drought. Namur et al. (2004)
showed that AC cows sustained higher pregnancy rates (93%) than
Angus counterparts (36%) during drought. Interestingly, Angus cows in
this study were the result of a decades-long cross-absorption breeding
program of a local and rich genetic pool of cattle (Namur et al., 2004;
Ferrando et al., 2006). Although beef production traits of Argentine
Criollo cows have been extensively studied (Anderson et al. and refer-
ences therein), no research addressing their foraging behavior and
landscape use patterns relative to commercial beef cows has been con-
ducted to date.

The objective of this two year study was to evaluate foraging
behavior patterns of Argentine Criollo and Angus cows grazing Arid
Chaco rangeland. We sought to determine whether desirable foraging
traits observed in North American Criollo cows in the Chihuahuan
Desert were also present in AC cows and whether AC cows showed a
superior ability to adapt to varying environmental conditions of Arid
Chaco rangeland.

2. Materials and methods
2.1. Study site

Our study was carried out at “Los Cerrillos” Experiment Station (Lat.
29°58'19,86°°S, Long. 65°52'55.84°°0) of the National Institute of
Agricultural Technology (INTA) of La Rioja, Argentina. The experiment
station is located 70 km from the city of Chamical, La Rioja, and com-
prises 8,263 hectares of typical semi-arid ecosystems of the Gran Chaco
region (Morello et al., 1985). A pasture of 1,183 ha of native rangeland
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was used for this study (Fig. 1).

The dominant climate at this research site is semiarid to subtropical,
with hot summers and mild winters. January (26 °C) and July (11 °C)
are the warmest and coldest months of the year, respectively. The region
also faces increasing annual and seasonal variability in precipitation
regimes. For the last 40 years, the average annual precipitation varied
between less than 200 mm in dry years and over 600 mm in wet years,
with more than 80% of rainfall events occurring as summer monsoons
between October and March (average precipitation 400 mm, Fig. 2).

Soils at the site are typical Aridisols and Entisols, exhibiting con-
trasting textures. The dominant vegetation unit is the xerophytic
shrubland savanna characterized by native isolated trees dispersed over
a shrub layer with herbaceous vegetation understory dominated by
native grasses. The most dominant shrubs are Larrea, mimozyganthus,
Senna, and Capparis sp. Dominant trees include Aspidosperma and Pro-
sopis sp. The herbaceous understory is dominated by C4 perennial
grasses, including Trichloris, Chloris, Pappophorum, Aristida, and Setaria
sp. A supervised vegetation classification of a Landsat 5 TM multi-
spectral imagery (30 x 30 m pixel), acquired on March 1, 2014, was
conducted prior to placing animals in the research pasture. Seven
vegetation units (VU) were determined in this analysis (Fig. 1).

Summer and winter sampling of the dominant VUs was carried out in
February (wet season) and June (dry season) of 2016 and 2017,
respectively. The sampling was carried out following methods described
by Daubenmire (1959). Briefly, plant cover and density were measured
on a 500 m transect established in each defined VU. A total of 50
readings were made in each transect, one reading every 10 m of the
transect, using a 0.5 m? (1 m x 0.5 m) quadrat. One transect per VU was
used totaling six 50 m transects in the study pasture. Transects were not
permanent, however vegetation sampling in each season and year
occurred in the same general locations of the pasture. Readings included
vegetation cover (%), plant density (plants/ha) of dominant species,
bare ground cover (%) and litter cover (%), respectively (Daubenmire,
1959). Botanical composition changes associated with distances to the
only available watering hole were determined in VUs that were repre-
sented both in areas near and far from water. VUs representing less than
2% of the total study area were not discriminated and were excluded
from analyses (Sawalhah et al., 2016).

Forage availability (grasses and broadleaf forbs) was estimated by
clipping forage quadrats at ground level (Daubenmire 1959). Forage
sampling was carried out in the transects used to evaluate plant cover
and density of each VU. After completing cover and plant density esti-
mates, all quadrats were clipped (50 per transect) and grass and
broadleaf forbs were placed into separate bags and dried at 60 °C for 48
h to determine dry matter content per plant class. A total of 600 biomass
samples (50 grass and 50 broadleaf samples for each of six VUs) were
clipped and dried in each season (i.e. 1,200 biomass samples were
processed in each of the two years of the study).

Five composite samples for grasses and five composite samples for
broadleaf forbs per transect (squares 1-10, 11-20, 21-30, 31-40 and
41-50) collected in the first year of the study (2016) were ground using a
Thomas Willey Model 4 mill with a 2 mm mesh. Ground samples were
sent to the lab to be analyzed for content of crude protein (CP), neutral
detergent fiber (NDF) and acid detergent fiber (ADF). The same pro-
cedures were used to collect and analyze summer and winter forages.
Forage chemical analyses were therefore conducted on a total of 120
samples (60 for each of summer and winter of 2016). Due to budgetary
constraints, no chemical analyses were conducted in 2017.

2.2. Animals and GPS data collection

Protocols for the use and handling of animals followed the institu-
tional guidelines for animal care of INTA, Argentina (Comite Institu-
cional para el cuidado y uso de animales de experimentacion, CICUAE, ).
Rangeland-raised Argentine Criollo and Angus cows from herds locally
developed at “Los Cerrillos” Experiment Station were used in this study.
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Fig. 1. Geographical location of Los Cerrillos INTA EEA La Rioja Experiment Station within the Arid Gran Chaco and pasture study site with main vegetation units

(Lat 29° 58'19.86°’S, Long 65° 52'55.84" "W).

The Angus herd was developed during the 1970s by the absorption
cross-breeding of Angus bulls on a former commercial crossbreed cow
herd that included Argentine Criollo x Hereford and Argentine Criollo x
Shorthorn crossbred genetics (Anderson et al., 1980). The Argentine
Criollo cows were obtained from a purebred herd developed by the INTA
Leales Experiment Station, in Tucuman, Argentina.

Five mature cows between 5 and 7 years old of each breed (10 cows
total) were selected and used for focal observations of grazing behavior
during the summer (wet) and winter (dry) season of 2016 (normal
rainfall) and 2017 (dry year). The average live weight of the Argentine
Criollo cows was 411 + 22 kg (mean + SE) with a range between 380
and 420 kg. The average live weight of the Angus cows was 443 + 22 kg
with a range between 400 and 440 kg. Calving dates were similar for the
two breeds and occurred from November to mid-January for the two
years of study. All study cows were managed equally. Cows were nursing
calves of up to ~4-months of age during the summer (wet season) and
were managed as dry (non-lactating) cows during winter (dry season).
Weaning occurred when calves were ~5-6 months of age. However,
actual weaning dates varied across years depending on the cows’ body
condition, the live weight of calves, severity of drought, and overall
condition of the range.

Animals were tracked with cattle GPS collars configured to log po-
sitions at 10 min intervals. Collars weighed ~620 g, had memory ca-
pacity to store up to 4095 position records, and were powered by a 3.6 V
rechargeable battery providing autonomy for 10 to 12 observation days
(Gorandi et al., 2016). Cattle movements were monitored during win-
dows of approximately 36 nonconsecutive days during each summer and
winter. Summer monitoring was conducted from February 24 to April 4,
2016, and from February 22 to April 4, 2017, whereas winter moni-
toring occurred between June 10 and July 29, 2016, and between

August 8 and September 16, 2017. Cows grazed jointly in the same study
pasture along with 32 additional cows (' Angus and 2 Argentine Cri-
ollo) that were used as put-and-take animals for adjustment of stocking
rates. Cows remained in the study paddock for the 2 years of the study,
starting on January 1 in 2016 and finishing on January 15 in 2018.
Missing data due to collar failures are detailed in Table S1 (Suppl. Mat.).
Collars that recorded less than 85% of expected GPS fixes in a day (i.e. <
121) were excluded from analysis for that given day (Table S1, Suppl.
Mat.) and days in which one or both breeds had less than three animals
with complete GPS data sets were excluded from analysis (Table 1,
Suppl. Mat.).

2.3. Animal movement, activity and vegetation interactions

Collar GPS data were retrieved, imported and projected into Q-GIS
software (Quantum GIS Development Team, 2016) using a UTM system
(WGS84, UTM, zone 20 south, EPSG 32720) for generation of shapefile
datasets suitable for statistical analysis with R software (R Core Team,
2017). Daily cow tracks were processed with the adehabitatL.T analytical
package for R (Calenge, 2006) for calculation of distance traveled be-
tween locations and daily distance traveled (m/day).

Animal activity associated with each GPS location was classified as
resting, traveling, or grazing, based on estimates of movement velocity
between successive GPS fixes following Nyamuryekung’e et al. (2020).
Consecutive GPS locations separated by < 10 m were classified as
resting, those separated by 200 m or more were classified as traveling,
whereas consecutive fixes with distances between 10 and 200 m were
classified as grazing.

Frequency of visits to the water trough and time spent at water per
visit was determined using GPS track records. Frequency of visits was
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Fig. 2. Historical data series (1978-2017) and monthly average precipitation (mm), temperature (°C) for study years 2016 and 2017 at “Los Cerrillos” Experiment

Station, INTA-EEA-La Rioja, Argentina.

calculated as the ratio between total water visits and the days of GPS
monitoring (Sheehy, 2007). We only used data from cows whose GPS
collars had collected a full day’s worth of GPS fixes (at least 121 points).
Visitation to water was determined by the interpolation of a cow GPS
location and a predefined polygon of 300 x 33 m enclosing a small area
around a water trough. A single water visitation event was assumed to
occur when at least one GPS point in a given cow track fell inside this
water trough polygon. Separate water visits that occurred during AM
and PM hours of the same day were recorded as separate visits (Sheehy,
2007). The number of points in the area close to water during each visit
was used to compute the time spent close to the drinker during each
visit.

The area that each cow was able to explore daily was used as an
indicator of the cows’ ability to search and consume feed (Roach-
o-Estrada, 2008). This area was calculated as the Minimum Convex
Polygon (MCP, Wauters et al., 2006), a metric previously used to esti-
mate the daily area grazed by free ranging cattle and deer (Perotto
Baldivieso et al., 2012). GPS data were thinned to 2 h intervals fixes for
MCP analysis (i.e. no more than 12 points per day) to reduce the like-
lihood of spatial autocorrelation among successive fixes (Per-
otto-Baldivieso et al., 2012).

The daily trajectory of the cow path was inspected by computing the

sinuosity index. This index was previously proposed to assess animal
selectivity for preferred patches and feeding sites (Bovet and Benhamou,
1988) and has been used to assess differences in foraging strategies
among animals (Benhamou, 2004). The sinuosity index was calculated
using JAVA software (Sawalhah et al., 2016), and was the ratio of the
linear distance between the first and last point of a 24 h path and the sum
of distances traveled between consecutive 10 min fixes over the 24 h
period. Index values close to O indicate high sinuosity of grazing,
whereas values close to 1 indicate a straight grazing path (Calenge,
2006).

Ivlev’s E index was calculated to determine selection (E > 0),
avoidance (E < 0), or indifference (E = 0) for vegetation units (VUs) by
cows of both breeds in each season and year (Putfarken et al., 2008). E is

calculated as E;g; where r is the proportion of time spent by a cow in a

given VU and p is the proportion of the pasture covered by that VU.
2.4. Statistical analysis

Vegetation variables, including forage availability, CP, ADF and
NDF, were analyzed using linear models considering the fixed effect of
year, season, plant functional group (grass vs. forb) and all possible two-
and three-way interactions. Transects laid within each distinct
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Comparison of the main vegetation units of the study site: physiognomic/floristic characteristics, availability and forage quality (average weighted by the proportion of

broadleaf forbs and grasses).

Fragmented shrubland

Dense shrubland

Upland Ecotone Ephemeral stream

ecotone
Area (ha) 138 398 306 284
Watering point <1000 >4500 3000-5000 <3000

distance (m)
Floristic/physiognomic characteristics
Frequent plant Prosopis flexuosa, Aspidosperma quebracho-

Aspidosperma quebracho-blanco,

Aspidosperma quebracho-blanco, Larrea Aspidosperma quebracho-

species Blanco, Larrea divaricata, Xeroaloysia ovatifolia, ~ Stetsone coryne Acacia furcatispina, cuneifolia, Mimosyganthus carinatus, blanco, Prosopis flexuosa,
Senna rigida, Cordobia argéntea, Bouteloua Larrea cuneifolia, Mymoziganthus Licium ciliatum, Cordobia argentea, Larrea divaricata,
aristidoides, Partenium Sp. Croton Sp. carinatus, Setaria pampeana, Trichomaria usillo,
Cordobia argéntea, Setaria Cottea pappophoroides Cordobia argentea.
pampeana Gouinia paraguayensis,
Bouteloua aristidoides
Woody aerial 22 37 26 23
cover (%)
Herbaceous 3 11 7 10
aerial cover
(%)
Bare soil (%) 53 36 29 33

Forage availability (kg ha™'): Grasses + broadleaf forbs = total
Summer 2016 19 + 208 = 227*

Winter 2016 9+ 107 =116 210 + 153 = 363
Summer 2017 10 + 195 = 205* 181 + 150 = 331
Winter 2017 6 + 97 =103 170 4+ 123 = 293

Forage quality summer/winter (only 2016)

Crude potein 12,6/9,5 11,4/8,7
(%)

NDF (%) 55,8/64,1 59,8/68,2

ADF (%) 36,1/44,6 34,2/42,7

221 + 166 = 387

141 + 444 = 585+
130 + 117 = 247
120 + 389 = 509*

125 + 401 = 526*
114 + 122 = 236
105 + 371 = 476*

107 + 96 = 203 87 + 102 =189
11,8/8,1 11,2/8,4
59,2/68,9 58,7/67,4
36,4/40,8 35,1/42,8

vegetation unit were assumed independent and used as replicates for
analyses. However, our characterization and comparison of VUs cannot
be extrapolated outside of our research pasture.

To better deal with heterogeneous data resulting from sporadic GPS
collar failures, animal response variables were analyzed using mixed
linear models that considered both the occurrence of mixed effects and
repeated measures over time (Pinheiro et al., 2013). Models considered
the fixed effect for year, season and breed (and their possible two- and
three-way interactions) and the random effect of animal and day, and
selecting for best fitting models.

Prior to conducting analyses data were inspected for assumptions of
normality and homogeneous variance. When assumptions were not met,
appropriate transformations were used. Heterogeneity of variance was
also modeled where necessary. An autoregressive correlation structure
was used as the main model for repeated measures data. Comparisons
and selection of adjusted models and their significance were conducted
using the maximum likelihood ratio test (Pinheiro et al., 2013). Multiple
comparisons for significant effects were made using protected pairwise
contrasts, with a significance level declared at P = 0.05. All statistical
analyses were carried out in R (R Core Team 2017) using the RStudio
interface software (Version 0.99.903). Mixed model analyses were
conducted using the nlme package for R (Pinheiro et al., 2013).

3. Results

Forage biomass in all VUs was greater both in summer vs. winter and
in 2016 vs. 2017 (Table 1). Grasses had greater (P < 0.01) CP (10.90 vs.
8.37%) and lower (P < 0.01) NDF (69.30 vs. 77.16%) and ADF (35.94
vs. 42.30%) in summer than winter. Similarly, broadleaf forbs had
greater (P < 0.01) CP (12.32 vs. 9.63%) and lower (P < 0.01) NDF
(54.63 vs. 59.68%) and ADF (35.60 vs. 43.41%) in summer than winter.
In 2016, forage quality of the Fragmented Shrubland was numerically
greater than that of the Dense Shrubland, Upland Ecotone, and
Ephemeral Stream Ecotone all of which yielded similar values of CP,
NDF, and ADF.

Daily distance traveled was affected by a breed * season interaction

(P < 0.01), showing greater walking distance by Argentine Criollo than
Angus in winter (Table 2). Overall, the Argentine Criollo cows traveled
greater (P = 0.05) distances in winter than summer, regardless (P =
0.12) of the year. Distance traveled was not different between breeds (P
= 0.80) or seasons (P = 0.35) in 2016, but Argentine Criollo cows did
travel greater distances (P = 0.01) than Angus in 2017 (Table 2).
Furthermore, Argentine Criollo traveled greater (P < 0.01) daily dis-
tances in winter of 2017 than summer of 2017 and winter and summer of
2016. Regardless of the season, Angus cows always traveled similar
daily distances, both in 2016 (P = 0.86) and 2017 (P = 0.81) (Table 2).

Daily area explored by cows (MCP) was affected by the year * breed *
season triple interaction (P < 0.01). Argentine Criollo cows explored
larger areas in winter vs. summer, both in 2016 (P < 0.01) and 2017 (P
= 0.05), whereas Angus explored greater (P < 0.01) pasture areas in
winter vs. summer of 2017, and had a similar (P = 0.42) MCP in winter
and summer of 2016 (Table 2). The MCP was greater (P = 0.01) for
Angus than Argentine Criollo during summer of 2016, but greater (P <
0.01) for Argentine Criollo than Angus during summer of 2017
(Table 2). There were no differences in MCP explored by Angus and
Argentine Criollo, both during winter of 2016 (P = 0.08) and 2017 (P =
0.10) (Table 2).

Frequency of visits to the water trough in summer and winter was not
different for AC cows in both 2016 (P = 0.18) and 217 (P = 0.24).
Conversely, AA cows visited the drinker more frequently in summer than
winter in both 2016 (P < 0.01) and 2017 (P = 0.04). Frequency of visits
to water and time spent at the drinker was not different between breeds
in either summer or winter of 2016 and 2017 (Table 2).

Path sinuosity was affected by a year * season * breed triple inter-
action (P = 0.01), with Argentine Criollo traveling a straighter path in
summer of 2016 (P < 0.01) and a tendency (P = 0.06) to do the same in
winter of 2017. Greater path sinuosity in summer vs. winter was
detected for Argentine Criollo in 2016 (P < 0.01) and for Angus (P <
0.01) in 2017. Angus cows traveled straighter paths (P < 0.01) in
summer of 2016 than in summer of 2017 (Table 2).

Breed- and season-related differences in daily time spent grazing
were mostly observed in 2017 (Table 2). During 2017, Argentine Criollo
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Comparison of daily distance traveled (km), MCP of area explored (ha), path sinuosity index, frequency of visits to water and daily activity budget (proportion of time
spent traveling, resting and foraging) for Angus (AA) and Argentine Criollo (AC) cows grazing arid rangelands of the Gran Chaco Region in the summer and winter of
2016 and 2017. Values in table are means + SE.

2016 2017

Summer Winter Summer Winter

AA AC AA AC AA AC AA AC
Animal movement
Distance traveled (km) 5.7 +0.7%2 4.9 + 0.6 5.5 + 0.6 6.4 + 0.5 5.9 + 0.4% 6.2 + 0.3 6.1 + 0.6 8.1+ 0.5%
Area explored (ha) 95.0 +23.4%% 433 +£26.1%° 1264 +£185 116.0+16.9° 977 +£189%°  119.5+20.2% 19524259  208.8 & 25.6"°
Path sinuosity index 0.29 +0.02%  0.20 £ 0.02°  0.31 £ 0.02"2 0.28 + 0.01% 0.20 + 0.02%%  0.22 £ 0.02*° 0.32 + 0.04%2 0.23 + 0.03%
Daily activity budget
Traveling (%) 5.2 4+ 1.2% 3.6 +1.9% 4.8 +1.3% 4.9 +1.1M 5.6 + 1.142 3.0 £ 1.1% 5.9 + 1.24 5.9 + 1,242
Resting (%) 53.4 + 1.0 55.2 4+ 1.0 54.6 + 1.0% 53.6 + 1.0%° 52.1 + 1.0 44.7 +1.0%° 51.5 + 1.0"° 48.1 + 1.0%
Foraging (%) 39.5 + 1.0 39.7 + 1.0 38.7 + 1.0 39.4 + 1.0 40.4 + 1.0 48.2 + 1.0°° 44.4 +1.0M 40.2+1.04°
Daily visits to water (%) 0.38 +£0.18%  0.45 4+ 0.08"  0.32 + 0.04? 0.47 + 0.04"2 0.52 + 0.03%%  0.69 =+ 0.04%2 0.40 + 0.05%2 0.33 + 0.03%
Time at water (min*visit™!) ~ 18.0 + 2.9%° 209+65%  61+095 46+1.1% 182+ 1.8%  288+7.2% 44 +085 4.6 +0.94

ABab Nean values followed by different lowercase letters between breeds within a same year and season, or uppercase letters between seasons for the same breed and

year differ significantly (p < 0.05; pairwise contrast test).

cows spent more time grazing in summer (P < 0.01) and less time
grazing in winter (P < 0.01) than Angus counterparts (Table 2). There
were no breed differences in time spent grazing during summer (P =
0.90) and winter (P = 0.60) of 2016 (Table 2). Angus cows spent similar
time grazing, both in summer and winter of 2016 (P = 0.61) and 2017
(P = 0.50) (Table 2). Breed- or season-related differences in time spent
traveling were also mostly observed in 2017. During this year, Argentine
Criollo cows spent less time traveling than Angus counterparts in sum-
mer (P < 0.01), and more time traveling (P < 0.01) in winter than
summer (Table 2). In 2016, both breeds spent similar time traveling in
summer (P = 0.11) and winter (P = 0.86). Argentine Criollo cows spent
similar time traveling (P = 0.10) in winter and summer of 2016. Travel
time of Angus cows was similar in winter and summer of 2016 (P =0.71)
and 2017 (P = 0.24) (Table 2). Angus cows spent more time resting than
Argentine Criollo in summer 2017 (P < 0.01) and winter 2016 (P =
0.05) (Table 2). The time spent resting by Argentine Criollo cows was

similar for winter and summer of 2016 (P = 0.41) and greater for winter
vs. summer of 2017 (P = 0.02) (Table 2). Angus cows allocated similar
times to rest in both winter and summer of 2016 (P = 0.53) and 2017 (P
= 0.74) (Table 2).

3.1. Selection of vegetation units

Argentine Criollo consistently showed greater selection for Frag-
mented Shrubland, in summer and winter of 2016 and 2017, while
showing greater avoidance for Dense Shrubland, Hill Ecotone Region,
Prosopis Woodland and Upland Ecotone in summer of 2016, and Pro-
sopis Woodland in summer 2017. Angus cows on the other hand,
exhibited a greater degree of indifference for vegetation units across
seasons and years, with exception for greater selection of Dense
Shrubland in winter 2016, Hill Ecotone Region in summer 2017, and
Prosopis Woodland in winter 2017, and greater avoidance for Hill
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Fig. 3. Ivlev’s Electivity index E for Aberdeen Angus (AA) and Argentine Criollo (AC) cows in relation to vegetation units (VU), calculated using only GPS locations
associated with grazing activity on days where GPS data collection consisted of a minimum of 120 total fixes per breed. Days in which GPS data collection were
insufficient were disregarded from analyses. The Ivlev’s E varies from —1 (avoidance) to 1 (selection), with 0 indicating indifference. Dense Shrubland (DS), Upland
Ecotone (UE), Ephemeral Stream Ecotone (ESE), Fragmented Shrubland (FS), Prosopis Woodland (PW), Ephemeral Stream Bed (ESB), Hill Ecotone Region (HER).

Notes *P < 0.05, **P < 0.01, ***P < 0.001.
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Ecotone Region and Ephemeral Stream Ecotone in winter 2017. Cows of
both breeds exhibited greater selection for the Fragmented Shrubland
vegetation unit in summer than winter (Fig. 3). Conversely, both breeds
showed strong avoidance the Dense Shrubland and Prosopis Woodland
in summer, but reduced avoidance for both these VUs in winter (Fig. 3)
(see Fig. 4).

4. Discussion

Argentine Criollo (AC) and Aberdeen Angus (AA) cows grazing Arid
Chaco rangeland showed ecologically relevant differences in foraging
patterns (see below) which varied depending on the season and year. In
general, during plentiful times (e.g. summer of 2016) AC cows
concentrated their grazing on smaller areas with higher forage quality,
close to the water drinker, which they appeared to explore more
intensely using more tortuous foraging paths than AA cows. In times of
scarcity (e.g. winter of 2017), CA traveled roughly 30% farther than AA
cows on any given day but explored similarly large areas of the grazing
pasture. The most notable breed difference was observed when
comparing summer vs. winter movement patterns of each breed; AC
cows showed an apparent greater ability to adapt to changing forage
conditions (foraging plasticity) compared to AA counterparts which
appeared to exhibit more rigid foraging patterns (Fig. 4). Plasticity of
foraging behavior is a trait that could be crucially important for climate
adaptation of livestock-based livelihoods in arid and semiarid range-
lands (Cibils et al., this issue).

Our results differed somewhat from those described for Raramuri
Criollo vs. Angus x Hereford crossbred cows in the Chihuahuan Desert

2016

Summer

— lignee

Criollo Angus
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(Peinetti et al., 2011; Spiegal et al., 2019). Between-breed convergence
of foraging patterns during growing seasons vs. dormant season diver-
gence observed consistently in those studies were not as clear cut in our
experiment. Argentine Criollo cows explored smaller areas of the graz-
ing pasture compared to AA counterparts in the summer of 2016 (wet
year), whereas the opposite occurred in summer of 2017 (drier year).
Initial studies comparing Criollo and commercial beef breeds in the
Chihuahuan Desert were conducted during a single year (Peinetti et al.,
2011; Spiegal et al., 2019). By monitoring animals in two consecutive
years with contrasting rainfall and forage availability, we were able to
document the effect of year-to-year variation on breed-specific foraging
patterns. Nonetheless, heritage vs. commercial breed differences in
seasonal plasticity of foraging behaviors, especially those associated
with forage search patterns, were similar across sites (Cibils et al., this
issue).

During summer when forage availability and quality were not
limiting, AC cows traveled similar daily distances, explored smaller
(wetter year) or slightly larger (drier year) areas of the pasture, tended
to move along more sinuous path trajectories (wetter year), and showed
stronger selection of the VU with higher forage quality (FS) and lower
woody cover compared to AA counterparts. During this season, AC cows
allocated similar (wetter year) or more time to graze (drier year), allo-
cated roughly the same amount of time to travel, and spent similar
(wetter year) or less time resting (drier year) than AA cows. In winter,
we only observed foraging behavior differences between breeds in the
direr of the two years. Argentine Criollo cows traveled farther and spent
less time resting than AA counterparts in winter of 2017.

Argentine Criollo cattle appeared to exhibit a greater ability, relative

2017
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Fig. 4. Distribution of GPS locations of Aberdeen Angus (AA) and Argentine Criollo (AC) cows during summer and winter of 2016 and 2017.
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to AA, to cope with declining forage resources in winter as well as during
the drier year of the study. Adjustment of the area grazed each day
(MCP, dry year > wet year; winter > summer), which has been docu-
mented previously in beef cows on rangeland (Sawalhah et al., 2016), as
well as breed-differences in time spent resting (AA > AC) and grazing
(AC > AA) could be associated with breed-specific diet selection pat-
terns. Criollo cows have been shown to include a different and, in some
cases, broader array of rangeland plants in their diet relative to com-
mercial beef cows (Minon et al., 1991; Ortega-Ochoa et al., 2008;
Anderson et al., 2015, Estell et al. this issue). Angus cattle, on the other
hand, were primarily developed for temperate grazing environments
characterized by humid cold weather and rich availability of highly
nutritious forages, C3 grasses in particular. When placed in arid range-
lands this breed appears to cope with declining availability and nutritive
value of forages by increasing rumination and digestion of a somewhat
narrow menu of forages which translates into more time spent resting vs.
grazing, as observed in winter 2017. However, further research inves-
tigating Criollo vs. Angus diets is needed to test the hypothesis that
differences in foraging patterns observed in this study are partly asso-
ciated with the diets selected by each breed.

Contrary to our expectations, AA cows ranged further from the water
drinker than CA counterparts in summer, particularly in 2016. We had
anticipated the opposite results based on what Peinetti et al. (2011) and
Spiegal et al. (2019) reported for Raramuri Criollo cows in the Chi-
huahuan Desert of New Mexico. Our study design did not allow us to
independently assess how distance from the drinker vs. animal prefer-
ence for VUs with different herbaceous plant life forms (forbs vs.
grasses), forage availability and quality, and availability of shade
(woody plant cover) affected foraging patterns. Despite this, we believe
that the summer grazing patterns we observed were likely not related to
greater dependence on drinking water of CA vs. AA cows. Frequency of
visits to the drinker as well as time spent close to water were not sta-
tistically different between breeds. Furthermore, metabolic water
requirement of AC cows was likely less than that of AA counterparts for a
number of reasons. Drinking water needs of lactating beef cows in
summer are a function of water quality (which was the same for both
breeds), body weight, milk production, and body heat load (Kellems and
Church, 2010; Brew et al., 2011). AC cows at our site were on average
30 kg lighter than their AA counterparts and likely had slightly lower
baseline metabolic water requirements. Ongoing studies at this site,
suggest that milk production of lactating AC cows is only 50% of that
measured in AA counterparts at similar stages of lactation (R. Avila,
pers. comm.). Thus, AA cows likely had twice the lactation-related
drinking water requirements of AC cows. Thermoregulation during hot
weather can also increase demand for water considerably. Raramuri
Criollo cattle are known to dissipate body heat load at faster rates than
British beef cattle (Nyamuryekung’e et al., 2021a) a phenomenon that is
thought to be driven in part by differences in subcutaneous fat deposi-
tion (Criollo < British beef breeds). Given what is known about AC
carcass fat content (AC<Hereford, Anderson et al., 2015), it is very
likely that dissipation of body heat was also greater in AC than AA and
that, therefore, thermoregulation water needs of AC were less than those
of AA counterparts. Still, experiments measuring water intake of Criollo
and commercial beef cows on rangeland are currently lacking and
should be prioritized in future breed comparison studies.

Physiological stage of cows (nursing vs. dry) likely contributed to
summer vs. winter activity differences of cows of both breeds. At our
site, calving occurred from mid-November to mid-January (early sum-
mer), therefore cows were in early to mid-lactation during our summer
monitoring periods. Nursing beef cows on rangeland are known to graze
smaller areas and travel shorter daily distances compared to non-
lactating peers (Black Rubio et al., 2008) which was apparently the
case when comparing summer (nursing) vs. winter (dry) movement
metrics (MCP, especially) of cows at our site. Our study was not designed
to determine the influence of AC and AA cow-calf pair behavior on
summer foraging patterns of the dams. Nonetheless, the movement
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patterns we observed differed from those reported by Nyamuryekung’e
et al. (2021b) who studied summer foraging behavior of Raramuri Cri-
ollo and Angus x Hereford cow-calf pairs in New Mexico. They reported
that breeds exhibited different mothering styles which were apparently
partly responsible for differences in summer foraging behavior. Criollo
cows, with fewer apparent movement restrictions imposed by calves,
traveled further and grazed areas of the pasture that were three times
larger than those explored by their British crossbred peers. Averaged
across summers, these two movement metrics were similar for AA and
AC cows in our study. Whether AC calves behave similarly to their North
American relatives that follow their dams at all times (Nyamuryekung’e
et al., 2020; Nyamuryekung’e et al., 2021a) is unknown, but any in-
fluence of nursing calves on their dam’s movement patterns was likely
similar for both breeds at our site.

Both breeds showed seasonal and year-to year variations in their
daily activity budgets. Cows dedicated about 10 h per day to foraging
activities (i.e. searching, biting and chewing feed) and appeared to do so
at the expense of time allocated to travel and rest likely in response to
changes in forage availability and environmental conditions. Body size
and nutritional requirements are known to influence foraging activities
in situations where forage quantity and quality interact to influence feed
intake patterns (Laca, 2009). In contrast with earlier studies conducted
in the northern hemisphere (Roacho-Estrada et al. this issue; Sheehy,
2007), breed-specific foraging behavior in this study was apparently
unrelated to differences in body size, frame score, or other traits related
to body size. Argentine Criollo and Angus had body weights (411 + 21,
69 vs. 443 + 23,52 kg, respectively) and frame scores (4-5; Beef
Improvement Federation, 1986) which are associated with lower
maintenance requirements and better adaptation to arid zones (Pauler
et al., 2020). However, each breed apparently used divergent foraging
strategies across both space and time. Angus cattle appear to have
attempted to maximize the intake of bulk diets regardless of season and
annual fluctuations in availability and nutritive value of forages (Diaz
Fala et al., 2014). Conversely, the similarly sized Argentine Criollo cows
appeared to selectively consume food items of greater nutritive value.
They consistently selected feeding sites dominated by more nutritious
forages (e.g. Fragmented Shrubland) but with plant architectures known
to reduce bite size and mass compared to bulk grass canopies. Conse-
quently, Argentine Criollo cattle may have had to increase foraging
time, especially in the summer of the drier year, to feed on forages
requiring a greater number of small bites. Further mechanistic research
addressing foraging strategies of Criollo and commercial beef cows on
rangeland is needed.

Argentine Criollo cattle showed greater preference than AA cows for
the fragmented shrubland VU in summer and winter of both years of the
study. Although Angus cows showed lesser preference for this VU,
particularly in winter, electivity index values during the summer
monitoring period were the highest recorded for this breed (E ~0.6).
Fragmented shrubland ranked last in summer and winter forage biomass
yield in both years but ranked first in summer and winter forage nutri-
tional value in 2016 (no chemical analyses of vegetation were conducted
in 2017). Fragmented shrubland (FS) was the smallest of VUs, was also
the VU located closest to the drinker, and was the VU that ranked first in
bare soil cover (55%), perhaps as a result of historical overgrazing in
areas close to the water drinker, a worldwide phenomenon that has been
well studied (Mysterud and Ostbye, 1999; Martin and Lagomarsino,
2000; Holechek et al., 2011; Butti, 2015). This VU may also be partic-
ularly prone to soil erosion which raises concerns about the relative
conservation value of raising Argentine Criollo in this ecosystem. A
follow up replicated long term grazing study where Argentine Criollo
and Angus cows graze separate pastures and which began in 2018 will
measure the environmental footprint of raising Criollo vs. British cattle
on Arid Chaco rangelands. This study is also investigating fertility of CA
and AA herds, previously shown to be similar (Anderson et al., 2015), to
make inferences about the financial sustainability of the system.

Patterns of selection of the dense shrubland (DS) and the ephemeral
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stream ecotone (ESE), two of the VUs that were farthest from water,
showed marked seasonal contrast that was especially pronounced in AA
cows in 2016. Cows avoided DS in summer, CA more so than AA, despite
the fact that it offered greater grass biomass than the adjacent and
equally distant Ephemeral Stream Ecotone (ESE) which tended to
receive use more frequently. In winter, cows showed indifference (CA)
or preference (AA) for DS and strong avoidance of ESE. Historical
infrequent use in summer followed by heavier winter use (a pattern
observed especially in AA cows) could have favored shrub encroach-
ment in DS, the VU with greatest shrub cover, by protecting woody
plants from herbivory during the growing season. Conversely, greater
summer use of VUs, including those closer to the drinker (a pattern
observed especially in AC cows) may have favored higher levels of
browsing during the growing season, which likely suppressed shrub
growth and recruitment. Notably, the fragmented shrubland and ESE
were the VUs that exhibited the least shrub cover (22% and 23%,
respectively). Thus, seasonal patterns of VU preference could pose two
different rangeland conservation challenges; on the one hand, the po-
tential for accelerated shrub encroachment with grazing regimes similar
to those observed in AA cows, and on the other, the risk of soil erosion
close to the drinker with grazing that resembles the patterns observed in
AC cows (see above). Soil erosion and woody plant encroachment in
drylands, which sometimes occur in tandem, are serious global
ecosystem degradation concerns (Puttock et al., 2014; Archer et al.,
2017), therefore rangeland conservation tradeoffs associated with
raising heritage vs. commercial beef cattle on Arid Chaco rangeland
need to be addressed in further detail.

A degree of complementarity in the use of VUs was observed in this
study. Subsequent analyses of the monitoring data reported here (results
not shown) found that there was a degree of complementarity in pasture
use between breeds (Herrera Conegliano et al., 2019). Feeding site
overlap of AC and AA collared cows occurred on 27% or 48% of the total
area grazed by both breeds in summer and winter of 2016, respectively.
These results, while preliminary (given that only 20% of all animals
were monitored), suggest that a more homogeneous use of rangeland
pastures could be achieved with mixed grazing of AA and AC cows,
especially in summer. However, impacts of this grazing strategy on
herd-wide adaptation to climate variability (AC showed greater plas-
ticity than AA) and rangeland conservation would require rigorous
investigation.

5. Conclusions

Argentine Criollo cows at our site exhibited greater behavioral
plasticity, suggesting better ability to rapidly cope with changing forage
and climate conditions compared to Aberdeen Angus. The rangeland
conservation implications of raising AC vs. AA require further
investigation.

CRediT authorship contribution statement

Oscar A. Herrera Conegliano: Conceptualization, Methodology,
Data curation, Formal analysis, Investigation, Writing — original draft,
Writing — review & editing. Lisandro J. Blanco: Conceptualization,
Methodology, Funding acquisition, Supervision, Writing — review &
editing. Santiago A. Utsumi: Writing — review & editing. Andres F.
Cibils: Conceptualization, Methodology, Writing — review & editing.
Maria G. Cendoya: Conceptualization, Formal analysis, Writing — re-
view & editing. Florencia Jaimes: Conceptualization, Supervision,
Writing — review & editing. Andres F. Moltoni: Resources, Software.
Patricia Ricci: Conceptualization, Supervision, Writing — review &
editing.

Declaration of competing interest

The authors declare that they have no known competing financial

Journal of Arid Environments 206 (2022) 104827

interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

My gratitude to the National Institute of Agricultural Technology
(INTA, Argentina) for supported this research. Wish to thank the entire
staff of the Los Cerrillos Experiment Station for their support during the
planning and execution of this study. I want to thank Carlos Ferrando for
his constantly advice during the development of this investigation. Also
thank all the staff of INTA, La Rioja for their help and contributions
during this essay.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jaridenv.2022.104827.

References

Anderson, D.L., Del Aguila, J.A., Marchi, A., Vera, J.C., Orionte, E.L., Bernardon, A.E.,
Merchante, G.E., 1980. Manejo racional de un campo en la region arida de los llanos
de La Rioja (Reptiblica Argentina).

Anderson, D.M., Estell, R.E., Gonzalez, A.L., Cibils, A.F., Torell, L.A., 2015. Criollo cattle:
heritage genetics for arid landscapes. Rangelands 37 (2), 62-67. https://doi.org/
10.1016/j.rala.2015.01.006.

Archer, S.R., Andersen, E.M., Predick, K.I., Schwinning, S., Steidl, R.J., Woods, S.R.,
2017. Woody plant encroachment: causes and consequences. In: Briske, D.D. (Ed.),
Rangeland Systems. Springer, New York.

Armstrong, E., Rodriguez Almeida, F.A., McIntosh, M.M., Poli, M., Cibils, A.F., Martinez-
Quintana, J.A., Félix-Portillo, M., Estell, R.E., 2022. Genetic and productive
background of Criollo cattle in Argentina, Mexico, Uruguay and the United States.
J. Arid Environ. 200, 104722 https://doi.org/10.1016/j.jaridenv.2022.10472.2.

Benhamou, S., 2004. How to reliably estimate the tortuosity of an animal ’ s path :
straightness , sinuosity , or fractal dimension. J. Theor. Biol. 229, 209-220. https://
doi.org/10.1016/j.jtbi.2004.03.016.

Black Rubio, C.M., Cibils, A.F., Endecott, R.L., Petersen, M.K., Boykin, K.G., 2008. Pinon
—juniper Woodland use by cattle in relation to weather and animal. Reprod. State 61
(4), 394-404. https://doi.org/10.2111/07-056.1.

Blanco, L., Biurrun, F., Ferrando, C., 2005. Niveles de degradacion de la vegetacion del
Chaco Arido. Una Aproximacioén cuantitativa a partir de imagenes satelitales, vol.
12. INTA. Serie de Publicaciones de Investigacion EEA La Rioja, Argentina.

Blanco, L.J., Aguilera, M.O., Paruelo, J.M., Biurrun, F.N., 2008. Grazing effect on NDVI
across an aridity gradient in Argentina. J. Arid Environ. 72 (5), 764-776. https://
doi.org/10.1016/j.jaridenv.2007.10.003.

Bovet, P., Benhamou, S., 1988. Spatial analysis of animals * movements using a
correlated random walk model laboratoire de Neurosciences fonctionnelles , centre
national de la Recherche. J. Theor. Biol. 131, 419-433. https://doi.org/10.1016/
$0022-5193(88)80038-9.

Brew, M.N., Myer, R.O., Hersom, M.J., Carter, J.N., Elzo, M.A., Hansen, G.R., Riley, D.G.,
2011. Water intake and factors affecting water intake of growing beef cattle. Livest.
Sci. 140 (1-3), 297-300. https://doi.org/10.1016/].1ivsci.2011.03.030.

Briske, D.D., Joyce, L.A., Polley, H.W., Brown, J.R., Wolter, K., Morgan, J.A., McCarl, B.
A., Bailey, D.W., 2015. Climate-change adaptation on rangelands: linking regional
exposure with diverse adaptive capacity. Front. Ecol. Environ. 13, 249-256. https://
doi.org/10.1890/140266.

Briske, D.D., Ritten, J.P., Campbell, A.R., Klemm, T., King, A.E.H., 2021. Future climate
variability will challenge rangeland beef cattle production in the Great Plains.
Rangelands 43, 29-36. https://doi.org/10.1016/j.rala.2020.11.001.

Butti, L.R., 2015. Composicion botdnica de la dieta de novillitos en un pastizal rolado en
la regién semiarida central de Argentina. http://repositoriodigital.uns.edu.ar/hand
le/123456789/2737.

Calenge, Clément, 2006. The package “adehabitat” for the R software: a tool for the
analysis of space and habitat use by animals. Ecol. Model. 197 (3-4), 516-519.
https://doi.org/10.1016/j.ecolmodel.2006.03.017.

Churchill, A.C., Zhang, H., Fuller, K.J., Amiji, B., Anderson, I.C., Barton, C.V.M.,
Carrillo, Y., Catunda, K.L.M., Chandregowda, M.H., Igwenagu, C., Jacob, V., Kim, G.
W., Macdonald, C.A., Medlyn, B.E., Moore, B.D., Pendall, E., Plett, J.M., Post, A.K.,
Powell, J.R., Tissue, D.T., Tjoelker, M.G., Power, S.A., 2022. Pastures and climate
extremes: impacts of cool season warming and drought on the productivity of key
pasture species in a field experiment. Frontiers in plant science 13. Front. Plant Sci.
https://doi.org/10.3389/fpls.2022.836968.

Cibils, A.F., R. E. Estell, S. Spiegal, S. Nyamuryekung’e, M. M. McIntosh , D. M. Duni, O.
A. Herrera Conegliano, F. A. Rodriguez Almeida , O. Roacho Estrada, L. J. Blanco; M.
C. Duniway; S. A. Utsumi, A. L. Gonzalez. Adapting to climate change on desert
rangelands: a multi-site comparison of grazing behavior plasticity of heritage and
improved beef cattle. J. Arid Environ. (in review).

Comite Institucional para el cuidado y uso de animales de experimentacion, (CICUAE).
https://inta.gob.ar/documentos/cicuae-comite-institucional-para-el-cuidado-y-uso
-de-animales-de-experimentacion.


https://doi.org/10.1016/j.jaridenv.2022.104827
https://doi.org/10.1016/j.jaridenv.2022.104827
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref1
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref1
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref1
https://doi.org/10.1016/j.rala.2015.01.006
https://doi.org/10.1016/j.rala.2015.01.006
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref3
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref3
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref3
https://doi.org/10.1016/j.jaridenv.2022.104722
https://doi.org/10.1016/j.jtbi.2004.03.016
https://doi.org/10.1016/j.jtbi.2004.03.016
https://doi.org/10.2111/07-056.1
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref7
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref7
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref7
https://doi.org/10.1016/j.jaridenv.2007.10.003
https://doi.org/10.1016/j.jaridenv.2007.10.003
https://doi.org/10.1016/S0022-5193(88)80038-9
https://doi.org/10.1016/S0022-5193(88)80038-9
https://doi.org/10.1016/j.livsci.2011.03.030
https://doi.org/10.1890/140266
https://doi.org/10.1890/140266
https://doi.org/10.1016/j.rala.2020.11.001
http://repositoriodigital.uns.edu.ar/handle/123456789/2737
http://repositoriodigital.uns.edu.ar/handle/123456789/2737
https://doi.org/10.1016/j.ecolmodel.2006.03.017
https://doi.org/10.3389/fpls.2022.836968
https://inta.gob.ar/documentos/cicuae-comite-institucional-para-el-cuidado-y-uso-de-animales-de-experimentacion
https://inta.gob.ar/documentos/cicuae-comite-institucional-para-el-cuidado-y-uso-de-animales-de-experimentacion

O.A. Herrera Conegliano et al.

Daubenmire, R.F., 1959. Canopy coverage method of vegetation analysis. Northwest Sci.
33, 43-64.

Diaz Falt, E.M., Brizuela, M.A., Cid, M.S., Cibils, A.F., Cendoya, M.G., Bendersky, D.,
2014. Daily feeding site selection of cattle and sheep co-grazing a heterogeneous
subtropical grassland. Livest. Sci. 161 (1), 147-157. https://doi.org/10.1016/j.
livsci.2013.11.010.

Ferrando, C.A., Blanco, L., Orionte, E., Biurrun, F., Recalde, D., Namur, P., 2001.
Utilizacion de especies nativas por el ganado bovino en un ecosistema de Los Llanos
de La Rioja. In: Restimenes del Primer Congreso Nacional sobre Manejo de Pastizales
Naturales. Santa Fe, Argentina: San Cristébal, pp. 78-79.

Ferrando, C., Paloma, E., Namur, P., Leguiza, D., 2006. Ganado bovino Criollo Argentino
y Aberdeen Angus en los llanos de La Rioja. Resultado de 11 afios de evaluacién en
sistemas de cria. Serie de publicaciones del Area de Investigacion del INTA EEA La
Rioja, Argentina. https://produccion-animal.com.ar/informacion_tecnica/raza_crio
1la/53-Ganado_bovino.pdf.

Godde, C.M., Boone, R.B., Ash, A.J., Waha, K., Sloat, L.L., Thornton, P.K., Herrero, M.,
2020. Global rangeland production systems and livelihoods at threat under climate
change and variability. Environ. Res. Lett. 15, 044021.

Gorandi, E., Moltoni, A., Clemares, N., 2016. Desarrollo y evaluacién de un sistema de
monitoreo animal georreferenciado para ganaderia de precisién. III Congreso
Argentino de Ingenieria y IX Congreso Argentino de la Ensefianza en Ingenieria,
Resistencia, Argentina, 7 al 9 de septiembre de 2016. http://hdl.handle.ne
t/20.500.12123/9753.

Herrrera Conegliano, O.A., Quiroga, E.R., Blanco, L.J., Jaimes, F., Cendoya, M.G.,
Ricci, P., Cibils, A.F., 2019. Comunicacion. ;Competencia o complementariedad en
el uso del drea en pastoreo de vacas Criollo Argentino y Angus en pastizales del
Chaco Arido? 42 Congr. Argentino de Prod. anim. 39 (Suppl. 01), Sp10.

Holechek, J.L., Pieper, R.D., Herbel, C.H., 2011. In: Range Management: Principles and
Practices, sixth ed. Prentice Hall, New Jersey.

Kellems, R.O., Church, D.C., 2010. In: Livestock Feeds and Feeding, sixth ed. Prentice
Hall, p. 705.

Laca, E.A., 2009. New approaches and tools for grazing management. Rangel. Ecol.
Manag. 62 (5), 407-417. https://doi.org/10.2111/08-104.1.

Maestre, F.T., Eldridge, D.J., Soliveres, S., Kéfi, S., Delgado-Baquerizo, M., Bowker, M.A.,
Garcia-Palacios, P., Gaitan, J., Gallardo, A., Lazaro, R., Berdugo, M., 2016. Structure
and functioning of dryland ecosystems in a changing world. Annu. Rev. Ecol. Evol.
Syst. 47, 215-237. https://doi.org/10.1146/annurev-ecolsys-121415-032311.

Martin, G.0.(h), Lagomarsino, E.D., 2000. Hébitos alimentarios del bovino criollo en el
noa, bajo sistemas extensivos de produccién. Revista Argentina de Produccion
Animal 10 (6), 429-442.

Minén, D.P., Fumagalli, A., Auslender, A., 1991. Hébitos alimentarios de vacunos y
caprinos en un bosque de la region chaquena semiarida. Revista Argentina de
Produccion Animal (Argentina) v 11 (3), 275-284.

Morello, J., Sancholuz, L., Blanco, C., 1985. Estudio Macroecolégico de Los Llanos de la
Rioja. Serie del Cincuentenario de la Administraci6én de Parques Nacionales, Buenos
Aires, Argentina.

Mysterud, A., Ostbye, E., 1999. Habitat temperate ungulates : effects. Wildl. Soc. Bull. 27
(2), 385-394. https://www.jstor.org/stable/3783905.

Namur, P., Berone, G., Vera, T., 2004. Ventajas del ganado bovino Criollo y sus
cruzamientos en los Llanos de La Rioja. Ruralis-Centro Regional Cuyo-INTA
(Argentina).

Nyamuryekung’e, S., Cibils, A.F., Estell, R.E., Vanleeuwen, D., Steele, C., Roacho, O.,
Gonzalez, A.L., 2020. Rangeland ecology & management do young calves in fl uence
movement patterns of nursing Raramuri criollo cows on rangeland. Rangel. Ecol.
Manag. 73, 84-92. https://doi.org/10.1016/j.rama.2019.08.015.

Nyamuryekung’e, S., Cibils, A.F., Estell, R.E., McIntosh, M.M., Steele, C., Gonzalez, A.L.,
Spiegal, S., Continanza, F.G., 2021a. Foraging behavior of heritage vs. Desert-
adapted commercial rangeland beef cows in relation to dam-offspring contact
patterns. Rangel. Ecol. Manag. 74, 43-49. https://doi.org/10.1016/j.
rama.2020.11.001.

Nyamuryekung’e, S., Cibils, A.F., Estell, R.E., McIntosh, M.M., VanLeeuwen, D.,

Steele, C., Gonzdlez, A.L., Spiegal, S., Avendano Reyes, L., Rodriguez Almeida, F.A.,
Anderson, M., 2021b. Foraging behavior and body temperature of heritage vs.
Commercial beef cows in relation to desert ambient heat. J. Arid Environ. 193,
104565.

Nyamuryekung’e, S., Cibils, A.F., Estell, R.E., VanLeeuwen, D., Spiegal, S., Steele, C.,
Gonzalez, A.L., McIntosh, M.M., Gong, Q., Cao, H., 2022. Movement, activity, and
landscape use patterns of heritage and commercial beef cows grazing Chihuahuan
Desert rangeland. J. Arid Environ. 199, 104704 https://doi.org/10.1016/].
jaridenv.2021.104704.

10

Journal of Arid Environments 206 (2022) 104827

Ortega-Ochoa, C., Villalobos, C., Martinez-nevarez, J., Britton, C.M., Sosebee, R.E.,
Ortega-ochoa, B.C., Sosebee, R.E., 2008. Chihuahua ’ s cattle industry and a decade
of drought : implications. Rangelands 30 (6), 2-7. https://doi.org/10.2111/1551-
501X-30.6.2.

Pauler, C.M., Isselstein, J., Suter, M., Berard, J., Braunbeck, T., Schneider, M.K., 2020.
Choosy grazers: influence of plant traits on forage selection by three cattle breeds.
Funcional Ecol. 34 (5), 980-992. https://doi.org/10.1111/1365-2435.13542.

Peinetti, H.R., Fredrickson, E.L., Peters, D.P.C., Cibils, A.F., Roacho-Estrada, J.O.,
Laliberte, A.S., 2011. Foraging behavior of heritage versus recently introduced
herbivores on desert landscapes of the American Southwest. Ecosphere 2 (5), art57.
https://doi.org/10.1890/ES11-00021.1.

Perotto-Baldivieso, H.L., Cooper, S.M., Cibils, A.F., Figueroa-Pagan, M., Udaeta, K.,
Black-Rubio, C.M., 2012. Detecting autocorrelation problems from GPS collar data in
livestock studies. Appl. Anim. Behav. Sci. 136 (2-4), 117-125. https://doi.org/
10.1016/j.applanim.2011.11.009.

Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D., Team, R.C., 2013. Nlme: linear and
nonlinear mixed effects models. R Package Version 3 (1), 111.

Polley, H.W., Bailey, D.W., Nowak, R.S., Stafford-Smith, M., 2017. Ecological
consequences of climate change on rangelands. In: Briske, D.D. (Ed.), Rangeland
Systems: Processes, Management and Challenges. Springer International Publishing,
Cham, pp. 229-260.

Putfarken, D., Dengler, J., Lehmann, S., Hardtle, W., 2008. Site use of grazing cattle and
sheep in a large-scale pasture landscape: a GPS/GIS assessment. Appl. Anim. Behav.
Sci. 111 (1-2), 54-67. https://doi.org/10.1016/j.applanim.2007.05.012.

Puttock, A., Dungait, J.A.J., Macleod, C.J.A., Bol, R., Brazier, R.E., 2014. Woody plant
encroachment into grasslands leads to accelerated erosion of previously stable
organic carbon from dryland soils. J. Geophys. Res.: Biogeosciences 119,
2345-2357. https://doi.org/10.1002/2014JG002635.

Quantum, G., 2016. user guide version 2.18" Las Palmas de GC. QGIS Development
TEAM.

R, Core Team, 2017. R Foundation for Statistical Computing. R: A language and
environment for statistical computing, Vienna, Austria, 2018.

Roacho Estrada, O., Rodriguez Almeida, F.A., Utsumi, S.A., Gonzalez, A.L., Fredrickson,
E.L., Bezanilla Enriquez, G.A., This Issue. Grazing Behavior of Raramuri Criollo vs.
Crossbred Cows on Rangelands of New Mexico (USA) and Chihuahua (Mexico)
Journal of Arid Environments (In review).

Sawalhah, M.N., Cibils, A.F., Maladi, A., Cao, H., Vanleeuwen, D.M., Holechek, J.L.,
Petersen, M.K., 2016. Forage and weather influence day versus nighttime cow
behavior and calf weaning weights on rangeland. Rangel. Ecol. Manag. 69 (2),
134-143. https://doi.org/10.1016/j.rama.2015.10.007.

Sheehy, C., 2007. Comparison of Spatial Distribution and Resource Use by Spanish and
British Breed Cattle in Northeastern Oregon Prairie Ecosystems. Oregon State
University.

Sloat, L.L., Gerber, J.S., Samberg, L.H., Smith, W.K., Herrero, M., Ferreira, L.G., West, P.
C., 2018. Increasing importance of precipitation variability on global livestock
grazing lands. Nat. Clim. Change 8 (3), 214-218. https://doi.org/10.1038/s41558-
018-0081-5.

Spiegal, S., Estell, R.E., Cibils, A.F., James, D.K., Peinetti, H.R., Browning, D.M.,
Bestelmeyer, B.T., 2019. Rangeland ecology & management seasonal divergence of
landscape use by heritage and conventional cattle on desert rangeland. Rangel. Ecol.
Manag. 72, 590-601. https://doi.org/10.1016/j.rama.2019.02.008.

Spiegal, S., Cibils, A.F., Bestelmeyer, B.T., Steiner, J.L., Estell, R.E., Archer, D.W.,
Auvermann, B.W., Bestelmeyer, S.V., Boucheron, L.E., Cao, H., Cox, A.R., Devlin, D.,
Duff, G.C., Ehlers, K.K., Elias, E.H., Gifford, C.A., Gonzalez, A.L., Holland, J.P.,
Jennings, J.S., Marshall, A.M., McCracken, D.I., McIntosh, M.M., Miller, R.,
Musumba, M., Paulin, R., Place, S.E., Redd, M., Rotz, C.A., Tolle, C., Waterhouse, A.,
2020. Beef production in the southwestern United States: strategies toward
sustainability. Front. Sustain. Food Syst. 4 https://doi.org/10.3389/
fsufs.2020.00114.

Torell, G.L., Torell, L.A., Enyinnaya, J., Spiegal, S., Estell, R.E., Cibils, A.F., Anderson, D.
M., Gonzalez, A.L., This Issue. Economics of Raramuri Criollo and British Crossbred
Cattle Production in the Chihuahuan Desert: Effects of Grazing Distribution and
Finishing Strategy Journal of Arid Environments (In review).

Wauters, L.A., Preatoni, D.G., Molinari, A., Tosi, G., 2006. Radio-tracking squirrels :
performance of home range density and linkage estimators with small range and
sample size. Ecol. Model. 2, 333-344. https://doi.org/10.1016/j.
ecolmodel.2006.11.001.

Wilcox, B.P., Fuhlendorf, S.D., Walker, J.W., Twidwell, D., Wu, X.B., Goodman, L.E.,
Treadwell, M., Birt, A., 2022. Saving imperiled grassland biomes by recoupling fire
and grazing: a case study from the Great Plains. Front. Ecol. Environ. 20, 179-186.
https://doi.org/10.1002/fee.2448.


http://refhub.elsevier.com/S0140-1963(22)00122-7/sref18
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref18
https://doi.org/10.1016/j.livsci.2013.11.010
https://doi.org/10.1016/j.livsci.2013.11.010
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref20
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref20
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref20
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref20
https://produccion-animal.com.ar/informacion_tecnica/raza_criolla/53-Ganado_bovino.pdf
https://produccion-animal.com.ar/informacion_tecnica/raza_criolla/53-Ganado_bovino.pdf
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref22
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref22
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref22
http://hdl.handle.net/20.500.12123/9753
http://hdl.handle.net/20.500.12123/9753
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref24
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref24
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref24
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref24
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref25
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref25
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref26
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref26
https://doi.org/10.2111/08-104.1
https://doi.org/10.1146/annurev-ecolsys-121415-032311
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref29
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref29
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref29
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref30
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref30
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref30
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref31
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref31
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref31
https://www.jstor.org/stable/3783905
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref33
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref33
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref33
https://doi.org/10.1016/j.rama.2019.08.015
https://doi.org/10.1016/j.rama.2020.11.001
https://doi.org/10.1016/j.rama.2020.11.001
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref36
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref36
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref36
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref36
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref36
https://doi.org/10.1016/j.jaridenv.2021.104704
https://doi.org/10.1016/j.jaridenv.2021.104704
https://doi.org/10.2111/1551-501X-30.6.2
https://doi.org/10.2111/1551-501X-30.6.2
https://doi.org/10.1111/1365-2435.13542
https://doi.org/10.1890/ES11-00021.1
https://doi.org/10.1016/j.applanim.2011.11.009
https://doi.org/10.1016/j.applanim.2011.11.009
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref42
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref42
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref43
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref43
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref43
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref43
https://doi.org/10.1016/j.applanim.2007.05.012
https://doi.org/10.1002/2014JG002635
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref46
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref46
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref47
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref47
https://doi.org/10.1016/j.rama.2015.10.007
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref50
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref50
http://refhub.elsevier.com/S0140-1963(22)00122-7/sref50
https://doi.org/10.1038/s41558-018-0081-5
https://doi.org/10.1038/s41558-018-0081-5
https://doi.org/10.1016/j.rama.2019.02.008
https://doi.org/10.3389/fsufs.2020.00114
https://doi.org/10.3389/fsufs.2020.00114
https://doi.org/10.1016/j.ecolmodel.2006.11.001
https://doi.org/10.1016/j.ecolmodel.2006.11.001
https://doi.org/10.1002/fee.2448

	Foraging behavior of Argentine Criollo and Angus cows grazing semi-desert rangelands in the Arid Gran Chaco region of Argentina
	1 Introduction
	2 Materials and methods
	2.1 Study site
	2.2 Animals and GPS data collection
	2.3 Animal movement, activity and vegetation interactions
	2.4 Statistical analysis

	3 Results
	3.1 Selection of vegetation units

	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


