
Ecol Solut Evid. 2026;7:e70275.	 ﻿	   | 1 of 12
https://doi.org/10.1002/2688-8319.70275

wileyonlinelibrary.com/journal/eso3

Received: 15 May 2025  | Accepted: 16 April 2026
DOI: 10.1002/2688-8319.70275  

R E S E A R C H  A R T I C L E

A spatial analysis workflow to derive landscape-scale 
conservation management information from GPS-monitored 
grazing livestock

Tom Major1  |   Antonio Uzal2 |   Ross A. Hill1 |   Anita Diaz1

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2026 The Author(s). Ecological Solutions and Evidence published by John Wiley & Sons Ltd on behalf of British Ecological Society.

1School of Life and Environmental 
Sciences, Bournemouth University, Poole, 
UK
2School of Animal, Rural and 
Environmental Science, Brackenhurst 
Campus, Nottingham Trent University, 
Southwell, UK

Correspondence
Tom Major
Email: tmajor@bournemouth.ac.uk

Funding information
Bournemouth University

Handling Editor: Caryne Braga

Abstract
1.	 The use of domestic livestock in naturalistic grazing is increasingly common in 

habitat conservation management, restoration and rewilding initiatives. The goal 
is to enable natural herd behaviours so that livestock support landscape-scale 
ecological processes and fulfil ecosystem functions such as increasing connectiv-
ity and habitat diversity. However, despite the increasing availability of satellite 
telemetry equipment to monitor livestock locations, users are often limited in 
their ability to analyse the resulting data to better understand herd movements 
and thereby inform management decisions.

2.	 Here, we provide a spatial analysis workflow for researchers and land manag-
ers seeking to use satellite telemetry data (e.g. GPS) to answer the following key 
questions about the behaviour of their grazing animals: (i) how far do they move, 
and does this vary with season; and (ii) which habitats do they prefer when graz-
ing, and does either patch size or isolation influence selection?

3.	 We demonstrate this workflow by presenting a case study using ‘Digitanimal GPS 
collars’ on a herd of cattle on the Purbeck Heaths National Nature Reserve in 
Dorset, UK. Our workflow shows how we addressed each of these questions 
using a combination of movement models, step-selection functions and resource-
selection functions. For each stage in the workflow, we provide guidance and 
resources for users to analyse their own data.

4.	 We illustrate how, in our case study, the analyses showed that cattle range more 
widely in late summer than in early summer. Further, their habitat preferences 
shift between the early summer and the drier late summer. Cattle sought out 
even small patches of suitable habitat but were less likely to use very isolated 
patches.

5.	 Practical implications. Our case study demonstrates how spatial data collected 
with telemetry devices can enable users to gain and share key insights into the 
landscape-scale seasonal habitat preferences and movement behaviours of live-
stock. The suite of analytical approaches presented in our workflow is broadly 
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1  |  INTRODUC TION

Biodiversity conservation needs landscape-scale, dynamic, 
well-connected habitat mosaics to be successful (Bengtsson 
et al., 2021; Lawton, 2011). One solution that is being widely ap-
plied in conservation management is the use of more free-ranging 
domestic herbivores to produce conservation benefits as they 
graze across landscapes (Gorghiu et al., 2024; Lovász et al., 2024; 
Troiano et  al.,  2021). Free-ranging livestock are intended to re-
store biodiversity by enhancing dispersal of propagules and 
vegetation structural heterogeneity through processes such as 
selective defoliation, treading of land and cycling of nutrients 
(Hart et  al.,  2023; Köhler et  al.,  2023; Rook & Tallowin,  2003; 
Stewart & Pullin,  2008). However, grazing animals face com-
plex environments where their decision-making is influenced by 
numerous biotic and abiotic factors (Lovász et  al.,  2024; Soder 
et al., 2009). Understanding how free-ranging livestock respond 
to their environment is key to being able to plan their use as effec-
tive landscape-scale nature conservation tools. Tracking animals 
with collars that use signals from satellites to determine location 
(e.g. GPS) has long been used by scientists to investigate the be-
haviour of free-ranging livestock (de Weerd et al., 2015; Tofastrud 
et al., 2019; Versluijs et al., 2024), and the growing availability of 
more affordable hardware has enabled many conservation man-
agers to adopt satellite tracking of livestock to locate them for 
welfare purposes (Herlin et  al.,  2021). In the United Kingdom 
alone, at least 26 projects are tracking conservation grazing cattle 
using satellite collars. Understanding how far livestock are mov-
ing, the extent of the area they inhabit, their habitat preferences 
and how factors such as habitat type and landscape configuration 
influence their movements is essential for using them as effec-
tive management tools in conservation. However, rapid advance-
ments in spatial ecology make it challenging to stay updated and 
access the latest tools, often hindering effective data analysis. To 
improve monitoring of how livestock are responding to their en-
vironments and to facilitate the sharing of effective conservation 
practices, telemetry data analysis should be more accessible.

Here, we present a spatial analysis workflow to demonstrate 
how to process data from telemetry equipment to understand the 
spatial ecology of free-ranging livestock. Using a case study, we 
present a developed workflow that utilises freely available tools and 
software within the R environment (R Core Team, 2022). We provide 
our workflow and the results from our case study in our Supporting 

Information to contextualise the use of this workflow. We demon-
strate how to analyse data to obtain answers to key questions that 
govern the efficacy of any free-ranging large herbivores as conser-
vation tools in any system. (1) How far do free-ranging large her-
bivores move, and does this vary with season? (2) Which habitats 
do the cattle prefer when grazing, and does patch size and isolation 
influence selection by cattle? These analyses were chosen because 
movement and habitat selection underpin the ecological impacts of 
grazers. Land managers can use the space estimate to understand 
the area over which their animals range, helping to evaluate the scale 
of grazing influence. The habitat selection analyses inform which 
habitats receive grazing pressure and when. By quantifying these 
patterns, our workflow provides conservation managers with in-
sight into where and when grazing occurs, allowing them to evaluate 
whether livestock are interacting with habitats which are relevant to 
their desired conservation outcomes, and whether this interaction 
varies seasonally.

2  |  MATERIAL S AND METHODS

2.1  |  The workflow

Our workflow takes the user through all the necessary steps to 
accomplish space and habitat-related analyses. Portions of the R 
code that vary between sites are annotated, and prompts are given 
to change them. Data requirements are a .csv file containing animal 
tracking data and a .tiff raster detailing the spatial distribution of 
habitat variables of interest. R works on Linux, Windows and Mac, 
and these analyses take little computing power to run for most 
animal tracking datasets. However, processing power and task run 
time will increase with larger datasets. The workflow is visualised 
in Figure  1. An annotated guidance document is provided in the 
Supporting Information for use within the R environment. This 
workflow includes removing duplicated rows from the tracking data, 
although the removal of other errant points must be performed by 
the user prior to using the workflow.

2.2  |  The case study

We conducted our case study within The Purbeck Heaths National 
Nature Reserve (NNR) in Purbeck, Dorset, southern England 

applicable to any type of GPS-tracked livestock and offers researchers and land 
managers a practical tool for understanding herd behaviour and informing con-
servation grazing management decisions.

K E Y W O R D S
cattle, ecology, space use, step-selection, tracking
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(between −2.062° and − 2.037° north latitude and 50.675° and 
50.695° east longitude). This NNR is the UK's second largest na-
ture reserve, encompassing 3331 ha of mixed habitats, including 
wet heathland (plant community dominated by Erica tetralix), dry 
heathland (dominated by Calluna vulgaris, Erica cinerea and Ulex 

spp), mires (dominated by Sphagnum spp. and Molinia caerulea) and 
acid grassland (dominated by Agrostis capillaris). In common with 
most European heathlands, this anthropogenic plagioclimax land-
scape was created through initial deforestation by post-glacial 
hunter-gathers and then maintained by centuries of human use as 

F I G U R E  1 Flow chart demonstrating the desired information to be extracted from livestock movement data, showing the solutions and 
outputs resulting from the provided workflow.
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a source of fuel (peat and heather turves and scrub kindling) and 
rough grazing for livestock (Webb, 1998). Grazing with domestic 
livestock declined after the mid-20th century but has been rein-
stated in recent years as the key heathland management tool used 
on the NNR, supplemented with some heather cutting and gorse 
flailing (Chatters, 2021).

The cattle (Bos taurus) monitored in this study are part of a 
conservation grazing herd of Red Devon cattle. The herd includes 
around 65 cows, the vast majority of which have calves, plus approx-
imately 25 yearlings and five bulls. The cattle roam within a 1280 ha 
fenced area of the NNR (Figure 2). The cattle are released into this 
fenced part of the reserve between May and October and allowed to 
roam freely, except for 2 weeks in July when they are brought in for 
welfare checks.

Tracking data were collected by Wessex Grazing Ltd. for ani-
mal welfare monitoring purposes and were made available for this 
study with appropriate permissions. Digitanimal GPS Tracker collars 
(Digitanimal, Madrid, Spain) were attached to 20 cattle from late May 
to September 2022. We attached the collars to adult female cattle be-
cause most of the herd is female and selected cattle pseudo-randomly 
during husbandry by the grazier. The GPS collars generally obtained 
locations every 30 min. All analyses on the derived GPS data were 
conducted using R version 4.2.1 (R Core Team, 2022). Within the R 
environment, data organisation and manipulation activities were per-
formed using the dplyr package version 1.0.10 (Wickham et al., 2022).

2.3  |  Workflow question one: How far do 
free-ranging large herbivores move, and does this 
vary with season?

The workflow first addressed movement and exploration. We de-
termined the size of the area that each individual animal has inhab-
ited. We analysed this using dynamic Brownian Bridge Movement 
Models (dBBMMs). These models considered the path between 
animal locations, as well as the time between them, to model the 
likely path that the animal took and provide accurate estimates of 
space use (Kranstauber et al., 2012; Silva et al., 2020). This method 
enabled the estimation of space use based on predictions of where 
the animal may have been between locations (Silva et al., 2018). To 
assess the seasonality of cattle behaviour, our workflow divided 
the data into customisable time periods. In this example, we split 
the tracking duration into two periods, separated by a 2-week data 
gap in July when the cattle were brought back in from the reserve. 
The first period, termed ‘early summer,’ spanned from May 29 to 
July 5, coinciding with the peak of fresh grass growth. The sec-
ond period, ‘late summer,’ ran from July 15 to August 28, overlap-
ping with a time of significantly reduced grass growth due to a 
severe drought in our survey year. To compare the estimates of 
space use between these periods, we conducted a paired t-test 
on cattle tracked for at least 14 unique days in each period. This 
number of days was chosen to provide a representative sample of 

F I G U R E  2 Purbeck Heaths Super National Nature Reserve common grazing unit showing the habitat types used in the analysis. Inset map 
shows the location of the reserve in the context of Great Britain. Basemap copyright OpenStreetMap, available under the Open Database 
Licence www.​opens​treet​map.​org/​copyr​ight.
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individual behaviour during each period. Due to incomplete track-
ing data, these were not the same 14 days for all individuals. Note 
that space use differs from home range, because home range is 
the entire area the animal will require for foraging and mating dur-
ing its lifetime and cannot be split into discrete periods; there-
fore, dBBMMs do not extrapolate to the home range but rather 
measure the space used during a determined period (Kranstauber 
et al., 2012; Kranstauber et al., 2014; Silva et al., 2020). To reduce 
the effect of time periods where location data were missing from 
a collar due to hardware malfunction or insufficient satellite con-
nection, we removed time lags greater than a user-customisable 
number of minutes (180 in our example) from our dBBMMs to 
avoid over-inflation of space use caused by a long period of simu-
lated movement between known locations.

The dBBMMS are calculated using the package adehabitat version 
0.4.20 (Calenge, 2006), while amt version 0.1.7 (Signer et al., 2019) 
and move version 4.1.10 (Kranstauber et al., 2022) were used for the 
calculation of step lengths and the manipulation of tracking data.

Next, our workflow examined the activity of the animals using 
step length distances (i.e. the Euclidean distance between succes-
sive locations of the animal, as recorded by the telemetry devices). 
To examine whether the step length distributions differ between 
early summer and late summer, indicating a difference in movement 
distances, we used a paired t-test.

2.4  |  Workflow question two: Which habitats 
do the cattle prefer when grazing, and does patch 
size and isolation influence selection?

We wanted to determine the habitats that cattle selected while 
grazing, rather than roaming in general. To ensure this, we first fitted 
a Hidden Markov Model (HMM) to our animal location data using the 
MomentuHMM package version 1.5.7 (McClintock & Michelot, 2018). 
We used a two-state model to separate grazing behaviour from 
travelling behaviour based on step length and turn angle metrics, 
allowing only movements which were likely to be grazing behaviour 
to be used for habitat selection analyses.

These analyses require a raster showing the habitat type that 
is present in that area. Free habitat rasters can be obtained for the 
United Kingdom from https://​www.​ceh.​ac.​uk/​data/​ukceh​-​land-​
cover​-​maps (Morton et al., 2021). The annually updated 10-m ras-
ter data are suitable for local studies and show land cover as UK 
Biodiversity Action Plan (BAP) Broad Habitats. However, as part 
of a long-term monitoring project we digitised a habitat raster 
of our study area in 2022 using QGIS 3.24.3 (QGIS Development 
Team, 2023) to ensure that the data were as current as possible and 
of high spatial resolution. This raster was based on information from 
both site visits and aerial imagery from Google Earth.

Our habitat map was originally digitised as National Vegetation 
Classification (NVC) communities, but we condensed these into 
eight relevant classes: bare ground, dry heath, grassland, mire, scrub, 
water, wet heath and woodland (Figure 2). Other habitats that did 

not fit into these categories were not included in the analyses, in-
cluding buildings, sand dunes, rush pasture, reedbeds, fen mead-
ows and saltmarsh. These categories totalled a small area 95.75 ha 
(8.56%) of the study site and were rarely visited by the cattle. To 
determine the size and isolation of each patch, we rasterised our 
habitat shapefile using terra version 1.7–39 (Hijmans et  al., 2023). 
We used a resolution of 7-m pixels as this avoided narrow strips of 
bare ground bisecting large habitat patches. We limited the analysis 
to patches >0.5 ha to remove numerous small patches of limited eco-
logical relevance that would skew our results.

Using the habitat raster, the workflow provides two distinct mod-
elling approaches to assess cattle habitat selection, step-selection 
functions (SSFs) and resource-selection functions (RSFs) (Figure 1). 
These two analyses represent two different ways of determining 
habitat preference, one which compares used animal locations to 
simulated locations based on animal movement, and one which se-
lects unused locations randomly from within the area they inhabit. 
RSFs focus solely on the selection of habitat or resources, while SSFs 
model movement and selection simultaneously. Our workflow pro-
vides both methods to reflect their current use in the scientific liter-
ature. SSFs are a movement-based analysis where location data are 
transformed into ‘steps’, with each step representing two consecu-
tive GPS fixes for each animal. For every real step, a custom number 
of simulated steps is generated. Habitat use in these simulated steps 
is then compared with real movement data in a logistic regression: 
if a habitat appears more frequently in simulated steps, it suggests 
cattle are less likely to use it when moving; if it is overrepresented 
in real steps, it indicates preference (Muff et al., 2019). In contrast, 
resource-selection functions (RSFs) are used to compare randomly 
generated points across the study area with the actual cattle loca-
tions. RSFs have been a widely used approach for over 20 years to 
assess animal habitat selection (Johnson et  al.,  2006; Millspaugh 
et al., 2006). They are typically based on a Generalised Linear Model 
(GLM), where used locations are compared to random locations 
within the study area. By incorporating animal ID as a random factor, 
RSFs account for intra-population variation (Muff et al., 2019).

2.5  |  Step-selection function analysis

Modifying code from Smith et  al.  (2021) and Muff et  al.  (2019), 
our workflow uses mixed conditional Poisson regression models 
essentially functioning as population-level integrated step-selection 
functions (population-level ISSFs) on the cattle tracking data. ISSFs 
(Muff et al., 2019) are one of a variety of selection functions that are 
used to determine habitat selection by animals. They use tracking 
data to generate random ‘available’ steps, with the distributions of 
turn angle and step length used for random steps coming from the 
animal tracking data. Covariates are then compared to determine 
which predicts the observed locations most accurately versus the 
available, unused locations. In our workflow, we use habitat types as 
covariates. These ISSFs evaluate used against unused locations on a 
single-step basis.
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For our case study analysis, we ran our population level ISSF to 
ascertain either association or low affinity of eight habitat classes 
(excluding other), using the INLA package version 22.05.07 (Rue 
et al., 2009). The positional accuracy of the GPS collars was approx-
imately 10 m, so we removed cattle movements (relocations) of less 
than 10 m as they may have been caused by GPS error. We then cre-
ated 10 random relocations or ‘steps’ for each relocation by the an-
imal, using Gamma and Von Mises distributions for step length and 
turn angle, respectively (Hodges et al., 2022; Smith et al., 2021). We 
constructed one single-factor model per habitat type for a total of 
eight habitat classes. The interaction of turn angle and step length 
was incorporated in all models. The stratum-specific random effect 
of the step was set to 0.0001 (Muff et al., 2019). For the individual 
random slopes (random effects that allow the effect of a predictor 
variable to vary between individuals in the population), we used a 
Penalised Complexity prior, PC (1, 0.05), and for fixed effects, we 
used uninformative normal priors. These Bayesian models were 
fitted using integrated nested Laplace approximations as per (Rue 
et al., 2009). For both habitat selection analyses, we set a custom-
isable resample rate denoting the desired time between successive 
locations and enforced this with a tolerance value. This effectively 
removed periods of missing data and ensured only realistic move-
ment steps were included in the analysis.

2.6  |  Resource-selection function analysis

To fit resource selection functions for our case study, we first 
generated 100,000 random locations within our study area using 
sampleRandom from the raster package version 3.6.3 (Hijmans 
et al., 2015). We then recorded the habitat types of these random 
locations. We compared these random locations with locations 
that our cattle selected using logistic regression in a generalised 
linear mixed-effects model (GLMM) from the lme4 package version 
1.1.30, (Bates et  al.,  2015), with individual animal as a random 
effect. Resource-selection functions output log-odds values, where 
positive values denote a preference for a particular habitat feature 
or type, and negative values indicate low affinity.

Our case study area consists of a mosaic of habitat patches 
through which the animals move. We wanted to determine 
whether the size of these patches influence how likely the ani-
mals are to be found in them and whether patch isolation (distance 
from another patch of the same type) affects habitat patch use. To 
assess this, our workflow incorporates habitat patch size and isola-
tion into the step-selection and resource-selection functions. The 
package landscapemetrics version 1.7.7 (Hesselbarth et al., 2019) is 
used to extract patch area and isolation. Through this process, we 
measure the area of each patch of habitat in hectares and calculate 
isolation as the nearest neighbour distance in metres to another 
patch of the same type. This enables us to assess whether cattle 
preferentially selected isolated habitat patches or showed a pref-
erence for larger or smaller patches. We conducted this analysis 
for both early and late summer.

3  |  RESULTS

3.1  |  Workflow question one: How far do 
free-ranging large herbivores move and does this vary 
with season?

The workflow enables estimation of movement ranges and sea-
sonal comparisons using dynamic Brownian Bridge Movement 
Models. Using our case study dataset, the workflow output-
ted values for seasonal data use with 95% confidence intervals 
and visualisations comparing movement extents between pe-
riods (Figure  3). Users can therefore identify whether animals 
tend to expand or contract their ranging area between sea-
sons, and examine corresponding differences in step lengths  
(Figure S1).

3.2  |  Workflow question two: Which habitats 
do the cattle prefer when grazing, and does patch 
size and isolation influence selection?

The Hidden Markov Model successfully isolated grazing points ac-
cording to their step lengths and turn angles (see online Supporting 
Information for details). The workflow provides functions for sum-
marising habitat use and generating visual outputs showing pro-
portional use of each habitat type (Table 1, Figure 4). Through the 
workflow, users can test hypotheses about habitat preference and 

F I G U R E  3 Space use for individual Red Devon cattle estimated 
using dynamic Brownian Bridge Movement Models. Dark blue 
denotes the early summer period while red denotes late summer. 
Points represent the 90% space use estimate, and error bars 
indicate 70% (low) and 95% (high) estimates. Only cattle tracked for 
a minimum of 14 days in each period are shown.
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investigate how spatial characteristics (e.g. patch size, isolation) in-
fluence habitat selection across seasons.

Preferred and avoided habitat types and the effects of patch 
characteristics were quantified in terms of their relative attraction 

to livestock using both step-selection functions (Figure  5) and 
resource-selection functions (Figure  6). By splitting the data into 
discrete time periods, it also identifies how preferences change be-
tween time periods.

Habitat class
Total area 
(hectares)

Cattle locations during 
early summer

Cattle locations during 
late summer

Grassland 145.8 (11.3%) 4565 (44.2%) 1880 (15.3%)

Dry Heath 526.8 (41%) 1674 (16.2%) 2643 (21.4%)

Mire 184 (14.3%) 922 (8.9%) 2265 (18.4%)

Scrub 130 (10%) 754 (7.3%) 1182 (9.6%)

Wet Heath 182 (14.2%) 1654 (16%) 2569 (20.9%)

Woodland 117.9 (9.2%) 376 (3.7%) 1011 (8.2%)

TA B L E  1 Summary of habitat types 
and their use by cattle during the study. 
Counts are the raw counts of cattle 
locations in each habitat type from GPS 
tracking data.

F I G U R E  4 Density plot showing the use of habitat patches by cattle in the study site, with higher values denoting greater density of use 
by cattle, for three selected habitats. Density values were area-corrected to avoid bias from patch size. Each habitat type is represented by 
two seasonal plots. Because of the wide range of the data, values were scaled to a mean of zero and a standard deviation of one. The scale 
is truncated to a maximum of four (max value 11.13) to facilitate visualisation; 14 total patches (1.02% of patches) had a scaled density above 
this threshold.
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4  |  DISCUSSION

Cattle and other livestock often range over large areas, and 
understanding their decision-making within a landscape would 
require managers to have detailed information. This level of detail 
is difficult to accomplish through direct observation (which can 
potentially interfere with normal behaviours), while the growing use 
of GPS technology can bring major benefits if data can be analysed 
effectively (Löttker et  al., 2009). Our workflow provides scientific 
rigour to spatial ecology data collected from free-ranging livestock. 
We present a structured workflow to assist conservation managers 
in visualising and extracting critical information about grazing 
animals, and we demonstrate its effectiveness using data from free-
ranging cattle. Our analysis highlights significant seasonal variation 
in the spatial movement and habitat use of a conservation grazing 
herd. These findings offer valuable insights that can guide the 
effective management and strategic deployment of grazing animals 
for conservation purposes.

4.1  |  Workflow question one: How far do 
free-ranging large herbivores move and does this vary 
with season?

Understanding space use can prevent overgrazing in sensitive 
areas and ensure that underutilised areas receive adequate grazing. 
Knowing where livestock spend their time can guide interventions 

such as relocating salt licks, water sources or fencing to direct 
grazing pressure. The dBBMM analysis in our case study revealed 
that in late summer from mid-July onwards, the space used by 
individual cattle increased. Despite larger areas being used overall, 
the distance between consecutive cattle locations was generally 
shorter during the late summer. This provides an example of how 
analysis from the workflow may provide a manager with new insights 
into processes governing the welfare of cattle and/or their value as 
habitat management tools. In our case study, cattle may have been 
moving shorter distances to keep cool, or this may represent energy 
conservatism resulting from reduced food availability.

Visualising accurate estimates of space used gives managers the 
opportunity to see where livestock have been spending their time 
and adding a seasonal dynamic to this allows for the determination 
of the most effective periods to put livestock on the land to accom-
plish different objectives. For example, cattle in Mediterranean 
grassland paddocks spent less time grazing during August when food 
was scarcer than in spring and early summer (Henkin et al., 2012). 
Grazing became more uniform across the area as herbage mass de-
creased. Indeed, both cattle and sheep (Ovis aries) have been shown 
to graze larger areas during periods in the late dry season when for-
age is scarce compared with the early wet season (Launchbaugh & 
Howery, 2005). This may be due to increased food scarcity during 
the hotter months of the summer. This may force cattle to graze less 
favoured habitats and so enhance their benefits as grazing manage-
ment tools for these habitats. While we were unable to weigh the 
cattle, the grazier reported that the herd generally appeared to lose 
weight during the late summer. Analysis from our workflow enables 
the monitoring of underlying shifts in behaviour of cattle and allows 
the herd manager to identify where grazing has been focussed. This 
informs decisions on conservation grazing benefits versus welfare 
concerns.

4.2  |  Workflow question two: Which habitats 
do the cattle prefer when grazing, and does patch 
size and isolation influence selection?

Resource availability, distribution and quantity all affect the behav-
iour of keystone herbivores (Fuhlendorf et al., 2018). Our workflow 
allows land managers to track whether livestock are using target 
habitats that are essential for conservation objectives (e.g. species-
rich grasslands or wetlands). Using our workflow to determine these 
preferences in individual herds provides land managers with quan-
titative data to communicate with stakeholders (e.g. conservation 
organisations, farmers, or the public) about how conservation graz-
ing is achieving ecological benefits. It helps to plan for changing con-
ditions by monitoring how livestock respond to seasonal or climatic 
shifts in habitat availability and forage quality.

In our case study, the results of our resource-selection func-
tions (RSF) suggested that during the early summer, cattle strongly 
selected for grassland, demonstrating a reliance on this resource 
as food. This model also suggested that in the late summer (which 

F I G U R E  5 Results of the step-selection function analysis 
showing estimates for preference or low affinity by cattle. Habitats 
that have estimates and 95% confidence intervals above zero 
demonstrate preference for a habitat type, while values below zero 
suggest low affinity for a habitat. For habitat patch characteristics 
‘patch area’ and ‘isolation’, lower values denote selection for smaller 
and less isolated patches.
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was very hot and dry), cattle were seeking wet heathland, be-
haviour likely related to foraging and keeping cool. Cattle are 
known to consume twigs from trees when other forage is less 
abundant (Cromsigt et al., 2018), an increase in space use in late 
summer likely reflects the cattle seeking new sources of food when 
the grass had become dry. This resource use pattern is in-keeping 
with Asturiana de los Valles cattle from Spain, which reduced their 
use of improved grasslands when the availability of pasture was 
lower during the late summer (Ferreira et al., 2013). The RSF results 
also suggested that mire and grassland were preferred by cattle 
during the latter part of the summer whereas the step-selection 
function (SSF) results did not. The difference between the results 
of the two approaches likely reflects the fact that the SSF mod-
els movement based on a per-step basis, compared to the random 
locations used by the RSF. The SSF is therefore likely to be more 
nuanced, as it provides insight into fine-scale spatial and temporal 
animal movements, while the RSF provides a coarser view of habi-
tat preferences. Together, these complementary approaches offer 
a more complete understanding of how cattle respond to seasonal 
changes in resource availability.

Our analyses can be employed by land managers to determine 
which habitats are being used by grazing livestock in their system 

and how this might change with the type of livestock or season. 
Managers may select breeds of livestock that comply with tradi-
tional practices, but biodiversity outcomes may be better with other 
breeds (Rook & Tallowin, 2003). Similarly, the dietary choices of live-
stock will change over time (Rivero et al., 2021) and by using outputs 
from our workflow to refine the periods during which the landscape 
is grazed according to animal behaviour, managers can increase the 
likelihood that grazing animals are successful in bringing about con-
servation management outcomes.

Every landscape contains a different mosaic of habitats, and 
this configuration will impact the ability and willingness of cat-
tle to utilise certain features of the habitat. Our workflow allows 
managers to determine how these influence selection by livestock 
and decide whether some landscape-scale habitat management 
intervention, for example removal of features such as woodland, 
is likely to help increase ranging movement by removing a barrier 
(Wolański et al., 2021), or decrease it by removing shade (De-Sousa 
et al.,  2023). In our case study, there was consistent selection for 
smaller patches of desired habitat by cattle across both seasons ex-
amined which indicates the importance of specific habitat type in 
driving movements compared to the availability of large areas of less 
desired habitat.

F I G U R E  6 Results of the resource-selection function comparing cattle locations from observed data with locations simulated randomly 
throughout the study area. A positive log-odds value suggests that the habitat type is positively associated with selection, while negative log 
odds values suggest low affinity. For habitat patch characteristics ‘patch area’ and ‘isolation’, lower values denote selection for smaller and 
less isolated patches. Model intercept values: Early summer: Estimate = −6.13 (95% CI –6.78, −5.47) and −5.25 (95% CI −5.79, −4.72).
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Our workflow provides a way for managers to assess how 
patch characteristics influence selection in their system. Both 
step-selection and resource-selection models indicated that cat-
tle showed preference for patches, which were less isolated. This 
demonstrated that cattle in our case study showed a general unwill-
ingness to travel to isolated patches when less isolated patches of 
the same habitat are available. This is in keeping with cattle behav-
ing in an energy efficient manner, maximising access to resources 
while reducing the time spent travelling and thus energy expendi-
ture (Bailey et al., 1996). According to the resource-selection func-
tion, cattle were more willing to use isolated patches during the late 
summer. This is the period during which they were seeking a wider 
variety of habitats to meet their nutritional needs and were search-
ing further afield.

5  |  CONCLUSIONS

The growing use of conservation grazing herds as management 
strategies for natural areas, combined with the increasing 
affordability of telemetry devices, has heightened interest in 
livestock behaviour under these regimes. By using our workflow, 
we demonstrated that cattle in our case study altered their habitat 
preferences and movement behaviour seasonally within a dynamic 
landscape matrix. Our spatial analysis workflow provides land 
managers and researchers with key insights into space use and 
habitat selection based on remotely collected data.
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SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.
Figure S1. Frequency density plot of cattle step lengths, with 
logarithmic scale. Step length represents the Euclidean distance 
between two successive cattle locations. Step lengths were on 
average significantly longer during the early summer.
Table  S1. Results of the step-selection functions applied to cattle 
movement data during early and late summer.
Table  S2. Results of the resource-selection functions on cattle 
location data during both early and late summer.
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