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Abstract

Conservation area networks in most countries are fragmented and inadequate.

To tackle this in England, government policies are encouraging stakeholders

to create local-level nature recovery networks. Here, we describe work led by a

wildlife organization that used the systematic conservation planning approach

to identify a nature recovery network for three English counties and select

focal areas within it where they will focus their work. The network was based

on identifying core zones to maintain current biodiversity and recovery zones

for habitat restoration, meeting area-based targets for 50 priority habitat, land-

scape, landcover, and ecosystem service types. It included the existing desig-

nated sites for conservation, which cover 6.05% of the study site, and identified

an additional 11.6% of land as core zones and 18% as recovery zones, reflecting

the organization's call for 30% of England to be conserved and connected by

2030. We found that systematic conservation planning worked well in this con-

text, identifying a connected, adequate, representative, and efficient network

and producing transparent and repeatable results. The analysis also

highlighted the pressing need for government agencies to provide national-

level guidance and datasets for setting targets and including species data in

spatial planning, creating a national framework to inform local action.

KEYWORD S

conservation landscapes, ecological networks, England, local nature recovery strategy,
restoration

1 | INTRODUCTION

Site-based conservation is one of the most widely used
approaches for maintaining and restoring biodiversity
and other forms of natural capital. However, existing
protected areas and OECMs (other effective area-based

conservation measures) are failing to achieve their con-
servation goals (Maxwell et al., 2020), partly because
many conservation area networks are small, fragmented
and limited to land and sea with low economic value,
often missing important biodiversity (Cunningham
et al., 2021; Pressey & Tully, 1994; Shwartz et al., 2017).
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This has led to calls from around the world to expand
current conservation area systems, creating ecological
networks that will conserve biodiversity in the long-term
(Dinerstein et al., 2019). This is exemplified by England,
one of the four devolved nations of the United Kingdom,
which has seen a step-change in conservation thinking.
Building on a mantra of “more, bigger, better, and
joined” (Lawton et al., 2010), there is now a focus as part
of the UK Government's 25 year plan to develop nature
recovery networks that will conserve biodiversity,
improve landscape resilience to climate change,
strengthen ecosystem services and improve wellbeing
through increased access to nature (Defra, 2018). This
has been bolstered by recent government commitments
to protect 30% of the UK's land by 2030 (Defra, 2020a)
and to embed nature recovery networks in local nature
recovery strategies, which will be stakeholder-driven
local plans to guide conservation and restoration actions
(Defra, 2018).

The most widely used approach for designing conser-
vation area systems and other ecological networks is sys-
tematic conservation planning (Margules &
Pressey, 2000; Sinclair et al., 2018). This identifies sets of
priority areas for conservation management based on the
concepts of connectivity, adequacy, representativeness,
and efficiency. These concepts match up well with the
principles behind nature recovery networks (Crick
et al., 2020), so there is growing interest in whether sys-
tematic conservation planning could help guide these
new initiatives. This is important because ecological net-
works in the United Kingdom have traditionally been
designed either solely based on expert opinion, which
can lack transparency and repeatability (Drescher
et al., 2013), or by weighting and summing different types
of spatial data, which often fails to represent biodiversity
adequately (Pressey & Nicholls, 1989). Here, we present
results from the first analysis to use systematic conserva-
tion planning to develop a fine-scale nature recovery net-
work for three counties in England, providing evidence
for conservation policy-makers and planners on the suit-
ability of this approach.

There are three important issues that must be taken
into account when designing terrestrial ecological net-
works in England. First, much of the country is agricul-
tural land, with most biodiversity restricted to small
fragments of semi-natural habitats (Lawton et al., 2010).
Second, almost all of the land is privately owned
(Jackson & Gaston, 2008) and so networks often have to
be pieced together, working with landowners who are
willing to manage their land for conservation
(Franks, 2019). Third, conservation and restoration activ-
ities are undertaken by a number of individuals and orga-
nizations and funded through a similarly diverse set of

schemes (Shwartz et al., 2017). All of these make system-
atic conservation planning particularly suitable because
it is designed to develop a shared vision and set of objec-
tives at a landscape level, while also accounting for site-
level context (Groves & Game, 2015). Thus, it can inform
actions at a range of different scales and institutional
levels, which is important because implementing and
coordinating such work is rarely the responsibility of one
group (Botts et al., 2019; Redford et al., 2003).

The ecological network was developed by Berkshire,
Buckinghamshire and Oxfordshire Wildlife Trust
(BBOWT), a nongovernmental organization (NGO) that
forms part of the UK-wide Wildlife Trusts. BBOWT will
act to build this network by purchasing land where
appropriate and by working with landowners who fund
their conservation activities through agri-environment
payments. Their reasons for undertaking this project
were threefold. First was to identify a potential nature
recovery network for the three counties (Figure 1), pro-
ducing maps that can be used to guide the organization's
action on the ground. Second was to identify priority
areas within the nature recovery network where BBOWT
should focus their work, based on the presence of fea-
tures that are particularly important to the organization.
Third, it provided an opportunity to test the relevance of
the approach for terrestrial planning in the
United Kingdom and, if successful, to provide an example
when advocating its adoption by other Wildlife Trusts
and more broadly (Crick et al., 2020). To address these
three goals, we used the Marxan (Ball et al., 2009) and
MinPatch (Smith et al., 2010) spatial prioritization soft-
ware packages to identify a potential nature recovery net-
work within this highly transformed and fragmented
landscape. Through expert consultation, we produced a
list of important conservation features and specified tar-
gets for how much of each should be included in the eco-
logical network, identified a set of priority areas for their
conservation and restoration and then mapped areas
within this broader network where BBOWT should focus
their resources.

2 | METHODS

2.1 | Setting the objectives and
conservation features

Berkshire, Buckinghamshire and Oxfordshire have a
combined area of 5748 km2, 4.4% of England. The region
is home to 2.4 million people (Statista, 2020) and covered
by six natural character areas (Figure S1), with 42.2% of
the land classified as arable and horticulture and 33.6%
as improved grassland (CEH, 2016). The prioritization
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process was designed to inform BBOWT's three broad
objectives outlined above. BBOWT decided that the
objectives would be best met by identifying a nature
recovery network consisting of “core” and “recovery”
zones, with the remaining land outside the network clas-
sified as belonging to a “wider landscape” zone. The core
zones would be managed to maintain their current biodi-
versity; the recovery zones would be managed to improve
the ecological condition of existing habitat and increase
habitat coverage through restoration. They also decided
that the overall extent of the network should be 30% of
the planning region, based on The Wildlife Trusts call to
conserve and connect 30% of the country by 2030 (The
Wildlife Trusts, 2021), mirroring political pledges at the
UK level (Defra, 2020a) and draft targets in the Global
Biodiversity Framework (CBD, 2021).

Once these objectives were established, we brought
together a team of BBOWT ecologists and conservation
managers to produce the list of elements for representing
biodiversity and other forms of natural capital in the net-
work (referred to as “conservation features” hereafter)
and decide whether they should be represented in the
core or recovery zone. The selection of conservation fea-
tures was also based on data availability and we only con-
sidered datasets that covered all three counties, in some
cases ignoring higher quality data that were only avail-
able for one county, as that would bias the area selected
toward the data-rich sites. This expert group decided that
the core zone should conserve 15 habitat types (Table S1),

whereas the restoration zone should contain 3 habitat
types, 4 BBOWT living landscapes, 7 landcover types,
8 habitat types with potential to be restored to priority
habitat, and 13 greenspace features around urban areas
(Table S1). Details of how we mapped the different con-
servation features are given in the supplementary
materials.

We originally planned to include species data in the
prioritization process, mostly as indicators of habitat
quality or functional connectivity. However, we could
not use the raw available species distribution data
because it showed strong sampling bias, with most
records coming from urban centers and popular nature
reserves. We tried to overcome this bias by using the data
to produce fine-scale species distribution models based
on landcover and climate layers, but while the resultant
maps were effective at predicting the status of the pres-
ence/absence points used in the analysis, the expert
group were concerned that the results did not reflect the
actual distributions of the species, probably because the
available environmental variables did not reflect their
habitat preferences (Fourcade et al., 2018). This meant
we did not use species as conservation features in our
analysis.

Targets for each conservation feature in the core and
recovery zones were set by the expert group through an
iterative process designed to ensure the nature recovery
network met the broad objectives set out by BBOWT
(Rondinini & Chiozza, 2010). The final system classified

FIGURE 1 The planning region

consisting of the counties of Berkshire in

the south, Buckinghamshire in the east

and Oxfordshire in the west, showing

urban centers used in the analysis

(population >100,000), designated sites

for nature, rivers and urban areas that

were excluded from selection in the

spatial conservation prioritizations
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each terrestrial habitat conservation feature as being of
low, medium, or high importance, based on their biodi-
versity value and their total area within the planning
region and nationally, and then set targets of 20, 50, and
80%, respectively, of their current distribution (Table S1).
The other targets ranged between 20% for 11 features and
100% for rivers (Table S1). Where targets were set as less
than 100% for the habitat and landcover types, it was
emphasized by the expert group that the remaining
extent still has conservation value and should be man-
aged appropriately in the wider landscape.

2.2 | Producing the planning system

Our planning region consisted of Berkshire, Bucking-
hamshire and Oxfordshire. We divided this up into a
series of planning units, which were based on a layer of
10 ha hexagons that were produced using the Create Grid
function in QGIS. We then used the Union function in
QGIS to combine these boundaries with polygons show-
ing the boundaries of the current National Nature
Reserves, Sites of Special Scientific Interest, Local Wild-
life Sites and BBOWT reserves. This meant the final plan-
ning unit layer divided the three counties into a series of
hexagons and subsections of hexagons to match the des-
ignated site boundaries. We then used the CLUZ exten-
sion in QGIS (Smith, 2019) to create the three counties
conservation planning system based on these planning
units.

In CLUZ, we specified that the planning units that
represented sections of the existing designated sites
should have “Conserved” status, so that they would
always be selected in the prioritization process. We also
used CLUZ to exclude planning units with high levels of
urbanization, as the BBOWT team decided that these
should not be selected as priority areas for conservation
management. We identified planning units to be
excluded by using the built-up areas boundary dataset
(ONS, 2017), converting it to a 25 m resolution raster
layer using ArcGIS and using the tabulate area function
to calculate the area of built-up land in each planning
unit. Planning units that did not contain any of the con-
servation features and were also 50% or more built-up
land were set as “excluded.” We then imported the vector
and raster conservation feature data into CLUZ, which
calculated the amount of each feature in each planning
unit. We also specified the targets in the target table, so
that CLUZ automatically calculated how much of each
target was already met by the designated sites.

The planning unit cost was based on the “Provisional
Agricultural Land Classification” layer (Natural England
Open Data, 2018) because that is the main land use in

the planning region. This layer classifies agricultural land
into five grades in England, with the best land being
Grade 1, based on criteria that account for climate (tem-
perature, rainfall, aspect, exposure, frost risk); site (gradi-
ent, microrelief, flood risk); and soil (depth, structure,
texture, chemicals, stoniness). We inversed the scale used
in the original dataset to produce an opportunity cost
metric, so that the highest quality land had a cost of
5 and the lowest quality land had a cost of 1. We then
converted this vector layer into a 25 m resolution raster
dataset using QGIS and reclassified it so that urban and
woodland areas, which were ungraded in the original
layer, were given a value of 1 to match that of the lowest
quality agricultural land. We then used the zonal statis-
tics QGIS plugin to sum the values of all the pixels found
in each planning unit and added these data into the plan-
ning unit cost field in CLUZ.

The spatial prioritization process is based on selecting
planning units that are needed to meet the different con-
servation feature targets. In the three counties, as in most
of the United Kingdom, important habitat types are
highly fragmented and so planning units that are selected
to meet targets often also contain large amounts of agri-
cultural and urban land. In such cases, reporting the area
of the selected planning units can exaggerate the area of
land required for conservation management. To over-
come this, we used QGIS to measure for each planning
unit the combined area of land covered by core zone con-
servation features and the additional combined land cov-
ered by recovery zone conservation features. We then
calculated the area of land containing these features in
the nature recovery network we identified.

2.3 | Running the analyses

We used a four-step process to develop the nature recov-
ery network using the Marxan spatial prioritization soft-
ware (Ball et al., 2009) and MinPatch function in CLUZ
(Smith et al., 2010). While our analysis identified three
management zones (core, recovery, and wider landscape)
we did not use Marxan with Zones (Watts et al., 2009)
because our initial analyses found the results produced
outputs where the zone types consisted of too many small
patches. Marxan uses an approach based on simulated
annealing to identify portfolios of planning units that
minimize the portfolio cost, which is the sum of the com-
bined planning unit costs, any penalty costs for not meet-
ing targets and a boundary cost based on the external
edge of the selected planning units. The user can then
influence whether the results consist of scattered plan-
ning units or bigger patches by changing the boundary
length modifier (BLM) value, where a higher value
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produces less fragmented results. An analysis involves
running Marxan a number of times, with each run identi-
fying a near-optimal portfolio, so that the “best” portfolio
is then identified as the one with the lowest cost (Ball
et al., 2009). Marxan also produces a selection frequency
output based on counting the number of times each plan-
ning unit appears in each of the runs.

We first used Marxan to identify the planning units
needed to produce the nature recovery network as a
whole, meeting both the core zone and recovery zone tar-
gets. We created the Marxan input files using CLUZ and
then carried out an analysis based on 100 runs of 100 mil-
lion iterations, saving the portfolio output from each run.
We used a BLM value of 0.25 based on trial and error to
produce results that were not overly fragmented but did
not select large areas that were not needed to meet the
targets. Second, we used MinPatch to modify each of the
100 portfolios identified by Marxan. MinPatch works by:
(i) removing patches from the Marxan output that are
smaller than the specified threshold, (ii) adding new cir-
cular patches based on a specified patch radius to
meet all the targets, and (iii) removing any superfluous
planning units that are not needed to meet the targets or
minimum patch size constraint (Smith et al., 2010). For
our analysis we specified that, other than for any small
designated sites that were automatically included in the
outputs, each patch of planning units should be at least
50 ha, based on recommendations that 40–100 ha are
needed to support viable populations of species (Crick
et al., 2020). We also specified that the new circular pat-
ches added by MinPatch in Step (ii) should be based on a
search radius of 450 m to produce an initial patch size of
up to 130 ha, based on selecting 12 neighboring hexago-
nal planning units with centroids within 450 m of the
centroid of the central planning unit. In such a situation,
MinPatch Step (iii) could reduce the patch from 13 to
5 hexagonal planning units, producing final priority areas
that are roughly circular and so less likely to be impacted
by edge effects (Smith et al., 2010). Choosing a larger sea-
rch radius would have produced larger patches in Step
(ii) and so more options for removing planning units in
Step (iii), increasing the likelihood of identifying long
and thin priority areas (Smith et al., 2010). MinPatch also
calculates the best output as the one with the lowest port-
folio cost, and this best portfolio was used as the nature
recovery network.

For the third step, we used CLUZ to exclude all the
planning units that were not selected to be part of the
nature recovery network. We then reran Marxan but this
time we set the targets for the recovery zone features as
0, so that Marxan would only identify where the core
areas should be located within the broader network.
Some of the planning units in the core zone contained

features associated with the recovery zone, so these sites
would have to be managed for conservation and restora-
tion to ensure they helped meet the targets for all the fea-
tures found within them. The analysis was once again
based on 100 runs of 100 million iterations with a BLM
of 0.25. Fourth, we identified where BBOWT should
focus their resources by first identifying patches of plan-
ning units within the network that contain the habitat
types identified as a High or Medium priority for the
organization (Table S1). We then calculated the area of
each of those planning unit patches and selected those
with an area >10,000 acres or 4047 ha as BBOWT focal
areas. The 10,000-acre threshold was selected to ensure
that the focal areas were found in each county and
included parts of each living landscape, but were not so
extensive as to overstretch BBOWT's resources.

3 | RESULTS

The planning region has a total area of 574,838 ha and
6.05% of this is in the 1988 sites that are already desig-
nated for conservation. These protected areas meet all
the greenspace accessibility targets, as well as targets for
14 landcover and priority habitat types (Table S1). Of the
23 conservation features where the targets are not met by
the designated sites, 16 features have less than half of
their targets met (Table S1).

The Marxan analysis to meet all the targets identified
planning units throughout the planning region, espe-
cially in two bands running south-west to north-east
through the Upper Thames Clay Vales and Midvale
Ridge ecoregions and the Chilterns Hills (Figure 2(a);
Figure S1). The majority of the selected areas had high
selection frequency scores, most notably the river systems
found throughout the planning region, but scores were
generally lower in the Chilterns, meaning that these
planning units could be replaced in the portfolio with
other, similar sites (Figure 2(b); Figure S1). The
MinPatch analysis removed a number of small patches
from the Marxan portfolios (Figure 2(c), Figure S2) but
this had a negligible impact on the selection frequency
scores (Figure 2(d), Figure S2). The Marxan analysis to
identify the core zone identified a number of patches of
different sizes within the network (Figure 2(e)), almost
all of which had high selection frequency scores because
there were limited options to meet the targets once areas
outside the landscape were excluded from the analysis
(Figure 2(f)).

The proposed nature recovery network meets all the
targets (Table S1) and consists of planning units with a
combined area of 189,979 ha (Figure 3), although the
area of land needing conservation management within
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these planning units would be 169,925 ha (29.6% of the
planning region). The planning units in the core and
recovery zone have a combined area of 67,649 and
122,330 ha, respectively (Figure 3), although the area of
land requiring conservation management within these
planning units would be 66,700 and 103,225 ha (11.6 and
18% of the planning region, respectively). We also identi-
fied seven BBOWT focal areas, that is, patches of plan-
ning units within the landscape that met the 10,000 acre
(4047 ha) size threshold, and their areas ranged from
4351 to 39,735 ha (Figure 3). The area of land needing
conservation management within these planning units is
81,554 ha, which is 48.0% of the land needing

conservation management in the network and 14.2% of
the planning region.

4 | DISCUSSION

The United Kingdom has a long history of identifying
networks of priority conservation areas at a subnational
scale. These have generally been designed by small
groups of experts or by weighting and combining spatial
data to identify networks that are rich in particular fea-
tures. Such processes capture important local knowledge
on biodiversity and conservation opportunities (Cowling

FIGURE 2 The analysis outputs

for the three main stages used to

develop the nature recovery network

showing: The Marxan best portfolio

(a) and selection frequency output

(b) for meeting all the targets; the

MinPatch best portfolio (c) and

selection frequency output for

meeting all the targets (d), and the

Marxan best portfolio (e) and

selection frequency output (f) for

meeting the core zone targets within

the nature recovery network
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et al., 2003) but they often lack transparency, rarely
account for opportunity costs and generally identify net-
works that fail to represent biodiversity adequately
(Cunningham et al., 2021; Game et al., 2013; Williams
et al., 1996). Systematic conservation planning was
designed to address these issues, so in this section, we
discuss how we used the approach to identify an effective
nature recovery network (Rodrigues & Cazalis, 2020).

4.1 | Translating the context into targets

The first steps of systematic conservation planning
involve translating the background context into broad
objectives and then specific targets (Groves &
Game, 2015). The main objectives underpinning this pro-
ject comes from UK government policy (Defra, 2018),
which has identified nature recovery networks as an
important policy instrument that should be developed at
a subregional level by a large range of stakeholders
(Crick et al., 2020). Different groups in England are using
different methods to help design these networks and this
provides the second part of this project's context, as
BBOWT were keen to trial a systematic conservation
planning approach, both to illustrate how it could be
used for terrestrial planning in the United Kingdom and
to guide their work within Berkshire, Buckinghamshire
and Oxford. More specifically, the objectives and targets
were based on The Wildlife Trusts goal to start putting

nature into recovery across at least 30% of land and sea
by 2030 (The Wildlife Trusts, 2021).

This context led to BBOWT's decision to use the anal-
ysis to identify three types of zone. The “core” and
“recovery” zones were defined to fit with government
recommendations on designing nature recovery net-
works. However, in other contexts, it might be more
appropriate to build networks with more zones, for exam-
ple by distinguishing between habitat improvement and
creation (Isaac et al., 2018). The “wider landscape” zone
was defined to make it clear that areas outside the net-
work also contain valued biodiversity and ecosystem ser-
vices. This became particularly important when initial
analyses showed that setting 100% targets for each of the
priority habitats selected around 40% of the planning
region, far exceeding the 30% broad objective and leading
us to reduce these targets. Thus, our proposed nature
recovery network does not include every patch of each
priority habitat (Table S1), even though the National
Planning Policy Framework states that local plans should
promote their conservation (Department of Communities
and Local Government, 2019). Instead, targeted conserva-
tion action will be needed to conserve these patches
within the wider landscape, together with policies and
actions to maintain and enhance broader biodiversity
(Crick et al., 2020). This will help achieve BBOWT's aim
that the wider landscape becomes more ecologically per-
meable and less hostile to wildlife, benefitting common
species, as well as those that are threatened or rare.

FIGURE 3 The proposed Berkshire,

Buckinghamshire and Oxfordshire

nature recovery network consisting of

the core zone (which includes the

designated sites for nature), recovery

zone for habitat creation and restoration

and the wider landscape zone. Darker

colors indicate sections of the network

that were identified as Berkshire,

Buckinghamshire and Oxfordshire

Wildlife Trust (BBOWT) focal areas

based on the presence of large patches

(>10,000 acres or 4047 ha) of BBOWT

priority conservation features
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Most of the systematic conservation planning ana-
lyses described in the literature that identify a specified
percentage of a landscape use a “maximum coverage”
approach (Wilson et al., 2009), which involves identifying
the best planning units by defining a benefit function and
weighting for each conservation feature (Moilanen
et al., 2009). We adopted a “minimum set” approach,
using Marxan to identify the best portfolio of planning
units for meeting targets for each conservation feature
(Ball et al., 2009). This involved a series of iterations to
adjust the targets until the proportion of the planning
region selected by Marxan was similar to our 30% objec-
tive (Rondinini & Chiozza, 2010), reflecting the broader
context and value systems that underpin them (Smith
et al., 2019). We adopted this approach because specify-
ing targets for each conservation feature made the pro-
cess easier to understand and more transparent for the
BBOWT group (Carwardine et al., 2009). In particular, it
helped identify conservation features that are poorly rep-
resented in the current network of designated sites, to
visualize how much extra land would be needed to meet
different targets and to discuss the relative importance of
conserving or restoring the different features. Setting tar-
gets also helped achieve consensus (Game et al., 2011),
identifying where often contentious issues were not a
problem within the planning region. For example, there
were initial concerns that including features based on
access to nature would skew the selection to areas near
towns, which would have negative impacts on those hab-
itats that are vulnerable to human disturbance. However,
these concerns were allayed once it became clear that
greenspace targets could be met without selecting areas
containing these sensitive priority habitat types.

4.2 | Designing the network

We originally planned to use Marxan with Zones to
design the nature recovery network, as this could assign
each planning unit to one of the three zones used in our
analysis (Watts et al., 2009). However, due to the frag-
mented nature of the different conservation features, we
found from pilot analyses that the software identified a
very large number of small interspersed patches of each
zone type, which would have been difficult to demarcate
and manage. Instead, we used Marxan and MinPatch to
identify the network, and then Marxan to identify the
core zones within the network. Using MinPatch, we
removed patches of planning units that were deemed too
small to form part of the network (Smith et al., 2010);
although in our analysis, this made little difference to the
results (Figure S2). This occurred because the river sys-
tem is inherently connected and the network habitat

layers are designed to identify where to link up patches
of priority habitat (Edwards et al., 2020), so meeting their
targets ensured that Marxan selected large, joined up pat-
ches of planning units. This was important because,
while Marxan allows the user to influence the patch size
of the planning unit portfolios it identifies, it does not
automatically select areas that link these different pat-
ches. This can be addressed by using new versions of
Marxan that incorporate data on connectivity (Daigle
et al., 2020), or by carrying out post hoc analyses that
identify which of the portfolios identified by Marxan ana-
lyses score best for different connectivity metrics (Fajardo
et al., 2014). However, in the absence of data to guide
these processes, our work shows that similar results can
be achieved by setting high targets for features that
already provide connectivity.

One issue that we encountered in our study that is
not well addressed in the literature is how to account for
high levels of habitat fragmentation. Our planning unit
layer was based on a series of 10 ha hexagons, which is
much smaller than most spatial prioritizations described
in the literature (�Alvarez-Romero et al., 2018; Botts
et al., 2019), but to meet all the targets Marxan still had
to select some planning units that mostly contained agri-
cultural land of little conservation value. One solution
would have been to use a larger number of smaller hexa-
gons, but the efficiency of Marxan solutions is reduced
when using very large numbers of planning units (Ball
et al., 2009). Instead, we calculated and reported the area
of land in each planning unit covered by the conservation
features, finding that while the selected planning units
covered 35.2% of the planning region, the land within
them needed for conservation or restoration covered
30.9%. This suggests that future work would benefit from
accounting for this fragmentation, either by using smaller
planning units together with integer linear programming
software to produce more efficient results (Schuster
et al., 2020), or by creating planning units based on pat-
ches of similar land-use types so that priority habitats can
be selected without also selecting less important agricul-
tural land (Sykes, 2020).

Our analysis also outlined an approach for organiza-
tions to define how their work can fit within broader con-
servation goals. Many organizations do this implicitly,
but making this process transparent is particularly impor-
tant when developing ecological networks in countries
like the United Kingdom, where landscapes consist of
many land parcels owned by a range of individuals and
organizations (Crick et al., 2020). BBOWT developed a
simple approach that identified a subset of conservation
features, based on their importance for the organization
and its membership, and the extent to which they are
likely to be conserved by other conservation groups. We
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then identified large patches of these priority habitats,
where BBOWT could be confident that conservation
management would achieve their broad objectives. As
with the broader analysis, part of the reason for this final
stage was to illustrate the benefits of transparently defin-
ing priorities at an organization level. One eventual goal
would be to encourage all the organizations working in
the planning region to come together and define their
objectives, helping identify synergies and gaps, avoid
unnecessary overlap and ensuring that funding scheme
criteria can be best matched to local priorities (Smith
et al., 2009). Such a collaborative and multistakeholder
approach will also be needed to develop the county-level
local nature recovery strategies that are a fundamental
component of the proposed Environment Act
(Defra, 2020b), and will depend on accounting for a wide
range of biodiversity, ecosystem services (e.g., carbon
sequestration, water quality, access to the countryside),
economic factors, and stakeholder values.

4.3 | Future work

Until recently, systematic conservation planning had
only been used in the United Kingdom to help design
ecological networks in the marine realm (Lieberknecht &
Jones, 2016). This is beginning to change, partly because
the approach is ideally suited to situations where a large
number of stakeholders are seeking to achieve a range of
objectives (Groves & Game, 2015). Our work illustrates
the benefits, showing how international, national and
local objectives can be translated into fine-scale maps
based on a shared vision and set of targets.

The BBOWT nature recovery network presented here
is designed as a decision-support tool for their staff, help-
ing inform and guide their conservation and community
engagement work over the next 5-year strategic planning
period (BBOWT, 2021). This will involve: acquiring new
nature reserves; developing conservation projects and
partnerships with landowners, councils, and other NGOs
to implement new management for wildlife; providing
support and advice for other landowners, and
empowering community groups to act to support nature's
recovery. However, the organization is relatively small
and their work will not have a direct impact on the entire
network. Instead, the results presented here will be used
by BBOWT to concentrate their limited resources on new
projects in the focal areas within the network (Figure 3).
This will provide opportunities to explore new
approaches to conservation, such as rewilding to help
create wilder and more connected landscapes, and habi-
tat creation and restoration to achieve Biodiversity Net
Gain (Natural England, 2021) and deliver nature-based

solutions for flood management, carbon sequestration,
and other important ecosystem services. The nature
recovery network will also provide access to good quality
natural greenspace for priority cities and towns (Natural
England, 2010), and these areas will be the focus of
BBOWT's engagement activities such as community
programmes and education.

Developing the nature recovery network was aided by
the availability of spatial data on priority habitats, which
have been defined, identified, and mapped by Natural
England (2019). These open-source datasets have limita-
tions, so there are ongoing efforts at the national and
local level to produce more up-to-date and accurate data,
but these maps are widely known and used by practi-
tioners, so it was easy to incorporate these national prior-
ities into our local plans. Unfortunately, there is no
equivalent for priority species, and while many of
England's rarest and threatened species have been listed
in legislation (NERC, 2006), there is little guidance on
how this list should be used to inform priorities for spa-
tial planning. Just as importantly, there is a lack of fine-
scale, spatially consistent and easily available distribution
data for most of these species. This is one reason why we
did not use any species as conservation features in our
analyses, and while the analysis accounted for a repre-
sentative set of habitats and landcover types, it would
have benefited from including species as conservation
features both as proxies for habitat quality and to ensure
they were adequately represented (Noss, 1987). This
means there is a pressing role for Natural England to pro-
vide national-level guidance and data for species,
supporting the existing networks of local environmental
record centers and creating a national framework to
inform local action.

Developing guidance for local conservation target set-
ting should also be a priority, as at present targets have
only been set at the national level. These provide helpful
context but more is needed to translate them into sub-
national targets that reflect conservation value. For exam-
ple, the 30% national protection target should probably
involve some counties conserving less of their land and
others conserving more (Dallimer & Strange, 2015;
Garibaldi et al., 2021; Huber et al., 2010). Just as impor-
tantly, specific advice is needed to set targets for the
United Kingdom's different priority habitats and species
to help ensure their long-term persistence. Such targets
would play a critical role in developing nature recovery
networks but they could also play a major part in guiding
new and proposed conservation land acquisition
programmes (Oetting et al., 2006), local nature recovery
strategies, afforestation and agri-environment schemes
(Shwartz et al., 2017; Villarreal-Rosas et al., 2020), and
environmental net gain (Simmonds et al., 2020). In doing
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so, the systematic conservation planning approach could
underpin a range of national policies and local practices
(Botts et al., 2019), providing the types of decision sup-
port tool that are needed to make informed and effective
choices.

ACKNOWLEDGMENTS
The authors thank the Wildlife Trusts Strategic Develop-
ment Fund for supporting the initial stages of this work
(project SDF223). A special thanks goes to the Thames
Valley Environmental Records Centre and Buckingham-
shire and Milton Keynes Environmental Records Centres
for providing data on Local Wildlife Sites that were used
to create the map, and for access to their wealth of
biodiversity data.

CONFLICT OF INTEREST
The authors declare no potential conflict of interest.

AUTHOR CONTRIBUTIONS
Robert J. Smith, Samantha J. Cartwright, and Prue F. E.
Addison conceptualized the study and Samantha
J. Cartwright, Andrew C. Fairbairn, Deborah C. Lewis,
and Prue F. E. Addison led on defining the conservation
features and developing the conservation objectives and
targets. Gwili E. M. Gibbon, Claire L. Stewart, Rachel
E. Sykes, and Robert J. Smith carried out the spatial con-
servation prioritization. Robert J. Smith and Prue F. E.
Addison led on writing the manuscript, with contribu-
tions from all of the co-authors.

DATA AVAILABILITY STATEMENT
The dataset includes spatial information from a range of
different sources, some of which is only available under
license. The dataset is available from the authors on
request, as long as the person requesting has the neces-
sary licenses in place and the proposed use meets the
requirements of those different data licenses.

ETHICS STATEMENT
This manuscript is solely the work of the authors. This
study did not involve any experiments on animal or
human subjects.

ORCID
Robert J. Smith https://orcid.org/0000-0003-1599-9171

REFERENCES
�Alvarez-Romero, J. G., Mills, M., Adams, V. M., Gurney, G. G.,

Pressey, R. L., Weeks, R., Ban, N. C., Cheok, J., Davies, T. E.,
Day, J. C., Hamel, M. A., Leslie, H. M., Magris, R. A., &
Storlie, C. J. (2018). Research advances and gaps in marine

planning: Towards a global database in systematic conservation
planning. Biological Conservation, 227, 369–382.

Ball, I., Possingham, H., & Watts, M. (2009). Marxan and relatives:
Software for spatial conservation prioritization. In A. Moilanen,
K. Wilson, & H. Possingham (Eds.), Spatial conservation
prioritisation: Quantitative methods and computational tools
(pp. 185–195). Oxford University Press.

BBOWT. (2021). BBOWT's recovery plan for nature: Living land-
scapes for all [WWW document]. BBOWT Nature Recovery
Network story map. Retrieved from https://www.bbowt.org.uk/
nature-recovery-map

Botts, E. A., Pence, G., Holness, S., Sink, K., Skowno, A., Driver, A.,
Harris, L. R., Desmet, P., Escott, B., Lötter, M., Nel, J.,
Smith, T., Daniels, F., Sinclair, S., Stewart, W., & Manuel, J.
(2019). Practical actions for applied systematic conservation
planning. Conservation Biology, 33, 1235–1246.

Carwardine, J., Klein, C. J., Wilson, K. A., Pressey, R. L., &
Possingham, H. P. (2009). Hitting the target and missing the
point: Target-based conservation planning in context. Conserva-
tion Letters, 2, 4–11.

CBD. (2021). First draft of the post-2020 global biodiversity frame-
work (document #5: CBD/WG2020/3/3). Convention on Biologi-
cal Diversity.

CEH. (2016). Land cover map 2015. Retrieved from https://www.
ceh.ac.uk/services/land-cover-map-2015

Cowling, R. M., Pressey, R. L., Sims-Castley, R., le Roux, A.,
Baard, E., Burgers, C. J., & Palmer, G. (2003). The expert or the
algorithm? Comparison of priority conservation areas in the
Cape Floristic Region identified by park managers and reserve
selection software. Biological Conservation, 112, 147–167.

Crick, H. Q. P., Crosher, I., Mainstone, C., Taylor, S., Wharton, A.,
Langford, P., Larwood, J., Lusardi, J., Appleton, D.,
Brotherton, P., Duffield, S., & Macgregor, N. A. (2020). Nature
networks evidence handbook. Natural England research report
NERR081. Natural England.

Cunningham, C. A., Thomas, C. D., Morecroft, M. D.,
Crick, H. Q. P., & Beale, C. M. (2021). The effectiveness of the
protected area network of Great Britain. Biological Conserva-
tion, 257, 109146.

Daigle, R. M., Metaxas, A., Balbar, A. C., McGowan, J.,
Treml, E. A., Kuempel, C. D., Possingham, H. P., & Beger, M.
(2020). Operationalizing ecological connectivity in spatial con-
servation planning with Marxan Connect. Methods in Ecology
and Evolution, 11, 570–579.

Dallimer, M., & Strange, N. (2015). Why socio-political borders and
boundaries matter in conservation. Trends in Ecology & Evolu-
tion, 30, 132–139.

Defra. (2018). A green future: Our 25 year plan to improve the envi-
ronment. London, UK: Department for Environment, Food and
Rural Affairs.

Defra. (2020a). PM commits to protect 30% of UK land in boost for bio-
diversity. Retrieved from https://www.gov.uk/government/news/
pm-commits-to-protect-30-of-uk-land-in-boost-for-biodiversity

Defra. (2020b). 30 January 2020: Environment bill 2020 policy state-
ment. Department for Environment, Food and Rural Affairs.

Department of Communities and Local Government. (2019).
National planning policy framework. London, UK: Ministry of
Housing, Communities and Local Government.

10 of 12 SMITH ET AL.

https://orcid.org/0000-0003-1599-9171
https://orcid.org/0000-0003-1599-9171
https://www.bbowt.org.uk/nature-recovery-map
https://www.bbowt.org.uk/nature-recovery-map
https://www.ceh.ac.uk/services/land-cover-map-2015
https://www.ceh.ac.uk/services/land-cover-map-2015
https://www.gov.uk/government/news/pm-commits-to-protect-30-of-uk-land-in-boost-for-biodiversity
https://www.gov.uk/government/news/pm-commits-to-protect-30-of-uk-land-in-boost-for-biodiversity


Dinerstein, E., Vynne, C., Sala, E., Joshi, A. R., Fernando, S.,
Lovejoy, T. E., Mayorga, J., Olson, D., Asner, G. P.,
Baillie, J. E. M., Burgess, N. D., Burkart, K., Noss, R. F.,
Zhang, Y. P., Baccini, A., Birch, T., Hahn, N., Joppa, L. N., &
Wikramanayake, E. (2019). A global Deal for nature: Guiding
principles, milestones, and targets. Science Advances, 5,
eaaw2869.

Drescher, M., Perera, A. H., Johnson, C. J., Buse, L. J.,
Drew, C. A., & Burgman, M. A. (2013). Toward rigorous use of
expert knowledge in ecological research. Ecosphere, 4, art83.

Edwards, J., Knight, M., Taylor, S., & Crosher, I. (2020). National
habitat network maps: User guidance v 2. Natural England.

Fajardo, J., Lessmann, J., Bonaccorso, E., Devenish, C., & Muñoz, J.
(2014). Combined use of systematic conservation planning, spe-
cies distribution modelling, and connectivity analysis reveals
severe conservation gaps in a megadiverse country (Peru). PLoS
One, 9, e114367.

Fourcade, Y., Besnard, A. G., & Secondi, J. (2018). Paintings predict
the distribution of species, or the challenge of selecting envi-
ronmental predictors and evaluation statistics. Global Ecology
and Biogeography, 27, 245–256.

Franks, J. R. (2019). An assessment of the landscape-scale dimen-
sions of land based environmental management schemes
offered to farmers in England. Land Use Policy, 83, 147–159.

Game, E. T., Kareiva, P., & Possingham, H. P. (2013). Six common
mistakes in conservation priority setting. Conservation Biology,
27, 480–485.

Game, E. T., Lipsett-Moore, G., Hamilton, R., Peterson, N.,
Kereseka, J., Atu, W., Watts, M., & Possingham, H. (2011).
Informed opportunism for conservation planning in the
Solomon Islands. Conservation Letters, 4, 38–46.

Garibaldi, L. A., Oddi, F. J., Miguez, F. E., Bartomeus, I.,
Orr, M. C., Jobb�agy, E. G., Kremen, C., Schulte, L. A.,
Hughes, A. C., Bagnato, C., Abramson, G., Bridgewater, P.,
Carella, D. G., Díaz, S., Dicks, L. V., Ellis, E. C.,
Goldenberg, M., Huaylla, C. A., Kuperman, M., … Zhu, C.-D.
(2021). Working landscapes need at least 20% native habitat.
Conservation Letters, 14, e12773.

Groves, C., & Game, E. T. (2015). Conservation planning: Informed
decisions for a healthier planet. Roberts and Company.

Huber, P. R., Greco, S. E., & Thorne, J. H. (2010). Boundaries make
a difference: The effects of spatial and temporal parameters on
conservation planning. The Professional Geographer, 62,
409–425.

Isaac, N. J. B., Brotherton, P. N. M., Bullock, J. M., Gregory, R. D.,
Boehning-Gaese, K., Connor, B., Crick, H. Q. P.,
Freckleton, R. P., Gill, J. A., Hails, R. S., Hartikainen, M.,
Hester, A. J., Milner-Gulland, E. J., Oliver, T. H.,
Pearson, R. G., Sutherland, W. J., Thomas, C. D.,
Travis, J. M. J., Turnbull, L. A., … Mace, G. M. (2018). Defining
and delivering resilient ecological networks: Nature conserva-
tion in England. Journal of Applied Ecology, 55, 2537–2543.

Jackson, S. F., & Gaston, K. J. (2008). Incorporating private lands in
conservation planning: Protected areas in Britain. Ecological
Applications, 18, 1050–1060.

Lawton, J., Brotherton, P., Brown, V., Elphick, C., Fitter, A.,
Forshaw, J. M., Haddow, R., Hilborne, S., Leafe, R., Mace, G.,
Southgate, M., Sutherland, W., Tew, T., Varley, J., & Wynne, G.

(2010). Making space for nature: A review of England's wildlife
sites and ecological network. Defra.

Lieberknecht, L. M., & Jones, P. J. S. (2016). From stormy seas to
the doldrums: The challenges of navigating towards an ecologi-
cally coherent marine protected area network through
England's Marine Conservation Zone process. Marine Policy,
71, 275–284.

Margules, C., & Pressey, R. (2000). Systematic conservation plan-
ning. Nature, 405, 243–253.

Maxwell, S. L., Cazalis, V., Dudley, N., Hoffmann, M.,
Rodrigues, A. S. L., Stolton, S., Visconti, P., Woodley, S.,
Kingston, N., Lewis, E., Maron, M., Strassburg, B. B. N.,
Wenger, A., Jonas, H. D., Venter, O., & Watson, J. E. M. (2020).
Area-based conservation in the twenty-first century. Nature,
586, 217–227.

Moilanen, A., Kujula, H., & Leathwick, J. (2009). The zonation
framework and software for conservation prioritization. In A.
Moilanen, K. Wilson, & H. Possingham (Eds.), Spatial conserva-
tion prioritisation: Quantitative methods and computational tools
(pp. 185–195). Oxford University Press.

Natural England. (2010). Nature nearby—Accessible natural
greenspace guidance (NE265). Natural England.

Natural England. (2019). Priority habitat inventory (England)
[WWW document]. Retrieved from https://data.gov.uk/dataset/
4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-
inventory-england

Natural England. (2021). The biodiversity metric 3.0 (JP039). Natural
England.

Natural England Open Data. (2018). Provisional agricultural land
classification (ALC). Retrieved from https://naturalengland-
defra.opendata.arcgis.com/datasets/provisional-agricultural-
land-classification-alc-england.

NERC. (2006). Natural environment and rural communities (NERC)
act. UK Government.

Noss, R. F. (1987). From plant communities to landscapes in con-
servation inventories: A look at the nature conservancy (USA).
Biological Conservation, 41, 11–37.

Oetting, J. B., Knight, A. L., & Knight, G. R. (2006). Systematic
reserve design as a dynamic process: F-TRAC and the Florida
Forever program. Biological Conservation, 128, 37–46.

ONS. (2017). Built-up areas (December 2011) boundaries V2. Office
of National Statistics Retrieved from https://data.gov.uk/
dataset/15e3be7f-66ed-416c-b0f2-241e87668642/built-up-areas-
december-2011-boundaries-v2

Pressey, R. L., & Nicholls, A. O. (1989). Efficiency in conservation
evaluation: Scoring versus iterative approaches. Biological Con-
servation, 50, 199–218.

Pressey, R. L., & Tully, S. L. (1994). The cost of ad hoc reservation:
A case study in western New South Wales. Australian Journal
of Ecology, 19, 375–384.

Redford, K. H., Coppolillo, P., Sanderson, E. W., Fonseca, G. A.
B. D., Dinerstein, E., Groves, C., Mace, G., Maginnis, S.,
Mittermeier, R. A., Noss, R., Olson, D., Robinson, J. G.,
Vedder, A., & Wright, M. (2003). Mapping the conservation
landscape. Conservation Biology, 17, 116–131.

Rodrigues, A. S. L., & Cazalis, V. (2020). The multifaceted challenge
of evaluating protected area effectiveness. Nature Communica-
tions, 11, 5147.

SMITH ET AL. 11 of 12

https://data.gov.uk/dataset/4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-inventory-england
https://data.gov.uk/dataset/4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-inventory-england
https://data.gov.uk/dataset/4b6ddab7-6c0f-4407-946e-d6499f19fcde/priority-habitat-inventory-england
https://naturalengland-defra.opendata.arcgis.com/datasets/provisional-agricultural-land-classification-alc-england
https://naturalengland-defra.opendata.arcgis.com/datasets/provisional-agricultural-land-classification-alc-england
https://naturalengland-defra.opendata.arcgis.com/datasets/provisional-agricultural-land-classification-alc-england
https://data.gov.uk/dataset/15e3be7f-66ed-416c-b0f2-241e87668642/built-up-areas-december-2011-boundaries-v2
https://data.gov.uk/dataset/15e3be7f-66ed-416c-b0f2-241e87668642/built-up-areas-december-2011-boundaries-v2
https://data.gov.uk/dataset/15e3be7f-66ed-416c-b0f2-241e87668642/built-up-areas-december-2011-boundaries-v2


Rondinini, C., & Chiozza, F. (2010). Quantitative methods for defin-
ing percentage area targets for habitat types in conservation
planning. Biological Conservation, 143, 1646–1653.

Schuster, R., Hanson, J. O., Strimas-Mackey, M., & Bennett, J. R.
(2020). Exact integer linear programming solvers outperform
simulated annealing for solving conservation planning prob-
lems. PeerJ, 8, e9258.

Shwartz, A., Davies, Z. G., Macgregor, N. A., Crick, H. Q. P.,
Clarke, D., Eigenbrod, F., Gonner, C., Hill, C. T., Knight, A. T.,
Metcalfe, K., Osborne, P. E., Phalan, B., & Smith, R. J. (2017).
Scaling up from protected areas in England: The value of esta-
blishing large conservation areas. Biological Conservation, 212,
279–287.

Simmonds, J. S., Sonter, L. J., Watson, J. E. M., Bennun, L.,
Costa, H. M., Dutson, G., Edwards, S., Grantham, H.,
Griffiths, V. F., Jones, J. P. G., Kiesecker, J., Possingham, H. P.,
Puydarrieux, P., Quétier, F., Rainer, H., Rainey, H., Roe, D.,
Savy, C. E., Souquet, M., … Maron, M. (2020). Moving from bio-
diversity offsets to a target-based approach for ecological com-
pensation. Conservation Letters, 13, e12695.

Sinclair, S. P., Milner-Gulland, E. J., Smith, R. J., McIntosh, E. J.,
Possingham, H. P., Vercammen, A., & Knight, A. T. (2018). The
use, and usefulness, of spatial conservation prioritizations. Con-
servation Letters, 11, e12459.

Smith, R. (2019). The CLUZ plugin for QGIS: Designing conserva-
tion area systems and other ecological networks. Research Ideas
and Outcomes, 5, e33510.

Smith, R. J., Bennun, L., Brooks, T. M., Butchart, S. H. M.,
Cuttelod, A., Marco, M. D., Ferrier, S., Fishpool, L. D. C.,
Joppa, L., Juffe-Bignoli, D., Knight, A. T., Lamoreux, J. F.,
Langhammer, P., Possingham, H. P., Rondinini, C.,
Visconti, P., Watson, J. E. M., Woodley, S., Boitani, L., … de
Scaramuzza, C. A. M. (2019). Synergies between the key biodi-
versity area and systematic conservation planning approaches.
Conservation Letters, 12, e12625.

Smith, R. J., Minin, E. D., Linke, S., Segan, D. B., &
Possingham, H. P. (2010). An approach for ensuring minimum
protected area size in systematic conservation planning. Biologi-
cal Conservation, 143, 2525–2531.

Smith, R. J., Veríssimo, D., Leader-Williams, N., Cowling, R. M., &
Knight, A. T. (2009). Let the locals lead. Nature, 462, 280–281.

Statista. (2020). Population of England in 2020, by ceremonial
county. Retrieved from https://www.statista.com/statistics/
971694/county-population-england/.

Sykes, R. E. (2020). Understanding the development and characteris-
tics of conservation area networks. (Unpublished PhD thesis).
University of Kent.

The Wildlife Trusts. (2021). 30 by 30 campaign 2021. Retrieved from
https://www.wildlifetrusts.org/30-30-30

Villarreal-Rosas, J., Sonter, L. J., Runting, R. K., L�opez-Cubillos, S.,
Dade, M. C., Possingham, H. P., & Rhodes, J. R. (2020).
Advancing systematic conservation planning for ecosystem ser-
vices. Trends in Ecology & Evolution, 35, 1129–1139.

Watts, M. E., Ball, I. R., Stewart, R. S., Klein, C. J., Wilson, K.,
Steinback, C., Lourival, R., Kircher, L., & Possingham, H. P.
(2009). Marxan with Zones: Software for optimal conservation
based land- and sea-use zoning. Environmental Modelling &
Software, 24, 1513–1521.

Williams, P., Gibbons, D., Margules, C., Rebelo, A.,
Humphries, C., & Pressey, R. (1996). A comparison of richness
hotspots, rarity hotspots, and complementary areas for conserv-
ing diversity of British birds. Conservation Biology, 10, 155–174.

Wilson, K., Cabeza, M., & Klein, C. (2009). Fundamental concepts
of spatial conservation prioritization. In A. Moilanen, K. Wil-
son, & H. Possingham (Eds.), Spatial conservation prioritisation:
Quantitative methods and computational tools (pp. 16–27).
Oxford University Press.

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher's website.

How to cite this article: Smith, R. J., Cartwright,
S. J., Fairbairn, A. C., Lewis, D. C., Gibbon, G. E.
M., Stewart, C. L., Sykes, R. E., & Addison, P. F. E.
(2021). Developing a nature recovery network
using systematic conservation planning.
Conservation Science and Practice, e578. https://
doi.org/10.1111/csp2.578

12 of 12 SMITH ET AL.

https://www.statista.com/statistics/971694/county-population-england/
https://www.statista.com/statistics/971694/county-population-england/
https://www.wildlifetrusts.org/30-30-30
https://doi.org/10.1111/csp2.578
https://doi.org/10.1111/csp2.578

