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The Herding for Health (H4H) model integrates ecosystem restoration with improved livestock management to address
rangeland degradation, livestock losses, and market constraints in pastoral communities. This four-year case study
evaluates the implementation of H4H in Eretsha, Botswana, where annual cattle losses exceeded 30%, primarily due
to predation, disease, straying and unknown causes. Compared to free-roaming (FR) systems, H4H significantly
reduced overall herd losses to 11% vs 32% in FR, primarily mitigating predation (1.6% vs 8.1%), disease (2.7% vs 7.9%),
and other husbandry-related losses. Despite FR producing more calves (214 vs 161 in H4H), H4H retained a slightly
larger net herd size (739 vs 727) and generated substantially higher revenue (US$30 780 vs US$4 574.64). Rangeland
assessments showed increased herbaceous biomass and ecological value in planned grazing areas (F(2,21) = 20.4,
p <0.001). Biomass peaked in abandoned corrals, but veld condition was highest in grazed plots due to palatable
perennials. While H4H offers clear ecological and economic advantages, limitations such as reduced nighttime grazing
and drought-related stress indicate the need for adaptive management. This research highlights that structured
grazing management, under favourable conditions, enhances rangeland restoration and livestock productivity, with a

progressive market serving as a key driver for improved pastoral practices.
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Introduction

Holistic approaches to grazing and rangeland management
such as Holistic Planned Grazing (HPG) (Savory and
Butterfield 2016) and Herding for Health (H4H) (van Rooyen
2016; Peace Parks Foundation 2018), have gained growing
attention in recent years. Building on HPG, the H4H model
emphasises the interconnectedness of ecosystems,
livestock, wildlife, and human communities, while addressing
the challenges faced by pastoralists (van Rooyen 2016;
Peace Parks Foundation 2018). Based on the principles of
One Health (One Health Initiative 2021), H4H was designed
to lower risks associated with droughts, market access and
disease outbreaks and provide a variety of opportunities
for socio-economic and ecological benefits resulting from
implementing improved climate-smart farming practices (van
Rooyen 2016; Peace Parks Foundation 2018). The model
adopts simple yet effective techniques that are acceptable
to affected communities, conservationists, policy makers,
and development agencies (Peace Parks Foundation 2018).
Herding for Health integrates ecosystem restoration with
improved livestock management to address rangeland
degradation, livestock losses, and market constraints in
pastoral communities (Ogada 2001; Odadi and Rubenstein
2015; van Rooyen 2016; Hawkins et al. 2017; Odadi et al.
2017; Weise et al. 2018).

For many communities around the world’s rangelands,
pastoralism is an important income-generating activity
(Scoones 2022) and a form of social status (Thornton 2010).
Pastoralism is diverse and covers nomadic herding across
biomes to seasonal transhumance movement between
ecosystems, and the sedentary keeping of animals with
minimal management (Nori 2019; Scoones 2022). In the
context of climate change and limited resource access, many
rangelands face degradation due to human and climatic
influences, with devastating effects for people and wildlife (Lu
et al. 2015; Zhang et al. 2016). Among the human influences,
poor management of livestock grazing by pastoralists
has been identified as one of the key causes of rangeland
degradation, negatively impacting rangeland sustainability
(Lesoli 2011; Kiage et al. 2013; Carter et al. 2014; Ibanez
et al. 2014; Nadal-Romero et al 2016; Téth et al. 2016).

In landscapes where livestock coexist with large predators,
such as African communal areas bordering conservation
areas, livestock depredation by large predators can cause
substantial financial losses which negatively impact rural live-
lihoods (Baker et al. 2008; Leflore et al. 2019; Wiese et al.
2018). Additionally, trade restrictions associated with animal
disease control policies such as foot and mouth disease
(FMD) at human-wildlife interfaces may prevent pastoralists
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from accessing profitable beef markets (van Rooyen et al.
2016; Atkinson et al. 2019; Wiese et al. 2018; Heermans et
al. 2021). These market barriers result in reduced livestock
value and hence a lack of incentives for pastoralists to invest
in improved husbandry practices and grazing management. In
addition, strong seasonal and interannual variation in forage
quantity and quality presents another challenge to pastoralists
in African rangelands (lllius and O’Connor 1999; Owen-Smith
2008).

To achieve sustainable livestock production, pastoralists
need to adapt and modify their methods and approaches to
produce a stable and dependable resource base resulting
in healthy and profitable livestock despite highly challenging
and unpredictable conditions (Nori 2019). Pastoralists should
pursue sustainable livestock management techniques to
improve the rangelands’ ecological and socioeconomic values
(Thomson et al. 2013; Odadi et al. 2017). One technique is
livestock mobility, which is an essential part of pastoralism,
enabling communities to adjust to variable environmental
conditions, obtain appropriate grazing conditions, and make
use of available resources as effectively as possible (FAO
2023), while allowing intensively grazed areas to recover from
grazing pressure.

Against this backdrop, this paper presents a case study
of a pilot H4H program implemented in Eretsha, Botswana,
in a community facing significant challenges related to
livestock farming within the Kavango-Zambezi Transfrontier
Conservation Area (KAZA TFCA, see www.kavangozambezi.
org [accessed 23 January 2024]). The H4H program was
introduced as a holistic solution to address pastoral challenges
in communal rangelands, aligning with KAZA’s objectives to
promote biodiversity conservation and enhance the livelihoods
of people living alongside protected areas. The programme
aims to improve cattle management, increase access to
markets, and establish alternative risk-reduction strategies
along the beef value chain (van Rooyen 2016), thereby
supporting both conservation and community resilience.

We analysed the H4H model implemented by trained
herders in Eretsha, with a primary focus on comparing it to the
free-roaming (FR) cattle system, in which unmanaged cattle
moved freely between grazing areas with only occasional
owner-led corralling. This comparison aimed to assess
differences in predation risk, livestock body condition, activity
patterns, habitat use and effectiveness of mobile predator-
proof canvas corrals (hereafter referred to as bomas) in
protecting cattle from nocturnal predation. We also assessed
veld condition in grazing areas under both planned and
unplanned grazing regimes and examined alternative market
strategies within the beef value chain.

Methods

Study area

We conducted this case study in the Eretsha community
(18.77777°S, 22.68910°E), located on the northern edge
of the Okavango Delta in Botswana (Figure 1). It offers a
comprehensive evaluation of the H4H model within a small
rural community facing multiple livestock farming challenges
in the KAZA TFCA. Eretsha lies at the boundary of two
Controlled Hunting Areas (CHAs): NG/11, a communal area
that supports human settlement, livestock grazing, and arable

farming; and NG/12, a multi-use area designated for wildlife
photographic tourism, livestock grazing, and sustainable
natural resource use such as fishing and harvesting of
wood and grass (Figure 1). The village of Eretsha and its
surrounding cattle posts are home to approximately 1 026
residents (Statistics Botswana 2022), whose livelihoods
depend primarily on agropastoralism, small to medium
enterprises, and limited employment opportunities in the
tourism sector.

Data from Communities Living Among Wildlife Sustainably
(CLAWS, unpublished) indicate that over 30% of Eretsha’s
cattle herd is lost annually to drought, disease, and predation.
These losses, often amounting to thousands of dollars,
are largely attributed to inadequate livestock management,
which is exacerbated by limited market access and sales
opportunities due to veterinary restrictions associated with
FMD (Weise et al. 2018; Atkinson et al. 2019; Heermans et al.
2021).

Most households keep livestock as both a socio-cultural
tradition and an economic strategy, with cattle being the most
owned and abundant type. The total cattle herd of Eretsha was
estimated at 1 528 with an average of 30 cattle per household
(CLAWS Botswana 2020). However, because of veterinary
restrictions limiting market access and distance to alternative
markets, the economic value of cattle in the area remains low.
Local butcheries dominate the market although their prices are
comparatively low (ca. USDUS$220/head). In 2020, annual
cattle sales were estimated at 2% of the entire herd.

Cattle in the Eretsha area share the landscape with a
variety of wild herbivores, including zebra (Equus quagga
burchelli), and five large carnivore species: lion (Panthera
leo), leopard (p. pardus), spotted hyena (Crocuta crocuta),
African wild dog (Lycaon pictus), and cheetah (Acinonyx
Jjubatus). Among these predators, lions are responsible for
> 95% of cattle losses. This is largely due to their tendency
to target cattle as easier and more accessible prey compared
to wild herbivores. In 2013, extensive retaliatory poisoning
by local communities, triggered by high depredation rates,
resulted in an estimated 50% decline in the lion population
around NG/11 and NG/12 (Leflore et al. 2019). However,
recent data from the CLAWS website (www.clawsbotswana.
org, accessed 13 September 2024) indicate that the lion
population in this area has since tripled over the past decade.

Up to 32% of cattle are lost annually to a combination
of predation (8.1%), disease (7.9%), straying (7.3%),
drought (3%), and other unknown (6%) factors (CLAWS
Botswana 2020). The availability of floodplains, which
provide green, protein- and energy-rich digestible grazing
to supplement the limited, less digestible, and nutrient-
deficient dry season grazing, makes it unsurprising that
drought accounts for the fewest cattle losses in the area.
Additionally, these floodplains provide functional dry
season habitat, which buffers the effects of drought on free
roaming (FR) cattle (Fynn 2012).

The study area has a semi-arid climate with annual average
rainfall of 650mm (DMS 2021). The climate is characterised
by three distinct seasons: cool, early dry season (May—Aug),
wet season (Dec—Apr), and a hot, late dry season (Sep—Nov),
when daily maximum temperatures range from 35 to 40 °C
(Fynn et al. 2014). At the beginning of the H4H program in
2019, below average rainfall (<400 mm) was recorded



African Journal of Range & Forage Science 2025, 42: 1-13

40 km

—18°15'E

~18°30"'E

N o

Legend

NG/10

* StudyArea_Villages

River course / tributaries

Access Roads
Woodland
Marshland

O  Claws Boma Locations

22°E 22°15'E
I I

NG/11

Seronga

22°30'E
1

See —
enlarged
area

AFRICA

18°30"E

A B .

22°45'E
I

Figure 1: Map of the study area in northern Botswana, showing the location of CLAWS Herding for Health (H4H) bomas in relation to land use
zones. These include the communal grazing area (NG/11), which supports human settlements and subsistence agriculture, and the mixed-use
area (NG/12), designated for both livestock grazing and photographic tourism. The map also indicates the location of Eretsha village, situated

along the edge of the Okavango Delta

around Eretsha (www.weatherandclimate.com, accessed 20
May 2024) and the government of Botswana subsequently
declared 2019 a severe drought year because of poor rains
throughout the country (MLGRD 2019).

The floodplains of NG/12 (Figure 1), characterised by a
mixed land-use system comprising photographic tourism
and communal grazing, experience highly variable seasonal
inundation originating from the Angolan highlands. This
hydrological input fosters the formation of extensive open
grasslands with enhanced primary productivity, predominantly
composed of sedges and swamp grasses (Mendelson et
al. 2010; Murray-Hudson et al. 2014), providing functional
dry season forage for cattle and wildlife (Fynn 2012). The
woodlands of NG/11, a designated communal grazing area,
are characterised by the drier Kalahari sandveld ecosystem
and are predominantly composed of Baikiaea-Burkea,
Burkea-Terminalia woodlands and a mixture of open to dense
mopane (Colophospermum mopane (Benth.) Leonard) on
alluvial soils (Sianga and Fynn 2017; 2021).

The Herding for Health model
The Eretsha cattle herding model initially followed the holistic
land and livestock management principles outlined by the

Savory Institute (2015) and subsequently evolved into a full
H4H model (van Rooyen 2016; Peace Parks Foundation
2018). The initiative began with the Savory Institute providing
training in animal husbandry and ecoliteracy to participating
farmers and prospective herders in Eretsha community in
2017. Following this, CLAWS Botswana held a series of
community outreach engagements in Eretsha that facilitated
broader involvement and consensus, ultimately leading to the
formation of a collective herd comprising 750 cattle owned
by 21 farmers in April 2019. Six herders were employed by
CLAWS Botswana to manage cattle using mobile canvas
bomas during nighttime confinement, in accordance with a
predetermined grazing strategy. The canvas enclosures serve
as a visual barrier, obstructing the predators’ (specifically
lions) line of sight to the cattle. As a result, lions are less
likely to attempt predation when unable to visually detect their
target, thereby enhancing the effectiveness of the bomas
in mitigating cattle depredation. We built fires and installed
flashing lights around the boma as predator deterrent tactics,
and the herder camp was always 10 m away from the boma.
The detailed step-by-step information on the process of
initiating, developing and implementing the model in Eretsha
is provided in the supplementary material (S1).
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The free-roaming system

The FR cattle system investigated in this study refers to the
conventional method of open access cattle-post animal
keeping in shared grazing areas with little to no management,
typically by owners or younger family members. Under this
system, cattle are rarely guarded during the day. Some
owners use opportunistic herders who sporadically locate and
check on their animals, while others confine cattle that have
become accustomed to returning to their traditional, unfortified
corrals (Weise et al. 2018). Cattle here depend on free access
to seasonal variable surface water as well as forage quantity
and quality between the dry habitats of NG/11 in the wet
season when there is surface water in the natural pans, and
the floodplains of NG/12 during the dry season (Weise et al.
2018). We based our evaluations on an initial herd size of
778 cattle, derived by subtracting the 750 cattle enrolled in
the H4H program from the total pre-intervention herd of 1 528
in Eretsha. All subsequent calculations and comparisons are
based on this herd size.

Additionally, both the H4H and FR herds used and shared
the same grazing areas, particularly the floodplains of NG/12,
during the dry season. In contrast, during the wet season, the
H4H herd primarily grazed in the woodlands of NG/11, where
seasonal pans provide water. During this time, there was little
to no interaction with the FR herds, which tended to remain
closer to or on the floodplain.

Monitoring

Cattle depredation

Herders monitored cattle depredations at the start of the
H4H program in 2019 and CLAWS Botswana staff have
monitored predation incidents outside the program since
2015. Farmers reported these incidents directly to CLAWS
staff for assessment, verification, and documentation by
the Department of Wildlife and National Parks to receive
compensation. Consequently, only incidents involving
confirmed livestock kills were reported by farmers. Any
predator attacks, encounters with herded cattle in the field,
or visits to the boma including tracks within a 100-m radius
were considered predation incidents for the H4H program.
Herders scanned and recorded any predator signs around
the boma every morning during their daily boma checks. They
then classified the signs as successful (with a known kill) or
unsuccessful (without a kill).

Rangeland performance

Baseline vegetation assessments were conducted along
a grazing gradient from Eretsha village to the floodplains
(NG/12) in February 2020 and woodlands (NG/11) in March
2021. Surveys used three parallel 7.5 km transects, spaced
1 km apart, with 20 x 20 m plots marked at 1 km intervals.
Within each plot, three 1 m? quadrats were randomly
placed to record herbaceous cover (visual estimates),
height of three random individuals per species, species
counts, and basal measurements tallest and shortest
width). Biomass was clipped at 5 cm, sun-dried in paper
bags, and weighed. To assess the impact of the 2021
planned grazing, veld condition surveys were conducted
in March 2022 using a consistent methodology along two
5 km transects extending outward from the bomas, beyond

the area influenced by planned grazing activities. Planned
grazing was implemented within a 3 km radius around each
boma. Sampling was conducted at 12 abandoned bomas,
located in three camps with four bomas per camp. Each
boma was treated as an individual sampling plot. Additional
plots were established at distances of 0.05 km, 1.25 km,
and 2.5 km from the bomas to represent grazed areas,
and at 5 km to serve as control sites. At each distance,
veld condition was evaluated using three randomly placed
quadrats within two plots.

Animal performance

A body condition score (BCS), an important management
tool associated with animal body weight (Enevoldsen and
Kristensen 1997) was measured on both FR and H4H cattle
from December 2019 to December 2021. We used a 5-point
scale BCS technique to estimate body fat as a measure of
cattle performance on cattle categorised by sex, age group
and lactating cows (Table S1 on the supplementary material
S1). This is a simple observation technique that can be used
by either cattle owners or herders to monitor herd nutrition,
health, production, and pregnancy rate. The BCS was also
used as an early warning measurement to detect shortage
of forage or low nutrition in the veld to decide on either
supplementary feeding or a switch of grazing area. In the
H4H program, herders assessed the BCS of 30 randomly
selected cattle using an unbiased selection method, whereby
a coloured object was thrown backward from the edge of
the boma at varying positions. The BCS evaluations were
conducted at 10-day intervals prior to the release of the cattle,
ensuring assessments were performed when the animals
had not yet accessed food or water. At the same time,
CLAWS personnel conducted BCS on random FR cattle in
encountered herds that comprised > 10 adult animals. The
activity (feeding, resting or walking) of free roaming cattle at
the time of measurement was recorded. In order to maintain
consistency and reduce bias, the same team of observers
was used to score animal body condition. Here, we present
only dry season data for lactating cows and mixed cattle
(combination of sexes and age groups) as this is the critical
season where animals lose condition.

Habitat use and foraging patterns, GPS tracking

Using SPOT Trace GPS trackers set up to log fixes at 60-min
intervals, we tracked the movement of cattle to determine
habitat (woodland vs floodplain) use and how day period
(night vs day) and cattle activity (movement vs resting) varied
with management system (H4H vs FR). We deployed five
trackers on mature H4H cows and six trackers on lead cows
from different herds on FR cattle around Eretsha cattleposts
for three weeks. For convenience in handling the cows, we
chose herds that were periodically corralled. Our selection
criteria included cows from various traditional corrals with a
herd size of > 30 head and > 1 km apart to ensure a good
representation. To find out how the cattle used different
habitats, we plotted the spatial data from the trackers using
ArcGis 10.1 and overlaid the data on a landuse map. Points
fell into one of two categories: woodlands if they fell on the
NG/11 block, or floodplain if they fell in NG/12 (Figure 1).
Each point’s characteristics, such as time of day (AM vs PM)
and day period, were also noted. To investigate potential
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correlations between temperature and cattle activity, we
retrieved hourly historical (from December 2019 and January
2020) temperature data for Njinga station near Eretsha
(www.weatherandclimate.com, accessed 20 May 2022).

Herd dynamics and economics

We collected baseline data on FR cattle sales history,
cattle losses, and calving rates spanning five years prior
to our study through household surveys conducted with
thirty randomly selected participants in Eretsha (CLAWS
Botswana 2022). We assessed past sales that involved
local butcheries and the Botswana Meat Commission
(BMC) abattoir market. The BMC is an organisation that
promotes the development of Botswana’s beef industry
through buying, slaughtering and selling of beef and
related products for local and international markets
(https://bmc.bw, accessed 20 January 2025). There was
only one butchery purchasing and slaughtering animals
from four villages, all of which had an abundance of cattle,
including Eretsha. The BMC red zone pricing reflects the
area’s classification as an FMD zone, which limits market
access and results in lower cattle prices compared to
the green zone (FMD-free areas). However, under the
H4H, Commodity-Based Trade (CBT) pilot, regulated
by the Department of Veterinary Services (DVS), BMC
offers participating farmers a premium price equivalent
to green zone rates (BMC-CBT). This is made possible
through improved livestock and rangeland management
practices under H4H, enabling compliance with stricter
market standards despite the FMD status. We initiated a
BMC-CBT program that sold three batches of cattle (ca. 30
head per batch) annually from the H4H group. A detailed
description of the CBT quarantine process is provided in
the supplementary material (S1).

Data analysis

We performed data exploration visually as proposed by Zuur
et al. (2010). Where necessary, data was In-transformed to
fulfill assumptions of normality and homogeneity of variance.

We used a t-test to evaluate differences between conflict
incidence means before and after the H4H intervention. We
computed linear models using year as a fixed factor to check
the effect of cattle management style (H4H vs FR) on body
condition. We further computed a correlation to check for a
relationship between cattle activity and temperature.

We determined activity (moving vs resting) of tracked FR
cattle per day period (day vs night) by taking the average
number of days the cattle were active at each hour as a
percentage of the total number of days tracked. We used
ANOVA to check for differences in mean cattle activity per
day. We established linear mixed effects models using tracker
as random to test the effect of habitat type, period of day, time
and their interactions on percentage habitat use.

For vegetation analysis, we used ANOVA to check for
differences in biomass means over the years and between
treatments (boma, grazed and control). All models were
tested using repeated measures ANOVA. Veld condition was
assessed using the ecological index method, which evaluates
rangeland condition based on species composition and
grazing value (Trollope et al. 1990; van Oudtshoorn 2002).
Grass species identified during the survey were classified into

Decreaser and Increaser groups based on their response to
grazing pressure (Supplementary material; Table S6). Each
species was assigned a specific value reflecting its palatability
and ecological role (van Oudtshoorn 2022). The percentage
cover of each species was multiplied by its assigned value to
calculate an ecological index, with a theoretical maximum of
1 000. The Veld Condition Score (VCS) was then derived by
expressing the calculated ecological index as a percentage of
this maximum value.

We performed a market analysis by comparing local
butchery and BMC red zone sales obtained in the baseline
data to the BMC-CBT pilot sales. We compared market price
per kilogram of beef for each of the three options and factored
in all associated overhead costs along the value chain from
the point of sale to receipt of payment. We determined
differences in the sales income by taking the percentage of
the difference between the gross and net value for each of
the three options. Overall economic analysis was carried
out by calculating net herd change - the initial herd size less
losses due to predation, disease, drought, straying, unknown
causes, sales plus new calves born and total revenue from
sales in each system per herd annually.

Due to the absence of detailed demographic data, calving
rates for the H4H and FR herds were estimated using
assumed herd composition. Communal livestock systems
in southern Africa typically comprise 50% adult breeding
females, 10% adult males, 20% sub-adults, and 20% calves
(Scoones 1995; Behnke 2010). Based on these proportions,
the number of breeding females was estimated at 375 for
the H4H herd (starting size: 750) and 389 for the FR herd
(starting size: 778). Calving rates were then calculated by
dividing the number of calves born by the estimated number
of breeding females.

Where significant effects were detected, we further
conducted Tukey multiple comparisons. We performed all
statistical analyses in R (version 4.4.1) using the packages
plyr, multcomp, and nime, and generated graphs using
ggplot2 (R Core Team 2016).

Results

Cattle depredation

In Eretsha village, the average annual number of cattle
depredation incidents decreased by 32% across both
participating (H4H) and non-participating (FR) farmers
following the H4H intervention (Mean = 14, SD = 2.7),
compared to the period before the intervention (Mean = 21,
SD = 8.5, #138) = 1.65, P < 0.05). During the intervention
period (2019-2022), a total of 22 predation incidents were
reported, comprising 21 incidents involving lions and one
involving a wild dog. Of these, seven incidents led to the
loss of 12 cattle owned by farmers participating in the H4H
program. Most of these incidents (68%) took place at the
boma during the night, of which 87% did not result in cattle
losses (Table 1). Although only seven incidents happened
in the grazing field, 71% of them resulted in cattle losses. In
the FR system, all 37 of the documented incidents resulted
in cattle losses. Eighty-one percent of these incidents took
place in the grazing field whereas only 19% happened in
the boma. There was no record of incidents in which there
was no kill, suggesting that farmers in the FR systems only
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Table 1: Proportion of predation incidents at the boma (Herding for Health) or traditional corral (free roaming) and
at the grazing areas in the Eretsha H4Health and free roaming systems, 2019-2022

Boma/corral Grazing field
Number of o Number of Y Total

0 (+]

stock stock

Herding for Health Incidents with stock loss 2 13 5 71 7
Incidents without stock loss 13 87 2 29 15
Total by location 15 68 7 32 22
No. stock killed 7 5 5 12
Free roaming Incidents with stock loss 7 19 30 81 37
Incidents without stock loss 0 - 0 — 0
Total incidents 7 19 30 81 37
Number of stock killed 9 23 30 77 39

Table 2: Herd and economic dynamics in the Herding for Health and
free roaming cattle management systems in the Okavango Delta
recorded from 2019 until 2022

Table 3: Contribution of species by palatability class to veld condition
scores across grazing treatments in the Eretsha Herding for Health
program, February 2022

Herding for Health Free roaming

System Number % Number %
Initial herd size 750 100 778 100
Predation 12 1.6 63 8.1
Disease 20 2.7 61 7.9
Drought 38 5.0 23 3.0
Straying 15 2.0 57 7.3
Unknown 0.0 0.0 47 6.0
Total herd losses 83 11.0 249 32.0
Herd sold 90 12.0 16 2.0
Calves born 161 214

Calving rates 43 55

Net herd change 738.50 727.48

Revenue (US$) 30 780.00 4 574.64

reported incidents in which cattle were killed. Overall, FR
farmers experienced higher losses due to predation (8%)
compared to H4H farmers (2%), with predation and disease
representing the largest contributors to total herd losses in FR
cattle (Table 2).

Rangeland performance

Herbaceous biomass fluctuated over the years, peaking
in 2021 (232 g m=2) and declining in 2020 (118 g m~?) and
2022 (111 gm), F,,=5.44, p = 0.01) but biomass in 2020
and 2022 was not statistically different (Figure 2a). Biomass
in the H4H planned grazing area in the woodlands varied
significantly across treatments (F,,, = 20.4, p < 0.001), with
abandoned bomas showing the highest biomass, followed by
grazed plots, and the lowest in control plots (Figure 2b). Veld
condition scores were highest in grazed (76.8%) and corralled
plots (68.4%), driven largely by high-palatability perennial
species contributing over 50% of the ecological index. In
contrast, control plots (38.5%) were dominated by medium-
palatability species (61%) (Table 3).

Animal performance

We conducted BCS for a total of 210 lactating cows and 450
mixed cattle during the late dry seasons of 2020 and 2021.
There was a difference in body condition in mixed cattle
(F3, 506 = 15.8, p < 0.001; Figure 3a) and lactating cows
(F3 136 = 8.7, p < 0.001; Figure 4b) between the two systems
over the two years with H4H cattle having lower body

Ecological i
Palatability (grazing value) cological index

Grazed Corral Control

High 401 400 140
Medium 351.2 274.4 234.8
Low 34 10 10.5
Total 786.2 684.4 385.3
Veld condition score (%) 78.6 68.4 38.5
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Figure 2: Herbaceous biomass measurements in woodland grazing
areas of Eretsha utilised by the H4H herd during the wet season:
(a) annual biomass estimates from 2020 to 2022 across general
grazing areas; (b) the effect of 2021 grazing management planning
on herbaceous biomass in the following year (2022) across three
treatment types: abandoned boma sites (corrals), actively grazed
plots, and ungrazed control plots. No common letter above bars
indicates differences (p < 0.05) in mean biomass
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Figure 3: Body condition scores of cattle under two management
systems, free-roaming (FR) and Herding for Health (H4H), during the
late dry seasons (September/October) of 2020 and 2021: (a) body
condition scores for mixed cattle herds; (b) lactating cows within the
same systems. The dotted line indicates the threshold body condition
score below which reproductive capacity is likely to decline. No
common letter above bars indicates differences (p < 0.05) in mean
condition

condition scores than FR cattle in both lactating cows and
mixed cattle in 2020, whereas there was no difference in body
condition between the two systems for both mixed cattle and
lactating cows in 2021 (Figure 3b).

Habitat use and foraging patterns - GPS tracking

Habitat and its interaction with period had a significant effect
on activity of FR cattle (F (1,35) = [19.4], p < 0.001, Table S1)
and (F (1,35) =[4.19], p = 0.04, Table S1), respectively.
Tukey comparisons showed higher utilisation of woodlands
than floodplains at night (p = 0.005, 95% C.I. = [5.52, 42.0],
Table S2). Period of day, activity type and interactions all
had significant effects on activity duration for H4H cattle;
however, only the interaction was significant for FR cattle
(Table S3). For FR cattle, Tukey multiple comparison tests
showed that they were mostly active at night (p = 0.005,
C.l. =[-1.28, —2.21], Table S4) and resting more during the
day than at night (p = 0.01, C.l. =[-2.10, -0.23], Table S4).
They were active for nearly eight hours at night, which was
equivalent to the time they spent resting during the day
(Figure 4a). In contrast, H4H cattle were mostly active during
the day (up to 10 h) as they were herded during the day and
rested in the boma at night (Figure 4b). There was a strong
significant negative correlation between cattle activity and
air temperature (r (22) = -0.87, p < 0.001, Figure 5a). Free
roaming cattle were mostly active between 01h00 at night
and 09h00 during the day, when temperatures were below
25 °C (Figure 5b).
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Figure 4: Comparison of daytime and nighttime activity patterns of
cows managed under (a) free-roaming (FR) and (b) Herding for
Health (H4H) systems in Eretsha. Cows were fitted with GPS tracking
devices, and data were collected over a three-week period for FR
cattle and a five-week period for H4H cattle between December 2019
and January 2020. No common letter above bars indicates differences
(p < 0.05) in mean activity

Herd dynamics and economics

Local butchery and BMC red zone were the two available
market options for Eretsha farmers. The BMC-CBT
market alternative provided the highest prices for the H4H
participating farmers whereas the BMC red zone offered the
lowest prices (Table 2). Local butchery attracted the least
overhead costs whereas BMC-CBT subsidised transport and
waived quarantine running costs giving farmers a 37% price
increase compared to red zone prices (Table 2). The H4H
group achieved higher annual revenue (US$30 780) than FR
(US$4 574.64), primarily due to a greater sales percentage
and improved market prices (Table 3). The FR experienced
significantly higher losses (32%) compared to H4H (11%),
largely attributed to predation, disease, and straying.
Although FR produced more calves annually (214 vs 161 in
H4H), H4H maintained a slightly larger net herd size (739 vs
727 cattle in FR).

Discussion

The primary goal of starting the H4H communal cattle
initiative in Eretsha was to address lion depredation, animal
health issues, market constraints, and to eventually restore
degraded grazing areas through improved cattle husbandry.
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Figure 5: Relationship between cattle activity and environmental
conditions for free-roaming (FR) cattle in Eretsha, recorded from
December 2019 to January 2020: (a) the relationship between
overall cattle activity and air temperature; (b) the pattern of hourly
activity across a 24-hour cycle

Although the approach demonstrated several beneficial
effects, particularly in reducing cattle losses and tackling some
of the major market issues, there are trade-offs associated
with external factors (environmental), animal factors
(behaviour), and management factors (husbandry) that may
require mitigation.

Cattle were most vulnerable when unprotected at night,
especially in the FR system. The combined herding and
strategic night corralling of cattle was successful in reducing
up to 32% of losses across both systems in Eretsha, and
87% for 21 participating farmers in H4H. In 68% of predation
incidents, the boma was highly effective in mitigating nocturnal
depredation (87%), whereas herding only reduced day
depredation by 29%. This suggests that herding during the
day was more effective than no herding but less effective than
boma corralling. Most of the attacks on herded cattle occurred
either in dense woodland or high grass where visibility was
a challenge for herders to monitor all the cattle in a large
group. Moreover, despite the rarity of their occurrences, some
predators, including wild dogs, were not deterred by herder
presence. Despite this, the lower number of attacks during the
day when cattle were herded (H4H vs FR) suggests that lions
generally avoid herded cattle.

Herder presence was also essential in guiding cattle to
the designated grazing areas to avoid overuse or underuse,

both of which can result in degradation. Thus, reducing
predation losses using herders provides H4H farmers with
an economic advantage over FR farmers, who experience
annual herd losses of up to 32% due to multiple factors, with
predation being a major contributor. Besides protection from
predators, night corralling and subsequent accumulation
of dung deposits resulted in higher herbaceous biomass at
abandoned boma sites compared to grazed and non-grazed
areas, suggesting the creation of nutrient hotspots and
increased soil fertility. These findings are consistent with
those of several other studies (Hidosa and Meskel 2022;
Veblen 2012; Donihue et al. 2013; Barnes and Hibbard
2016; Ayantunde et al. 2018; Momberg et al. 2023). There
is evidence, therefore, that strategic placement of temporary
night bomas may facilitate rangeland restoration in some
cases.

The FR cattle performed better than herded and corralled
cattle in terms of body condition scores and drought related
mortalities (5% vs 3%) at least during the severe drought of
2019-20. This was probably because they had access to
nighttime grazing, which extended their foraging window. In
fact, FR cattle maximised grazing at night when herded cattle
were corralled, and they balanced grazing and rest periods
during the day. This advantage that FR cattle have over
night-corralled cattle has been widely reported (Ayantunde
et al. 2000a; Ayantunde et al. 2001; Ayantunde et al. 2002;
Odadi and Rubenstein 2015). While night corralling has
several benefits, one drawback is that it restricts the length
of time that animals may spend accessing forage resources
to meet daily energy requirements, which may lower cattle
productivity. Thus, giving cattle additional grazing time at
night, especially in the late dormant season when food is
limited, increases forage intake, resulting in improved animal
productivity (Ayantunde et al. 2001).

During high rainfall years when forage is not limited, the
benefits of herding and corralling of large herds may outweigh
the disadvantages as demonstrated by cattle condition
between the two systems in 2021. The lower calving rates
observed in the H4H herd compared to the FR herd (43% vs
55%) and the higher drought-related mortality in H4H may be
linked to reduced overall body condition. However, total losses
in the H4H herd remained significantly lower than in the FR
herd (11% vs 32%). Despite lower calving rates, the H4H herd
maintained a higher net herd size, likely due to reduced losses
from predation, disease, straying, and unknown causes, all of
which were largely mitigated in the H4H system. In contrast,
the FR herd experienced considerable losses from these
factors, including unaccounted losses. Additionally, the lower
bull-to-herd ratio in the initial H4H herd, which had fewer than
10 bulls (E. Mudongo, personal observation, 2020), may also
have contributed to reduced calving rates.

Cattle body condition is influenced by daily distance
travelled, herd size, and forage availability. In large cattle
herds, lactating and ageing individuals in particular often walk
longer distances and access lower-quality forage, leading to
reduced body condition and productivity (Arave and Albright
1981; Coppolillo 2000; CLAWS 2019-2021). Movement
increases energy expenditure, particularly when forage is
scarce (Derner et al. 2008), while abundant forage reduces
travel needs (Johnstone-Wallace and Kennedy 1944).
Supplementing forage can help mitigate these effects but
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comes with added costs (Wyffels et al. 2020). Management
strategies should therefore consider seasonal forage quality
and distribution.

Although night grazing can be beneficial in many ways,
such as improving animal body condition, herd growth,
increased milk production, prevention of diseases, and
reduced mortality, it may come with challenges. Cattle and
sheep herders in the Sahel perceived some problems with
night herding, including crop damage, insecurity, problems
of staying awake at night and shortage of labour (Ayantunde
et al. 2000a). In addition, apart from a few studies of
observations and experiments in the West African Sahel
(Fernandez-Rivera et al. 1996; Ayantunde et al. 1997),
there is limited information on night herding especially in
Southern Africa, suggesting that the practice may not be well
received. A further drawback to the practice would be the
existence of lions and other predators such as in Eretsha.
However, several studies have demonstrated that negative
effects of reduced foraging time in cattle can be offset by
supplementation (Krysl and Hess 1993; Ayantunde et al.
2000b; Wyffels et al. 2020) and herding cattle in small sized
herds during the day to reduce intraspecific competition to
maximise forage intake (Odadi and Rubenstein 2015).

Planned grazing and abandoned bomas significantly
enhanced herbaceous biomass, demonstrating the potential
for rapid rangeland restoration with strategic management.
Abandoned bomas showed the highest biomass, most
likely due to nutrient enrichment from dung deposits and
trampling, proving the value of corral movement in degraded
areas. These findings are consistent with several other
studies (Hidosa and Meskel 2022; Veblen 2012; Donihue
et al. 2013; Ayantunde et al. 2018; Momberg et al. 2023).
Biomass in grazed plots also improved, outperforming
control plots where no intervention occurred. Although
biomass was highest in abandoned corrals, veld condition
scores were greatest in grazed plots, followed by corralled
and then control plots. This is largely due to the dominance
of high-palatability species in grazed and corralled areas,
whereas medium-palatability species were more common
in control sites. These patterns suggest that managed
grazing supports the growth of desirable forage species
and enhances veld condition. Most strikingly, in contrast
to standard piosphere patterns, herbaceous biomass and
available grazing for cattle increased in a gradient closer
to the bomas, likely due to dung fertilisation and proximity
to water points, deviating from typical patterns. This finding
is consistent with similar studies of vegetation response to
grazing in steppe grasslands (Sternberg 2012; Mariana and
Andres 2024). Herbaceous biomass peaked in 2021 (232 g/
m?), coinciding with both grazing interventions and high
rainfall, highlighting how favorable conditions accelerate
recovery. Despite previous degradation, the system achieved
notable improvements within a short time, reinforcing the
idea that well-planned grazing can restore rangelands
efficiently when combined with optimal weather conditions.
The lack of interference from FR cattle in the woodlands
also appears to have significantly contributed to vegetation
regrowth. These results highlight the importance of achieving
a critical mass, if not full participation, in the H4H approach
to minimise uncontrolled grazing and accelerate restoration
outcomes.

Table 4: Comparison of available beef market options for cattle farmers in Eretsha (tax is calculated at 4% of the gross value and the percentage difference is the difference between the gross

and net value; deductions and net and gross values are calculated per animal)

(%)

Net value Difference
(US$)

Deductions costs ($)
Quarantine
Levy Permit running
costs

Tax

Transport

Average Gross
weight value
(kg) ($)

Price
($/kg)

Market

-1.8
-39.2

294.20

0.00
73.50
98.00*

5.50
5.50

5.

0.00
2.21
22

0.00
13.39
15.42

0.00
36.75

299.70

365.0
175.2
175.2

0.88

1.91
2.18

Butchery (live weight)?

203.32

334.67

BMC red zone (carcass weight)®
BMC-CBT (carcass weight)¢

-11.3 (-36.81)

341.79 (243.791)

50

1

20.58

385.50

a The butchery option reflects purchases of live animals, as it does not operate on a carcass weight pricing model

b Red zone figures represent projected outcomes for the same group of cattle under a government-operated quarantine facility

¢ Figures for the Botswana Meat Commission (BMC-CBT) are based on the average outcomes of 25 cattle processed through the Eretsha Herding for Health (H4H) mobile quarantine

facility in November 2022
* Waived cost of running a 4-ha mobile quarantine facility with at least 30 cattle for four weeks as required by veterinary regulations

1 Net amount without waiver
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Regarding habitat utilisation and grazing patterns, we found
that FR cattle utilised the open floodplains during the day
and moved to the woodlands at night, contrary to what we
expected. We expected cattle to use the dense woodlands
during the day to access shade and reduce heat stress as
temperatures rise and then shift to the open floodplains as
temperatures drop at night (do Nascimento Barreto et al.
2022). Nevertheless, other factors, such as the location of
traditional bomas and the presence of predators, might have
had an impact on the choice of habitat at different times of the
day. While we did not examine the impact of these possible
factors, data from CLAWS indicates that lions primarily
inhabit floodplains and rarely venture into woodland areas.
Additionally, most of the floodplain lion depredation incidents
documented in this study occurred at night, raising the
possibility that cattle are migrating to the woodlands for safety
at night (Weise et al. 2019). Furthermore, the cattle might
have adapted over time to return to the traditional corral in
the evening because all the traditional corrals from which we
originally tracked them were situated in the woodlands.

Tracked cattle used both open floodplains and woodlands
during the wet season, highlighting the importance of
intra-seasonal access to diverse resource environments for
meeting nutritional needs (Fuhlendorf et al. 2017). Like wild
herbivores, cattle adjust habitat use based on seasonal
dietary requirements (Fynn 2012; Fynn et al. 2014; Weise et
al. 2019; Fynn and Provenza 2023). Access to varied habitats
enables consumption of a wider range of plant species,
including some with medicinal properties that may aid in
parasite and disease resistance (Fynn and Provenza 2023).
These findings support flexible grazing systems that promote
animal health and productivity.

We also found that free roaming cattle were mostly active
during the coolest times (01h00 to 09h00). This was consistent
with literature on cattle behaviour in response to weather
conditions such as air temperature (Falu et al. 2014; Rivero
et al. 2021; do Nascimento Barreto et al. 2022). Morning
grazing was found to have the advantages of reduced dry
matter content and increased surface moisture availability
on the forage (Gibb et al. 1998). Furthermore, cattle grazing
during the day prefer quality (high crude protein) forage
in the morning and quantity in the afternoon (Caram et al.
2021). Hence, in developing cattle management strategies,
it is necessary to consider the effects of weather and habitat
composition, which are significant factors in determining
animal behaviour in grazing areas.

Regarding cattle sales and economic dynamics, the
BMC-CBT pilot study generated a lot of interest compared to
the existing options because of the higher prices as well as
the subsidised and waived overhead costs. Even though the
local butchery option appeared to be the most appealing due
to several benefits, such as quick payments, no transportation
expenses, insurance, taxes, and associated risk, its
throughput was extremely low, making it less advantageous.
Notably, BMC-CBT sold a greater number of cattle annually
and generated significantly higher revenue compared to FR
(US$30 780 vs US$4 574.64), highlighting the economic
advantages of alternative H4H-supported markets. However,
the long-term sustainability of the CBT market, particularly
concerning waived costs for farmers, requires further
investigation. Exploring strategies to enhance local markets

with minimal overhead costs is essential. Expanding the
capacity of local butcheries to process higher throughput
could serve as a viable approach to improving market
efficiency and accessibility.

Conclusions and recommendations

The H4H management strategy demonstrated clear economic
superiority over FR, despite some disadvantages such as
fewer calves and slightly lower cattle body condition. The
model experienced significantly lower herd losses due to
effective herding and corralling, minimising predation, disease,
and straying. This allows H4H to retain a slightly higher net
herd size and generate substantially more revenue, even
with a higher percentage of sales. In contrast, FR suffers
from unmanaged factors, including higher predation, disease,
and unknown causes, leading to significant economic
losses. Overall, the H4H management approach offsets
its disadvantages, providing better economic gains and
sustainable herd retention.

Planned grazing under the H4H management significantly
increased herbaceous biomass and improved rangeland
conditions by facilitating vegetation recovery, highlighting its
ecological benefits for communal grazing lands. Biomass
gains were particularly notable in abandoned corrals and
adjacent areas, likely due to nutrient enrichment from dung
fertilisation. The peak biomass observed during high rainfall
years underscores the synergistic effect of managed grazing
and favorable climatic conditions, demonstrating that strategic
cattle management enhances rangeland restoration more
effectively than unmanaged systems.

To maximise benefits of the H4H system, we recommend
addressing challenges identified, including low body condition,
reduced calving rates, and high drought-related mortality,
through targeted management strategies. During periods of
environmental stress, such as droughts or late dry seasons,
grazing plans should prioritise extended grazing hours during
cooler periods (early mornings and evenings) to mitigate
heat stress. Additionally, incorporating diverse habitats,
such as woodlands and floodplains, can enhance nutritional
intake. Herd management practices, such as splitting large
herds into smaller groups, may reduce disease transmission,
competition, and travel distances, thereby improving overall
herd health. Forage supplementation is crucial when grazing
resources are limited, particularly during severe droughts.
Implementing sustainable feeding strategies, including
fodder crop supplementation or harvested hay, can enhance
livestock resilience while minimising operational costs.
Furthermore, by improving bull management, nutrition, and
herd health, and introducing basic reproductive monitoring,
the H4H program can significantly raise calving rates. This will
enhance herd productivity, farmer income, and the long-term
sustainability of the program.

Given that revenue generation and loss reduction through
herding are the primary advantages of the H4H system, it
is essential to enhance market access and community-led
cattle management structures. Cattle sales are strongly
influenced by market dynamics, with local markets being
favoured due to immediate payments and lower transportation
costs, as opposed to distant abattoirs, which pose higher
risks and payment delays. Establishing sustainable local
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meat-processing facilities, such as mobile or stationary
abattoirs, could mitigate these challenges while fostering
economic opportunities. Additionally, collaborative initiatives,
such as Wildlife-Friendly Beef and other certification
programs, can facilitate access to premium markets and
promote conservation-compatible practices. To ensure
long-term sustainability, proceeds from these ventures
should be reinvested into the program. Further financial
support mechanismes, including carbon and biodiversity credit
schemes, could provide additional benefits to participating
farmers.

Livestock management practices are influenced by
area-specific factors that directly impact livestock and
livelihoods. It is crucial to account for these factors to develop
effective, locally accepted strategies that benefit both people
and the environment. Management practices should prioritise
natural livestock behaviors to minimise stress on animals,
herders, and ecosystems. For instance, herding and corralling
can benefit pastoralists but must mimic natural foraging
patterns based on seasonal forage availability and ecological
pressures such as predation and disease outbreaks. Water
accessibility remains a critical challenge, as forage and water
resources are rarely co-located. Infrastructure investments,
such as boreholes, pipelines, and reservoirs, can mitigate this
challenge by reducing cattle travel distances. Farmers should
also budget for feed supplements to combat drought impacts.
Local agropastoralists can further lower costs by utilising crop
residues and growing fodder crops like lablab.

Finally, clear definition of roles, responsibilities, and
obligations among livestock owners and herders is essential
for H4H success. Community buy-in depends on effective
governance and robust herder training programs that
enhance veterinary skills, conflict mitigation, and eco-literacy,
alongside consistent income. These initiatives elevate the
status of herding, foster community engagement, and ensure
long-term productivity and sustainability.
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