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Abstract

Developing biodivertsity-inclusive spatial plans at a national level is the focus of Target 1
of the Kunming—Montreal Global Biodiversity Framework (KMGBF). There are 2 gen-
eral approaches to identifying areas of value for biodiversity plans: criteria-based, such as
the Key Biodiversity Areas (KBA) process, and systematic conservation planning (SCP)
approaches, which apply complementarity to efficiently achieve specific quantitative tar-
gets. We examined the benefits of both approaches and considered how the KBA approach
can best complement SCP. We reviewed 200 papers articles that applied SCP to real-world
data with the Marxan conservation design software. Our review showed that targets for
biodiversity elements are pootly selected in many SCP publications, with more than 75%
of the studies applying uniform percentage target amounts to planning elements. Uniform
targets favor more widespread species and ecosystems that are likely to be more common
and less important for conservation. The strengths and complementarities of KBA and
SCP approaches were reviewed and we identified the elements from both approaches that
should be considered for spatial planning to achieve Target 1 in the KMGBE. In partic-
ular, the global approach of KBAs (i.e., identifying sites of global significance for species
or ecosystems) better complements SCP, which often has a national or subnational focus.
The KMGBF will fail if conservation of globally significant sites is not targeted and these
sites are not incorporated in national spatial planning;

KEYWORDS
Global Biodiversity Framework, Key Biodiversity Areas, Matrxan, spatial planning, systematic conservation
planning

DEVELOPING NATIONAL SPATTAL
PLANS FOR BIODIVERSITY

The Kunming—Montreal Global Biodiversity Framework
(KMGBF), ratified in 2022, contains 4 goals and 23 targets to
be achieved by 2030. Target 1 aims to “ensure that all areas are
under participatory, integrated, and biodiversity inclusive spatial
planning and/or effective management processes addressing
land and sea use change, to bring the loss of areas of high
biodiversity importance, including ecosystems of high eco-
logical integrity, close to zero by 2030, while respecting the

rights of indigenous peoples and local communities” (CBD,
2022a; Gurney et al., 2023). Spatial plans produced at an appro-
priate scale and based on data showing areas of importance
for biodiversity (Plumptre et al., 2024) can be used to direct
infrastructure development, agricultural expansion, and other
land- and sea-use changes to minimize impacts on biodiversity.
These plans can also help mainstream biodiversity conservation
in government planning (Target 14 of KMGBF). Conservation
scientists and practitioners generally use two transparent and
repeatable approaches for informing spatial planning, criteria-
based and systematic conservation planning (SCP) approaches,
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both of which are ideally placed to help achieve the relevant
KMGRBEF targets but that differ in what they achieve.

Criteria-based approaches

Criteria-based approaches employ criteria and thresholds to
identify individual sites, such as the criteria used to identify Key
Biodiversity Areas (KBAs) (sites of global significance for bio-
diversity). For example, a site can be a KBA if it contains 1%
or more of the global population of a species published as vul-
nerable by the International Union for Conservation of Nature
on the Red List of Threatened Species (IUCN, 2016). The 11
criteria and quantitative thresholds established for KBAs were
identified through extensive consultations and testing across
different taxonomic groups of species (Langhammer et al.,
2018) and relate to the proportion of the global population
of a species or global extent of an ecosystem at a site. These
areas include criteria for species, ecosystems, and sites of high
ecological integrity or irreplaceability, building on and com-
plementing other criteria-based approaches that have limited
taxonomic scope (Plumptre et al., 2024). We focused on the
KBA approach, but the comparison would also apply to other
criteria-based approaches. Although KBAs have been identified
in nearly every nation, these countries have not been assessed
comprehensively by applying most KBA criteria across all tax-
onomic groups and ecosystems. The KBA data are therefore
partial and are being added to regularly. However, the sites are
valuable for guiding conservation planning (see below).

SCP approaches

SCP is an operational model for efficiently identifying and
implementing the conservation of priority areas (Margules
& Pressey, 2000; Moilanen et al,, 2009). It consists of 3
broad stages: first, framing to identify the context and broad
objectives; second, spatial conservation priotitization; third,
implementation. The second stage first involves stakeholders
identifying a list of biodiversity elements, known as conserva-
tion features, to be included in the planning process. Most SCP
analyses then use specific software to identify an efficient set
of areas in a complementatity-based approach, such as Marxan
(Ball et al., 2009), Zonation (Moilanen, 2007), C-Plan (Pressey
et al., 2009), or Prioritizt (Hanson et al., 2022).

These use different selection algorithms, but they are all
based on the concepts of adequacy, representativeness, and
efficiency, and they apply complementarity and connectiv-
ity (Linke et al.,, 2011). Adequacy involves selecting sites to
ensure the long-term persistence of the region’s biodiversity.
This commonly involves setting quantitative targets to specify
the minimum amount of each conservation feature required
(Carwardine et al., 2009). Representativeness involves choos-
ing conservation features that represent broader biodiversity,
including species, ecosystem types, ecological processes, and
ecosystem services. Efficiency involves identifying networks
of priority areas and applying complementarity to achieve

the conservation objectives and targets while minimizing cost.
Depending on the data used as the cost mettic, this can range
from minimizing the total area of the network to minimizing
the conservation budget needed or the impacts on other sec-
tors, such as agriculture, forestry, or fishing (Naidoo etal., 2000).
Outputs of these tools have been used as a surrogate for irre-
placeability of sites—the degree to which they are necessary
to achieve a solution (Baisero et al., 2021; Ferrier et al., 2000;
Pressey et al., 1994).

The KBA and SCP approaches are both useful in generating
spatial plans but generate different outputs. Building on Smith
et al. (2019), we considered how best to use them in combina-
tion, both directly and by using their underlying principles to
inform the broader planning process to achieve Target 1 of the
KMGBE

ELEMENTS TO INCORPORATE IN
SPATIAL PLANS FOR BIODIVERSITY

Spatial plans will only be effective in supporting the reversal of
biodiversity loss if they incorporate the relevant features needed
to best represent conservation in a country and have the sup-
port and buy-in of relevant stakeholders. With spatial planning,
a map needs to be developed that incorporates the following,

Data on a wide set of biodiversity features

Recent publications propose that the biodiversity features tar-
geted by KBA criteria should be used to target protected and
conserved area expansion (Watson et al., 2023) or when defin-
ing areas of importance for biodiversity (Plumptre et al., 2024).
The KBA criteria are nested within 5 types of biodiversity fea-
tures targeted by conservation efforts: threatened species and
ecosystems; geographically restricted species, species assem-
blages, and ecosystems; ecological integrity; biological processes
where species congregate; and irreplaceability. In addition, areas
of connectivity or areas important for people, such as ecosystem
services and sites important for national and cultural reasons,
could also be incorporated (Watson et al., 2023). Failing to apply
all the KBA criteria in a national KBA assessment or failing to
incorporate all these features in an SCP process will lead to a
less robust result. The KBAs can therefore help guide the over-
all objectives of SCP in a country to ensure that the planning
process considers all relevant biodiversity features and sites that
are globally significant for conservation.

Accurate feature distribution data

Planning needs to ensure that the biodiversity features targeted
for conservation are actually present at sites identified. KBAs
require confirmation that a species or ecosystem is present
before they can be published in the World Database of KBAs
(BirdLife International, 2024). SCP often uses modeled species
distributions or maps of ecosystems, but it also needs to be
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confirmed that these elements are present at sites selected
through the planning process.

Conserves enough of each feature so it can
persist but not so much that it is not feasible to
implement

The KBA criteria aim to identify sites where sufficient repro-
ductive units occur to ensure the continued persistence of the
species that trigger KBA status. However, not all KBAs may
be needed in a final spatial plan. The proportion of the global
population of a species or global extent of an ecosystem is esti-
mated for KBAs, and this information is useful for deciding
how to incorporate KBAs in SCP. The SCP processes iden-
tify efficient solutions given a set of objectives and targets for
each biodiversity element, but the solution needs to be interro-
gated to assess the viability of selected sites. Both processes can
therefore inform the other.

KBA PLANNING IN AN SCP CONTEXT

The framing process is a fundamental component of SCP
because it involves translating the conservation context into a
set of broad objectives (Groves & Game, 2016). Even if two
analyses are based on exactly the same region and biodiver-
sity data sets, their results will differ if contrasting objectives
lead to stakeholders choosing different targets and cost—benefit
metrics. A key component and strength of the SCP process
is working with stakeholders to decide and agree on a set of
common planning objectives because these will have significant
impacts on the final results. Understanding this makes it much
easier to interpret the different ways in which KBAs can be used
to inform policy and action. In some situations, the context
leads to setting 100% targets for every KBA, ensuring that each
site is locked into the SCP result. For example, Mozambique
incorporated KBAs into their National Territorial Plan and leg-
islation to give every site higher protection. By doing so, they
effectively set 100% targets for KBAs. Similarly, an SCP analysis
for Uganda locked into the analysis all KBAs to ensure they were
part of the plan; complementarity was used to identify additional
areas needed to conserve target species and ecosystems that
were generally of national importance (Plumptre et al., 2019).
However, there are other contexts in which stakeholders
might set lower targets because costs of the associated actions
are higher or the available resources are lower. For example, a
project might select a subset of KBAs for further investment to
improve their management effectiveness, whereas others may
be deemed safe for now given limited resources. In such a case,
the prioritization stage could use data on each site’s biodiversity
and the extent to which it fills representation gaps in the existing
network, as well as the management costs, threats to sites, and
likelihood of success (Gatdner et al., 2015; Joseph et al., 2009).
How KBAs are used in the SCP is context dependent, based

on the biodiversity value of the sites and the objectives of the
planning process.

USING THE KBA STANDARD AND KBAs IN
SCP

The global standard for the identification of KBAs (KBA
Standard [IUCN;, 2016]) describes the rationale and method
for identifying KBAs. It builds on previous criteria-based
approaches and was codeveloped by many experts from across
the world. This means the KBA Standard provides a number
of important insights for informing spatial planning, three of
which are particularly relevant for SCP.

KBAs as globally significant sites

SCP generally involves stakeholders producing a list of impor-
tant conservation features and setting quantitative targets for
each for their inclusion in a network of priority areas (Mar-
gules & Pressey, 2000). Without guidance, there is a tendency
for local stakeholders to base these decisions on the local or
national status of a species or ecosystem, especially for fea-
tures that are culturally significant or charismatic. For example,
impala (Aepyceros melampus), a globally least concern species, was
a priority species in Uganda because it gives its name to the
country’s capital city Kampala and was listed on the national
red list as endangered because of a declining national popu-
lation (WCS, 2010). Incorporating national priorities in spatial
plans is clearly sensible but must not be done at the expense of
global or regional priorities. SCP analyses often use country pri-
ority species lists when identifying what biodiversity to include,
and these lists can be dominated by national priorities or charis-
matic species, rather than species that are globally threatened or
endemic to the country (e.g,, Lim et al., 2023).

In contrast, KBAs contain globally or regionally significant
populations of a species, globally or regionally significant extent
of an ecosystem, or sites of outstanding ecological integrity or
irreplaceability. As such, they complement nationally important
sites, identifying sites for which countries are more likely to
have a global responsibility for the conservation of a species
or ecosystem. The fact that the KBA criteria use a standard
approach that is transparent and repeatable (quantitative criteria
and specific thresholds) also means they are comparable among
countries and regions (Plumptre et al., 2024). This creates two
important reasons for including KBAs in SCP analyses. The
first is that KBAs provide a foundation, flagging sites of global
importance in a world where priorities are often shifting. The
second is that KBAs are used by the international community,
the private sector, and donors to inform cross-national mon-
itoring and decision-making. For example, the “proportion of
KBAs covered by protected areas” is an indicator for the CBD
KMGBF and the UN Sustainable Development Goals 14 and
15 (CBD, 2022b).
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KBAs as important sources of data

SCP and KBA assessments commonly use data on spatial dis-
tributions of species derived from range maps or habitat maps.
All such maps have commission and omission errors, so it is
possible that some priority areas identified in SCP analyses do
not contain the species for which they were selected (Rondinini
et al,, 2000). It is important to collect available point location
data or carry out field surveys to identify whether the species
are present in each priority site (Johnson et al., 2023). There
are obvious benefits in using more accurate species distribution
data as part of SCP and KBA analyses. However, the process of
proposing a site as a KBA involves determining that the trigger
element is definitely present at a site with sufficient numbers
for reproduction and meets the relevant KBA criteria (KBA
Standards & Appeals Committee, 2022). A species ot ecosys-
tem that triggers a KBA contains more than a certain threshold
of the global population or global extent of the ecosystem at the
site. These values of the proportion of the global population
or extent of ecosystem are also valuable in guiding whether to
invest in conserving a KBA or not.

KBAs continue to be identified as new data become available
in countries around the world. Where KBAs have been relatively
comprehensively assessed, applying most criteria across multi-
ple taxonomic groups and ecosystems, then clearly the KBAs
identified will be more complete and therefore more useful for
SCP. However, we believe there is still value in knowing a few of
the globally important sites and using these in SCP, updating the
SCP as more data are obtained and as more KBAs are identified.

KBAs and the ability to maintain populations at
a site

Another problem with relying on modeled distribution maps in
spatial planning is knowing whether a site contains a popula-
tion of each species that can continue reproducing. SCP analyses
often implicitly account for this by setting higher targets for
species found at lower densities (Solomon et al., 2003) or includ-
ing data population viability data (Carroll et al., 2003), but this
adds further uncertainty to the modeling process. The KBA
approach helps tackle this, with its focus on only giving KBA
status to sites containing populations of trigger species with suf-
ficient reproductive units to maintain a population. Often the
ways these numbers are assessed include evidence the species is
being maintained at a site over several years. Including KBAs
based on aggregations of species is also important because
these contain important breeding sites, hibernacula, migratory
feeding or roosting sites, and other congregations of individual
animals.

ASSESSING HOW KBAs CAN GUIDE
TARGET SETTING IN SCP

As globally significant sites for biodiversity, KBAs provide an
important source of biodiversity data and account for species

reproduction, and there is obvious scope for including them in
SCP analyses. In particular, setting objectives for all the biodi-
versity features targeted by the KBA approach will help deliver a
more robust spatial plan when applying an SCP process. Includ-
ing KBA data can ensure that SCP analyses identify networks of
sites that are more representative, by including data on a wider
range of biodiversity, and the KBA approach has the potential
to help guide target setting,

Pressey and Bottrill (2009) provide 11 useful steps that are
needed for conservation planning: scoping and costing the plan-
ning process (Step 1); identifying and involving stakeholders
(2); describing the context for conservation areas (3); identi-
fying conservation goals (4); collecting data on socioeconomic
variables and threats (5); collecting data on biodiversity and nat-
ural features (6); setting conservation objectives (7); reviewing
current achievement objectives (8); selecting additional conser-
vation areas (9); applying conservation action to these areas (10);
and maintaining and monitoring conservation areas (11). Many
of these steps will be similar when undertaking a comprehensive
assessment of KBAs or making an SCP plan in a country (Steps
1-3, 5, 8, and 10). Table 1 provides a summary of the differ-
ent ways the KBA and SCP approaches are implemented when
applying Steps 4, 6 7,9, and 11 and summarizes the ways KBAs
can contribute to spatial planning in these steps.

To estimate the potential for KBAs to provide such ben-
efits, we reviewed the scientific literature to investigate the
types of biodiversity data used in SCP analyses and the
extent to which broad target-setting approaches have been
applied. We restricted our analyses to research that used
Marxan or Marxan with Zones (or prioritzr applying a Marxan-
like analysis), the most widely used SCP software package,
and identified articles published in the literature through Sci-
ence Direct (https://www.sciencedirect.com), Wiley Online
Library (https://onlinelibrary.wiley.com), and Web of Sci-
ence (https://www.webofscience.com). Our search terms were
Marxan and “systematic conservation planning”” We also searched
for websites with reports of studies that have been applying
results of Marxan analyses (e.g., https://marxansolutions.org/
community). We compiled papers until we reached 200 papers
and reports that used specific real-world data. We omitted
papers that were about the general design or use of the soft-
ware. Of these, 104 were planning for terrestrial regions, 67
matine regions, and 29 for both terresttial and aquatic (matine
or freshwater), and they were published from 2004 to 2023.

Biodiversity representation

For each of the 200 studies, we determined whether they used
data on ecosystems, species, or other elements, where other
includes ecosystem services, biophysical complexity, measures
of connectivity, and climate change (Appendix S1). Most studies
(71%) used species data, often with combinations of ecosystem
(54%) and other (29% of studies) data types. Terrestrial stud-
ies tended to use more species data (81%) than marine (61%)
and terrestrial and aquatic (59%) studies. Quite a few stud-
ies only used species data (34%). For studies in which species
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data were used, 64% used expert maps or species distribution
models to identify habitat, 15% used TUCN range maps, 13%
used point data, and 8% used a combination of data types for
species. Our study found that 17% of studies only used ecosys-
tem data in their analyses. Of those studies that did include
species data, many used sources that could have contained com-
mission errors; IUCN range maps and even species distribution
models will predict that a species is present when in fact it
is absent (Rondinini et al.,, 2011). Only one study considered
ecological integrity and none incorporated sites where species
aggregated, such as migratory feeding sites or breeding con-
gregations. Once again, including KBA data and targeting the
biodiversity features used to identify KBAs would help resolve
these limitations by identifying priority areas where the relevant
species are known to occur.

Setting conservation targets

Setting appropriate targets is extremely important for target-
based spatial prioritization, and the methodology used can
“have far-reaching implications and will have to be defended”
(Ardron et al., 2010). Levin et al. (2015) advocated conduct-
ing sensitivity analyses of the results of SCP by varying the
targets systematically. Similarly, Carwardine et al. (2009) warn
about the importance of correctly setting and interpreting SCP
targets and solutions. Ideally, targets should be based on both
the conservation context, as defined during the SCP framing
stage, and the SCP principles of adequacy and representative-
ness. To investigate this, we defined 5 approaches for setting
targets and categorized the approach used in our sample of
200 SCP studies: uniform, grouped, variable formula, context
driven, and functional targets.

A uniform targets approach assigns the same percentage tar-
get of the distribution for all the species, ecosystems, and other
features used in the analysis. For example, for each conservation
feature, the target would be 10% of its distribution.

A grouped targets approach is similar to a uniform tat-
gets approach except that different percentages are given to
groups of species or ecosystems. For example, threatened
species may have a target of 30% of their distribution, whereas
nonthreatened species have a target of 10%.

In a variable-formula targets approach, different percentage
targets are applied to each biodiversity element based on a for-
mula. For example, the target assigned to a species may be in
proportion to its global range area, with larger target percent-
ages set for species with smaller ranges (e.g., Hanson et al., 2020;
Harris & Holness, 2023; Rodrigues et al., 2004; Schuster et al.,
2023).

In a context-driven approach, targets are set based on a
specific conservation context, rather than to achieve a certain
biological outcome. For example, targets are set to achieve the
best realistic solution for a specific project with a set of manage-
ment aims and associated budget, rather than what is required
to fully conserve all the species or ecosystems in the long term.

Functional targets are set individually for each biodiver-
sity element to achieve a species-specific or ecosystem-specific
conservation outcome based on specific ecological knowledge.

Our results showed that uniform targets (34%) and grouped
targets (43%) dominated the target-setting approaches across
our sample of 200 studies (Table 2). This is a concern because
uniform targets and, to a lesser extent, grouped targets increase
the representation of the conservation features with the largest
distributions. These targets generally favor the more com-
mon species over rarer and geographically restricted species
(Figure 1). This is particularly problematic for analyses with
features that do not ovetlap, such as ecosystem types, where
complementarity is not applied. In both situations, large parts
of the priority areas identified in the SCP analysis will be driven
by the presence of a few widely distributed features, many of
which are of low conservation concern (Vimal et al., 2011).
The variable-formula targets (4%) help address this problem
by reducing targets for the most widespread features, but even
studies that set a minimum target (e.g, 10%) could result in
choosing large areas based on the presence of these common
species. It is likely, however, that many future SCP analyses will
continue to use uniform, grouped, and vatiable-formula target
setting approaches because the alternatives are much more data
intensive, requiring more knowledge about each species and
ecosystem. In such cases, we recommend achieving represen-
tation goals by setting lower generic targets and by including
KBAs as conservation features to ensure that known sites
of globally important biodiversity are also selected (Kirkman
et al., 2019; Kullberg et al., 2019). Only 14% of the studies
reviewed used functional targets, setting explicit targets for each
biodiversity feature to ensure its long-term conservation.

SCP INFORMING KBA IDENTIFICATION

When applying criterion E for KBAs, SCP is used to identify
sites that are irreplaceable. Compilation of the data needed to
make an SCP analysis is time consuming; therefore, once it is
done, it would make sense to capitalize on the availability of the
data to identify KBAs based on this criterion. South Africa has
recently identified 205 new KBAs that trigger criterion E, made
possible because they undertook a national SCP. An SCP analy-
sis may also identify likely areas in a country that may be useful
for applying other KBA criteria, particularly those that iden-
tify sites for assemblages of geographically restricted species
(criteria B2 and B3).

NATIONAL SPATIAL PLANNING WITH
SCP AND KBAs

Target 1 of the KMGBF aims to achieve participatory, inte-
grated, biodiversity-inclusive spatial plans in all countties by
2030. What should these spatial plans include and where can
SCP and KBAs contribute? Resolution 081 passed at the
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TABLE 2 The percentage of 200 published analyses that applied each of the 5 approaches used to identify target values for biodiversity elements in the Marxan

analysis detailed in the publication.

Realm Uniform (%) Grouped (%) Variable formula (%) Context driven (%) Functional (%)
Terrestrial 31.7 37.5 3.9 5.8 21.2
Marine 343 49.3 6.0 4.5 6.0
Terrestrial and aquatic (freshwater or marine) 41.4 44.8 0.0 6.9 6.9
All studies 34.0 42.5 4.0 5.5 14.0
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FIGURE 1

Comparison of systematic conservation planning solutions identified with a Marxan approach in Prioritizr for the British Isles (top), Poland

(middle), and Madagascar (bottom). Maps show the solution for targets of 10% (left), 25% (center), and 50% (right). The change in percentage of total area (y-axis) is

plotted on the right for each country against the percentage target (x-axis). Methods used in this analysis are in Appendix S2.

World Conservation Congress in 2021 encouraged govern-
ments to make comprehensive spatial plans for biodiversity and
incorporate these in their CBD National Biodiversity Strategy
and Action Plans. It also encouraged donors and the con-
servation community to support national planning processes,
including the identification of KBAs, use of SCP, and iden-

tification of areas where connectivity should be maintained
or restored IUCN, 2020). Below, we summarize some of the
key components that should be in these national spatial plans
and show how adopting both the KBA approach and SCP
would strengthen fundamental elements of national planning
processes.
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Involve a range of stakeholders

The success of any planning process depends on the effec-
tive inclusion and participation of relevant stakeholders, both
of which benefit from adopting elements of SCP and the KBA
approach. The framing stage of SCP includes a specific step for
identifying stakeholders who then work together to develop the
broad planning objectives and the specifics of the spatial con-
servation prioritization process (Groves & Game, 20106). This
helps ensure that the needs and values of marginalized groups
are accounted for in the planning process while also producing
results that account for broader government and societal prior-
ities (Game et al,, 2011). The KBA methodology also provides
guidance on including relevant stakeholders in both the identi-
fication and delineation of KBAs (KBA Standards & Appeals
Committee, 2022). This is particularly important for ensuring
that a wide range of taxonomic and conservation experts are
included in the process. Being clear about the desired outcomes
is key to the planning process and will determine the outcome.
SCP tends to produce fine-scaled and efficient sites, whereas the
KBA approach can help identify larger areas where globally sig-
nificant populations of species or extents of ecosystems occur
where the persistence of a species is likely.

Identify sites that have global, regional, and
national importance for biodiversity

Avery et al. (1995) proposed that conservation should focus on
global, regional, and national priotities but consetrvation is often
driven by interests at a national level. Spatial plans developed for
a country may choose to focus on what is considered nationally
important (e.g,, species or ecosystems in decline and threat-
ened at a national level), which can result in omitting species
or ecosystems with regional or global significance but relatively
widespread at a national level (Lim et al., 2023). KBAs are
sites of global or regional significance for species or ecosystems
because they are identified in reference to the global population
or global ecosystem extent. They, therefore, provide a useful
input in spatial planning to ensure that globally significant sites
are incorporated.

Incorporate all biodiversity features targeted by
the KBA approach

National-level SCP analyses generally seck to represent biodi-
versity by including data on broad biodiversity elements, such as
ecosystem types, and a set of important species. Setting targets
for the 5 biodiversity features used in the KBA approach (threat-
ened species and ecosystems; geographically restricted species;
species assemblages and ecosystems; ecological integrity; bio-
logical processes where species congregate; and irreplaceability)
will ensure SCP analyses are more comprehensive and inclu-
sive in what they aim to conserve. For example, South Africa
has implemented one of the most comprehensive and effective

SCP processes in any country (Pressey et al., 2003), but a recent
KBA assessment identified sites important for geographically
restricted species that were not an objective considered in the
SCP process were not assessed as threatened on the IUCN Red
List (S. Holness, personal observation).

Building redundancy into SCP outputs

Despite efforts to conserve biodiversity, there is loss and degra-
dation of protected areas (PADDD events [Mascia & Pailler,
2011; Symes et al.,, 20106]), and the impacts of climate change
and other anthropogenic stressors will lead to sites no longer
conserving the biodiversity for which they were established. It
may not be possible to conserve the whole output of an SCP
quickly, with the result that some sites may be lost before they
are conserved (Pressey et al., 2013). It is therefore important
to build redundancy into national conservation plans so that
enough of each conservation feature continues to be adequately
represented, where possible, in a number of different sites. Iden-
tification of KBAs in a country may identify several sites that
conserve the same species or ecosystem and as a result may cre-
ate some redundancy that would not necessarily be identified in
an SCP. Setting objectives in SCP that build in some redundancy
is advisable given the changes being observed.

Identify the connectivity required to link critical
populations of species

Sites can be connected for several reasons. These include the
maintenance of populations of species that are at low numbers
at any one site and need cortidors to maintain genetic variability
and the maintenance of connectivity that may allow migration
under changes in climate so that species can colonize elsewhere
(Hilty et al., 2020). Historically, SCP and KBAs have had limi-
tations when identifying areas of connectivity, although recent
advances in SCP and the development of Matxan Connect are
creating tools that can incorporate connectivity planning (Daigle
et al,, 2019; Pouzols & Moilanen, 2014). Although KBA identi-
fication does not assess sites for their connectivity (apart from
aggregations at migratory stopover sites), the expert consulta-
tion required for KBA identification and the knowledge about
the amounts of a species at a site could help with planning where
connectivity is needed. If sufficient numbers occur at a site to be
viable, connectivity may not be needed.

Identify sites important for ecosystem services
and other values

Not all conservation features in conservation planning will be
for species and ecosystems. Some sites will have cultural values
and others will be important for ecosystem services (Neugarten
et al., 2024). Even sites with low importance for biodiversity
may be significant for other reasons, such as raising revenue
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for biodiversity conservation nationally. Usually, these values are
realized at a national level, although some ecosystem services
also have regional or global values, such as carbon sequestration.
SCP can incorporate these values if specified correctly, although
setting targets for ecosystem services may not be simple because
much will be determined by how the services are measured at
different sites (Neugarten et al., 2018). KBAs are not identified
using ecosystem service or cultural value criteria because their
focus is on areas of significance for biodiversity, not their signif-
icance to people. However, there is guidance on how ecosystem
services can be assessed at the sites once identified that are
applicable to any site (Neugarten et al., 2018).

CONCLUSION

It is hoped that most countries will develop a national biodiver-
sity inclusive spatial plan to achieve Target 1 of the KMGBF
by 2030. The KBAs and SCP approaches can provide highly
relevant inputs when developing national spatial plans, incorpo-
rating global, regional, and national priorities and accounting for
biodiversity, connectivity, ecosystem services, and cultural val-
ues. In particular, we argue that using a combination of these 2
approaches creates synergies that provide a number of broader
benefits. In general, the implementation of the results will be
iterative, adding sites over time to meet overall objectives. How-
ever, underpinning this expansion process with the principles of
the KBA and SCP approaches will help ensure their efficiency
and effectiveness, as well as achieve the national spatial planning
outcomes outlined in KMGBF Target 1 and the broader goal of
halting biodiversity loss.

AUTHOR CONTRIBUTIONS

Andy Plumptre and Daniele Baisero came up with the idea of
the analysis and led the writing of the paper. Jack Hayes com-
piled the literature review and analysis of the 3 countries and
contributed to writing the paper. S. Holness, Lize von Staden,
Rob Rose, and Robert J. Smith contributed to the analyses and
writing of the paper.

ACKNOWLEDGMENTS

The authors acknowledge William & Mary Research Computing
for providing computational resources and/or technical sup-
port that have contributed to the results reported within this

paper.

ORCID

Andy Plumptre® https:/ /orcid.org/0000-0002-9333-4047
Daniele Baisero"® https:/ /orcid.org/0000-0002-1266-7174
Lizevon Staden '™ https://orcid.org/0000-0002-2652-7180
Robert J. Smith " https:/ /orcid.org/0000-0003-1599-9171
REFERENCES

Alagador, D., & Cerdeira, J. O. (2020). Revisiting the minimum set cover, the
maximal coverage problems and a maximum benefit area selection problem
to make climate change-concerned conservation plans effective. Methods in
Ecology & Evolution, 11, 1325-1337.

Ardron, J. A., Possingham, H. P., & Klein, C. ]. (Eds.). (2010). Marxan good prac-
tices handbook, Version 2. Pacific Marine Analysis and Research Association.
http://www.pacmara.org

Avery, M., Gibbons, D. W, Porter, R., Tew, T., Tucker, G., & Williams, G. (1995).
Revising the British Red Data List for birds: The biological basis of UK.
conservation priorities. /bis, 137, $232-5239.

Baisero, D., Schuster, R., & Plumptre, A. J. (2021). Redefining and Mapping
Global Irreplaceability. Conservation Biology, 36, €13806. https://doi.org/10.
1111/cobi.13806

Ball, I. R., Possingham, H., & Watts, M. E. (2009). Marxan and relatives: Soft-
ware for spatial conservation prioritisation. In A. Moilanen, K. A. Wilson, &
H. Possingham (Eds.), Spatial conservation prioritisation: Quantitative methods &
computational tools (pp. 185-189). Oxford University Press.

Ban, N. C,, Hansen, G. ]. A, Jones, M., & Vincent, A. C. J. (2009). Systematic
marine conservation planning in data-poor regions: Socioeconomic data is
essential. Marine Policy, 33, 794-800.

BirdLife International. (2024). 7he World Database of Key Biodiversity Areas. Devel-
oped by the KBA Partnership: BirdLife International, International Union
for the Conservation of Nature, Amphibian Survival Alliance, Conservation
International, Critical Ecosystem Partnership Fund, Global Environment
Facility, Re:wild, NatureServe, Rainforest Trust, Royal Society for the Pro-
tection of Birds, Wildlife Conservation Society and World Wildlife Fund.
http://www.keybiodiversityareas.org

Carroll, C., Noss, R. F, Paquet, P. C., & Schumaker, N. H. (2003). Use of
population viability analysis and reserve selection algorithms in regional
conservation plans. Zeological Applications, 13(6), 1773—-1789.

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

Convention on Biological Diversity (CBD). (2022a). Kunming-Montreal Global
Biodiversity Framework. https:/ /www.cbd.int/gbf/

Convention on Biological Diversity (CBD). (2022b). Monitoring framework
Sor the Kunming-Montreal global biodiversity framework CBD/COP/15/1..26.
http://www.cbd.int/doc/c/179¢/aecb,/592f67904bf07dca7d0971da/cop-
15-1-26-en.pdf

Daigle, R. M., Metaxas, A., Balbar, A. C., McGowan, ]., Treml, E. A., Kuempel,
C. D, Possingham, H. P, & Beger, M. (2019). Operationalizing ecological
connectivity in spatial conservation planning with Marxan Connect. Methods
in Ecology & Evolution, 11, 570-579.

Ferrier, S., Pressey, R. L., & Barrett, T. W. (2000). A new predictor of the irre-
placeability of areas for achieving a conservation goal, its application to
real-world planning, and a research agenda for further refinement. Biolgy
and Conservation, 93, 303-325.

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

Gardner, C. J., Raxworthy, C. J., Metcalfe, K., Raselimanana, A. P, Smith, R. J., &
Davies, Z. G. (2015). Comparing methods for prioritising protected areas for
investment: A case study using Madagascar’s dry forest reptiles. PLoS ONE,
10(7), Article €0132803.

Groves, C. R., & Game, E. T. (20106). Conservation planning: Informed decisions for a
healthier planet. Roberts and Company Publishers.

Gurney, G. G., Adams, V. M., Alvarez-Romero, J. G., & Claudet, J. (2023). Area-
based conservation: Taking stock and looking ahead. One Earth, 6, 239-241.

Hanson, J. O., Rhodes, J. R., Butchart, S. H. M., Buchanan, G. M., Rondinini, C.,
Ficetola, G. E, & Fuller, R. A. (2020). Global conservation of species’ niches.
Nature, 580(7802), 232-234.

Hanson, J. O., Schuster, R., Mortell, N., Strimas-Mackey, M., Edwards, B.
P. M., Watts, M. E., Arcese, P, Bennett, J., & Possingham, H. P. (2022).
prioritizr: Systematic conservation prioritization in R. R package version 7.2.2.
https://CRAN.R-project.org/package=prioritizr

Harris, L. R., & Holness, S. (2023). A practical approach to setting heuristic
marine biodiversity targets for systematic conservation planning. Biolgical
Conservation, 285, Article 110218.

Hilty, J., Worboys, G. L., Keeley, A., Woodley, S., Lausche, B., Locke, H., Carr,
M., Pulsford, L, Pittock, J., White, J. W., Theobald, D. M., Levine, J., Reuling,
M., Watson, . E. M., Ament, R., & Tabor, G. M. (2020). Guidelines for conserv-

85UB01 7 SUOWILLOD 8AIEaID 3 |qedl(dde 8y} Aq paueob a1e Sao e YO ‘8sn Jo S8inJ 10} Ariq1TaUljUO AB|I/ UO (SUOI IPUOO-PUR-SLLBY/W0D" A3 1M Ale1q 1[BuUO//:SdNY) SUORIPUOD pue SWB | 8U1 89S *[Z02/0T/8T] Uo ArigiTauluo AB|IM ‘8.1 Aq 00YT I000/TTTT OT/I0p/W00" A3 1M Arelq1jBul|UO"01qUOy/SANY WO} papeojumoq ‘0 ‘6€LTEZST


https://orcid.org/0000-0002-9333-4047
https://orcid.org/0000-0002-9333-4047
https://orcid.org/0000-0002-1266-7174
https://orcid.org/0000-0002-1266-7174
https://orcid.org/0000-0002-2652-7180
https://orcid.org/0000-0002-2652-7180
https://orcid.org/0000-0003-1599-9171
https://orcid.org/0000-0003-1599-9171
http://www.pacmara.org
https://doi.org/10.1111/cobi.13806
https://doi.org/10.1111/cobi.13806
http://www.keybiodiversityareas.org
https://www.cbd.int/gbf/
http://www.cbd.int/doc/c/179e/aecb/592f67904bf07dca7d0971da/cop-15-l-26-en.pdf
http://www.cbd.int/doc/c/179e/aecb/592f67904bf07dca7d0971da/cop-15-l-26-en.pdf
https://CRAN.R-project.org/package=prioritizr

CONSERVATION BIOLOGY

ing connectivity through ecological networks and corridors (Best Practice Protected Area
Guidelines Series No. 30). TUCN. https://portals.iucn.org/library/node/49061

International Union for Conservation of Nature (IUCN). (2016). A global stan-
dard for the identification of Key Biodiversity Areas, Version 1.0. First edition. TUCN.
https://portals.iucn.org/library/node/46259

International Union for Conservation of Nature (IUCN). (2020). Warld Con-
servation Congress Resolution 081: Strengthenin [ spatial planniy
the global persistence of biodiversity. https://portals.iucn.org/library/node/49
220

Johnson, S., Molano-Flores, B., & Zaya, D. (2023). Field validation as a tool
for mitigating uncertainty in species distribution modeling for conservation
planning. Conservation Science and Practice, 5(8), Article €12978. https://doi.
org/10.1111/¢csp2.12978

Joseph, L. N., Maloney, R. I\, & Possingham, H. P. (2009). Optimal allocation
of resources among threatened species: A project prioritization protocol.
Conservation Biology, 23(2), 328-338.

KBA Standards and Appeals Committee of ITUCN SSC/WCPA. (2022). Guide-
lines for using A global standard for the identification of Key Biodiversity Areas (Vetsion
1.2). TUCN.

Kirkman, S. P, Holness, S., Harris, L. R., Sink, K. J., Lombard, A. T., Kainge, P.,
Madjiet, P, Nsiangango, S. E., Nsingi, K. K., & Samaai, T. (2019). Using
systematic conservation planning to support marine spatial planning and

fo ensure

achieve marine protection targets in the transboundary Benguela ecosystem.
Ocean & Coastal Management, 168, 117-129.

Kullberg, P, Di Minin, E., & Moilanen, A. (2019). Using key biodiversity areas to
guide effective expansion of the global protected area network. Global Ecology
and Conservation, 20, Article e00768.

Langhammer, P, Butchart, S. H. M., & Brooks, T. M. (2018). Key Biodiversity
Areas. Encyclopedia of the Anthropocene, 3, 341-345.

Levin, N., Mazor, T., Brokovich, E., Jablon, P., & Kark, S. (2015). Sensitiv-
ity analysis of conservation targets in systematic conservation planning,
FEcological Applications, 25, 1997-2010.

Lim, D, Starnes, T., & Plumptre, A. J. (2023). Global priorities for biodiver-
sity conservation in the United Kingdom. Biological Conservation, 277, Article
109798.

Linke, S., Turak, E., & Nel, J. (2011). Freshwater conservation planning: The
case for systematic approaches. Freshwater Biology, 56(1), 6—20.

Margules, C. R., & Pressey, R. L. (2000). Systematic conservation planning.
Nature, 405, 243-253.

Mascia, M. B., & Pailler, S. (2011). Protected area downgrading, downsizing, and
degazettement (PADDD) and its conservation implications: PADDD and its
implications. Conservation Letters, 4, 9—20.

Moilanen, A. (2007). Landscape Zonation, benefit functions and target-based
planning: Unifying reserve selection strategies. Biological Conservation, 134,
571-579.

Moilanen, A., Wilson, K. A., & Possingham, H. P. (2009). Spatial conservation
prioritization. Oxford University Press.

Naidoo, R., Balmford, A., Ferraro, P. J., Polasky, S., Ricketts, T. H., & Rouget,
M. (2006). Integrating economic costs into conservation planning. Zrends in
FEcology & Evolution, 21(12), 681-687.

Neugarten, R. A., Chaplin-Kramer, R., Sharp, R. P, Schuster, R., Strimas-
Mackey, M., Roechrdanz, P. R., Mulligan, M., van Soesbergen, A., Hole, D.,
Kennedy, C. M., Oakleaf, ]. R., Johnson, J. A., Kiesecker, J., Polasky, S.,
Hanson, J. O., & Rodewald, A. D. (2024). Mapping the planet’s critical areas
for biodiversity and nature’s contributions to people. Nature Communications,
15, Article 261.

Neugarten, R. A., Langhammer, P. E, Osipova, E., Bagstad, K. J., Bhagabati, N.,
Butchart, S. H. M., Dudley, N,, Elliott, V., Gerber, L. R., Gutierrez Arrellano,
C., Ivani¢, K.-Z., Kettunen, M., Mandle, L., Mertiman, J. C., Mulligan, M.,
Peh, K. S.-H., Raudsepp-Hearne, C., Semmens, D. J., Stolton, S., & Willcock,
S. (2018). Tools for measnring, modelling, and valuing ecosystem services: Guidance
Jor Key Biodiversity Areas, natural World Heritage Sites, and protected areas. TUCN.
https://portals.iucn.org/library/node/47778

Plumptre, A. J., Ayebare, S., Behangana, M., Forrest, T. G., Hatanga, P., Kabuye,
C., Kirunda, B., Kityo, R., Mugabe, H., Namaganda, M., Nampindo, S.,
Nangendo, G., Nkuutu, D. N., Pomeroy, D., Tushabe, H., & Prinsloo, S.
(2019). Conservation of vertebrates and plants in Uganda: Identifying Key

Biodiversity Areas and other sites of national importance. Conservation Science
and Practice, 1(2), Article €7. https://doi.org/10.1002/csp2.7

Plumptre, A. ], Baisero, D., Brooks, T. M., Buchanan, G., Butchart, S. H. M.,
Bowser, A., Boyd, C., Carneiro, A. P. B,, Davies, T., Elliot, W, Foster, M.,
Langhammer, P. F, Marnewick, D., Matiku, P., McCreless, E., Raudsepp-
Hearne, C., Tordoff, A. W, Azpiroz, A. B., Trisurat, Y., & Upgren, A.
(2024). Targeting site conservation to increase the effectiveness of new
global biodiversity targets. One Earth, 7, 11-17.

Pouzols, E M., & Moilanen, A. (2014). A method for building corridors in spatial
conservation priotitization. Landscape Ecology, 29, 789—801.

Pressey, R. L., & Bottrill, M. C. (2009). Approaches to landscape- and seascape-
scale conservation planning: Convergence, contrasts and challenges. Oryx,
43, 464-475.

Pressey, R. L., Cowling, R. M., & Rouget, M. (2003). Formulating conserva-
tion targets for biodiversity pattern and process in the Cape Floristic Region,
South Africa. Biolgical Conservation, 112, 99-127.

Pressey, R. L., Johnson, I. R., & Wilson, P. D. (1994). Shades of irreplaceabil-
ity: Towards a measure of the contribution of sites to a reservation goal.
Biodiversity Conservation, 3, 242—262.

Pressey, R. L., Mills, M., Weeks, R., & Day, J. C. (2013). The plan of the day:
Managing the dynamic transition from regional conservation designs to local
conservation actions. Biological Conservation, 166, 155-169.

Pressey, R. L., Watts, M. E., Barrett, T. W, & Ridges, M. J. (2009). The C-plan
conservation planning system: Origins, applications and possible futures.
In A. Moilanen, K. A. Wilson, & H. Possingham (Eds.), Spatial conservation
prioritisation: Quantitative methods & computational tools (pp. 211-234). Oxford
University Press.

Rodrigues, A. S. L., Akcakaya, H. R., Andelman, S. J., Bakarr, M. 1., Boitani,
L., Brooks, T. M., Chanson, J. S, Fishpool, L. D. C., Da Fonseca, G. A. B,
Gaston, K. J., Hoffmann, M., Marquet, P. A., Pilgrim, J. D., Pressey, R. L.,
Schippet, J., Sechrest, W,, Stuart, S. N., Underhill, L. G., Waller, R. W, ...
Yan, X. (2004). Global Gap analysis: Priority regions for expanding the global
protected-area network. Bioscience, 54, 1092—1100.

Rondinini, C., Di Marco, M., Chiozza, F., Santulli, G., Baisero, D., Visconti, P,
Hoffmann, M., Schippert, J., Stuart, S. N., Tognelli, M. E., Amori, G., Falcucci,
A., Maiorano, L., & Boitani, I.. (2011). Global habitat suitability models of
terrestrial mammals. Philosophical Transactions of the Royal Society B: Biological
Sciences, 366, 2633-2641.

Rondinini, C., Wilson, K. A., Boitani, L., Grantham, H., & Possingham, H. P.
(2000). Tradeoffs of different types of species occurrence data for use in
systematic conservation planning. Zcology Letters, 9(10), 1136—1145.

Schuster, R., Buxton, R., Hanson, J. O., Binley, A. D., Pittman, J., Tulloch, V.,
La Sorte, E. A, Roehrdanz, P. R., Verburg, P. H., Rodewald, A. D., Wilson,
S., Possingham, H. P, & Bennett, J. R. (2023). Protected area planning to
conserve biodiversity in an uncertain future. Conservation Biology, 37, Article
¢14048.

Smith, R. J., Bennun, L., Brooks, T. M., Butchart, S. H. M., Cuttelod, A., Di
Marco, M., Ferrier, S., Fishpool, L. D., Joppa, L., Juffe-Bignoli, D., Knight,
A. T, Lamoreux, J. E, Langhammer, P, Possingham, H. P, Rondinini, C.,
Visconti, P., Watson, J. E. M., Woodley, S., Boitani, L., ... Scaramuzza, C.
A. M. (2019). Synergies between the key biodiversity area and systematic
conservation planning approaches. Conservation Letters, 12(1), Article €12625.
https://doi.org/10.1111/conl.12625

Solomon, M., Van Jaarsveld, A. S., Biggs, H. C., & Knight, M. H. (2003). Con-
servation targets for viable species assemblages? Biodiversity & Conservation,
12,2435-2441.

Symes, W. S., Rao, M., Mascia, M. B., & Carrasco, L. R. (2016). Why do we lose
protected areas? Factors influencing protected area downgrading, downsiz-
ing and degazettement in the tropics and subtropics. Global Change Biology,
22, 656-665.

Villarreal-Rosas, J., Sonter, L. ]., Runting, R. K., Lépez-Cubillos, S., Dade, M.
C., Possingham, H. P., & Rhodes, J. R. (2020). Advancing systematic con-
servation planning for ecosystem services. Zrends in Ecology & Evolution, 35,
1129-1139.

Vimal, R., Rodrigues, A. S., Mathevet, R., & Thompson, J. D. (2011). The sensi-
tivity of gap analysis to conservation targets. Biodiversity and Conservation, 20,
531-543.

85U801 7 SUOWILLOD 8AIEaID 3 |qedl(dde 8y} Aq paupob a1e Sao e YO ‘8sn Jo S8InJ 10} Areiq1TaUIIUO AB]1/ UO (SUOI IPUOO-PUR-SLLBY/W0D" A3 |IMAle1q 1[BuUO//SdNY) SUORIPUOD pue SWB | 8U} 89S *[202/0T/8T] uo ArigiTauluo AB|iIM ‘9L Aq 00YT I000/TTTT OT/I0pAW00 A3 | 1M Arelq 1 jBu{UO"01qUOy/SARY W1} papeojumoq ‘0 ‘6ELTEZST


https://portals.iucn.org/library/node/49061
https://portals.iucn.org/library/node/46259
https://portals.iucn.org/library/node/49220
https://portals.iucn.org/library/node/49220
https://doi.org/10.1111/csp2.12978
https://doi.org/10.1111/csp2.12978
https://portals.iucn.org/library/node/47778
https://doi.org/10.1002/csp2.7
https://doi.org/10.1111/conl.12625

12 of 12

PLUMPTRE ET AL.

Wiatson, J. E. M., Venegas-Li, R., Grantham, H., Dudley, N., Stolton, S., Rao,
M., Woodley, S., Hockings, M., Burkhart, K., Simmonds, J. S., Sonter,
L. J., Sreekar, R., Possingham, H. P., & Ward, M. (2023). Priorities for
protected area expansion so nations can meet their Kunming-Montreal
Global Biodiversity Framework commitments. /utegrative Conservation, 2, 140—
155.

WCS. (2016). Nationally threatened species for Uganda: National Red List for Uganda
Sor the following taxa: mammals, birds, reptiles, amphibians, butterflies, dragonflies
and vascular plants. https://www.nationalredlist.org/publication/nationally-
threatened-species-uganda

SUPPORTING INFORMATION
Additional supporting information can be found online in the
Supporting Information section at the end of this article.

How to cite this article: Plumptre, A., Hayes, J.,
Baisero, D., Rose, R., Holness, S., von Staden, L., &
Smith, R. J. (2024). Strengths and complementarity of
systematic conservation planning and Key Biodiversity
area approaches for spatial planning. Conservation Biology,
€14400. https://doi.org/10.1111/cobi.14400

85UBD1T SUOWIWIOD BAIIEa1D) 3|qedt|dde sy} Aq pausenob ae Sajo1Le YO ‘8sn JO SNl 1oy Arelq1T auluQ AS]IAA UO (SUOI}IPUOD-pUe-SWLIB)/WI0D AS | 1M ALeIq 1 BUIUO//:SAY) SUOI1IPUOD pue SWIS | U} 88S *[7202/0T/8T] o ArigiTauliuo AB|IM 1591 Ag 00T 1G0O/TTTT OT/I0p/Woo A3 1M Aeiq1joul|UO"01quOd//:Sdny woly papeoumoq ‘0 ‘6ELTEZST


https://www.nationalredlist.org/publication/nationally-threatened-species-uganda
https://www.nationalredlist.org/publication/nationally-threatened-species-uganda
https://doi.org/10.1111/cobi.14400

