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Introduction

GPS collars can provide scalable behavioral phenotypes for extensive livestock systems by
translating movement and space use into quantitative traits that can be analyzed at scale
(Bergeron, 2025). In rangeland environments, heterogeneous terrain, forage distribution, water
access, weather, and management pressure shape movement demands that are closely tied to
energy expenditure, resource-use efficiency, and the ability to cope with environmental
stressors. As selection programs increasingly prioritize resilience and adaptation, there is a
strong interest in phenotypes that reflect how animals perform under variable commercial
conditions rather than only under controlled settings.

Collecting these phenotypes in remote rangelands, however, is logistically difficult to scale due
to travel, limited infrastructure for handling and collar changes, and reduced access to power
and connectivity. In contrast, irrigated valley pasture offers easier access, more reliable
handling infrastructure, and greater opportunities to integrate complementary technologies. If
valley-derived GPS phenotypes are strongly correlated with rangeland performance, valley-
based measurement could provide a practical proxy that enables larger sample sizes and more
frequent phenotyping at lower cost.

However, the utility of GPS-derived movement traits for downstream genetic evaluation
depends on (i) whether traits contain a stable between-animal signal (repeatability) and (i)
whether inferred rankings are robust to practical constraints such as fix rate and device effects.
Here, we quantify the repeatability of daily movement traits in Merino ewes across irrigated
valley pasture and summer rangeland and test the sensitivity of distance-based phenotypes to
logging interval via controlled downsampling of high-frequency trajectories to determine
whether battery life, and thereby trial length, can be extended.

Materials & Methods

Study animals, deployments, and environments. Merino ewes from the Rafter 7 flock
(University of Nevada, Reno) wore i-gotU-120B GPS collars programmed at 5-min intervals
across ~8 consecutive 2-week trial periods. Daily locations were used to classify ewe-days into
irrigated valley pasture (“valley”) or summer rangeland (“summer”) based on grazing location.
GPS step lengths were calculated using Haversine distance, and implausible jumps (>3 km
between consecutive fixes) were excluded before daily distance was summarized. After collar-
days were mapped to ewes and overlapping same-day records were resolved, days with total
distance >40 km were excluded as travel days. The final dataset comprised 97 ewes and 6,906
ewe-days, with collars contributing data for an average of 10.4 days per deployment (SD 2.3).

GPS-derived daily movement traits. We derived three daily movement traits hypothesized
to respond to stressors or disruption in routine movement: (1) total distance travelled (km; sum
of step lengths between consecutive fixes), (2) radius of gyration (km; root-mean-square
distance of fixes from the daily centroid, describing how broadly a ewe ranged around its core
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location), and (3) minimum convex hull area (km?; area of the smallest polygon enclosing all
fixes, used as a simple proxy for daily home-range size).

Statistical models and repeatability estimation. We estimated repeatability separately by
environment and trait using linear mixed models, with date (day) fitted as a fixed effect and
ewe fitted as a random effect; collar was included as an additional random effect where relevant
to quantify device-associated variation. Repeatability was computed as:
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with 62,4, omitted when the collar effect was not included in the model. For daily distance,
we also fitted a bivariate valley-summer model to estimate the correlation of ewe effects across

environments.

Logging interval sensitivity and robustness. To assess sensitivity to the fix rate, we
recomputed daily distance after thinning the 5-min fixes to 10-, 15-, 30-, and 60-min intervals.
For each interval, we refit the distance model and compared (i) repeatability estimates and (ii)
Pearson correlations of ewe predicted effects (PEs) relative to the 5-min baseline.

Results

Repeatability by environment and trait. Daily distance showed low-to-moderate
repeatability overall (0.19 = 0.01), with higher repeatability in summer than in the valley (Table
1). Ewe effects for distance were positively correlated between valley and summer (r = 0.44,
SE = 0.07), indicating partial consistency in relative movement ranking across environments.
In summer, distance and radius of gyration had similar repeatabilities (both =0.24), whereas
convex hull area showed much lower repeatability (R = 0.04). In the valley, radius of gyration
and hull area showed little between-ewe signal, consistent with stronger day-to-day
environmental/management constraints and/or weaker expression of individual differences
under valley conditions.

Table 1. Repeatabilities and standard errors for movement traits in summer range and valley
pasture.

Trait Summer Range Valley Pasture
Distance 0.24 +£0.01 0.16 £0.02
Gyration 0.24 +0.02 0.00 £0.01
Home-range area  0.04 + 0.01 0.00+0.01

Trait collinearity at the ewe level. Ewe-level PEs for distance were strongly correlated with
those for radius (r = 0.78) and hull area (r = 0.84), suggesting these daily movement traits
largely capture a shared movement dimension (overall ranging intensity/extent), with distance
serving as a practical core phenotype.

Down-sampling effects. Down-sampling from 5- to 10-30-min intervals increased
repeatability of daily distance (R ~ 0.27-0.28), consistent with reduced influence of short-
timescale noise on daily aggregates (Figure 1). Ewe PEs remained highly correlated with the
5-min baseline across moderate thinning (r PE > 0.96 up to 30 min), with some degradation at
60 min (r PE = 0.92). These results indicate that modest reductions in fix rate (<30 min)
substantially reduce logging burden while largely preserving ewe rankings for genetic and
resilience analyses.
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Figure 1. Repeatability (A) and correlation with 5-minute ewe effects (B) for down-sampled
GPS fixes.

Discussion

Our results support daily distance travelled as a promising movement phenotype for Merino
ewes: it shows consistent low-to-moderate repeatability, higher between-ewe signal in summer
rangeland than irrigated valley pasture, and meaningful cross-environment consistency in ewe
ranking. Our estimates of repeatability of distance travelled were lower than those of Johnson
et al. (2021), who estimated a repeatability of 0.51 = 0.03 in New Zealand sheep grazing
pasture. These differences are likely explained by differences in modelling approach, as well
as the distinct environments and associated challenges between the lush pasture of New
Zealand and the desert of the Nevada rangeland. The low repeatability of convex hull area,
particularly in the valley, suggests that simple daily home-range proxies may be driven by
within-ewe-day effects and context-dependent constraints rather than stable individual
differences.

The environments in the valley and the summer range were very different. The summer range
consisted of a large area the sheep were herded through throughout the day. During this time,
they were likely able to better express their natural behaviours regarding flock dynamics and
activity levels. In contrast, in the valley the sheep were contained within a smaller paddock
with less freedom to roam. These differences are reflected in the lower trait repeatability
observed in the valley environment, as day-to-day variation may mask individual preferences
in the confined valley setting. Given the moderate correlation in distance between valley and
range environments, and low repeatability of gyration and home-range area in the valley,
collecting GPS-derived movement phenotypes in the valley is not a suitable proxy for
rangeland movement phenotypes. Thinning to 10-30-min fixes increased repeatability, while
maintaining near-identical ewe PEs relative to the 5-min baseline provides a practical
implication for optimizing power and battery life in this study. This would then enable collars
to be deployed for longer periods, capturing more information on each individual. Collar-



associated variance was detectable but modest, reinforcing the value of explicitly modelling
collar effects when collars are rotated among animals or when deployments differ in duration.
Together, these findings identify distance (and, in summer, radius of gyration) as robust
candidates for downstream genetic analyses of behavioural resilience and resource-use
efficiency in extensive environments.

Conclusions

Daily distance travelled is a moderately repeatable GPS-derived movement phenotype in
Merino ewes, with stronger repeatability in summer rangeland than irrigated valley pasture and
moderate consistency of ewe ranking across environments. Fix intervals up to 30 minutes,
preserve ewe rankings relative to 5-min data while increasing repeatability and reducing
logging burden. Modelling collar effects is recommended to quantify and control device-
associated variation in genetic and resilience applications.
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