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OPEN ' The bii4africa dataset of faunal
patapescrieTor  and floral population intactness
_estimates across Africa’s major
land uses

Hayley S. Clements et al.*

Sub-Saharan Africa is under-represented in global biodiversity datasets, particularly
. regarding the impact of land use on species’ population abundances. Drawing on recent
. advances in expert elicitation to ensure data consistency, 200 experts were convened using
. amodified-Delphi process to estimate ‘intactness scores’: the remaining proportion of
- an‘intact’ reference population of a species group in a particular land use, on a scale from
" 0(no remaining individuals) to 1 (same abundance as the reference) and, in rare cases,
© to 2 (populations that thrive in human-modified landscapes). The resulting bii4africa
. dataset contains intactness scores representing terrestrial vertebrates (tetrapods: 4-5,400
: amphibians, reptiles, birds, mammals) and vascular plants (+-45,000 forbs, graminoids,
. trees, shrubs) in sub-Saharan Africa across the region’s major land uses (urban, cropland,
. rangeland, plantation, protected, etc.) and intensities (e.g., large-scale vs smallholder
. cropland). This dataset was co-produced as part of the Biodiversity Intactness Index for
. Africa Project. Additional uses include assessing ecosystem condition; rectifying geographic/
. taxonomic biases in global biodiversity indicators and maps; and informing the Red List of
Ecosystems.

: Background & Summary

: Accelerating socio-economic development over the past century has caused a dramatic transformation of eco-
. systems, through human activities such as cultivation, urbanisation, resource extraction and infrastructure
. development"2. Human land use activities are major drivers of biodiversity loss**. As awareness grows about
: the scale and pace of biodiversity loss, so does our understanding of the importance of biodiversity to human
. well-being®. Despite this increased awareness, development agendas and policy interventions persistently over-
. look the critical support-system role of biodiversity in sustainable development and as a source of resilience in
© times of change®1°. This under-representation is perpetuated by the scarcity of suitable biodiversity data and
- the difficulty of consistently quantifying biodiversity at the scales relevant for policy, in metrics that indicate its
. support-system role and the impacts of human activities on that support system!%-12.

Existing biodiversity datasets that could be used to assess human impacts on biodiversity and the support
© system it provides have significant limitations that hamper the mainstreaming of biodiversity into policy and
. planning. Firstly, these datasets are biased across taxa (towards larger, more conspicuous species, especially
. large mammals and birds'*-'*), regions (towards North America and Europe, with Africa being particularly
. under-represented'>'%), and land uses (towards more intact land uses, notably protected areas'*!°). Secondly,
© to consistently assess and compare anthropogenic impacts on biodiversity, the current state of biodiversity ide-
- ally needs to be compared to a reference state!”. This comparison requires biodiversity data to be collected
. using comparable methods either over time (e.g., McRae ef al.'®) or across contemporary human-modified and
. unmodified ‘intact’ landscapes (e.g., Schipper et al.'®), further curtailing data availability. Finally, the connec-
: tion between common biodiversity metrics (e.g., global or regional threat status of species; representation of
. species distributions within protected areas'*'®) and the functional dimensions of biodiversity relevant to its

: #Afulllist of authors and their affiliations appears at the end of the paper.
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support-system roles is often unclear®!°. Such roles typically manifest at local scales and depend on the popu-
lation abundance of species within different functional groups, and how they are impacted by human land uses
in these areas'**?!. Exemplifying these limitations, the largest global dataset of species population abundances
across different land uses (the PREDICTS’ database??) includes just 35 Afrotropical studies with population
counts in an anthropogenically modified site compared with an ‘intact’ reference site. African decision-makers
have noted data limitations as a major constraint to mainstreaming biodiversity into national sustainable devel-
opment efforts, and such limitations can bias international decision-making towards Global North solutions.

We address this data gap through a structured expert elicitation process (Fig. 1) involving 200 experts in
Afrotropical biodiversity on mainland sub-Saharan Africa. Expert elicitation is used widely in conservation
and natural resource management when data are insufficient or absent®. Notable examples of where expert
elicitation has been used include the International Union for Conservation of Nature (IUCN) Red List of
Threatened Species®, and assessments of the Intergovernmental Panels on Climate Change®” and on Biodiversity
and Ecosystem Services®. We employed the latest advances in expert elicitation to ensure data rigour and con-
sistency®. Expanding substantially on an earlier approach that involved 16 experts in Southern Africa®, experts
estimated ‘intactness scores’: the remaining proportion of an ‘intact’ reference population of a given species
group (Table 1) in a particular land use (Table 2), on a scale from 0 (no remaining individuals) to 1 (same
abundance as a reference population) and, in rare cases, 2 (populations that thrive in human-modified land-
scapes). The ‘intact’ reference is the population abundance that would likely have occurred in the area before
alteration by modern industrial society. Because information on species populations from this era is virtually
non-existent, standard protocol is to consider a remote wilderness area with a natural disturbance regime?
(a Hybrid-Historical approach!”) where necessary. The resulting bii4africa dataset contains standardised intact-
ness scores representing terrestrial vertebrates (tetrapods: £5,400 amphibians, reptiles, birds and mammals) and
vascular plants (45,000 forbs, graminoids, trees and shrubs) in sub-Saharan Africa across nine major land uses of
varying intensity.

The dataset was developed to enable the quantification of the Biodiversity Intactness Index*® for sub-Saharan
Africa (https://biidafrica.org/). It provides an African-led alternative to a previous attempt to map the
Biodiversity Intactness Index globally based on a model?’, which produced inaccurate results for Africa®
(likely in part because of the under-representation of African data in the model). The bii4africa dataset that
we present here has a broad range of additional uses, including assessing and mapping ecosystem condition to
inform national planning and reporting on Goal A in the post-2020 Global Biodiversity Framework; alleviating
geographic and taxonomic biases in global biodiversity indicators and maps; parameterising models of biodi-
versity in a changing world; informing the TUCN Red List of Ecosystems; supporting the United Nations Decade
on Ecosystem Restoration in identifying priority ecosystems and monitoring the impact of investments into res-
toration; identifying the properties of novel ecosystems; and informing future research and training in African
biodiversity (Table 3). Importantly, the dataset—co-produced by 200 experts—embodies context-specific
knowledge on African biodiversity that contributes to inclusivity in ecology™'. It is also a positive response to the
recent call by the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
for African-led research that closes knowledge gaps by mobilising local data®.

Methods

Elicitation planning and expert recruitment. We implemented a published, modified-Delphi protocol
(multiple rounds of individual, independent expert estimation interspersed with group discussion and review;
Fig. 1), which has been shown to improve the rigour of elicitation outcomes?. The elicitation was limited to
terrestrial vertebrates (tetrapods) and vascular plants — groups that comprise species with a high diversity of
attributes and functions. Experts were sought with knowledge of the degree to which human land uses impact
populations of these species groups in sub-Saharan Africa (or a region therein). Such expert knowledge is typi-
cally limited to one taxonomic class (e.g., birds or reptiles), or in the case of mammals, often just one or several
orders (e.g., primates or bats). As such, multiple expert elicitation processes were run between November 2020
and January 2022, to cover the various broad taxonomic groups of species (see Table 1). An expert in each broad
taxonomic group was invited to lead the elicitation for that taxonomic group. Each ‘lead expert’ was identified
based on their relevant expertise and existing network across the continent or willingness to develop such a
network. For example, several lead experts serve in the IUCN Species Survival Commission working groups and
other regional networks (e.g., https://ascaris.org/; https://www.birdlife.org/our-partners-africa/). The lead expert
was responsible for identifying experts and inviting them to participate, as well as proposing a draft list of species
response groups and providing input into the development of the land use categories. These tasks are detailed in
the subsequent sections.

Identifying and recruiting experts. A broad definition of expertise was used to identify experts, centred on
experience of how sub-Saharan species are impacted by human land uses**2. Diverse types of people can have
such experience (e.g., researchers, field or tour guides, park rangers, conservation practitioners, museum cura-
tors, and consultants), and inclusion was thus not limited to specific qualifications or institutional affiliations.
The aim was to include about 20 experts for each broad taxonomic group, according to guidelines based on
practicality and evidence of limited improvements in group performance above 6 to 12 experts®.

The lead expert identified individuals known to have relevant expertise. If this activity did not achieve the
target of 20 individuals, additional experts were identified through relevant publications (using appropriate
search terms on Google Scholar) and websites (e.g., specialist nature guides or tours, conservation organi-
sations). In some cases, participating experts were asked to recommend other experts (snowball sampling).
An invitation was emailed by the lead expert to each identified expert, explaining the project and what would
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Experts make
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estimates (Round 2)

2

Aggregate:
Final results shared
with experts

Investigate:
Experts provide
independent
estimates
(Round 1)

Fig. 1 Overview of the structured expert elicitation process, based on the IDEA protocol (Investigate, Discuss,
Estimate, Aggregate). This process was run for each broad taxonomic group (Table 1), between November 2020
and January 2022, to elicit from 200 experts the estimated impact of nine major African land uses (Table 2) on
the relative population abundances of terrestrial vertebrates and vascular plants.

be required of them. Experts confirmed that they had the relevant experience and were willing to participate by
returning a signed consent form, including demographic details (notably taxa, years and region of experience).
Ethical clearance for the project was provided by Stellenbosch University (project number 15182).

Of the 248 experts who agreed to participate, a total of 200 (81%) participated in the full elicitation process
(https://biidafrica.org/category/experts/), with an average of 24 experts per broad taxonomic group (Fig. 2).
These experts were from 39 countries, including 23 African countries (59% of experts were African nation-
als). Most experts (72%) were resident in Africa at the time of elicitation, across 26 countries. Their experience
spanned sub-Saharan Africa, with Southern Africa being best represented, followed by East Africa, and West
Africa having the lowest representation. Experts worked in a range of sectors, most commonly at universities,
followed by research institutes and conservation organisations. Collectively, experts had over 3,300 years of
relevant accumulated experience, with a mean (£SD) of 18 & 10 years per expert.

Identifying and describing species response groups. It was not possible for experts to estimate the impact of
different human land uses on the abundance of every terrestrial vertebrate and vascular plant species in sub-Saharan
Africa (£50,000 species), both because of the large number of estimates that would be required, and because
there are many species for which there is limited ecological knowledge. Therefore, species that were expected to
respond in a similar way to human land uses were assigned to a ‘species response group?®. These groups can be
considered broadly synonymous to functional groups®, though our focus is specifically on common responses
of population abundance to human land use.

Within each broad taxonomic group (Table 1), the lead expert proposed a draft set of species response
groups, based on their knowledge of the key organismal attributes likely to determine the impact of different
land uses on populations. These draft species response groups were presented to the participating experts for that
taxonomic group during an introductory planning meeting (see Structured expert elicitation section below) and
revised based on experts’ feedback. Key organismal attributes that informed species response group categorisa-
tion varied between the taxonomic groups (Table 1; Supplementary Table 1). For terrestrial vertebrates, attrib-
utes commonly included habitat requirements (e.g., forest, grassland, generalist), body size, diet and stratum
(e.g., arboreal, fossorial, rupicolous). Terrestrial vascular plants were divided into three broad groups: trees and
shrubs, graminoids, and forbs, and species response groups were described within each broad group based
on a framework of life-history strategies shaped by disturbance®. Species response groups were thus ecologi-
cally defined, not necessarily taxonomically defined. Large mammals were an exception to the response-group
approach. The elicitation was done at species level for the seven large carnivores and 95 large herbivores. While
the large herbivores were initially categorised into response groups, experts decided during the introductory
meeting to estimate per species rather than per species response group. Thus, for large herbivores, we present
species response groups, as well as species-level estimates. Details of each response group are included in the
‘Sp_Groups’ spreadsheet in the biidafrica dataset®.

For each broad taxonomic group of terrestrial vertebrates, the lead expert allocated each IUCN-listed species
(up to date at the time of the elicitation) in sub-Saharan Africa into the appropriate species response group, with
input from participating experts where necessary (‘Sp_Vert’ spreadsheet in the bii4africa dataset™). Determining
an average intactness score across species for a given region (country, ecoregion, biome, etc.) can thus be done
including only the species that occur in that region, based on species range maps available through the TUCN
Red List*. By contrast, allocating each plant species into its respective response group was not possible given the
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- 1481 species
- 13 response groups

Taxonomic group Response group allocation
Birds (Aves) Large, taxonomically unique species were allocated into response groups first: vultures and raptors (large and small),
- 1970 species large terrestrial species (e.g., cranes) and waterbirds. Two additional wide-ranging groups were added: aerial feeders
17 res po se orouDs (swifts and swallows) and opportunistic species that thrive in human-dominated landscapes. The remaining groups
ponse group were classified based on their habitat nesting location (cavity, ground, other) and body size.
é&fhﬁ?ﬁg Experts emphasised the influence of breeding habitat in how amphibians respond to human-modified landscapes.
. 799ps ecies Six groups were thus defined by the predominant habitat in which each species breeds (direct developers, water:
P permanent or ephemeral and flowing or still, seep, tree hollow).
- 7 response groups
Reptiles (Reptilia) Habitat utilisation, taxonomy, and body size (in a hierarchical manner) influence likely responses of reptiles. First,

species occupying strictly aquatic, fossorial, rupicolous, or arboreal habitats were grouped. Because of their derived
life history traits, the remaining chelonians were allocated to their own group. Remaining species were grouped on
the basis of taxonomy (snake vs lizard), body size, and degree of habitat specialisation.

Mammals (Mammalia)

Bats
- 214 species
- 10 response groups

Bats were grouped by their foraging strategy (clutter, edge or open environment insect foragers; fruit-eaters), their
roosting location (cave, crevice, foliage) and degree of roost flexibility.

Insectivores
- 205 species
- 9 response groups

Insectivores were grouped by a combination of taxonomy, body size, habitat (forest, montane, savanna) and stratum
(aquatic, arboreal, fossorial, terrestrial).

Rodents, rabbits,
hyraxes

- 426 species

- 16 response groups

Rodents were grouped based on a combination of their taxonomy, habitat preference (arid, forest, montane, savanna/
grassland, wetland), body size, diet (herbivorous, granivorous, generalist), stratum (aquatic, arboreal, fossorial,
rupicolous, terrestrial) and habits (diurnal, nocturnal).

Small carnivores,
aardvark, pangolins
- 70 species

- 16 response groups

Small carnivores were grouped based on range size (esp. when restricted vs large); stratum (arboreal, terrestrial,
aquatic); habitat(s) (notably to differentiate forest, savanna, rocky); diet (esp. for specialised vs omnivorous species);
foraging socio-ecology (solitary vs social); body size; and taxonomic affiliation. Five non-carnivoran mammalian
species were also included because of similar ecological characteristics, relatively small body size, and similar
phylogenetic relationships.

Large carnivores
- 7 species

The elicitation was done at species level; no response groups were provided.

Large herbivores

The elicitation was done at species level; with each large mammal herbivore species also allocated into one of 12
response groups based on diet (grazer, browser, mixed, frugivore) and body size, with sociality, habitat (e.g., arid,

graminoids, forbs,
trees and shrubs
~45,000 species

- 33 response groups

- 95 species montane, water-dependent), movement (e.g., migratory) and taxonomic groupings also considered.
Primates Primates were grouped using a combination of habitat (primary/secondary rainforest, woodland/savanna, grassland,
- 106 species generalist found in moist and more arid forests/woodlands); stratum (strictly arboreal, semi-terrestrial, terrestrial);
- 6 response groups and diet (omnivorous, specialist).
Plants were first differentiated by growth form: graminoids (grasses, sedges, rushes); forbs (herbaceous annuals and
perennials, geophytes, geoxyles, tubers, herbaceous climbers, dwarf shrubs, succulents, suffrutices); and trees and
Vascular plants: shrubs (including woody lianas and epiphytes). Within each of these broad groups, plants were grouped based on

an assembly of traits that facilitate survival by avoiding, promoting, resisting or tolerating dominant abiotic or biotic
limitations to growth (e.g., water, light, herbivory, fire). The potential for humans to modify these abiotic and biotic
drivers contributed to the decision to assess plant groups within biomes. E.g., deforestation for agriculture removes
light competition constraints, potentially allowing an influx of savanna grasses. By contrast, clearing a savanna
environment for agriculture would have much less effect on light availability, and different shifts in plant groups
would be anticipated.

Table 1. Broad taxonomic groups encompassing all sub-Saharan African terrestrial vertebrates and vascular
plants, with rationale for how they were allocated into species response groups. An expert elicitation process
was run for each broad taxonomic group, with participants estimating intactness scores for each response
group. Supplementary Table 1 includes details of each response group.

large number of species (~45,000). Because of this limitation, a biogeographical delineation was included in the
elicitation process. Experts were asked to provide estimates for the plant species response groups in eight bioge-
ographical units (forest, Caesalpinioid-miombo humid savanna, mixed-acacia savanna, grassland, shrubland,
thicket, desert and fynbos). These represent the major sub-Saharan African biomes, with savanna—the most
extensive biome—treated as two biomes differentiated by distinct vegetation types. This delineation ensured
that only plants present in each biome were considered in the estimation process and in any subsequent data
aggregations. Because biome-specific environmental and evolutionary assembly processes act as a strong filter
to the set of ‘available traits] not all plant response groups occur in all biomes (e.g., there are no fire-tolerant
forbs in the forest biome). Plant experts were also asked to estimate, within the broad groups of trees and shrubs,
forbs and graminoids, the proportion of species within each species response group in each biome (‘Sp_Plant’
spreadsheet in the biidafrica dataset®). These estimates provide a proxy for the distribution of species richness
across the plant groups in each biome (e.g., the proportional richness of the graminoid response groups in the
desert biome sums to 1). To enable data users to consistently spatialise these biomes, each ecoregion (based on
Ecoregions2017© Resolve map*) was allocated to one (or two, if considered a mosaic) of these eight biomes
informed by the literature®’-* and expert opinion (‘Biome’ spreadsheet in the bii4africa dataset™).

Identifying and describing land use categories. Intactness scores were estimated for nine distinct land uses
(Table 2). These land uses with varying intensities of human modification were selected to capture the major
land covers, uses and associated activities relevant to sub-Saharan Africa, while being broadly comparable with
other land-use maps (e.g., Ellis et al.*’; Goldewijk et al.*!; Hurtt et al.*?). Experts made estimates at a ‘landscape’
scale (i.e., several square kilometres). A finer ‘patch’ scale (i.e., several square metres) would be inappropriate
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Land use Description

Densely built-up environments with high human population densities and limited green space - city centres, dense
townships, industrial areas, transformed mining areas (e.g., open cast mines, quarries, dumps). Most ecological
processes are highly modified. There are few remaining near-natural patches in the landscape, except for e.g., road-
side trees, small parks.

Dense urban

Suburban areas, smaller towns and rural settlements with large but fragmented human populations interspersed
Mixed settlements with gardens, parks and near-natural patches of open space, potentially with low densities of cattle, goats, sheep or
chickens, or small-scale croplands.

Lands used mainly for smallholder agriculture in small fields (<2 ha), consisting of a diversity of short-duration and
long-duration crops (e.g., maize, millet, cassava, beans, squashes, as well as scattered fruit, shade or timber trees).
Non-intensive Agricultural inputs of fertilisers and pesticides are very low if any, cultivation is usually manual, there is little or no
smallholder croplands | ploughing or irrigation, and harvest is staggered in time. Fields and homesteads are interspersed with patches of
near-natural vegetation. These lands often also support low densities of livestock or smallstock, which are partly free-
roaming, and may have semi-natural grazing areas in addition to eating crop residues and cut forage.

Lands used mainly for short duration, monocultural crops in large fields (e.g., staple cereal crops, soybeans, sugar
cane). Land use activities usually include several of the following: annual ploughing, inorganic fertiliser application,

Intensive large-scale pesticide application, irrigation, mechanisation. When the crop is harvested, the entire biomass is removed and the

croplands next crop is planted, perhaps after a fallow period. There are few remaining near-natural patches in the landscape,
except for instance on drainage lines, field boundaries and contour strips, or some woodlots or windbreaks of trees.
Lands used mainly for tree crops including fruit-bearing tree or shrub plantations (e.g., bananas, coffee, oil palm,

Tree crop (fruit) cacao, oranges, vineyards, nuts). Non-transformational harvest, usually only the fruit is taken, and trees may

plantations be replaced at some stage. Includes limited remnant forest, riparian or grassland patches between plantation

compartments.

Lands used for growing trees, typically exotic species, for saw timber, poles or pulp. Harvested by clear-cut every 10
Timber plantations to 30 years, and replanted or regrown from coppice. Includes limited remnant forest, riparian or grassland patches
between plantation compartments.

Lands used mainly for livestock grazing either with input of fertiliser or pesticide, or with high stock density relative
to what the land can sustain (high enough to cause some disturbance or to stop regeneration of vegetation, or to
have done so in the recent past). Domesticated stock such as cattle, sheep, goats are typical, but could also include
intensive use of indigenous species such as ostrich.

Intensive rangelands

Lands (which could be forests, savannas, arid lands, mountainous lands, grasslands) remote from infrastructure,
having only minor transformational land use such as crops, planted trees, livestock and human settlements. The
human population is relatively low, and livestock or crop-based agriculture or harvest of resources is not at levels that
substantially alter natural ecological processes or habitats.

Near-natural lands

Strictly protected areas that generally do not allow for permanent settlements or resource use, though sometimes

Strictly protected allow tourism including limited accommodation and road infrastructure (World Database on Protected Area
areas categories I-IIT or equivalent). Minimal recent human impact on structure, composition and function of the
ecosystem.

Table 2. Descriptions of the nine sub-Saharan African land uses presented to experts to estimate the remaining
proportion of an ‘intact’ reference population, for diverse groups of species. Supplementary Table 2 includes
representative images of each land use.

for an expert-elicited approach because experts need to consider multiple activities in an area that impact spe-
cies. For example, a patch of vegetation in a city is likely to have a different impact on a species than a patch of
vegetation in a smallholder cropland or a protected area (particularly for large-bodied or wide-ranging species).
Instead, the landscape of land covers, uses and activities characteristic of each land use category were described
to experts (Table 2), who were asked to consider the collective impact on the abundance of a given group of
species within that land use?.

Experts were provided with photographic examples of these land uses to help visualise them and promote
consistency in scoring between experts (Supplementary Table 2). For each land use, experts were asked to visual-
ise a specific landscape with which they are familiar that matched the description provided, or several such land-
scapes across which they could consider an average. Experts were instructed to consider the integrated impact
of all characteristics of that landscape (e.g., habitat loss and fragmentation, land cover change, disturbance by
people, their domestic animals, infrastructure, pollution, harvesting, persecution, introduced species and dis-
eases, elimination of mutualistic species, altered fire and herbivory regimes) on each species response group.
Integrated information at a landscape scale is also likely to be more useful for certain decision-maker needs than
fine-scale, species-level data?.

Structured expert elicitation. The IDEA (‘Investigate, ‘Discuss, ‘Estimate, and ‘Aggregate’) structured
expert elicitation protocol®® was used (Fig. 1). It is a modified-Delphi procedure that treats each step as a process
of formal data acquisition, incorporating research from mathematics, psychology, and decision theory to help
reduce the influence of biases and enhance the transparency, accuracy, and repeatability of the resulting esti-
mates®. The protocol was implemented as follows for each of the broad taxonomic groups:

1. Investigate: A one-hour online meeting was held to introduce the project and explain what was expected
of participating experts. Experts had an opportunity to ask questions. The lead expert also presented the
draft species response groups and received feedback from the participating experts that, in many cases,
led to revisions of these groupings. Afterwards, experts were emailed a recording of the meeting, written
instructions, and a survey spreadsheet in which to provide estimates. Experts could provide estimated in-
tactness scores for all species response groups (ranging from six groups for primate experts to 33 for plant
experts; Table 1) in all nine land uses (Table 2) or for a subset of species response groups and land uses,
depending on the extent of their knowledge. Experts were encouraged to provide any comments relevant
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Use

Details

Quantifying ecosystem integrity/
condition across space and
through time

The first goal of the post-2020 Global Biodiversity Framework is to increase the ‘area, connectivity and
integrity of natural ecosystems’ The dataset can be used towards assessing ecosystem condition, e.g.,
mapping the Biodiversity Intactness Index?*.

Assessing the severity of
functional decline for the [UCN
Red List of Ecosystems

Aggregated indices of ecosystem health or condition are proposed as one option for quantifying functional
decline for the IUCN Red List of Ecosystems®*. The dataset could enable such a quantification.

Quantifying relative population
abundance and biodiversity
composition indicators

This dataset could be used towards quantifying several composite biodiversity indicators, e.g., Essential
Biodiversity Variables®>; Multidimensional Biodiversity Index'? Ecosystem Integrity Index>**’;
Biodiversity Intactness Index?®?%; and Mean Species Abundance metric (GLOBIO)'®*. Several of these are
also proposed indicators in the Global Biodiversity Framework.

Setting conservation and
restoration goals and/or
monitoring progress towards
these goals

The dataset could be used to assess progress towards restoring ‘intactness’ in a region. The data could also
be used in prioritisation exercises to identify ecosystems for restoration action to maximise improvements
in biodiversity intactness.

Assessing the impact of regional
development plans

Large-scale infrastructure and agriculture projects are planned across sub-Saharan Africa (e.g., Laurance
et al.*®). This dataset could be used to predict the impacts of such development plans on biodiversity
intactness.

Considering biodiversity
sensitivity to development

The data could identify the types of taxa that are particularly sensitive to development, to inform
Environmental Impact Assessments and other development plans.

Identifying indicator species
groups

Species groups with lower intactness scores are more vulnerable to environmental or developmental
change, and monitoring their populations could give early warnings of system degradation.

Assessing trends in how diverse
species respond to land use
activities

The data could be analysed to test hypotheses and explore trends across species groups and/or land uses.

Species ecological (as opposed to
taxonomic) classifications

The species response groups presented in this dataset (Supplementary Table 1) may be useful for a range
of applications that require species to be organised into ‘functional’ (as opposed to purely taxonomic)
categories.

Zoonotic disease risk and
mitigation assessments

The dataset could be used in identifying and monitoring species groups (and areas, if spatialised) to
prevent zoonotic and epizootic disease outbreaks.

Characterising novel ecosystems

Intactness scores >1 depict species groups that respond positively to human land use activities, thus
contributing to understanding novel ecosystems®’.

Parameterising, calibrating and
validating models of biodiversity
in a changing world

Biodiversity models are used to predict biodiversity patterns across space and through time (e.g., Di Marco
et al.®%; Harfoot et al.*'; Schipper et al.'®) under changing land use conditions. This dataset could be used to
parameterise, calibrate, or validate such models.

Climate change research

The approach taken in this paper offers opportunities for natural and/or experimental designs to test
interactions of biodiversity, land use and climate change across variable spatial and temporal scales.

Informing future research and
training in biodiversity

The species groups and land uses for which there were either few scores or large expert score variability
highlight knowledge gaps that require further study. These knowledge gaps could also be used to guide
future scientist training efforts.

Comparison with other regions,
taxonomic groups or time
periods

A similar expert-elicited approach could be used to estimate intactness scores for other regions/taxonomic
groups (e.g., invertebrates), allowing for comparison with this dataset. The approach could be repeated in
the future to assess how knowledge on land use impacts on biodiversity abundance has changed.

List of biodiversity experts to
contact for data, collaboration,
etc.

The 200 participating experts (see author list and contributions, and https://bii4africa.org/category/
experts/) can serve as points of contact for global initiatives looking to aggregate data or build
collaborations.

Table 3. A non-exhaustive list of potential uses of the bii4africa dataset. Supplementary Table 3 includes further
details on these uses.

to each estimate (e.g., land use characteristics that could influence their score, assumptions that they made,
uncertainties, the likely score range across species in a group, and any other explanatory information).
Experts could also add general reflections to a comments box at the bottom of the spreadsheet. This quali-
tative information was useful when aggregating the data (step 2), to gain insight into the reasoning behind
experts’ scoring, and detect potential inconsistencies between experts. Experts were asked not to talk to
other participants about their estimates to ensure that they did not influence each other’s initial scoring.
Experts were encouraged to use other means available to them to inform their scoring, such as talking to
colleagues, consulting literature and relevant species reference lists, drawing on experience, and acquiring
and interpreting data. They were given two weeks to email their ‘Round 1 spreadsheet to the project lead.
2. Discuss: A one to 1.5-hour online meeting was convened, where aggregated (anonymised) results from
Round 1 were presented to participating experts. These aggregated results included boxplots showing the
range of estimates that experts provided for each response group and land use (and biome, for plants), and
95% confidence interval plots showing trends in mean intactness scores across experts for each response
group-land use combination (see examples in the right-hand panels of Figs. 3, 4). Project and expert
leads reflected on key trends and sources of variability, and any insights or discrepancies (e.g., when it was
apparent from experts’ spreadsheet comments that they were interpreting a given land use in different
ways). The project lead then facilitated a discussion among the experts, where they were encouraged to
share their experiences from Round 1 (e.g., with what did they struggle; what helped them) and to reflect
on the aggregated results (e.g., their insights for the species response groups they know well, or any results
that surprised them). They were encouraged to discuss outlying (anonymous) expert estimates and why
they may have occurred. The project lead emphasised that the purpose of the discussion was not to reach
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Fig. 2 Attributes of the 200 participating experts. All values in white font (and black font on the cord
plot) represent the number of experts. Numbers do not add up to 200 when categories are not mutually
exclusive (region, taxonomic group, employment sector) or when experts did not report a certain attribute
(unk = unknown; Mamm = Mammals; org. = organisation).

consensus. Rather, it was to interrogate sources of variability, improve the consistency with which experts
were interpreting the species response groups and land uses, and cross-examine reasoning, assumptions
and evidence, thereby sharing insights between experts to promote learning®. (We found this discussion
meeting to be a particularly useful step in the process, with many experts providing feedback saying that
they found it an enjoyable opportunity to learn from each other.)

3. Estimate: An email was sent to participating experts with instructions for Round 2 of the elicitation. This
email included a recording of the discussion meeting, written summary of key points, and the Round
1 aggregated results plots. Based on the meeting discussion and summary, experts were asked to revisit
their initial scores and independently revise any of these scores if they deemed it necessary (again without
discussing their individual scores with other participants). It was emphasised that the objective was not
to revise their scores to be closer to the ‘mean; but rather to revise scores if the discussion gave the expert
additional insight that caused them to reconsider their initial estimates (which may or may not result in
their revised scores being closer to the mean). Experts had one week to either send revised estimates to the
project lead, or to confirm that they did not need to make any revisions.

4. Aggregate: Final ‘Round 2’ estimates were aggregated by calculating the mean expert score and confidence
interval across expert scores, for each species response group and landscape (and biome for plants). These
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Fig. 3 Intactness scores depicting the remaining proportions of ‘intact’ reference populations of terrestrial
vertebrates (tetrapods) in different land uses, where 0 indicates that no individuals remain and 1 indicates

the same number of individuals as in an ‘intact’ reference population. Average scores across experts (£95%
confidence intervals; CI) are shown. The left panel (a) depicts an aggregated score for each taxonomic group
and land use - an average across species response groups, weighted by species richness (i.e., response groups
representing a higher number of species in a taxonomic group count more towards its aggregated score). The
right panels show examples of the scores for species response groups in two taxonomic groups in different land
uses: (b) reptiles in non-intensive, smallholder croplands and (c) bats in intensive rangelands.

final confidence interval plots were shared with experts via email. The average change from Round 1 to 2 in
variation between expert estimates was assessed (see Technical Validation). The resulting dataset of intact-
ness scores® includes both individual experts’ Round 2 estimates and associated comments (‘Scores_Raw’
spreadsheet) and aggregated scores across experts (‘Scores_Agg’ spreadsheet).

Data Records

The bii4africa dataset is presented in a multi-spreadsheet .xIsx (Microsoft Excel Spreadsheet) file, which is freely
accessible in Figshare®. The raw data spreadsheet (‘Scores_Raw’) includes 31,313 individual expert estimates of
the impact of a sub-Saharan African land use (Table 2) on a species response group of terrestrial vertebrates or
vascular plants (Table 1). Estimates are reported as intactness scores — the remaining proportion of an ‘intact’
reference (pre-industrial or contemporary wilderness area) population of a species response group in a land use,
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Fig. 4 Intactness scores depicting the remaining proportions of ‘intact’ reference populations of terrestrial
vascular plants in different land uses, where 0 indicates that no individuals remain and 1 indicates the same
number of individuals as in an ‘intact’ reference population. Average scores across experts (95% confidence
intervals; CI) are shown. The left panel (a) depicts an aggregated score for plants in each land use in each biome
— an average across species response groups, weighted by species richness (i.e., response groups representing

a higher number of species in a biome count more towards its aggregated score). The right panel (b) shows

an example: the scores for plant species response groups in intensive rangelands in the mixed-acacia savanna
biome. (Thicket and fynbos biomes are not shown because of low sample sizes: <3 expert scores across all land

uses; USO = underground storage organ).

on a scale from 0 (no individuals remain) through 0.5 (half the individuals remain), to 1 (same as the reference
population) and, in limited cases, 2 (two or more times the reference population). For species that thrive in
human-modified landscapes, scores could be greater than 1 but not exceeding 2 to avoid extremely large scores
biasing aggregation exercises. Such truncation is common in standardised biodiversity metrics'***. Expert
comments are included alongside respective estimates.

The raw dataset links, via unique species response group codes, to a spreadsheet (‘Sp_Groups’) describing
the species response groups for which experts provided intactness scores (see summary in Table 1). For ter-
restrial vertebrates, the response group codes also link to a spreadsheet (‘Sp_Vert’) containing all IUCN-listed
species in sub-Saharan Africa. Each species has been assigned to one species response group. As large herbi-
vores were initially allocated to response groups but ultimately scored at the species level (see Identifying and
describing species response groups section), each species has been assigned the appropriate response group code,
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Fig. 5 Change in the variation (standard error) of estimated intactness scores for each species response group
and land use, between the first and second round of the expert elicitation process. Boxplots show median
(horizontal line in the box), interquartile range (box), and max/min values within 1.5 times the interquartile
range (vertical lines). Values less than 0 (below the red-dashed horizontal line) show a decrease in score
variability between experts. For terrestrial vertebrates, results are shown per taxonomic group; for terrestrial
vascular plants they are shown per biome. (C-m = Caesalpinioid-miombo; Mamm = Mammals).

with a unique letter differentiating species (e.g., African elephant and black rhinoceros, both in the ‘megaher-
bivore’ response group LH1 in Supplementary Table 1, are assigned codes LHI1A and LH1B, respectively). For
terrestrial vascular plants, the response group codes link to a spreadsheet (‘Sp_Plant’) containing aggregated
expert-elicited estimates of the proportion of species in each biome that constitute each response group, within
the broad groups of trees and shrubs, forbs and graminoids. Biome names also link to a spreadsheet (‘Biomes’)
that includes a list of the 89 mainland Afrotropical ecoregions®®, each allocated to one biome (or two biomes if
considered a mosaic).

The raw dataset links via unique, anonymous expert codes to a spreadsheet (‘Experts’) listing the region(s)
of expertise of each expert (Central Africa, East Africa, Horn of Africa, Southern Africa, West Africa). A sum-
mary of the attributes of the 200 participating experts (including their regions of expertise) is provided in Fig. 2.
Expert codes are also linked to a spreadsheet (‘Comments’) containing general comments made by experts. The
number of intactness scores provided by each expert (‘Scores_Raw’) varied based on the elicitation that they
participated in (e.g., primate experts were asked to score six species response groups, while bird experts were
asked to score 17 such groups, see Table 1) as well as their extent of expertise (i.e., some experts provided scores
for only a subset of species response groups and/or land uses). On average, each expert provided 155 intactness
scores.

The number of experts estimating an intactness score for a given species response group in a given land
use (and biome for plants) varied from one to 28, with an average (£SD) of ten (+7) experts providing inde-
pendent scores for a particular combination. Arithmetic means are the most widely used form of data aggrega-
tion in applications of the IDEA expert elicitation protocol®. For each species response group in each land use
(per biome for plants), we report the mean intactness score across experts, the number of experts providing a
score (sample size), as well as the variability in scores between experts (standard deviation, standard error, 95%
confidence interval; ‘Scores_Agg’ spreadsheet). Figs. 3, 4 visualise the data at two levels of aggregation. The
right-hand panels display examples of the aggregated (‘Scores_Agg’) data for reptiles and bats (Fig. 3) and mixed
acacia-savanna plants (Fig. 4). These plots depict the variation in how different species response groups within
a given taxonomic group are expected to be impacted by a given land use (differences between response group
mean scores). They further depict variation between estimates of individual experts (95% confidence intervals
around each response group mean score).

The left-hand panels in Figs. 3, 4 display a further level of data aggregation, in which intactness scores for
each taxonomic group in each land use are presented. Each score is an average across the associated species
response group means and confidence intervals (‘Scores_Agg’), weighted relative to the proportion of species
in that response group (‘Sp_Vert’ and ‘Sp_Plant’). In other words, each species in sub-Saharan Africa counts
equally in the aggregated intactness score. Such an aggregation could similarly be performed for all species in
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a given ecoregion, country, or other spatial unit. The dataset can be downloaded together with an R code script
for performing such aggregations.

Notably, the ‘strictly protected areas’ land use does not always have an intactness score of 1 (i.e., equivalent
to a pre-industrial ‘intact’ reference population; Figs. 3, 4). These lower scores are because (a) some species
benefit from human-related disturbances that would have been present in a pre-industrial landscape but are
no longer present in a strictly managed protected area and (b) for particularly large, wide-ranging species, even
the best-managed protected area is unlikely to contain a ‘pre-industrial’ reference population (e.g., Prins et al.*%;
Balme et al.*®). It is also worth noting that not all protected areas in the region are strictly protected in practice
- these protected areas were not considered in this land use category, and intactness scores for such protected
areas would likely be closer to the ‘near-natural lands’ land use or even some of the other land use categories
(e.g., intensive rangelands or non-intensive smallholder croplands; Table 2), depending on the activities occur-
ring in these areas.

Technical Validation

The reliability of expert judgement will always be sensitive to which experts participate and how questions are
asked. Each step of the IDEA structured expert elicitation protocol makes use of procedures that have been
demonstrated to improve elicitation rigour®. These include the identification and recruitment of experts,
the framing of questions, the two rounds of independent estimation and the aggregation, review and critical
appraisal of expert judgements during a facilitated group discussion (see Methods).

The purpose of the facilitated group discussion is not to reach consensus®. In our case, experts could disa-
gree on how species are likely to respond to land uses, particularly for lesser-known species groups. Rather, the
discussion in a modified-Delphi process aims to resolve linguistic ambiguity, promote critical thinking, share
evidence, and improve the consistency with which experts interpret the questions®. Thus, we would expect some
but not all of the variability in expert scores to reduce in the second round of the elicitation process, subsequent
to the group discussion. The standard error around expert scores for each species response group in each land
use (and in each biome for terrestrial vascular plants) was lower in the second, compared with the first, round
of the elicitation for 85% and 88% of terrestrial vertebrate and plant intactness scores respectively (Fig. 5). On
average, there was a reduction in standard error of 0.01 for vertebrates and 0.03 for vascular plants (Fig. 5). Thus,
the variability in estimates between experts was generally lower following the group discussions, indicating that
the elicitation process resulted in improved scoring consistency between experts.

We would also expect a reasonable degree of consensus between experts, and therefore for the variabil-
ity between their scores to be significantly lower than that of chance. To test this expectation, we generated a
random estimate within the allowed range (0 to 2) for each Round 2 expert estimate. We then determined the
standard error around these random estimates for each species response group and land use (and biome for
terrestrial vascular plants). This process ensured comparable sample sizes between expert estimates and random
estimates. The standard error in expert estimates was significantly lower than that expected by chance (paired t
test: t = —54.58, d.f. =2796, p < 0.001). On average, the standard error in expert estimates in Round 2 was 63%
lower than expected by chance (0.075 compared with 0.200). These results suggest that (1) the IDEA protocol
served to promote consistency in scoring between experts and (2) experts were significantly more consistent in
their scoring than expected by chance.

Validating this dataset using available field-collected data is limited by a spatial and temporal scale mismatch.
Most field data are collected at the ‘patch’ scale, while the landscape scale was appropriate for producing this
dataset, as explained in the methods. The experts considered diverse land covers and activities characteristic of
each land use type (Table 2) to estimate their collective impact on a population in that land use. For example,
in an agricultural landscape there is likely to be a higher abundance of fossorial reptiles in the habitat remnants
than in the surrounding croplands. This landscape composition was considered by experts when estimating
the overall remaining proportion of a reference population of these reptiles in a landscape characterised by
non-intensive, smallholder croplands (or intensive, large-scale croplands, with fewer remnant habitat patches).
In contrast, field studies tend to report land use at the scale of the habitat or cropland patch. For example, in
the PREDICTS database??>—the largest global dataset of species abundances in different land uses—the only
relevant cropland data for Afrotropical birds contains bird counts in ‘private farmhouse gardens surrounded
by agricultural matrix’ This ‘patch’ scale, focused on a small subset of land covers and activities in an agricul-
tural landscape, is incompatible with the cropland landscapes that experts considered (Table 2). The spatial and
temporal scale of the reference site can also be mismatched. For example, the only relevant plantation data*’
for Afrotropical birds in the PREDICTS database has a reference site of ‘forest fragments in timber planta-
tions, which is incompatible with the landscape-scale pre-industrial/large wilderness area reference state that
experts considered in this study. While this scale mismatch limits validation using existing field data across
multiple regions and taxa, future research aimed at validation could design landscape-scale data collection
protocols that are more comparable (i.e., developing landscape-scale data collection protocols with multiple
multi-taxa sampling sites evenly distributed across different land uses across the region). However, the absence
of a ‘pre-industrial’ reference in field-collected data can still impede comparison'”.

Usage Notes

A non-exhaustive list of potential uses of the bii4africa dataset is provided in Table 3. The data are best suited to
broad-scale, multi-species applications, rather than finer-scale applications for which site-specific, field-collected
data would be more appropriate. The standardised nature of the intactness scores (0-2 scale) means that the data
(or a subset thereof) can be aggregated in several ways to meet a user’s needs, e.g., by taxonomic group, func-
tional type, land use and/or spatial (e.g., biogeographical or political) unit (see R code provided for aggregating
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the data®®). To assist with data aggregation, scores for response groups can be linked back to individual species
for terrestrial vertebrates (noting that large mammal scores are already at species level). Spatial distributions of
these species are available from the IUCN Red List?. A species list can thus be obtained for the area of interest,
and those species scores then extracted from the bii4africa dataset. While the scores for terrestrial vascular plants
are not connected to individual species, scores are provided per biome, meaning the data can be extracted at
biome-scale, informed for example by the WWF ecoregion maps™®. The proportions of terrestrial vascular plant
species in each response group per biome are also provided, enabling the weighting of score aggregations relative to
the proportion of species that those scores represent. Data can also be aggregated according to the regional expertise
of the contributing experts (e.g., using scores from only West African experts for a West African data application, or
for testing differences between regions). For some species groups such as large mammals and birds, regional con-
siderations such as whether bushmeat harvesting is prevalent can have an influence on experts’ intactness scores.

While the data presented here are non-spatial, they can be made spatially explicit by linking the scores for
different land uses to a map of those land uses (encompassing sub-Saharan Africa or a region therein). As
the land uses were selected to reflect those most common in sub-Saharan Africa, the map used to spatialise
the data should include those classes (urban, crop, plantation, rangeland, near-natural, protected). See Scholes
and Biggs®®, Newbold et al.?® and Schipper et al.'® for examples of mapping Biodiversity Intactness based on
intactness scores for different land uses. Different land use intensities (e.g., dense urban vs mixed settlements;
smallholder vs large-scale cropland; rangeland vs near-natural land) could also be mapped using proxies such
as percentage urban cover*® and population density*’ in human settlements; percentage crop cover®, nitrogen
input® and field size®? in croplands; livestock density®® in rangelands; etc. Importantly, as land use changes
across the region, estimates and maps of intactness can be updated using the bii4africa dataset.

Following the IDEA protocol recommendations?, outliers were not removed from the data when deter-
mining mean intactness scores across experts (‘Scores_Agg’ spreadsheet in the dataset). Rather, anonymised
outliers were flagged in the discussion meeting, after which experts who provided such scores could reconsider
if they were appropriate and revise them if not. Equally weighted data aggregations (i.e., arithmetic means)
can be sensitive to outliers in small groups, and we thus recommend careful consideration regarding the use of
mean scores that are based on a low number of experts. This consideration is most relevant for large mammals
and terrestrial vascular plants — the only groups with mean scores for some species (large mammals) or species
response groups (plants) in some land uses based on fewer than the recommended six experts®. With an average
of 10 contributing experts per mean score, our dataset has a considerably larger ‘sample size’ than other simi-
lar processes (e.g., n = 3)?. We report sample size and standard deviation in our aggregated dataset, as well as
provide the raw data, enabling users to assess whether the degree of variability in scores is acceptable for their
purposes. We also think the scores with higher variability (i.e., less consensus between experts) could identify
important knowledge gaps regarding how species respond to land uses, or important regional differences, thus
informing future empirical research.

Code availability
R code for calculating aggregated intactness scores for a focal region (e.g., ecoregion or country) and/or
taxonomic group can be downloaded with the bii4africa dataset on Figshare®; see Data Records section.
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