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Abstract Rangelands face threats from climate and land-

use change, including inappropriate climate change

mitigation initiatives such as tree planting in grassy

ecosystems. The marginalization and impoverishment of

rangeland communities and their indigenous knowledge

systems, and the loss of biodiversity and ecosystem

services, are additional major challenges. To address

these issues, we propose the wilder rangelands integrated

framework, co-developed by South African and European

scientists from diverse disciplines, as an opportunity to

address the climate, livelihood, and biodiversity challenges

in the world’s rangelands. More specifically, we present a

Theory of Change to guide the design, monitoring, and

evaluation of wilder rangelands. Through this, we aim to

promote rangeland restoration, where local communities

collaborate with regional and international actors to co-

create new rangeland use models that simultaneously

mitigate the impacts of climate change, restore

biodiversity, and improve both ecosystem functioning

and livelihoods.

Keywords Albedo � Biodiversity � Carbon sequestration �
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INTRODUCTION

Climate change (CC) and biodiversity loss are two of the

most urgent and interlinked challenges for the sustainable

future of humanity (Arora and Mishra 2021). Whereas CC

contributes to biodiversity loss, this loss also drives CC

because biodiversity plays a crucial role in cycling of

greenhouse gases (GHG) and CC adaptation (Portner et al.

2021; Schmitz et al. 2023). For example, the diversity of

terrestrial plants and soil organisms shape two major car-

bon sinks on land, namely in vegetation and soil (Cavic-

chioli et al. 2019). Together, these pools are more than

twice the size of the atmospheric carbon pool (Friedling-

stein et al. 2020) and absorb about 20% of anthropogenic

CO2 emissions (Le Quéré et al. 2015). After plants and

soils, wild animals are increasingly recognized as major

drivers of the climate system (Cromsigt et al. 2018; Sch-

mitz et al. 2023). The loss of biodiversity and associated

ecosystem functions makes both ecosystems and societies

vulnerable to impacts of CC (Mori et al. 2013). Commu-

nities that depend directly on the ecosystems they inhabit

are particularly vulnerable and often marginalized eco-

nomically, politically, and geographically (Portner et al.

2021). While such communities frequently contribute the

least to CC and biodiversity loss, or to policies that govern

them, they tend to be most affected by the impacts of CC

(Arora and Mishra 2021). To date, biodiversity conserva-

tion and climate action have been insufficient to slow

biodiversity loss or CC, and global platforms call for a new

paradigm that includes local communities and addresses

the dual challenges of the biodiversity and climate crises in

an integrated way (Portner et al. 2021).

Addressing biodiversity loss and climate action requires

intentional and transformative changes in multiple inter-

connected systems, including socio-economic, ecological,

political, and technological systems (Portner et al. 2021;

Smith et al. 2022). Griscom et al. (2017), when discussing

natural climate solutions (NCS), recognized part of this

inter-connectedness by linking ecological restoration to

climate action. They quantified cost-effective ways of

increasing carbon storage and reducing GHG emissions
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while improving soil productivity, cleaning air and water,

and maintaining or restoring biodiversity. In fact, Griscom

et al. (2017) proposed twenty NCS pathways that protect,

manage, and restore ecosystems to mitigate 30% of the

GHG emissions target needed to reach net-zero by 2030.

Nature-based Solutions (NbS) aims to restore and protect

ecological processes and ecosystems to address societal

challenges, such as climate change, biodiversity loss and

human well-being (Seddon et al. 2020).

Despite debate about the NCS/NbS concept, there is

increasing evidence that appropriate NCS/NbS interven-

tions can be beneficial in e.g., reducing exposure to

flooding, soil erosion and sea-level rise in coastal com-

munities, climate cooling, and even social inclusion and

increasing adaptive capacity to CC through diversifying

livelihoods (Seddon et al. 2020). Socio-economic metrics

are commonly useful in these examples, but these authors

emphasise that metrics need to be context-specific given

the complex and varied nature of NCS/NbS interventions.

However, the potential of NCS/NbS to deliver positive

biodiversity outcomes remains largely untested (Seddon

et al. 2020). Girardin et al. (2021) stressed that NbS, as

currently implemented, may accelerate biodiversity loss

(e.g., when climate action leads to monoculture plantations

of non-native tree species) and call for NbS frameworks

that are more explicitly inclusive of biodiversity and peo-

ple. Moreover, several authors argue that NCS/NbS

strongly focuses on climate and biodiversity issues but

often neglect local societal needs, resulting in counterpro-

ductive impacts on local communities (Fischer et al. 2019;

Smith et al. 2022). Finally, the NCS and NbS concepts

have generated a strong focus on trees, through calls for

reforestation and forest conservation. The focus on trees

undervalues the climate mitigation potential of non-forest

open ecosystems, such as grasslands, savannas and shrub-

lands (Bond et al. 2019). Global large-scale afforestation

initiatives (i.e., planting trees in non-forest grassy ecosys-

tems) often directly threaten the biodiversity of these sys-

tems and the livelihood of people depending on them

(Bond et al. 2019; Fischer et al. 2019). Most of the world’s

open ecosystems are used as rangelands to support liveli-

hood through producing meat, fibres and other products.

Evidence shows that restoring and sustainably managing

rangelands can help mitigate climate impacts through

carbon sequestration (Portner et al. 2021). However, the

most recent Intergovernmental Panel on Climate Change

(IPCC) report on mitigation and adaptation minimally

mention of rangelands, except for eating less meat and

reducing wildfires (Pathak et al. 2022).

Here, we develop the concept of ‘‘wilder rangelands’’ as

an opportunity to restore biodiversity and ecosystem

functioning while simultaneously improving human

livelihood and mitigating climate impacts by co-creating

alternative rangeland uses with local and indigenous peo-

ples. First, we propose an inclusive definition of rangelands

and identify problems with current land-use models on

rangelands. We define wilder rangelands and outline the

mechanisms through which they may help improve human

well-being and ameliorate the climate and biodiversity

crises. Finally, we explain the implementation of wilder

rangelands using a theory of change (ToC) approach out-

lined by Sullivan and Stewart (2006).

INCLUSIVE DEFINITION OF RANGELANDS

Definitions of rangelands vary depending on scientific

discipline, education, and management perspectives (Lund

2007). Here, we propose an inclusive definition of range-

lands as extensive rain-fed systems supporting native veg-

etation that is grazed or browsed by mammalian herbivores

that in turn sustain human livelihoods through diverse

services, such as the production of meat and fibres or

provisioning of diverse recreational activities. Under this

definition, rangelands cover more than 50% of the Earth’s

terrestrial surface and include diverse ecosystems, such as

grasslands, savannas, shrublands, woodlands, and tundra

(ILRI et al. 2021). Rangelands support a diversity of land

uses, including livestock and wildlife farmers, pastoralists,

hunter-gatherers, tourists, and conservationists (Table 1).

Unlike crop farming and agroforestry, rangeland manage-

ment does not involve homogenizing actions such as

clearing, cultivation, biocides, or intensive anthropogenic

inputs of seeds and nutrients (Macleod and Brown (2014).

Ecosystem services provided by rangelands include cul-

tural (traditional lifestyles, knowledge systems, eco-

tourism), regulating (carbon uptake and sequestration and

animal-plant-soil interactions), supporting (plant primary

production), and provisioning (meat, milk, fibre, medici-

nes) services (Costanza 2008). Rangelands thus support

billions of people worldwide and are often particularly

important for (typically poor) rural communities (Twine

2005).

WHY DO WE NEED TO RE-THINK LAND-USE

MODELS FOR RANGELANDS?

The use of rangelands in their present form, for the agri-

cultural purpose of extensive livestock farming, is a crucial

threat to wild animal diversity. While livestock and

wildlife coexist in the same land, global mammalian bio-

mass is now excessively composed of livestock, compris-

ing about 62% compared to just 2% representing wild land

mammals (Bar-On et al. 2018). Threats to wildlife by

livestock are largely ancillary via land-use change, removal
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of predators, and provision of water points, but also direct

via disease transmission and persecution (Gordon 2018).

Human-caused climate and environmental change

increasingly threatens wildlife diversity, while also raising

concerns about the sustainability of services provided by

rangelands (Havstad et al. 2007). Rangeland faces several

critical threats. These include its conversion to other land

uses like agricultural intensification, extensive urbaniza-

tion, mining, afforestation, and invasion by species, as well

as the disruption of natural processes like grazing and

wildfires. Additionally, climate impacts, such as intensi-

fying droughts, pose a significant threat (Boone et al. 2018;

Mashizi and Escobedo 2020). As a result, rangelands

experience reduced primary production, greater soil ero-

sion, lower water quality, and loss of ecosystem functions

(Bolo et al. 2019). Soil erosion exacerbates climate impacts

and lowers nutrient retention, decreasing primary produc-

tivity (Bolo et al. 2019). These negative impacts on

rangelands affect communities relying on them for live-

stock production and resource harvesting (Dube et al.

2016).

Some land-use changes partially or completely trans-

form rangelands. Chief among these is crop production,

which occupies 10% of habitable land, while urban areas

and human infrastructure occupy about 1%, mining

(0.01%) and forestry. Throughout the world, changing

human population patterns, including urbanization and

shifts in rural areas, have complex implications for

rangelands. While it is a well-recognized trend that many

rural areas in Europe are experiencing depopulation due to

urbanization, it is also important to note that this may differ

elsewhere. Some regions, for example extensive parts of

rural Africa, experienced increased population density in

rural areas. This shifting demographic landscape has vari-

ous impacts on rangelands, including habitat changes

associated with increased food production (Ritchie and

Roser 2013). With only 12% of global rangelands protected

(ILRI et al. 2021), most of these ecosystems are increas-

ingly threatened by such conversions to different land uses,

increasing their vulnerability to climate impacts and

reducing their ability to provide ecosystem services

(Holechek et al. 2020). Accelerating the development of

renewable energy infrastructures in rangelands may alter

the delivery of crucial ecosystem services provided by

rangelands, resulting in adverse ecological impacts on the

environment and its users (Kreuter et al. 2016). Renewable

energy sources like solar and wind power may decrease

GHG emissions but pose trade-offs for biodiversity con-

servation (Smith et al. 2022), impacting ecosystem services

and wildlife, such as bird and bat mortality rates (Agha

et al. 2020), disruptions in ungulate migration (Sawyer

et al. 2022), and reindeer (Rangifer tarandus) avoidance of

wind turbines (Skarin et al. 2018).

A more recent threat to rangelands is afforestation funded

by carbon credit markets. These markets have gained trac-

tion due to growing interest in NCS/NbS and commitments

to net-zero emission targets (Tear et al. 2021). Many carbon

markets in the agriculture, forestry and other land use sectors

have focused on using trees to capture carbon (Bossio et al.

2020). This poses a significant threat to rangelands as

afforestation is often promoted in these systems (Bond et al.

2019). The conversion of rangelands to plantations or forests

Table 1 Descriptions of the diversity of current land use in rangelands

Land use category Description

Production of animal

products

The most common land use in rangelands ecosystem is the production of wild and domesticated herbivores for their

meat, fibres and/or other animal-derived products (e.g., horns as trophies). This land use may take several forms,

including private farms and communal grazing areas. They function as either continuous or rotational grazing

systems for commercial and subsistence farming. They focus on production of domestic or purely wild herbivores

or a mix of them

Harvesting of natural

products

People living within and around rangelands depend on rangelands as a source of other, non-animal, products such as

firewood, fruits and mushrooms, and medicinal plant materials that are used for direct consumption or to generate

income. There are also strong spiritual and cultural values that people associate with rangelands

Recreational use and

tourism

Many rangelands function as recreation and tourism areas offering services such as hiking, game drives, horseback

riding and hunting for meat or trophies

Conservation Rangelands support many iconic and endemic species and are also a source of genetic plant and animal materials some

of which are in protected areas and used to restore degraded lands. Only 12% of the world’s rangelands are

protected within conservation areas in the form of national parks, private game reserves, and private nature reserves

Industrial land uses Mining activities involving the extraction of a wide array of minerals and fossil fuels are increasingly common in

rangelands systems across the world, such as coal mining and fracking in African savannas and grasslands and

metal mines in the rangelands of northern Sweden

Emerging land uses Rangelands, due to their often-open character, are increasingly used for renewable energy production, such as wind

and solar farms. Simultaneously, rangelands are also used in carbon offset investments. These investments leverage

the natural capacity of rangelands to sequester carbon, thereby contributing significantly to global carbon offset

initiatives
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in initiatives such as the African Forest Landscape

Restoration Initiative (AFR100) threatens biodiversity,

ecosystem services and human livelihood in those non-forest

ecosystems (Parr et al. 2014). Soil organic carbon (SOC) and

belowground carbon pools in rangelands are also underval-

ued (Bossio et al. 2020). Despite the importance of fire in

maintaining biodiversity in rangelands, recent NCS/NbS

discourage burning in savannas and grasslands. However,

recent research has shown that fires do not necessarily reduce

(Zhou et al. 2022), and may increase (Findlay et al. 2022),

SOC in grasslands and savannas.

Current land-use policies and approaches risk under-

valuing rangeland ecosystem services. For example, Afri-

can rangeland policies mainly target livestock production

and trade, often neglecting biodiversity as well as crucial

social, economic, and environmental aspects needed to

sustainably manage natural resources and support pas-

toralists’ livelihoods and access rights (African Union

2013). In many rangelands, communal land usage is cus-

tomary, allowing pastoralists to move livestock based on

forage availability, disease, rainfall, and fire patterns

(Behnke and Scoones 1993). However, unregulated grazing

and rising livestock numbers on some communal range-

lands have contributed to their deterioration (Behnke and

Scoones 1993). The shift towards land tenure privatization

has disrupted pastoralists’ traditional rights and animal

movement strategies, frequently without local community

input, negatively impacting livelihoods and rangeland

management practices (Behnke and Scoones 1993). With-

out policies that directly address land tenure and communal

ownership (African Union 2013), there is high risk that

private enterprises (corporate or otherwise), or the estab-

lishment of protected areas, replace the use of rangelands

by local and indigenous peoples. Yet, indigenous peoples

hold essential traditional environmental knowledge

including strategies to manage environmental crises and

variability such as drought (Selemani et al. 2012; Zhang

et al. 2013). Their experience and knowledge could con-

tribute to climate mitigation and biodiversity conservation

efforts (Filho et al. 2022). Therefore, co-managing range-

lands with local and indigenous peoples is crucial for more

equitable and strategic outcomes. Rethinking land-use

models for rangelands is crucial to preserve ecosystem

services, traditional land rights, and biodiversity, while

ensuring environmentally conscious and equitable climate

strategies for stakeholders.

DEFINING WILDER RANGELANDS

We define wilder rangelands as open or semi-open

ecosystems where natural processes, including diverse

grazing, browsing and fire dynamics, prevail. Further,

diverse property rights and income models persist. Thus,

wilder rangelands provide opportunities to address climate

change, halt biodiversity loss, and reduce social inequality,

by restoring biodiversity and providing diverse socio-eco-

nomic land-use models (Fig. 1). Wilder rangelands are thus

biodiverse rangelands, governed by natural processes,

where wildlife and livestock may co-exist, while stimu-

lating the indigenous knowledge and use systems that

provide livelihoods to local communities. They are resi-

lient to drought and fire, while also storing considerable

amounts of SOC (Dass et al. 2018; Findlay et al. 2022) and

offer diverse opportunities to sustain livelihoods and the

well-being of local communities (Reid et al. 2004).

Diverse rangeland ecosystems across the globe and can

be broadly classified into seven major types, each with

unique characteristics and ecological significance (Fig. 2).

They encompass various landscapes influenced by rainfall,

temperature, soil conditions, and management practices

(ILRI et al. 2021). These regions provide habitat for vari-

ous wildlife species unique to these ecosystems. The

applicability of the wilder rangelands concept can vary

among these different rangeland types and regions. While

our case studies provide specific examples, the global map

(Fig. 2) allows us to understand the diversity of rangeland

ecosystems. The wilder rangelands concept may be more

suitable in areas with certain ecological characteristics, and

less so in others due to varying levels of native flora and

fauna, institutional settings, and environmental conditions.

This diversity in rangeland types underscores the need for

region-specific strategies and adaptations to the wilding

approach.

At the core of the wilder rangelands concept lies the

recognition that a diversity of wild animals drives essential

natural processes in rangeland ecosystems, such as her-

bivory, fire, albedo, energy flows, nutrient and water cycles,

soil formation and erosion (Table 2), all crucial for the

resilience of these ecosystems (Lundberg and Moberg 2003).

Herbivory plays a critical role in shaping the structure and

composition of vegetation in diverse landscapes with addi-

tional benefits for biodiversity, CC mitigation and adapta-

tion. For example, reindeer, moose (Alces alces), and other

large and small herbivores in the Arctic tundra increase plant

species richness by suppressing dominant species (Lindén

et al. 2021) and reduce woody cover, resulting in increased

surface albedo and a reduction in solar energy absorption at

the surface (te Beest et al. 2016), potentially leading to local

atmospheric cooling. Wild animals also influence ecosystem

resilience through dispersal of seeds and nutrients. While

plant species benefit from a diversity of seed dispersers,

larger animals play a critical role in the distribution of plant

species as their high mobility allows them to disperse seeds

over large areas (Correia et al. 2017; Pringle et al. 2023).

Similarly, larger animals may be disproportionately
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important for the redistribution of key nutrients for plants

(Doughty et al. 2016; Pringle et al. 2023), and through their

physical disturbance and digestive processes may boost the

carbon burial in soil (Schmitz et al. 2023). For example,

recent work from a Kenyan savanna revealed that SOC and

nitrogen stocks decreased with cattle grazing. However, the

addition of elephants (Loxodonta africana) to the livestock

system led to restored SOC stocks (Sitters et al. 2020).

Furthermore, many wild mammal species, particularly non-

ruminant species such as horses, pigs, rhinos, and elephants,

emit less methane than livestock (Jackson et al. 2020). For

instance, incorporating kangaroos instead of cattle and sheep

in Australian rangelands can cut Australia’s national

anthropogenic GHG emissions by 3% annually (Wilson and

Edwards 2008). Despite the diverse ways through which

wild animals, and their associated natural processes may

promote biodiversity restoration and CC mitigation, none of

the original twenty NCS pathways defined by Griscom et al.

(2017) involved restoring wild animal populations or even

diversifying animal feeding guilds (grazers, browsers,

megaherbivores) in rangelands or other ecosystems.

Wilder rangelands offer opportunities to address three

critical challenges: CC, biodiversity loss and social

inequality, thus addressing the interconnectivity of the

United Nations 2030 Agenda Sustainable Development

Goals (SDGs) (Table 2). We summarise the current range-

land challenges, how they link to the relevant SDGs, and the

envisioned opportunities for wilder rangelands to address

these challenges (Table 2). Current mitigation strategies

often view biodiversity, climate, and society as separate,

overlooking their interactions (Pascual et al. 2022). For

example, agricultural production is a common intervention

to fight poverty but can harm biodiversity and climate by

replacing diverse ecosystems with monoculture livestock or

crops (Fleischner 1994). This may result in increased GHG

emissions due to the loss of critical ecological functions,

such as carbon uptake and sequestration, essential for

maintaining ecosystem balance (Poore and Nemecek 2018).

Moreover, current CC mitigation strategies often focus

on monoculture tree plantations sensitive to global chan-

ges (Hulvey et al. 2013). They are often wrongly sug-

gested as afforestation of open ecosystems that are more

resilient than plantations and offer greater and longer-

term carbon storage (Seddon et al. 2019). These strategies

demand vast land areas, causing declines in agricultural

land and biodiversity, while exacerbating negative

Fig. 1 Hypothetical pathways through which wilder rangelands may benefit climate action, biodiversity and livelihoods. Processes such as

diverse grazing, browsing, and fire dynamics may result in various ecosystem services such as increased albedo, reduced methane emissions, and

increased soil organic carbon (SOC) formation (arrow thickness signifies the magnitude of influence of these services). Other ecosystem services

could include habitat provision for wildlife, regulation of fire, erosion control, facilitation of the flow of nutrients, water, and energy, as well as

the flows of these services for human wellbeing. Created with BioRender.com
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impacts on local communities relying on resources and

biodiversity (Doelman et al. 2020). For example, a pro-

gram aimed to increase carbon sequestration in the

Brazilian tropical savanna through afforestation and fire

suppression led to a decline in plant and ant diversity

(Abreu et al. 2017). Similarly, a program in Uganda

planted ‘‘climate forests’’—as monocultures of alien

pines—on communal rangelands, destroying access to

valuable trees and grazing land for local communities

(Fischer et al. 2019).

IMPLEMENTATION OF WILDER RANGELANDS

We followed a ToC approach for developing and imple-

menting wilder rangelands, as it is an efficient tool for

designing, monitoring, and evaluating complex, multi-

faceted and long-term initiatives (Sullivan and Stewart

2006). This approach explores causal linkages between

desired changes expected from certain interventions at

different result levels (activities, outputs, outcomes, and

impact), the actors, and factors influencing those changes

(Fig. 3). Important activities needed to implement wilder

rangelands are highlighted (Fig. 3). The illustrated ToC is

linear for the sake of simplicity and readability, but we

acknowledge that unexpected and complex interactions

may occur as a result of wilder rangelands.

Restoration of key natural processes

Restoring natural processes under the proposed wilder

rangelands framework can entail fully or partially replacing

managed livestock systems with communities of native

wild or semi-domesticated native herbivores, with or

without regulated hunting. Wilder rangelands can also

include actively restoring or maintaining the traditional and

extensive forms of livestock grazing, such as reindeer

husbandry or traditional African pastoral systems, that

share many features with wild grazing systems. Such tra-

ditional systems have allowed human populations to settle

and persist for many thousands of years in close connection

with the landscape, maintaining the landscape’s biodiver-

sity and ecological functioning (Stoessel et al. 2022). Re-

introduction of wild or semi-domesticated native herbivore

regimes, or traditional pastoral systems, serves to restore

important interactions between ecosystems and mam-

malian herbivores (i.e., herbivory, pollination, seed and

nutrient dispersal, herbivore-fire interactions) that are

essential for ecosystem functioning (Holtmeier 2015).

Studies show that many plant species can resprout fol-

lowing herbivory by native mammals and insects (Midgley

Fig. 2 Global Distribution of Rangelands (ILRI et al. 2021) and illustrates the extent of rangelands globally, categorized into seven distinct

rangeland types
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Table 2 Linking potential wilder rangelands opportunities to rangelands challenges as well as the Sustainable Development Goals and targets

Sustainable Development Goals

and targets

Indicators Rangelands challenges Wilder rangelands opportunities

Goal 1. End poverty in all its forms everywhere

1.4 By 2030, ensure that all men

and women, in particular the

poor and the vulnerable, have

equal rights to economic

resources, as well as access to

basic services, ownership and

control over land and other

forms of property, inheritance,

natural resources, appropriate

new technology and financial

services, including microfinance

1.4.1 Proportion of population

living in households with access

to basic services

Overexploitation of natural

resources by grazing livestock

and other activities, particularly

from the of lack of other

economic alternatives

New socio-economic land use

models, which are more

equitable, with a broader

portfolio of socio-economic

activities, and allow more to

profit (e.g., carbon credit

programs, renewable energy)

1.4.2 Proportion of total adult

population with secure tenure

rights to land, (a) with legally

recognized documentation, and

(b) who perceive their rights to

land as secure, by sex and type

of tenure

Change in land tenure systems and

access to natural resources and

associated income, where

communal tenure/use systems

are replaced with private

ownership, resulting in larger

inequality

Wilder rangelands, as a bottom-up

approach, provides

opportunities for land tenure

systems, where individual rights

and access are recognized, but

embedded in a common use and

explicitly linked to social rights

and ethics (‘‘modern

commons’’)

Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture

2.4 By 2030, ensure sustainable

food production systems and

implement resilient agricultural

practices that increase

productivity and production,

that help maintain ecosystems,

that strengthen capacity for

adaptation to climate change,

extreme weather, drought,

flooding and other disasters and

that progressively improve land

and soil quality

2.4.1 Proportion of agricultural

area under productive and

sustainable agriculture

Poor livestock and/or fire

management practices e.g., high

stocking rates, inappropriate fire

regimes, inappropriate

placement of certain livestock

or wildlife species in certain

ecosystems, lack of spatio-

temporal dynamics all of which

may negatively affect soils and

reduce rangelands productivity

Restoration of natural processes,

such as natural grazing and fire

regimes, may restore and

maintain long-term sustainable

production while strengthening

capacity for adaptation to

climate change, extreme

weather, drought flooding and

other disasters. Decentralized,

and localized, food systems and

modern commons may ensure

more equitable and fair

production and sharing of food

Goal 6. Ensure availability and sustainable management of water and sanitation for all

6.4 By 2030, substantially increase

water-use efficiency across all

sectors and ensure sustainable

withdrawals and supply of

freshwater to address water

scarcity and substantially reduce

the number of people suffering

from water scarcity

6.4.1 Change in water-use

efficiency over time

Establishment of invasive species

with poor Water Use Efficiency,

reducing springs and

groundwater resources. Post

removal effects of woody

invasive plants may include soil

erosion and sedimentation of

water storage

Eradication of invasive plants and

restoration of natural plant

cover and processes may reduce

erosion /sedimentation of water

storage, and increase biotic

resistance to new invasions,

with biodiversity and water

gains

6.b Support and strengthen the

participation of local

communities in improving water

and sanitation management

6.b.1 Proportion of local

administrative units with

established and operational

policies and procedures for

participation of local

communities in water and

sanitation management

Inadequate development and

maintenance of water

infrastructure in rangelands,

e.g., springs. Reliance of people

and livestock on the same water

resource leads to poor hygiene

Opportunity to engage local

communities in water

management strategies and

policies for improved water

infrastructure

Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all

7.2 By 2030, increase substantially

the share of renewable energy in

the global energy mix

7.2.1 Renewable energy share in

the total final energy

consumption

Air and ground water

contamination due to oil and gas

exploration and production

Certain renewable energy

solutions (solar and wind

power) may add to the portfolio

of income opportunities

Goal 13. Take urgent action to combat climate change and its impacts
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Table 2 continued

Sustainable Development Goals

and targets

Indicators Rangelands challenges Wilder rangelands opportunities

13.2 Integrate climate change

measures into national policies,

strategies, and planning

13.2.1 Number of countries with

nationally determined

contributions, long-term

strategies, national adaptation

plans and adaptation

communications, as reported to

the secretariat of the United

Nations Framework Convention

on Climate Change

Current rangelands practices

frequently exacerbate climate

change and are poorly adapted

to future climates. In addition,

rangelands across the world are

increasingly presented as

opportunities for tree planting

and forestation. These tree-

based strategies may be

inappropriate for the

disturbance-prone systems that

most rangelands are

Wilder rangelands broaden the

portfolio of current climate

change mitigation strategies and

carry co-benefits for

biodiversity and livelihoods.

Examples of climate change

mitigation opportunities with

wilder rangelands include pyric

herbivory (i.e., grazing-fire

interactions) that leads to cooler

fires with more ash stored as

carbon in the soil, climate-

cooling due to high albedo of

grassy surfaces, and reduced

methane emissions from mixed

wildlife-livestock systems

13.2.2 Total greenhouse gas

emissions per year

Loss of NPP, degradation, soil

loss, due to poor grazing

practices enhances CO2

emissions and intense livestock

practices add to CH4 emissions

Grazing models with either

grazing by wildlife or livestock

models inspired by how wildlife

uses the landscape may enhance

soil carbon sequestration and

reduce CH4 emissions

13.3 Improve education,

awareness-raising and human

and institutional capacity on

climate change mitigation,

adaptation, impact reduction

and early warning

13.3.1 Extent to which (i) global

citizenship education and (ii)

education for sustainable

development are mainstreamed

in (a) national education

policies; (b) curricula;

(c) teacher education; and

(d) student assessment

Lack of awareness of potential for

ecosystem restoration, climate

mitigation and improving

livelihood. Also lack of

awareness that tree planting is

an inappropriate solution in the

many open ecosystems of the

world

Opportunity to integrate wild

spaces concept into sustainable

agriculture curricula and

postgraduate studies.

Mainstream concept through

brochures to public and policy

briefs to increase awareness of

the opportunities

Goal 15. Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and

reverse land degradation and halt biodiversity loss

15.3 By 2030, combat

desertification, restore degraded

land and soil, including land

affected by desertification,

drought, and floods, and strive

to achieve a land degradation-

neutral world

15.3.1 Proportion of land that is

degraded over total land area

Currently rangelands practices

frequently lead to soil erosion

and desertification and are

predicted to do this even more

so under climate change

Natural grazing/browsing and fire

regimes have the potential to

restore lands and maintain

vegetation cover to prevent

desertification

15.5 Take urgent and significant

action to reduce the degradation

of natural habitats, halt the loss

of biodiversity and, by 2020,

protect and prevent the

extinction of threatened species

15.5.1 Red List Index Current rangelands practices are a

huge driver of biodiversity loss

and increased numbers of

endangered wildlife species

Restores natural habitats and

processes and also recognizes

the huge value of the functional

diversity still present in wild

herbivore communities and wild

fire regimes. This functional

diversity provides opportunities

for climate change adaptation

15.7 Take urgent action to end

poaching and trafficking of

protected species of flora and

fauna and address both demand

and supply of illegal wildlife

products

15.7.1 Proportion of traded

wildlife that was poached or

illicitly trafficked

Poaching By providing a more diverse

income portfolio, available to

more people, some of the

incentives behind poaching will

be reduced
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1991) or have evolved defence mechanisms (i.e., chemical

defence) against different types of herbivories (Leimu et al.

2012). A good example is the ability of Portulacaria afra

to regenerate from discarded branches after browsing by

elephants (Stuart-Hill 1992). Another example is the cir-

cumpolar browsing of Betula nana by reindeer and caribou,

where multiple chemical defence strategies have evolved in

the same species complex (Lindén et al. 2022).

Wild herbivores and frugivores are essential in seed

dispersal and in promoting germination (Fazelian et al.

2014). For instance, elephants help Sclerocarya birrea

seeds germinate by cracking shells while chewing,

increasing germination rates (Midgley et al. 2012). Wild

herbivores are also central to nutrient cycling, e.g., reindeer

elevate nutrient cycling, raising plant nitrogen levels and

primary production (Olofsson et al. 2004). Herbivory by

multiple species also plays a crucial role in regulating the

frequency and distribution of fire (Fuhlendorf et al. 2009;

Cromsigt et al. 2018) and creating habitat heterogeneity

(Fuhlendorf et al. 2009). For example, diverse tundra her-

bivores preserve grass, moss, and shrub mosaics by limit-

ing shrub and tree densities via trampling and browsing

(Olofsson and Post 2018). In this way, reindeer slow down

ecosystem responses to CC, e.g., by mitigating warming

effects on the tundra, carbon balance or increasing summer

albedo (Väisänen et al. 2014; te Beest et al. 2016).

Rewilding with native herbivores may play a role in

restoring degraded rangelands. For example, restoring

native ungulates in Gorongosa National Park in Mozam-

bique led to a decline in invasive plant species (Guyton

et al. 2020). However, rewilding significantly degraded

rangelands may also reduce the ability of vegetation to

regenerate (Kerley et al. 1995), thus resulting in further and

irreversible negative impacts on rangelands. Therefore, as a

first step before rewilding native herbivores, it is essential

to restore significantly degraded rangelands to a state that

can support the intended wildlife or livestock. Restoring

degraded rangelands can involve planting native (herba-

ceous) species, eradicating invasive species, or allowing a

grazing rest period for the natural regeneration of plant

species (Genes and Dirzo 2022).

Restoring natural processes may entail ‘rewilding’ live-

stock grazing practices through learning from wild grazing

or traditional herding systems or allowing for mixed live-

stock-wildlife systems. The rapid human population growth

has increased the need to expand agricultural lands (Fróna

et al. 2019) compromising biodiversity and ecosystem

functioning. However, appropriate livestock management

practices such as low stocking rates and rotational grazing

can enhance rangeland heterogeneity, offering greater for-

aging options for livestock and wild herbivores (Fynn et al.

2016; Cipriotti et al. 2019). Venter et al. (2017) suggests

mimicking migrations in wild grazing systems by adjusting

stocking rates to suit the dry and wet seasons and incorpo-

rating return periods. However, return periods and stocking

rates depend on several local factors, such as rainfall, soil

Table 2 continued

Sustainable Development Goals

and targets

Indicators Rangelands challenges Wilder rangelands opportunities

15.8 By 2020, introduce measures

to prevent the introduction and

significantly reduce the impact

of invasive alien species on land

and water ecosystems and

control or eradicate the priority

species

15.8.1 Proportion of countries

adopting relevant national

legislation and adequately

resourcing the prevention or

control of invasive alien species

Many current rangelands systems

face huge challenges with

impacts of invasive alien woody

and herbaceous species

Restoration of natural processes

may increase biotic resistance to

new invasions, e.g., large

herbivores and natural fire

regimes are being used to

reduce re-growth of cleared

invasive alien woody plants in

South Africa

15.9 By 2020, integrate ecosystem

and biodiversity values into

national and local planning,

development processes, poverty

reduction strategies and

accounts

15.9.1 (a) Number of countries

that have established national

targets in accordance with or

similar to Aichi Biodiversity

Target 2 of the Strategic Plan

for Biodiversity 2011–2020 in

their national biodiversity

strategy and action plans and the

progress reported towards these

targets; and (b) integration of

biodiversity into national

accounting and reporting

systems, defined as

implementation of the System

of Environmental-Economic

Accounting

Lack of awareness of potential for

ecosystem restoration, climate

mitigation and improving

livelihood. Also lack of

awareness that tree planting is

an inappropriate solution in the

many open ecosystems of the

world and such afforestation

threatens open ecosystem

biodiversity. This reflects a

deeply entrenched

misunderstanding that grassy

ecosystems in areas that can

climatically support forest are

per definition of anthropogenic

origin

Opportunity to integrate wild

spaces concept and ecological

restoration into agricultural

curricula and postgraduate

studies. Mainstream concept

through brochures to public and

policy briefs to increase

awareness of the opportunities

with wilder rangelands,

embracing fire and grazing as

key natural processes and not

anthropogenic threats
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types and vegetation (Fynn and O’Connor 2000), of which

our knowledge is currently limited. Rangelands and their

plant communities have co-evolved with wild herbivores,

and further studies are required to understand and effectively

mimic wild grazing patterns.

Additionally, retaining or restoring the diversity of

herbivore species with different feeding habits (e.g., graz-

ing and browsing herbivores of different sizes) can effec-

tively use the vegetation and diversify ways to generate

income (Abate et al. 2010). Another opportunity lies in the

judicious use of temporary enclosures (‘‘kraals’’ or ‘‘bo-

mas’’) from traditional livestock systems, which not only

mitigate human-wildlife conflict but may also create

nutrient and carbon hotspots (Momberg et al. 2023)

through concentrated deposition of dung and urine (Fynn

et al. 2016). The application of kraaling should be context

dependent. Hawkins et al. (2022) found that in South

African mesic grasslands, kraaling increased grass basal

cover when the initial cover was low. However, it

decreased basal cover when the initial grass and herba-

ceous plants cover were relatively high. On the other hand,

in savanna sites across southern Africa, kraaling consis-

tently increased basal cover, as observed by Momberg et al.

(2023).

Privatisation and fencing of pastoral lands and fencing

protected areas, reduces the ability of wild herbivores and

livestock to move in response to spatial and temporal vari-

ability in resources and rainfall (Western et al. 2009; Fynn

and Bonyongo 2011). Within the proposed wilder range-

lands, we foresee opportunities for grazing practices that

allow for coexistence of livestock and wild herbivores that

will benefit both livestock production and biodiversity

Fig. 3 This diagram illustrates the interconnected elements in the Logic model for the wilder rangelands Theory of Change, including inputs,

activities, participants, outcomes, impacts and assumptions underpinning the transition from livestock-dominated rangelands to ’wilder

rangelands
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conservation and allow herbivores to roam freely across

larger landscapes (Fynn et al. 2016), e.g., by recognising the

importance of traditional migratory path or to (re-) establish

migration or movement corridors. These opportunities

include the restoration of animal movements, which allows

both the migration of herbivores and the redistribution of

nutrients. Increased herbivore diversity and functional

heterogeneity may positively influence vegetation structure

(Fynn et al. 2016) and enable diverse income streams, such as

restoring pastoralist routes (see below). For thousands of

years pastoralists managed their domestic animals amongst

wild herbivores following similar seasonal movement pat-

terns (Fynn et al. 2015), but increasingly their movements

have been obstructed. The mobility of large wild and

domestic herbivores generates landscape-level heterogene-

ity through herbivory, trampling and nutrient cycling

resulting in greater productivity and sustainability of live-

stock and wild herbivores (Owen-Smith 2004). Introducing

wild herbivores into livestock grazing systems may aid

restoration of degraded rangelands while also mitigating CC.

For example, Wells et al. (2022) found that reducing cattle

densities coupled with the presence of megaherbivores

increased cattle foraging efficiency while benefiting meso-

herbivores, such as zebra (Equus sp).

Addressing land-tenure issues

Addressing land-tenure systems is paramount in a world

where land resources are becoming increasingly scarce and

contested. This is particularly crucial for wilder rangelands,

as flexible and inclusive land tenure management will

enable land connectivity, wildlife movement and transhu-

mance, thus fostering healthier ecosystems that can better

withstand CC impacts. Due to increased pressure and

competition for natural resources, governments and

investors have become increasingly interested in range-

lands—areas previously often deemed as marginal lands

(Robinson and Flintan 2022). These common lands are

often treated as ‘‘terra nullius’’ (nobody’s land) by gov-

ernments and investors (Fischer et al. 2019), despite having

been inhabited and used by people, including pastoralists,

for thousands of years. Consequently, these lands lack

protection and secured land tenure, making them prone to

individualization and privatization with cumulative pres-

sures from various forms of land use (Stoessel et al. 2022).

As highlighted by Doss and Meinzen-Dick (2020), if we

want to maintain these types of rangelands, there is a need

for legal and secure land tenure. Importantly, these land-

tenure models must anticipate and address conflicts

resulting from long-standing parallel land uses (Sandström

et al. 2006). For example, in the Arctic region, the

expansion of mining and forestry conflicts with the use of

rangelands by Sámi reindeer herders. Their traditional

knowledge is seen as a secondary source of information in

discussions around the use of arctic rangelands. Here, it is

essential to integrate human rights impact assessments into

existing license-granting mechanisms and examine com-

panies’ compliance with applicable human rights norms for

local and indigenous populations (Petrétei 2020). Thus, it is

crucial to ensure proper consideration of the special status

and interests of the Sámi people and similar indigenous

groups elsewhere during the planning and implementation

of extractive industrial projects to guarantee fair treatment

of all stakeholders involved.

Another example that could inform wilder rangelands is

Natura 2000, a 30-year-old Europe-wide network of nature

reserves, voluntary land conservation agreements, aban-

doned land, and private land that recognizes pastoralists

and enables the cultural practice of transhumance. This

policy recognizes the potential benefits of shepherding for

biodiversity through e.g., nutrient redistribution, seed dis-

persal, control of woody encroachment, maintenance of

landscape heterogeneity, wildfire control, and supply of

livestock carcasses in various open habitats such as natural

and semi-natural grasslands, wooded pastures and mead-

ows, scrub, and heathlands (European Union 2018). Cur-

rent initiatives to support these practices include incentive

payments, markets for products of origin (e.g., cheese) and

shepherding schools. Finally, wilder rangelands could be

modelled on certain traditional communal rangeland sys-

tems, e.g., pastoralists in the Herding for Health Pro-

gramme (Heermans et al. 2021) in Mozambique have

access to their communal areas as well as private land and

nature reserves to allow transhumance (Anna Jean Haw,

pers comm, 2023). These examples serve as strong lessons

for other parts of the world, where the use of rangelands by

indigenous communities’ conflicts with other stakeholders.

Policymakers must work with ecological and social sci-

entists to develop and implement policies that encourage land

uses that maintain natural ecosystems and enhance functional

resilience, thus uniting biodiversity, and climate impacts.

Inclusion of local communities belonging

to rangelands

Local communities have often been displaced or excluded

from areas previously used for grazing and harvesting

natural products, resulting in resistance against conserva-

tion initiatives (Fynn et al. 2016) and afforestation efforts

(Fischer et al. 2019). More recently, this problem is

acknowledged and different, more inclusive models, are

suggested in conservation. For example, the premise of

transfrontier conservation areas (TFCAs) in southern

Africa was to explicitly include the socio-economic

development of rural communities via ecotourism, along-

side global biodiversity and regional integration goals.
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However, cultural values and land-use needs such as crop

and livestock farming were, and still are, often forgotten in

this process. For example, due to increased human-wildlife

conflict, coexistence with wildlife was costlier than antic-

ipated for people living on the edge of TFCAs in Zim-

babwe, South Africa and Mozambique (Andersson et al.

2017). This makes it imperative that governance systems

must include all stakeholders in the planning and execution

of global crisis interventions, especially local communities

whose goals, values and behaviours determine the success

of these interventions (Pascual et al. 2022). Importantly,

people in local communities in these rangelands have

knowledge that could benefit our understanding of local

conditions, as well as strategies to adapt to changes in

biodiversity and climate (IPBES et al. 2019). Wilder

rangelands specifically recognise that solutions to global

challenges should be supported by, and ideally co-created

with, the communities living in the rangelands, by recog-

nising that ecosystems reflect many ecological processes,

including those of indigenous peoples (Ogar et al. 2020),

for the restoration of degraded landscapes (Reyes-Garcı́a

et al. 2019). The wilder rangelands concept incorporates

traditional or indigenous knowledge systems that have

evolved through livelihoods dependent on these

ecosystems.

Creating diverse income opportunities

Rangeland degradation, disease, and transportation issues

hinder small farmers from accessing markets and generat-

ing income (Flintan et al. 2011; Beyene et al. 2014). Wilder

rangelands may offer diverse land-use opportunities

including adaptive wildlife-livestock grazing, conservation,

tourism, hunting, and renewable energy (Macleod and

Brown 2014; Reid et al. 2014). Certain initiatives take a

One Health approach, acknowledging the interconnection

between human, animal, and environmental health, e.g., the

southern African Herding for Health programme (Heer-

mans et al. 2021). The latter programme trains farmers in

rangeland management, animal husbandry, resolution of

human-wildlife conflict, and facilitates access to prof-

itable markets. Non-traditional livestock species offer

additional revenue options from meat, milk, and hair/fibre

production. For example, Bactrian (Camelus bactrianus)

and dromedary (Camelus dromedarius) camels, llama

(Lama glama), alpaca (Vicugna pacos), guanaco (Lama

guanicoe), and vicuña (Vicugna vicugna) are becoming

increasingly attractive as livestock due to their ability to

adapt to harsh climates and high altitudes with income

opportunities from their meat, milk, and hair/fibre pro-

duction (Zarrin et al. 2020). Integrating renewable energy

infrastructures such as solar and wind power into rangeland

is an opportunity to diversify revenue streams while

facilitating climate action. Landowners can generate clean,

renewable energy without compromising the grazing

capacity of mammalian herbivores by installing solar

panels and wind turbines in less productive areas of the

rangeland. They may further benefit by leasing land for

renewable energy infrastructures while allowing grazing or

other traditional rangeland uses (Ott et al. 2021). However,

an integrative assessment of energy development on

rangelands is necessary to minimise environmental impacts

associated with different types of energy developments

while balancing traditional rangeland uses.

Incentives to restore rangeland biodiversity and decrease

GHG are also potential income sources. These opportuni-

ties include a subset of the diversity of carbon and biodi-

versity credit programs that are currently prevalent and

increasing. Carbon sequestration through initiatives such as

vegetation restoration and planned grazing can generate

revenue while conserving the environment (Tennigkeit and

Wilkes 2008). For instance, transitioning from late dry-

season severe fires to early dry-season cooler burns may

yield carbon credit revenues due to reduced CO2 emissions

and increased carbon sequestration in soil and above-

ground biomass (Tear et al. 2021). Central to such oppor-

tunities would be to ensure they do not disrupt social

structures or indigenous practices. Fire and grazing man-

agement practices can also benefit local communities

through employment or costs associated with implement-

ing these programs. In addition, local communities may

also benefit from larger quantities and higher quality forage

for their livestock, improved nutrient cycling, increased

water storage capacity, and a reduction in tick-borne dis-

eases, all of which result from altered grazing and fire

management practices (Odadi et al. 2017; Tear et al.

2021). Developing a biodiversity credit market system for

rangelands is still in its infancy. Certain standards explic-

itly include carbon, biodiversity and communities but have

been criticised for being market-orientated and neglecting

participation or poverty alleviation (Melo et al. 2014).

Navigating the Socio-Political and Institutional

Landscape of Rangelands

The successful implementation of wilder rangelands for

restoring biodiversity, enhancing ecosystem functioning,

improving human livelihoods, and mitigating climate

change necessitates a comprehensive examination of the

socio-political and institutional factors that can enable or

hinder these objectives (Behnke 2021). This section delves

into the intricate web of socio-political, governance, and

institutional elements that shape wilder rangelands and

emphasise the need for an integrated perspective.
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External socio-political-economic interests and their

implications

Throughout the preceding sections, we have touched upon

various policies and associated socio-economic interests

that play a pivotal role and currently often act as barriers to

the concept of wilder rangelands. These policies encompass

mining, forestry, energy developments, but also conserva-

tion, and carbon and biodiversity credit schemes. It is evi-

dent that while some of these policies are essential for the

successful implementation of wilder rangelands, others,

despite good intentions, may inadvertently become barriers

to progress (Behnke 2021). Hence, to identify potential

barriers to wilder rangelands it is necessary to conduct a

policy analysis to identify policies that may support or may

hinder implementation and identify what type of policy

instruments (regulatory, economic or informative), or

mixed policy instruments, could incentivise a change in the

direction of wilder rangelands. However, it is also neces-

sary to conduct an institutional analysis to identify current

institutional factors such as land tenure, existing gover-

nance systems, and their implications for a wilder range-

lands perspective. Here it is necessary to address rights-

based perspectives to avoid the risk of violating human

rights. Behnke (2021), who provides a ’realistic approach to

politics’ perspective, also highlights the need to recognize

irreversible changes in pastoral systems. He underscores

the role of modern capitalist institutions in shaping range-

lands and offers insights into principles and lessons of

traditional approaches that can be updated to meet new

realities. For instance, East African pastoralists have

adapted to changing environmental conditions, including

climate change, by diversifying their herds to include more

browsers like camels and goats. This shift in herd compo-

sition is a direct response to the threat of grass scarcity,

demonstrating the flexibility of traditional pastoral

approaches in the face of new realities.

Moreover, migratory rangeland systems offer a distinct

approach in managing livestock, contrasting with fenced

rotational systems. The former capitalizes on environmental

heterogeneity, utilizing the varying landscape and seasonal

changes to benefit both livestock and biodiversity. This can be

seen in how pastoralists have amplified rangeland hetero-

geneity for millennia. On the other hand, fenced ranching

often attempts to suppress heterogeneity, focusing on unifor-

mity of grazing distribution. The pressures from market pen-

etration and state policies have led to shifts in indigenous

tenure regimes, often resulting in rangeland fragmentation and

reduced mobility for pastoralists. However, the emergence of

novel land tenure arrangements, such as conservation ease-

ments and grass banking in American ranching, suggest

potential strategies for preserving the open-range migratory

systems, aligning with traditional approaches.

An integrated perspective

Adopting an integrated perspective is crucial to tackle the

diverse policy and institutional challenges. This approach

should consider the complex interplay of socio-political

factors, governance, and institutional dynamics, as

emphasized by Behnke (2021). Additionally, Brunson

et al. (2022) advocate for intergrating social sciences into

the traditionally natural science-focused rangelands

research and emphasize the need for social justice per-

spectives in the policy agenda. They encourage consid-

ering a broader range of knowledge sources and stress the

importance of listening to diverse voices in rangeland

management. Here, we highlight that our proposals also

strongly align with the growing international recognition

and call the listening to, and acting upon, local and

indigenous knowledge and practices. Strengthening the

wilder rangelands can be achieved by connecting with

initiatives focusing on indigenous and local knowledge

and practices. Key initiatives include the IPBES, IPCC,

and the Kunming-Montreal Global Biodiversity Frame-

work. The integrated approach we advocate will enrich

our understanding of the factors influencing policy

directions and governance (Nori and Scoones 2023). Nori

and Scoones (2023) also highlight the importance of

addressing local communities’ welfare in policy objec-

tives and challenging bureaucratic approaches and dis-

torted interests. While many policy issues are externally

driven, it is necessary to acknowledge the presence of

local socio-political conflicts. These conflicts can stem

from differing interests between local elites and more

traditional local or indigenous groups. Nori and Scoones

(2023) note that even when elite pastoralists are co-opted

into state structures, pastoralist populations may feel left

behind by ongoing transformations. Addressing these

conflicts is essential to ensure that the implementation of

wilder rangelands benefits all stakeholders.

Changing the rangeland degradation narrative

One deep-lying barrier to the idea of wilder rangelands is

the widespread paradigm and narrative that many of the

world’s rangelands, and grassy biomes they are a part of,

are of anthropogenic origin (Parr et al. 2014). According to

this paradigm, anthropogenic fire and/or grazing regimes

have led to deforestation and created these grassy systems

under climatic conditions that would naturally allow forest

(Veldman 2016). According to this view, grassy ecosys-

tems are considered degraded forests, except for places that

are too cold or dry for trees (Veldman 2016). This para-

digm forms a barrier to wilder rangelands, because it sees

fire and potentially even grazing as ‘‘unnatural’’
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anthropogenic processes. Consequently, the restoration of

rangelands towards more natural ecological states would

depend on excluding fire and/or grazing. This ‘‘degra-

dation narrative’’ is used increasingly to advocate for

carbon forestry and afforestation, i.e., tree planting in

grassy ecosystems (Hajdu et al. 2016; Hajdu and Fischer

2017; Bond et al. 2019). There is now ample evidence,

however, that grassy biomes and their fire and grazing

regimes are not of anthropogenic origin but are ancient

systems, even under climatic conditions that are wet and

warm enough to support forest (Veldman et al. 2015;

Bond and Zaloumis 2016). Fostering a more widespread

acceptance of this alternative paradigm would be an

essential enabling factor accepting and implementing of

wilder rangelands.

CONCLUSIONS

This paper explores wilder rangelands as a solution for

restoring biodiversity, supporting human livelihood, and

mitigating CC. Restoring natural processes, such as her-

bivory, animal movement, and fire regimes, is crucial for

effective climate action. Wilder rangelands integrate sci-

entific and indigenous knowledge to create sustainable

strategies that protect ecosystems and local communities.

Key actions involve respecting indigenous knowledge

systems, community engagement, secure land tenure sys-

tems for communal use, and alternative income sources.

These strategies promote holistic climate solutions that

improve local community livelihoods. Supported by tra-

ditional grazing systems, wilder rangelands integrate

diverse land uses like animal production, tourism, carbon

credit markets, and renewable energy development to

mitigate CC while enhancing biodiversity. Given the

potential trade-offs among different land-use strategies in

wilder rangelands, further research is needed. Ensuring

robust environmental assessments and collaborative deci-

sion-making is paramount for positive ecological and

social outcomes. Successful implementation of wilder

rangelands requires collaboration among local stakehold-

ers, scientists, policymakers, and communities to develop

appropriate protective policies.
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Correia, M., S. Timóteo, S. Rodrı́guez-Echeverrı́a, A. Mazars-Simon,

and R. Heleno. 2017. Refaunation and the reinstatement of the

seed-dispersal function in Gorongosa National Park. Conserva-
tion Biology 31: 76–85. https://doi.org/10.1111/cobi.12782.

Costanza, R. 2008. Ecosystem services: Multiple classification

systems are needed. Biological Conservation 141: 350–352.

Cromsigt, J.P.G.M., M. te Beest, G.I.H. Kerley, M. Landman, E. Le

Roux, and F.A. Smith. 2018. Trophic rewilding as a climate

change mitigation strategy? Philosophical Transactions of the
Royal Society B 373: 20170440. https://doi.org/10.1098/rstb.

2017.0440.

Dass, P., B.Z. Houlton, Y. Wang, and D. Warlind. 2018. Grasslands

may be more reliable carbon sinks than forests in California.

Environmental Research Letters 13: 074027. https://doi.org/10.

1088/1748-9326/aacb39.

Doelman, J.C., E. Stehfest, D.P. van Vuuren, A. Tabeau, A.F. Hof,

M.C. Braakhekke, D.E.H.J. Gernaat, M. van den Berg, et al.

2020. Afforestation for climate change mitigation: Potentials,

risks and trade-offs. Global Change Biology 26: 1576–1591.

https://doi.org/10.1111/gcb.14887.

Doss, C., and R. Meinzen-Dick. 2020. Land tenure security for

women: A conceptual framework. Land Use Policy 99: 105080.

https://doi.org/10.1016/j.landusepol.2020.105080.

Doughty, C.E., J. Roman, S. Faurby, A. Wolf, A. Haque, E.S. Bakker,

Y. Malhi, J.B. Dunning, et al. 2016. Global nutrient transport in a

world of giants. Proceedings of the National Academy of
Sciences of the United States of America 113: 868–873. https://

doi.org/10.1073/pnas.1502549112.

Dube, T., P. Moyo, M. Ncube, and D. Nyathi. 2016. The Impact of

climate change on agro-ecological based livelihoods in Africa: A

review. Journal of Sustainable Development 9: 256.

European Union. 2018. Farming for Natura 2000. Report, pp. 1–146,

ISBN 978-92-79-95905-9. Luxembourg: Publications Office of

the European Union.

Findlay, N., A. Manson, J.P.G.M. Cromsigt, P. Gordijn, C. Nixon, M.

Rietkerk, G. Thibaud, M.J. Wassen, et al. 2022. Long-term frequent

fires do not decrease topsoil carbon and nitrogen in an Afromontane

grassland. African Journal of Range and Forage Science 3939:

44–55. https://doi.org/10.2989/10220119.2021.2016966.

Fischer, K., F. Giertta, and F. Hajdu. 2019. Carbon-binding biomass

or a diversity of useful trees? (Counter) topographies of carbon

forestry in Uganda. Environment and Planning E 2: 178–199.

https://doi.org/10.1177/2514848618823598.

Fleischner, T.L. 1994. Ecological costs of livestock grazing in

Western North America. Conservation Biology 8: 629–644.

https://doi.org/10.1046/j.1523-1739.1994.08030629.x.

Friedlingstein, P., M. O’Sullivan, M.W. Jones, R.M. Andrew, J.

Hauck, A. Olsen, G.P. Peters, W. Peters, et al. 2020. Global

carbon budget 2020. Earth System Science Data 12: 3269–3340.

https://doi.org/10.5194/essd-12-3269-2020.

Fuhlendorf, S.D., D.M. Engle, J. Kerby, and R. Hamilton. 2009. Pyric

herbivory: Rewilding landscapes through the recoupling of fire

and grazing. Conservation Biology 23: 588–598. https://doi.org/

10.1111/j.1523-1739.2008.01139.x.

Fynn, R.W.S., and M.C. Bonyongo. 2011. Functional conservation

areas and the future of Africa’s wildlife. African Journal of
Ecology 49: 175–188. https://doi.org/10.1111/j.1365-2028.2010.

01245.x.

Fynn, R.W.S., and T.G. O’Connor. 2000. Effect of stocking rate and

rainfall on rangeland dynamics and cattle performance in a semi-

arid savanna, South Africa. Journal of Applied Ecology 37:

491–507. https://doi.org/10.1046/j.1365-2664.2000.00513.x.

Fynn, R.W.S., M. Murray-Hudson, M. Dhliwayo, and P. Scholte.

2015. African wetlands and their seasonal use by wild and

domestic herbivores. Wetlands Ecology and Management 23:

559–581. https://doi.org/10.1007/s11273-015-9430-6.

Fynn, R.W.S., D.J. Augustine, M.J.S. Peel, and M. de Garine-

Wichatitsky. 2016. Review: Strategic management of livestock

to improve biodiversity conservation in African savannahs: A

conceptual basis for wildlife-livestock coexistence. Journal of
Applied Ecology 53: 388–397. https://doi.org/10.1111/1365-

2664.12591.

Genes, L., and R. Dirzo. 2022. Restoration of plant-animal interac-

tions in terrestrial ecosystems. Biological Conservation 265:

109393. https://doi.org/10.1016/j.biocon.2021.109393.

Girardin, C.A.J., S. Jenkins, N. Seddon, M. Allen, S.L. Lewis, C.E.

Wheeler, B.W. Griscom, and Y. Malhi. 2021. Nature-based

solutions can help cool the planet - if we act now. Nature 593:

191–194. https://doi.org/10.1038/d41586-021-01241-2.

Gordon, I.J. 2018. Review: Livestock production increasingly influ-

ences wildlife across the globe. Animal 12: 372–382. https://doi.

org/10.1017/S1751731118001349.

Griscom, B.W., J. Adams, P.W. Ellis, R.A. Houghton, G. Lomax,

D.A. Miteva, W.H. Schlesinger, D. Shoch, et al. 2017. Natural

climate solutions. Proceedings of the National Academy of
Sciences of the United States of America 114: 11645–11650.

https://doi.org/10.1073/pnas.1710465114.

Guyton, J.A., J. Pansu, M.C. Hutchinson, T.R. Kartzinel, A.B. Potter,

T.C. Coverdale, J.H. Daskin, A.G. da Conceição, et al. 2020.

Trophic rewilding revives biotic resistance to shrub invasion.

Nature Ecology and Evolution 4: 712–724. https://doi.org/10.

1038/s41559-019-1068-y.

Hajdu, F., O. Penje, and K. Fischer. 2016. Questioning the use of

‘degradation’in climate mitigation: A case study of a forest

carbon CDM project in Uganda. Land Use Policy 59: 412–422.

https://doi.org/10.1016/j.landusepol.2016.09.016.

Hajdu, F., and K. Fischer. 2017. Problems, causes and solutions in the

forest carbon discourse: A framework for analysing degradation

narratives. Climate and Development 9: 537–547. https://doi.org/

10.1080/17565529.2016.1174663.

123
� The Author(s) 2024

www.kva.se/en

692 Ambio 2024, 53:678–696

https://hdl.handle.net/10568/102393
https://doi.org/10.1016/j.tree.2019.08.003
https://doi.org/10.1016/j.tree.2019.08.003
https://doi.org/10.1098/rstb.2015.0170
https://doi.org/10.1111/gcb.13995
https://doi.org/10.1038/s41893-020-0491-z
https://doi.org/10.1016/j.rala.2021.08.007
https://doi.org/10.1016/j.rala.2021.08.007
https://doi.org/10.1038/s41579-019-0222-5
https://doi.org/10.1038/s41579-019-0222-5
https://doi.org/10.1111/1365-2664.13471
https://doi.org/10.1111/1365-2664.13471
https://doi.org/10.1111/cobi.12782
https://doi.org/10.1098/rstb.2017.0440
https://doi.org/10.1098/rstb.2017.0440
https://doi.org/10.1088/1748-9326/aacb39
https://doi.org/10.1088/1748-9326/aacb39
https://doi.org/10.1111/gcb.14887
https://doi.org/10.1016/j.landusepol.2020.105080
https://doi.org/10.1073/pnas.1502549112
https://doi.org/10.1073/pnas.1502549112
https://doi.org/10.2989/10220119.2021.2016966
https://doi.org/10.1177/2514848618823598
https://doi.org/10.1046/j.1523-1739.1994.08030629.x
https://doi.org/10.5194/essd-12-3269-2020
https://doi.org/10.1111/j.1523-1739.2008.01139.x
https://doi.org/10.1111/j.1523-1739.2008.01139.x
https://doi.org/10.1111/j.1365-2028.2010.01245.x
https://doi.org/10.1111/j.1365-2028.2010.01245.x
https://doi.org/10.1046/j.1365-2664.2000.00513.x
https://doi.org/10.1007/s11273-015-9430-6
https://doi.org/10.1111/1365-2664.12591
https://doi.org/10.1111/1365-2664.12591
https://doi.org/10.1016/j.biocon.2021.109393
https://doi.org/10.1038/d41586-021-01241-2
https://doi.org/10.1017/S1751731118001349
https://doi.org/10.1017/S1751731118001349
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.1038/s41559-019-1068-y
https://doi.org/10.1038/s41559-019-1068-y
https://doi.org/10.1016/j.landusepol.2016.09.016
https://doi.org/10.1080/17565529.2016.1174663
https://doi.org/10.1080/17565529.2016.1174663


Havstad, K.M., D.P.C. Peters, R. Skaggs, J. Brown, B. Bestelmeyer, E.

Fredrickson, J. Herrick, and J. Wright. 2007. Ecological services to

and from rangelands of the United States. Ecological Economics
64: 261–268. https://doi.org/10.1016/j.ecolecon.2007.08.005.

Hawkins, H.J., N. Mgwali, and S. Vetter. 2022. Effects of short-

duration kraaling depend on initial conditions in a mesic

grassland. African Journal of Range and Forage Science 40:

196–205. https://doi.org/10.2989/10220119.2021.2012716.

Heermans, B., J. van Rooyen, R. Fynn, D. Biggs, M. Lewis, and J.

McNutt. 2021. Husbandry and herding: A community-based

approach to addressing illegal wildlife trade in Northern

Botswana. Frontiers in Conservation Science 2: 675493.

https://doi.org/10.3389/fcosc.2021.675493.

Holechek, J.L., H.M.E. Geli, A.F. Cibils, and M.N. Sawalhah. 2020.

Climate change, rangelands, and sustainability of ranching in the

Western United States. Sustainability 12: 4942. https://doi.org/

10.3390/su12124942.

Holtmeier, F.-K. 2015. Selected Landscapes Under the Influence of

Wild Herbivorous Mammals. In Animals’ Influence on the
Landscape and Ecological Importance, 205–294. Springer,

Netherlands. https://doi.org/10.1007/978-94-017-9294-3_3

Hulvey, K.B., R.J. Hobbs, R.J. Standish, D.B. Lindenmayer, L. Lach,

and M.P. Perring. 2013. Benefits of tree mixes in carbon

plantings. Nature Climate Change 3: 869–874. https://doi.org/

10.1038/nclimate1862.

ILRI, IUCN, FAO, WWF, UNEP, and ILC. 2021. RangelandsATLAS.

Nairobi, Kenya.

IPBES, S. Diaz, J. Settele, E. S. Brondizio, H. T. Ngo, M. Gueze, J.

Agard, A. Arneth, et al. 2019. Summary for policymakers of the
global assessment report on biodiversity and ecosystem services
of the Intergovernmental Science-Policy Platform on Biodiver-
sity and Ecosystem Services. Bonn, Germany

Jackson, R.B., M. Saunois, P. Bousquet, J.G. Canadell, B. Poulter,

A.R. Stavert, P. Bergamaschi, Y. Niwa, et al. 2020. Increasing

anthropogenic methane emissions arise equally from agricultural

and fossil fuel sources. Environmental Research Letters 15:

071002. https://doi.org/10.1088/1748-9326/ab9ed2.

Kerley, G.I.H., M.H. Knight, and M. de Kock. 1995. Desertification

of subtropical thicket in the Eastern Cape, South Africa: Are

there alternatives? Environmental Monitoring and Assessment
37: 211–230. https://doi.org/10.1007/BF00546890.

Mashizi, K.A., and F.J. Escobedo. 2020. Socio-ecological assessment

of threats to semi-arid rangeland habitat in Iran using spatial

models and actor group opinions. Journal of Arid Environments
177: 104136. https://doi.org/10.1016/j.jaridenv.2020.104136.

Kreuter, U.P., A.D. Iwaasa, G.L. Theodori, R.J. Ansley, R.B. Jackson,

L.H. Fraser, M.A. Naeth, S. McGillivray, et al. 2016. State of

knowledge about energy development impacts on North Amer-

ican rangelands: An integrative approach. Journal of Environ-
mental Management 180: 1–9. https://doi.org/10.1016/j.

jenvman.2016.05.007.

Fazelian, S., P. Tahmasebi Kohyani, and H. Ali Shirmardi. 2014.

Germination success of gut-passed seeds of plant species in semi

steppe rangelands: Survival and ecological correlate with seed

traits and standing vegetation. Journal of Biodiversity and
Environmental Science 4: 302–317.

Filho, W., J. Barbir, J. Gwenzi, D. Ayal, N.P. Simpson, L. Adeleke,

B. Tilahun, I. Chirisa, et al. 2022. The role of indigenous

knowledge in climate change adaptation in Africa. Environmen-
tal Science and Policy 136: 250–260. https://doi.org/10.1016/j.

envsci.2022.06.004.

Flintan, F., B. Tache, and A. Eid. 2011. Rangeland fragmentation in
traditional grazing areas and its impact on drought resilience of
pastoral communities: Lessons from Borana, Oromia and
Harshin, Somali Regional States, Ethiopia. Ethiopia.
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