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Abstract
1.	 In this exploratory study, we employ an interdisciplinary approach to explore po-

tential synergies and trade-offs between the needs of people and nature in the 
context of agroecological farming and nature conservation.

2.	 Ecological field studies and management surveys from six sites were combined 
with a participatory-deliberative appraisal exercise using the Multi-Criteria 
Mapping (MCM) method. All six study sites and all four land use options in the 
appraisal were characterised by the use of large herbivores for agricultural and/
or conservation purposes, to varying degrees, and were located in South-East 
England.

3.	 MCM participants identified habitat and species diversity, soil health, food pro-
duction, provision of education and recreational access, as the principal benefits 
associated with successful management of such sites. Taken overall, their apprais-
als indicated that a combination of land uses may be best suited to delivering these 
diverse benefits, but with agroecological (While organic and biodynamic agricul-
ture are subject to legal definition, agroecology offers a more flexible approach 
and can be viewed as ‘a development pathway from input-intensive industrial sys-
tems through to highly sustainable, ecological systems’—see Laughton, R. (2017) 
‘A Matter of Scale’, Land Workers Alliance and Centre for Agroecology, Coventry 
University) farming being perceived as a particularly effective multi-purpose 
option.

4.	 Five of the six sites were used for recreational purposes, and in total we recorded 
five times more humans than wild mammals. Ecological data from the sites indi-
cated that the most conservation-oriented sites performed best in terms of spe-
cies richness and activity (birds, mammals, bats and invertebrates) and number 
of species of conservation concern. However, beta diversity metrics indicated  
important variation in the species assemblages recorded within and between sites. 
Whereas both agroecological farms in our study produced the greatest weight 
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1  | INTRODUC TION

Food production and biodiversity conservation are two important 
land uses for supporting people and nature, but often come into con-
flict. The conversion of wild land to anthropogenic uses is a major 
cause of biodiversity loss (Pereira et  al.,  2017), while wildlife can 
negatively impact agriculture (e.g. Baker et  al.,  2008). Conversely, 
farming is also dependent on nature (IPBES, 2019) and biodiversity 
conservation is often applied to farmland (Kleijn et al., 2011). The cre-
ation of agricultural land has increased the provisioning ecosystem 
services (e.g. food) nature provides to people. Thus, sufficient food 
is produced to feed the global population, although the failure to dis-
tribute this food effectively and equitably means ~800 million peo-
ple are still undernourished (FAO, 2015; Ramankutty et al., 2018). 
However, gains in production have come at the cost of declining 
nature and associated regulating (e.g. carbon sequestration) and 
cultural (e.g. the opportunities nature provides for education) eco-
system services (Díaz et al., 2019). The loss of nature also threatens 
the sustainability of current food production (Díaz et al., 2019). The 
UN has declared 2021–2030 the decade of ecosystem restoration 
to help tackle the connected challenges of biodiversity conserva-
tion, food security, climate change and other global and national sus-
tainability priorities (UN, 2020). This raises the questions: (a) what 
should our ecosystems be restored to by 2030 and beyond? and, (b) 
will individual land owners and associated stakeholders contribute 
to achieving this restoration?

1.1 | Agriculture and biodiversity conservation 
in the United Kingdom

The Government's 2018 publication of a 25 Year Environnement 
Plan (DEFRA,  2018), commitment to designating and protecting 
30% of UK land for biodiversity by 2030 (UK Parliament,  2020a), 
Brexit preparations and debates around the Agriculture Bill 2019–
2021 (UK Parliament, 2020b) and Environment Bill 2019–2021 (UK 
Parliament, 2020c) have provided a focus for recent policy debates 
on the needs of people and nature across the United Kingdom, al-
though regional differences are of fundamental importance. The 

South-East of England is an example of a challenging environment in 
which to achieve sustainability, because biodiversity losses and the 
societal demands for primary production (i.e. food, feed, fuel and 
fibre; Schulte et al., 2019) are related geographically to population 
density (Thompson & Jones, 1999). Therefore, an understanding of 
the synergies and trade-offs of meeting sustainability challenges in 
densely populated areas is pressing for both policymakers and prac-
titioners. Here, we focus our analysis in the South-East of England 
for four reasons: (a) the region is highly ecologically degraded and 
has high human population density; (b) a variety of agroecological 
farming and conservation/restoration land uses are already being 
employed and so can be examined; (c) land management support 
policies and schemes are being redeveloped in the United Kingdom 
as a result of Brexit, so the country is in a moment of change and po-
tential opportunity; and, (d) it is the authors’ local landscape which 
allowed us to engage more deeply with local issues.

1.2 | What do sustainable landscapes look like?

How land is used will have a key bearing on whether and how sustain-
ability challenges are met in the United Kingdom. Different visions 
of the future are favoured by different communities. For example, 
the ‘Nature Needs Half’ campaign seeks to protect 50% of the land 
and sea for nature by 2030 (NNH, 2020). In contrast, in the United 
Kingdom, the National Farmers Union has an ambition to maintain 
the area of farmed land but transition to carbon neutral farming by 
2040 (NFU, 2019). These respective visions of the future are con-
sistent with the ideas of ‘land sparing’, where land is separated for 
production and conservation, or ‘land sharing’, where there is inte-
gration of production and conservation (Fischer et  al.,  2014). This 
framing has been prominent in discussions about creating future 
landscapes. However, there is an increasing awareness that any na-
tional or regional-scale scheme needs to be implemented at the local 
scale, and that practical implementation considerations are more 
complex than just evaluating food production against conservation 
alone (Fischer et al., 2014). Exploring the attitudes towards and the 
performance of different land management practices can offer in-
sights into how local sites and stakeholders might individually and 

of saleable meat per unit area, the site that produced the most meat also demon-
strated consistently strong performance across many biodiversity metrics.

5.	 Overall, expert perspectives and the performance of our study sites suggests 
that combinations of diverse approaches to the management of large herbivores, 
within a ‘wildlife-friendly’ envelope, are consistent with providing for the diverse 
needs of people and nature within shared landscapes.
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collectively support nature conservation and restoration and pro-
duce the goods and services required to meet the needs of people.

1.3 | Large herbivores in agriculture and 
conservation

Large mammalian herbivores (both wild and domestic; ≥10 kg) are 
important components of wild nature, agriculture and conservation 
sites, and as such may present a focal point for synergies between 
food production and conservation. Wild large herbivores are still 
prevalent over the global terrestrial ecosystem, excluding Antarctica 
(see Svenning et al., 2016). Over 25% of the terrestrial world is in-
tentionally grazed by domesticated large herbivores, or ‘livestock’ 
(e.g. cattle, sheep, goats, pigs; Asner et  al.,  2004). Conservation 
grazing, in various forms, is a widely used tool to conserve biodiver-
sity (WallisDeVries et al., 1998). In these instances, the abundance 
and functional traits (e.g. body mass and foraging strategy) of the 
large herbivore community, and the way people interact with them 
plays an important role in determining the quantity and type of food 
available to humans and carnivores (Gilbert et  al.,  2018; Sandom 
et al., 2017), the composition and structure of vegetation and soil 
(Bakker et al., 2016; Sandom et al., 2014) and direct greenhouse gas 
emissions (Smith et al., 2010; Springmann et al., 2018). Thus, large 
herbivores have important implications for the biodiversity the land-
scape can support and the suite of ecosystem services provisioned.

1.4 | Study purpose

In this exploratory study we employ a novel and interdisciplinary 
methodology to explore (a) expert opinion of what people and nature 
need and want from agroecological farming and conservation land 
in South-East England, and (b) how specific land management ap-
proaches within agriculture and conservation perform, and are per-
ceived to perform, in delivering those needs. Ultimately, our purpose 
is to identify management strategies, and in particular how they 
relate to large herbivores, that reconcile the potential synergies and 
trade-offs between the needs of people and nature to help inform 
how ecosystems should be restored in areas of high ecological deg-
radation and human density.

2  | METHODOLOGY

This project was explicitly designed to deliver an innovative ap-
proach for addressing a complex sustainability question. Stemming 
from our belief that science to address sustainability requires a com-
bination of (a) seeking a broader perspective, (b) being innovative 
and (c) taking the time required to explore complexity, the aim of 
our study design was to better understand the problem, rather than 
to arrive explicitly at a solution. Therefore, our approach was both 
interdisciplinary (combining concepts from applied social science and 

ecology, with both disciplines aiming to inform each other) and used 
mixed-methods (combining qualitative and quantitative techniques), 
as a way to ‘spread the net wide’. As a corollary to this, sample size 
and statistical analysis have been limited in favour of breadth of un-
derstanding and openness to complexity in our analysis and inter-
pretation (Stirling, 2007, 2010). We hope this approach will inform 
targeted future research.

2.1 | Study design

The study design comprises two interlinked methodological 
strands: (a) a Multi-Criteria Mapping (MCM) exercise, and (b) eco-
logical field studies and an accompanying site management sur-
vey focused on large herbivores. A summary of the techniques 
used is provided below, with full details available in Supporting 
Information SI1. Both the MCM exercise and ecological field stud-
ies were designed with input from both disciplines and two stake-
holder workshops.

We made our site selection for the ecological field studies based 
on desk research (web searches, informal scoping interviews by 
telephone and email correspondence with potential candidates) 
and stakeholder engagement (hosting a half-day workshop and 
participating in relevant local sector events), after which we com-
piled a database of 46 potential sites. Six readily accessible and en-
gaged sites were selected from East and West Sussex all of which 
have multiple land management objectives, but include agroeco-
logical farming and/or biodiversity conservation: (a) Tablehurst 
Farm (Tablehurst—Agroecological Farm 1; community-owned 
biodynamic farm), (b) Saddlescombe Farm and Newtimber Hill 
(Saddlescombe—Agroecological Farm 2; South Downs farm man-
aged by the National Trust and a tenant farmer), (c) Ashdown Forest 
(Ashdown—Conservation Site 1; owned by charitable trust, with 
elected members of East Sussex County Council), (d) Butcherlands 
(Butcherlands—Conservation Site 2; part of the rural Ebernoe 
Common Nature Reserve and managed by the Sussex Wildlife Trust), 
(e) Knepp Wildland Southern Block (Knepp—Rewilding Estate; a re-
wilding project on a formerly farmed estate) and (f) Sheepcote Valley 
and Wild Park (Council—Peri-urban Nature Reserve; city parks man-
aged by the Brighton and Hove Council).

The sites were paired for landscape character, with each pair 
having a similar soil type and geographical location. Unfortunately, 
it was not possible to pair symmetrically for both management 
focus and landscape character, so pairings for landscape charac-
ter are as follows: Tablehurst and Ashdown (High Weald location, 
close to several towns and large villages on weald clay); Knepp and 
Butcherlands (fairly isolated Low Weald location, on weald clay); and 
Saddlescombe and Council (located on the South Downs fringing the 
city of Brighton, on chalk).

Four land management ‘options’ were used in the MCM ex-
ercise, and were titled: (a) Agroecological Farm, (b) Peri-urban 
Nature Reserve, (c) Rewilded Estate and (d) Conventional Family 
Farm. The description of each option are given in Figure  1. 
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Although there is no 1:1 relationship between the MCM options 
and the field sites, there is a correspondence between three of 
the options and three of the sites. MCM options (a) to (c) were 
informed by but not directly equivalent to Tablehurst, Council and 
Knepp respectively. At no point during the MCM interviews was 
the connection between MCM option and the study sites men-
tioned or discussed.

The two methodological strands were aligned to a common analyt-
ical framework that draws upon the categories of ecosystem services 
(ES) used within the Millennium Ecosystem Assessment (MEA, 2005) 
and the UK-relevant service themes used by Haines-Young and 
Potschin (2008) in their report for DEFRA, as outlined by Linstead 
et al. (2008). This framework was used as a source of conceptual cate-
gories for thematic analysis of both the ecological and social scientific 
data. Specifically, we used the top-level service categories, merging 
Supporting services and Regulating services into a ‘Supporting and 
Regulating ES’ (SRES) category (in line with the MEA), and also using 
‘Cultural ES’ (CES) and ‘Provisioning ES’ (PES) as separate categories 
in their own right (Table 1). While recognising that biodiversity under-
pins ecosystem service delivery—and that Biodiversity and Ecosystem 
Services are complex and layered concepts (Mace et al., 2012)—we 
also recognise the intrinsic value of biodiversity and therefore included 
it as a stand-alone category within the analysis. Not all participant 
responses will necessarily fit these categories and we discuss these 
separately, specifically as those cut across the Ecosystem Service cat-
egories (referred to hereafter as ‘Cross-cutting ES’), or those that are 
beyond the biodiversity and Ecosystem Service framework (referred 
to hereafter as ‘Residual’; Table 1).

2.2 | Data gathering

2.2.1 | Multi-Criteria Mapping exercise

The aim of the MCM exercise (Coburn & Stirling, 2016)—which com-
bines structured interviewing and a workshop—was to explore different 

F I G U R E  1   The four Multi-Criteria Mapping options used within the appraisal interviews, as rendered within the participant briefing pack

TA B L E  1   Description of the Biodiversity, Ecosystem Services 
and Other categories used in the study. The Biodiversity and 
ecosystem service definitions are based on Haines-Young and 
Potschin (2008) and MEA (2005)

Thematic 
category Description

Biodiversity The variety and abundance of plant and animal life

Supporting 
and 
Regulating 
(SRES)

Benefits obtained from ecosystem processes regulation, 
such as climate regulation, water purification, natural 
hazard regulation, waste management, pollination, pest 
control, soil formation, nutrient cycling and atmospheric 
oxygen production

Provisioning 
(PES)

Products obtained from ecosystems such as food, wood, 
fresh water, fibre, genetic resources and medicines

Cultural 
(CES)

Includes non-material human benefits obtained from 
ecosystems such as recreation, spiritual enrichment and 
aesthetic values

Cross-cutting Criteria that cut across multiple Ecosystem Service 
categories and so do not fit into any single Ecosystem 
Service category

Residual Criteria that go beyond the Biodiversity and Ecosystem 
Service framework
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understandings of the performance of contrasting management ap-
proaches and how they vary depending on the view that is taken. This 
was achieved by engaging 13 expert interviewees representing differ-
ent perspectives on the issues—both in policy and practice—surrounding 
the management of large herbivores in biodiversity conservation and 
agroecological food production. A perspective is considered ‘a group-
ing of viewpoints that may be seen on the basis of MCM analysis to 
display certain features in common’ (Stirling & Coburn, 2014). For exam-
ple, participants categorised within the ‘farmer’ perspective generally 
prioritised criteria around SRES and viability, while the ‘conservation’ 
perspective identified more criteria related to biodiversity. Interviewees 
were provided with the four contrasting strategies (or ‘options’) to ap-
praise (this information was provided within a briefing pack; Figure 1) 
and asked to volunteer any additional options that they thought war-
ranted appraisal in parallel. They were then asked to volunteer their own 
criteria for conducting the appraisal and led through a scoring process 
that enabled them to attribute pessimistic (worst-case scenario) and 
optimistic (best-case scenario) scores for each of the land management 
options against each of their self-selected appraisal criteria. Participants 
gave informed consent to participate in this study and approval was 
given by the University of Sussex Research Ethics Committee to carry 
out this research.

2.2.2 | Ecological field studies overview

During July and August 2018, we measured six ecological metrics 
at four randomly situated plots at each site: (a) vegetation structure 
(drone-derived aerial photographs and hand-held LiDAR mapping), (b) 
medium/large mammal species diversity and activity (camera traps), 
(c) ecological and anthropogenic soundscapes (Wildlife Acoustics 
SMIIs), (d) bird species diversity and activity (Wildlife Acoustics 
SMIIs), (e) bat diversity and activity

(Wildlife Acoustics SMIIs) and (f) invertebrate abundance and di-
versity (pan-trapping). Over a fortnight, data were collected from four 
30 × 30 plots within each pair of sites. These 24 sampling plots were 
selected by randomly generating co-ordinates >100 m apart within the 
grazed areas of each site (ArcGIS 10.5). At each location we placed (a) 
a SMII recorder with ultrasonic (for bats) and acoustic microphone (for 
bird and human activity) for a period of 96 hr; (b) three pan traps for a 
period of 24 hr; and (c) four camera traps for a period of 96 hr. Species 
identification was achieved using morphological traits (pan traps spec-
imens), acoustic recognition (bird calls), visual recognition (camera 
trap footage) and spectrogram analysis (bat echolocation calls). Five 
soil samples were also collected from each plot and were analysed for 
endo- and ecto-mycorrhizae, pH, organic matter, bulk density, content 
of sand/silt/clay, phosphorous, potassium and magnesium.

2.2.3 | Management survey

Site managers of the six study sites were invited to participate in an 
online management survey, constructed using Qualtrics. The survey 

comprised of 10 substantive questions covering different aspects 
of management, plus four demographic questions for the purposes 
of identifying the respondents and linking them to the correct sites 
(Supporting Information SI6). The aspects of management covered 
by the survey included the presence of different domestic livestock 
and incidental wild species on the land; abundance/stocking den-
sities, stock movements and motivations behind stocking decisions 
(cf. species and abundance); prices obtained for sales of any meat 
produced from the land; managerial responses to incidental wild 
species; and management regimes and actions relating to (inter alia) 
large herbivores (including medical interventions, feeding, housing 
etc.), the vegetation community (e.g. applications of herbicides) and 
the soil (e.g. applications of fertilisers). The survey data were used to 
contextualise ecological field studies, as well as providing an indica-
tion of the meat provision from each site. Additional information was 
sought from managers as required.

2.3 | Analysis

2.3.1 | MCM analysis

The 13 MCM interviewees’ self-selected appraisal criteria were re-
viewed and structured into the Biodiversity, Ecosystem Service and 
Residual categories framework based on a conceptual proximity be-
tween the categories (summarised in Table 1) and the title, key fea-
tures and description of the criteria given by the interviewees. The 
pessimistic and optimistic scores given by each interviewee for each 
criterion (or set of criteria) were summed for each land management 
option to give overall perceived worst- and best-case performance 
score of each option. This was presented diagrammatically to enable 
comparison across the options and criteria, as well as between per-
spectives and issues (Biodiversity, SRES, PES, CES). It is important not 
to misinterpret or overemphasise the ranking of the options in the 
MCM analysis—the picture of ranks does not represent statistically 
significant preferences about land use. Rather, it provides an indica-
tion of how the options for managing large herbivores defined within 
this exercise have been appraised by individuals selected for their 
capacity to view the issues from a range of relevant perspectives. 
These data were also considered according to the different perspec-
tives and issues.

2.3.2 | Ecological analysis

We used the ecological and management survey data to make 
relative assessments of sites contribution to Biodiversity, and 
SRES, PES and CES delivery. For Biodiversity, we considered 
species-focused metrics (taxon-specific—birds, bats, inverte-
brates, mammals—species richness, abundance, diversity and 
protected status metrics). For SRES, we considered soil nutrient 
traits, soil organic matter (SOM) and endomycorrhizae. For CES, 
we considered recreational use (number of people and diversity of 
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activities). For PES, we considered the quantity of meat produc-
tion and meat sale price.

All metrics for Biodiversity, SRES and CES were standardised 
across all sites so that the best performing plot for a particular 
metric scored a 1 and the other plots were scaled against this 
metric score (standardised metric plot score = plot metric score/
maximum metric score). Quantity of meat production was stan-
dardised at the site level as there is no relevant plot scale data. 
Site's maximum and minimum plot score, highest and lowest plot 
mean score, and the overall site median were calculated for all 
metrics regardless of category association (Combined in Figure 3) 
and for the specified set of metrics in each category (Biodiversity, 
SRES and CES in Figure 3). This approach was designed to allow 
a degree of comparison between the MCM and ecological meth-
odologies. Both methods use a standardised scale, a form of 
best-case and worst-case scenario, and use multiple metrics to 
assess Biodiversity, and SRES and CES delivery performance. 
However, they are not directly equivalent because of: (a) differ-
ences between the MCM options and ecological sites, (b) differ-
ent assessment metrics used to assess Biodiversity, and SRES and 
CES delivery performance for the MCM and ecological methods. 
Moreover, (c) the ecological data are limited by the maximum score 
recorded at our study sites while the MCM approach is not.

3  | RESULTS

3.1 | Exploring the needs of people and nature in 
South-East England

Of the 67 appraisal criteria volunteered by MCM interviewees, just 
over 70% of these (49) are conceptually aligned to the various cat-
egories of Biodiversity and Ecosystem Services used in the analy-
sis: Biodiversity (n = 14), SRES (n = 7), PES (n = 13), CES (n = 13) 
and Cross-cutting ES (n = 2), see Supporting Information (SI4-MCM 
Ranks and Subrank Charts). The remaining Residual criteria (n = 18) 
are related to different aspects of ‘Viability’ (including Financial, 
Political and Practical) and ‘Desirability’ (including Ethics and 
Efficiency/Effectiveness).

Of the 14 criteria relating to biodiversity, both diversity of habi-
tats and diversity of species were frequently mentioned and gener-
ally distinguished from each other, with diversity being universally 
understood as a positive feature. In addition to two mentions of 
specific target habitats (chalk downland, woodland, marsh/bog) and 
key/rare species (insects and pollinators), interviewees were con-
cerned with habitat and species diversity more generally, across a 
variety of habitats and species.

Of the seven criteria relating to SRES, soil health (construed in 
terms of fertility, sustainability, regeneration, carbon sequestration 
and capacity for climate regulation) featured much more promi-
nently (i.e. within five criteria, each volunteered by different partici-
pants) than any other issues that were mentioned, which included air 
quality, water quality, flood water management and climate change 

objectives. In contrast, two interviewees focused on ecological pro-
cesses which relate more directly to supporting services, mentioning 
the importance of ‘interactions between plants and animals’ (land-
owner from Council) and the maintenance of ‘healthy ecosystems’ 
(director of Tablehurst).

Of the 13 criteria that relate to PES, food dominated. Indeed, with 
11 separate criteria relating to it, the provision of food was consid-
ered in terms of both its utilitarian value (relating to quality, quantity 
and variety), as well as its contribution towards extrinsic values (such 
as affordability, security and sustainability). Otherwise, only energy 
provision (generation of renewable energy balanced against fossil 
fuel use) and water availability (sustainability of abstractions and 
quality/degree of pollution) were volunteered as criteria of this sort.

Education and health emerged as the most prominent con-
cerns across the 13 criteria that were found to correspond to CES. 
Education was construed in terms of learning opportunities for both 
members of the public and farmers, whereas health was construed 
in terms of public access to the countryside for exercise and recre-
ation, rather than a concern for the occupational health of farmers. 
Both engagement of the local community in the running of the site, 
as well as the development of rural (particularly agricultural) infra-
structures, were also given a place within these criteria by multiple 
interviewees, while only one interviewee mentioned ‘Beauty’, vol-
unteering it as a criterion in its own right (landowner from Knepp).

The 18 criteria that do not directly relate to the ecosystem ser-
vice categories included criteria about the basic desirability of dif-
ferent approaches and the viability of these approaches. Desirability 
includes the issue of animal welfare, mentioned by four interview-
ees, and the issue of the relative efficiency and effectiveness of 
the options—or ‘land use intensity’ (University of Sussex lecturer). 
Criteria relating to the viability of the different approaches relate 
predominantly to finances, but also include factors such as consumer 
behaviour (grazing manager for Surrey Wildlife Trust), reputational 
benefits (conservation manager for South East Water), the avail-
ability of expertise (agricultural adviser for a National Government 
department), political support (conservation manager for a local 
authority) and the suitability of the options' locations in relation to 
their surroundings (ibid.).

3.2 | Which land uses deliver for people and nature?

3.2.1 | Stakeholder perspectives on the 
performance of land management options

Across all biodiversity and ecosystem service categories and per-
spectives, the Agroecological Farm option outperformed other 
land use and management options (Figure 2), scoring higher rank 
means versus the other options. Looking between perspectives 
shows that this pattern of performance is driven by several dif-
ferent factors. For conservationists, the principal driver is very 
low scores (indicating aversion) for the Conventional Farm option 
(Figure S5, Supporting Information SI4). For farmers, the principal 
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driver is high scores (preference) for the Agroecological Farm op-
tion (Figure  S6, Supporting Information SI4). Looking across per-
spectives but between categories, other drivers emerge. Under 
biodiversity-related criteria only, the Conventional Farm performs 
poorly, while the Rewilded Estate and Peri-urban Nature Reserve 
both outperform the Agroecological Farm. Under SRES-related 
criteria only, the Conventional Farm also performs poorly, but the 
Agroecological Farm performs best. Under PES-related criteria 
only, the Agroecological Farm performs well but is outperformed 
by the Conventional Farm. Finally, despite high scores for the 
Peri-urban Nature Reserve, the Agroecological Farm scores are 

the highest under CES-related criteria only (Figure S7, Supporting 
Information SI5).

3.2.2 | Site performance for people and nature

A numerical summary of the described below is available in Table B 
(Supporting Information SI3). When analysing site performance 
across all metrics, all sites are making important contributions to 
the needs of people and nature (i.e. all sites have plots that score a 
maximum score of 1 for at least one metric; Figure 3). There was a 

F I G U R E  2   Multi-Criteria Mapping rank chart showing the aggregate ranks for the core options, calculated using pessimistic (hypothetical 
worst-case scenario) and optimistic (hypothetical best-case scenario) scores assigned by all perspectives using all criteria. The ‘rank extrema’ 
(black bars) represent the full variability in the ranks assigned by different participants, and the ‘rank means’ (orange boxes) the distribution 
of participants' ranks within the full ranges

F I G U R E  3   Standardised summary of site performance for all metrics (‘Combined’), and sets of metrics for ‘Biodiversity’, Supporting and 
Regulating Ecosystem Services (‘SRES’) and Cultural Ecosystem Services (‘CES’) categories. Line ends represent each site's maximum and 
minimum plot score, box ends represent the highest and lowest plot mean scores for the relevant metrics, and black points represent the 
overall site median for the relevant metrics in each category across all plots. A score of 1 represents the highest scoring plot for each metric, 
and score of 0 is an absolute zero for that metric. Colour indicates site: Tablehurst—Agroecological Farm 1, Ashdown—Conservation Site 1, 
Knepp—Rewilding Estate, Butcherlands—Conservation Site 2, Council—Peri-urban Nature Reserve, Saddlescombe—Agroecological Farm 2
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wide variability in performance for all metrics across the four plots at 
each site, with all sites having plots that perform the best and worst 
for at least one Biodiversity or SRES metric (Figure 3). Our CES and 
PES metrics, limited to recreation and meat production, respectively, 
mean Peri-urban and agricultural sites dominate these ecosystem 
services respectively.

3.2.3 | Site performance for nature

Species richness, abundance, diversity and protection metrics
All sites except for Council have at least one plot that scored the 
highest for at least one taxon-specific species-focused metric 
(Figure  3). Council and Butcherlands on average perform similarly 
and marginally better across the biodiversity metrics compared to 
other sites. Tablehurst and Saddlescombe are also strong perform-
ers, on average performing marginally better than their paired sites.

In total, 146 species or morphospecies were recorded across all 
taxa, across all sites. Tablehurst (83), Knepp (79) and Butcherlands 
(76) recorded the highest species richness, while Saddlescombe (65), 
Ashdown (63) and Council (60) were not quite as rich. The high-
est recorded animal activity was at Knepp (15,265 recordings) and 
Butcherlands (11,722 recordings). This was primarily driven by the 
high number of bird vocalisations recorded (14,918 and 11,336 

respectively). Butcherlands had the highest level of bat activity (234 
passes), and Tablehurst recorded the highest total abundance of in-
vertebrates (240 individuals). Mean Shannon's Diversity Index scores 
varied from 0.14 for wild mammals at Ashdown to 2.54 for birds at 
Tablehurst (Figure 4). Tablehurst performed consistently well, ranking 
first for bat, bird, and invertebrate diversity and second for mammals. 
We recorded the greatest number of species of conservation focus (i.e. 
with national or European conservation status) at Ashdown: the grey 
long-eared bat Plecotus austriacus, the serotine bat Eptesicus serotinus, 
the meadow pipit Anthus pratensis, the Dartford warbler Sylvia undata 
and a hoverfly Xylota abiens. Nathusius's pipistrelle Pipistrellus nathusii 
was also recorded at Butcherlands and Knepp, the herring gull Larus ar-
gentatus at Council and Saddlescombe, and the turtle dove Streptopelia 
turtur at Knepp and Butcherlands.

Habitat diversity
At a landscape scale (100-m radius areas around each plot), the veg-
etation structure of the sites was broadly similar. They all contain 
a mixture of predominantly ground vegetation (vegetation height 
≤50 cm), with a lesser coverage of shrubs (>50 and ≤200 cm) and 
trees (>200 cm). For most sites, except for Council and Ashdown, 
this structure is primarily driven by an active or remnant field and 
hedgerow structure. At the plot scale (30  ×  30  m plot), there is a 
clear difference in vegetation structure between sites. Shrubs are 

F I G U R E  4   Biodiversity (red; invertebrate, bat, bird and mammal H' diversity index), human use (green; human activity, H' activity 
diversity index and meat production), vegetation structure (blue; plot scale proportion ground, shrub or tree layer) and soil health 
(purple; mycorrhizal colonisation, soil organic matter and phosphorus) measured at the six study sites: Ashdown—Conservation Site 1 (A), 
Butcherlands—Conservation Site 2 (B), Council—Peri-urban Nature Reserve (C), Tablehurst—Agroecological Farm 1 (T), Knepp—Rewilding 
Estate (K) and Saddlescombe—Agroecological Farm 2 (S). Each score is the mean across the four plots for each site, except for meat 
production which is a site estimate. Each category has been scaled against the maximum value recorded across the six sites
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more prevalent in plots at Knepp (mean 77%), Ashdown (55%) and 
Butcherlands (52%), while ground vegetation dominates at the agro-
ecological farms: Tablehurst (97%) and Saddlescombe (88%). Plots 
on Council have the most inter-plot diversity of vegetation structure 
with ground vegetation and shrubs well-represented (Figure 4).

Beta diversity
Within site (i.e. between plots situated on the same site) species 
dissimilarity varied from 0.32 on Butcherlands to 0.67 on Council. 
Between site (i.e. between plots situated on different sites) beta di-
versity varied from 0.53 for Tablehurst to 0.64 for Council. Despite 
having low overall species richness, both within sites and between 
sites, Council had the greatest dissimilarity of species recorded. All 
sites had average between-site dissimilarity >0.5 (mean 0.56), indi-
cating important variation in species records between sites. Within-
site dissimilarity was lower (mean 0.45) but still variable, highlighting 
the variability between plots within site.

Supporting and Regulating Ecosystem Services
Our SRES metrics, all relating to soil, record Tablehurst as the high-
est performing site, and noticeably higher compared to its paired site 
Ashdown (Figure 3). Soil fertility (nutrient availability in the soil) was 

found to be low via the DEFRA Index Scale at five of the six sites 
(Figure 4), averaging very low (Ashdown) to low across the major nu-
trients: phosphorus, potassium and magnesium (DEFRA, 2010). The 
highest levels were recorded at Tablehurst (moderate to high), and 
these relatively higher nutrient levels are the reason for the over-
all higher performance of Tablehurst across the SRES measures. For 
SOM and Mycorrhizal levels, Ashdown, Council and Saddlescombe 
performed particularly well. Butcherlands and Knepp performed 
very similarly across the metrics, and Tablehurst had similar levels of 
SOM and Mycorrhizal levels to these sites.

Cultural Ecosystem Services
The CES metrics used to create Figure  3 are limited to record 
human use and activity at the plots. As such the sites close to 
Brighton and Hove, a city with a population of ~300,000 peo-
ple performed particularly well. The camera traps recorded five 
times more people (960) than wild mammals (171) across the six 
sites. Human activity recordings were dominated by two plots on 
Council (328 and 245) and one plot on Saddlescombe (179). A di-
verse range of activities were recorded across the sites including 
walking, dog walking, jogging, cycling and horse riding. The high-
est diversity of activities also took place at the high use plots on 

F I G U R E  5   Examples of the vegetation structure and habitat types recorded at the six study sites. Cross sections generated via LiDAR 
mapping and aerial photographs via drone surveying. Also shown is the stocking densities (individuals per hectare) and management 
practices of the six sites derived from management surveys. Ashdown—Conservation Site 1, Knepp—Rewilding Estate, Saddlescombe—
Agroecological Farm 2, Tablehurst—Agroecological Farm 1, Butcherlands—Conservation Site 2 and Council—Peri-urban Nature Reserve
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Council and Saddlescombe (Figure 4). Human activity was highly 
variable with 10 plots recording no human activity, and no people 
were recorded at Butcherlands. It is notable that two Council plots 
recorded over 200 people and two plots recorded only two people. 
At Saddlescombe, three plots recorded fewer than 10 people and 
one 179.

Provisioning ecosystem services
Across the sites, harvesting of cattle, sheep, pigs and/or fallow 
deer was reported. Only from Butcherlands were no livestock har-
vested. Tablehurst reported harvesting 50 cattle per year (0.23 cat-
tle ha−1 year−1), considerably greater than other sites (Figure 5). Total 
production for all livestock species was estimated for each site using 
a standardised estimated body weight for each species (Supporting 
Information SI1) and based on self-reported data. This was greatest 
at Tablehurst (121 kg ha−1 year−1; Figure 4). At the other sites where 
livestock were harvested, production ranged from 6 kg ha−1 year−1 
on Council land to 44 kg ha−1 year−1 at Saddlescombe.

All five sites producing meat sold their meat at above market prices. 
In particular, Tablehurst (beef and pork), Ashdown (beef and lamb) and 
Knepp (beef and venison) receive a large premium, with their prices 
being approximately threefold that of the national average (beef and 
lamb: AHDB, 2016, pork: AHDB, 2018, venison: SRUC, 2019).

4  | DISCUSSION

4.1 | Summary

The criteria our stakeholders identified to appraise the performance 
of agroecological farming and biodiversity conservation/restoration 
sites focused on biodiversity, soil health, food production, and human 
health and education. Of the four land management options explored 
in the MCM exercise, the stakeholders ranked the Agroecological 
Farm the best across the stakeholder-selected appraisal criteria. 
However, it is also clear there is perceived variation in option perfor-
mance across the different criteria and from different perspectives. 
This means agroecological farming is not perceived to be the best 
or most favoured land use to meet all the separate needs of people 
and nature, but is perceived to be the most multi-functional and best 
compromise. To some extent, our ecological studies support this per-
ception when focusing only on food production and biodiversity con-
servation. For example, Tablehurst was notable in having the highest 
meat production and recording the highest total species richness as 
well as performing well across the species diversity metrics. However, 
when taking into account all the stakeholder criteria measured, the 
overall site performances were very similar to each other because of 
the variation in site performance across the full diversity of metrics. 
In the context of the UN's Decade of Ecosystem Restoration, our re-
sults suggest consideration should be given to how a diversity of land 
management and restoration approaches, along the spectrum of agro-
ecological farming to nature conservation, can be supported to create 
ecosystems that can provide diverse benefits for people and nature.

4.2 | What do people and nature need and want 
from agroecological and conservation land in South-
East England?

The 67 appraisal criteria recorded in the MCM exercise suggest 
that in South-East England agroecological and conservation land 
management can at least be assessed against: (a) the amount and 
variety of affordable, high-quality food produced, (b) the richness, 
abundance, diversity,and rarity of species and habitats supported, 
(c) the quality of soil and water sustained, (d) the contribution to 
flood mitigation and carbon sequestration, (e) the health and edu-
cational benefits provided to visitors and staff and, (f) the finan-
cial viability and ethical standards of the operation. This breadth 
of potential appraisal criteria represents the considerable diversity 
of people and nature's needs and desires. This diversity presents a 
considerable challenge to policymakers seeking to transform land 
management subsidy payments to the principle of ‘public money 
for public goods and services’, as has been proposed in the United 
Kingdom's new Agricultural Bill and the associated Environmental 
Land Management scheme (DEFRA, 2020). Can all needs and de-
sires be supported and which should be prioritised may be difficult 
questions to address. This challenge is compounded by the diffi-
culty of designing and selecting appropriate metrics and targets 
when a diversity of outcomes is needed. These issues have long 
been challenges in biodiversity conservation (Jones et  al.,  2011; 
Pereira et  al.,  2013). Despite the challenges created by the need 
for diverse outcomes, it is important to keep complexity within 
decision-making (Stirling,  2010) and avoiding over-simplifying the 
discussion, as has arguably happened in the ‘land sharing versus 
sparing’ debate (Fischer et al., 2014). Our study not only makes this 
explicit, but also offers a means for these to be considered in a sys-
tematic way.

4.3 | Which agroecological farming and 
conservation land management approaches are 
delivering those needs?

All sites are making contributions to providing a home for nature 
and have good soil quality and all sites except Butcherlands are 
provisioning meat produce and recorded people using the site. 
Despite the good individual site performances, it is perhaps more 
important to consider the collective performance of our sites and 
how they complement each other, in order to highlight the syner-
gies and trade-offs between different land management options:

Ashdown and Tablehurst are geographically close but differ 
in their soil, vegetation structure, species composition and land-
scape appearance (Figure  5). Tablehurst has the fertile soil, vege-
tation structure and large herbivore stocking densities to produce 
more meat compared to our other sites, while supporting relatively 
high species richness and diversity. In contrast, Ashdown has com-
paratively infertile soil that supports some regionally rare habitat 
and species not supported by other sites, but also with lower large 
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herbivore stocking densities and levels of food production. Data 
from these sites suggest that the higher large herbivore stocking 
densities we investigated are not incompatible with supporting a 
biodiverse and multi-functional environment, but that these condi-
tions are not suitable for all species and habitats.

Knepp and Butcherlands are similar in many metrics, de-
spite differences in their large herbivore management strategies. 
Butcherlands is a relatively small site (39 ha) and livestock are moved 
in and out of site to create temporally diverse grazing and brows-
ing dynamics. Knepp's southern block is relatively large in com-
parison (421 ha) and supports a higher variety of permanent large 
herbivores but with spatially diverse grazing and browsing dynamics 
(Dando, 2018). It is worth noting that after conventional agricultural 
practices ceased at Knepp, there followed a period of large herbi-
vore absence (3–8 years, as fields were taken out of production in 
different years) which allowed a period of vegetation community 
reestablishment. The comparison between these sites highlights the 
potential for reducing the frequency and intensity of human man-
agement with increasing size of site when working with natural pro-
cesses (Sandom et al., 2013).

Council and Saddlescombe perform similarly across the met-
rics, although Saddlescombe performed slightly better in the bio-
diversity and food production metrics and Council scoring better 
on the recreation metrics. As the only sites close to a city, both 
sites recorded very high human activity. However, this was con-
centrated on certain plots indicating highly variable intensity of 
human recreational use across the sites. Council is notable as the 
only site not to stock cattle. Both sites performed particularly well 
for soil quality, with high soil organic matter. These finding suggest 
that multi-functional land management is possible in areas with 
high human activity.

Collectively our sites are delivering a variety of complementary 
benefits to people and nature, indicating considerable synergies be-
tween agroecological farming and biodiversity conservation. In this 
sense, all of our sites are arguably both agroecological and conser-
vation sites to differing degrees, with Butcherlands being the most 
conservation-orientated site and Tablehurst being the most agroeco-
logical site. Ashdown and Tablehurst offer the starkest example of 
trade-offs between desired outcomes and highlight the importance 
of diverse land management practices. Butcherlands and Knepp in-
dicate that similar outcomes are possible by adapting management 
to the context of the site, in this case altering livestock management 
to account for the different size of each site.

It is also important to note that our selection of sites and 
metrics limits our overall understanding of synergies and trade-
offs between land management options. For example, our sites 
are not maximising food production and the price premiums on 
meat produced indicate collectively that they are not producing 
high quantities of affordable meat products. Nor did we assess 
the full variety of criteria and metrics such as the financial viability 
or ethical standards of the operation. Adding more conventional 
forms of agriculture and increasing the criteria studied to the re-
search design would help expand the scope of the study to further 

understand the synergies and trade-offs between these land man-
agement strategies at a regional scale.

4.4 | Did our mixed and interdisciplinary 
methodology work?

We designed the project with ambitions of conducting a broad sus-
tainability assessment, albeit with a bias towards meat production 
and biodiversity conservation. While we were not able to cover all 
criteria highlighted by the MCM interviewees in our site survey-
ing, our coverage was broad (Table A, Supporting Information SI2). 
The range of biodiversity criteria described by our interviewees re-
lates well to both a set of ‘essential biodiversity variables’ reported 
by Pereira et  al.  (2013), and the biodiversity metrics we analysed 
through ecological field measures. However, our biodiversity met-
rics were a snapshot in time and limited to four taxonomic groups. 
Financial and logistical constraints prevented this exploratory study 
from monitoring additional taxonomic groups for a longer period, 
for example, the entire breeding season (and hence, peak activity) 
of all the study groups (e.g. Balfour et al., 2018). Unfortunately, the 
true costs of long-term monitoring are commonly underestimated 
(Caughlan & Oakley, 2001). Our experiences indicate that despite re-
cent advances in ecological monitoring techniques (e.g. bat and bird 
acoustics, camera trapping), field-based, simultaneous, long-term 
measurement of multiple biodiversity metrics across multiple sites 
will be limited by financial constraints.

Our measures of food provision were even more limited as com-
pared to the criteria described by participants. Interviewees high-
lighted the quantity of provision, which we were able to estimate, 
but also meat quality (taste, nutrition, carcass quality and safety), va-
riety (including non-meat products), sustainability of supply (financial 
and environmental), affordability, availability, food security (locally, 
nationally, globally) and prioritisation, which we did not measure at 
our study sites. Within SRES, soil was a notable consideration for 
many interviewees that was highlighted as a priority in the first 
stakeholder engagement workshop and was added to our ecologi-
cal field study as a result. A variety of CES were also highlighted as 
important success criteria, including recreational access, which we 
were able to measure by proxy, but also education, community in-
volvement, opportunities for social care, support for rural communi-
ties, employment opportunities and retaining traditional knowledge, 
which were not quantified.

We are aware that many other categories of ES are delivered 
from these sites beyond those recorded. Our intention is that the 
selection of services reported herein provides an indication of 
the different types of benefits that can be delivered from each 
site—focusing on those services that were found to be most rel-
evant to a range of stakeholders from the South-East of England. 
Unfortunately, ecosystem management is a wickedly complex, multi-
faceted problem (DeFries & Nagendra, 2017) and the cost, resources 
and time required to monitor biodiversity, ES and other key variables 
are likely to be prohibitively expensive and present a challenge to 
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policies seeking to ensure that public money is spent on delivering 
public goods and services (DEFRA, 2020).

4.5 | Implications for policy

Our results suggest that challenges for delivering a land manage-
ment subsidy scheme that uses public money to deliver public goods 
and services include: (a) identifying what people and nature need 
in any particular location, (b) prioritising support appropriately in 
space and time and (c) identifying monitoring metrics and targets to 
assess whether land management is meeting society's needs while 
also maintaining healthy and sustainable ecosystems. If these chal-
lenges can be overcome, this policy frame could help restore diverse 
ecosystems, supported by diverse land management practices, that 
provide for the diverse needs of people and nature.

Further work could incorporate MCM, ecological assess-
ment and Geographic Information Systems (GIS) to enable a more 
context-sensitive and spatially explicit understanding of these issues 
and support decision-making within the South-East of England and 
further afield. Current debates in the United Kingdom provide an 
opportunity for enhanced interdisciplinary studies such as this to pi-
oneer broader and more flexible methods that can cater for locally 
specific needs. These could in turn inform decision processes across 
the EU and at the level of individual EU Member States, and also con-
tribute to more diverse international efforts during the UN Decade 
of Ecosystem Restoration.
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