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Biodiversity is being lost in wetlands at a faster rate than any other biome. Effective
conservation and management of wetlands biodiversity requires data on species status
and threats to inform decision-making. However, there are key challenges in Africa around
the availability, usability and quality of data, willingness to use data, and capacity. We
review these challenges, using examples from Ramsar sites and other wetlands across
the continent, and propose solutions to help information users access high quality data
in the right format at the right time. We assess the relevance of traditional monitoring
methods, as well as innovative new tools such as remote sensing and environmental
DNA. We conclude by explaining how governments, civil society and the private sector
can enhance data collection by applying common, policy-relevant indicators, scaling up
the application of traditional and appropriate new tools and protocols, building capacity
in key institutions, and using partnerships and credible science-policy interfaces. Only
by sharing and upscaling the solutions to data collection and use will we be able to
mainstream biodiversity into decision-making and ultimately stop biodiversity loss across
African wetlands.
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INTRODUCTION

The diverse wetlands of Africa, which include some of the longest rivers and some of the largest
freshwater bodies in the world, are of immense importance for biodiversity and people (Thieme
et al.,, 2005; Gardner et al., 2015; Okonkwo et al.,, 2015; IPBES, 2018; Ramsar Convention on
Wetlands, 2018). Freshwater ecosystems cover <1% of the Earth yet they are home to more
than 10% of known animals and about one-third of known vertebrate species (Balian et al., 2008;
WWE, 2018). They also offer a range of ecosystem services, from water purification to hydrological
buffering to coastal protection (Mitsch and Gosselink, 2000; Gardner et al., 2015). The importance
of wetlands to people in Africa is further reflected by the fact the continent is second only to the
Asia-Pacific region in total catch of inland fisheries (Thieme et al., 2005).

However, global wetland area may have declined by as much as 87% since 1700 (Davidson,
2014) and the downward trend for freshwater species is alarming (Vorosmarty et al., 2010). For
example, in the last 35 years, the average abundance of freshwater vertebrate species populations
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declined by 83% (WWTF, 2018), and freshwater fishes had the
highest extinction rate worldwide among vertebrates in the
twentieth century (Burkhead, 2012). Of the freshwater taxa in
Africa that have been assessed, the most globally threatened are
molluscs (41%), followed by amphibians (31%), crabs (28%),
and fish (27%) (Darwall et al., 2011). These declines in aquatic
ecosystems have been caused by a suite of threats, including
habitat modification, fragmentation and destruction, overfishing,
pollution, and climate change (Strayer and Dudgeon, 2010;
WWE, 2018).

Effective conservation and management of wetlands
biodiversity require data on species status and threats to inform
decision-making and adaptive management. However, there are
key challenges in Africa around the availability, usability and
quality of biodiversity data, willingness to use data, and capacity
(Stephenson et al., 2017a). As a result, many decision makers do
not have access to the data they need.

We review the challenges of monitoring aquatic biodiversity
in Africa, using examples from Ramsar sites and other wetlands
across the continent, and propose solutions to help information
users access high quality data in the right format at the right time.
We assess the relevance of traditional monitoring methods, as
well as innovative new tools.

THE NEED FOR BIODIVERSITY DATA FOR
WETLANDS MANAGEMENT

Information on the state of the environment is necessary for
informed decision-making at multiple levels across multiple
sectors. For example, numerous government decisions relating
to wetlands management require biodiversity data, from
the development of environmental resource policies and
legislation to national and landscape level planning and
budgeting for resource management across sectors to the
control and licensing of resource use. Biodiversity data
are also required for reporting on delivery of multilateral
environmental agreements (MEAs) such as the Convention
on Biological Diversity (CBD), the Ramsar Convention, the
Convention on Migratory Species (CMS), and the Convention
on International Trade in Endangered Species of Wild Fauna
and Flora (CITES) (Stephenson et al., 2017a). The need for
biodiversity data for assessing water-related ecosystem services
and for decision-making and policy development has also been
highlighted (e.g., Russi et al, 2013; Camacho-Valdez et al,
2014).

Across biomes, there is growing demand for more evidence-
based conservation, with data informing decisions and evaluating
performance (e.g., Segan et al., 2011; Stephenson et al., 2015a).
Data needed include: species status (presence, abundance,
range), offtake, trade, and threat status; habitat cover (e.g.,
wetlands extent) and distribution; protected area (PA) coverage
and management effectiveness. For wetland sites, additional
biome-specific data are often useful for management, such as
water depth (Ntiamoa-Baidu et al., 1998) and the abundance
and diversity of migratory waders (Ntiamoa-Baidu, 1991a),
benthic invertebrates (Basset et al., 2004), and invasive mollusks

(Appleton, 2003). However, the demand for data is not always
being met and huge gaps remain (Revenga et al., 2005).

EXPERIENCES AND CHALLENGES OF
MONITORING WETLANDS IN AFRICA

Here we present a review of the experiences and challenges
identified with specific wetland monitoring around Ramsar sites
and threatened species.

Ramsar Sites in Africa

Fifty African countries are contracting parties of the Ramsar
Convention, leaving only four countries (Angola, Eritrea,
Ethiopia, and Somalia) that are not signatories of the convention.,
There are 259 inland wetland sites across Africa, representing
94,777,978 ha of land area, roughly equivalent to the size of the
United Republic of Tanzania, or 23 times the size of Switzerland.
However, the extent of wetlands varies across Africa: in more
than half of the African contracting parties to the Ramsar
convention (27), Ramsar sites make up 1% or less of the total
national land area. In sixteen countries, Ramsar sites cover 2-
9% of the total landmass. The total area of Ramsar sites of six
countries cover between 10 and 40% of the each country’s total
area, these being: Botswana (10%), Chad (10%), Benin (10%),
Togo (11), Guinea (22%), and the Republic of the Congo (40%)
(Figure 1).

Contracting parties (CPs) must report on the status of
Ramsar sites every 3 years. However, not all CPs do so, which
makes it difficult to track changes over time, on whether
sites have improved or stayed the same or deteriorated. Of
the 50 African contracting parties, 44 parties responded with
information on status of the Ramsar sites at the COP12 (12th
Meeting of the Conference of the Parties, in Uruguay, 2015).
The majority of CPs reported no change (17), with slightly more
reporting deterioration (14) than improvement (13). Similar to
COP12, 44 of 50 African parties responded with information
on status of the Ramsar sites at the COP13 (13th Meeting of
the Conference of the Parties, in Dubai, 2018). Of these, 11
reported deteriorating condition, 25 reported no change, and
8 reported improving wetland conditions. Overall, between the
COP12 and COP 13, most CPs reported no change (17), while 16
reported deterioration and 15 improvement. Of the sites that had
deteriorated, almost half (7) deteriorated in consecutive years of
reporting. Only four CPs reported sites improving in consecutive
reporting periods: Cameroon, Madagascar, Rwanda, and Uganda
(Figure 1). Overall, there appears to be a trend toward ecological
deterioration of sites over time.

Ramsar Sites in Africa: Ghana as a Case Study

Ghana offers some insights into how biodiversity data are
used in wetland conservation (Stephenson et al., in press). In
response to a notable decline in abundance of roseate terns
(Sterna dougallii) in the 1980s, an inventory of wetlands and
water birds was conducted along the Ghanaian coast (Ntiamoa-
Baidu and Hepburn, 1988). The survey covered around 50
lagoons, estuaries, marshlands, flood plains, and salt pans and
was followed by monthly surveys on selected sites. The survey
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FIGURE 1 | Relative (percentage) size of inland Ramsar wetlands to country size (Left). The change in ecological status of inland Ramsar wetland sites reported from
COP 12 and COP13 (Right). Countries where the status was not reported in both reporting periods are shown. For countries that reported in one of the two COPs,
that value was included in calculating the change between reporting periods. The change between reporting periods was calculated as COP 12 plus COP 13 divided
by two. Maps were produced using QGIS version 3.8 (QGIS Development Team, 2019).

data were used to identify priority sites for water birds, marine
turtles and fish and a range of threats from extensive human
exploitation of wetland resources (Ntiamoa-Baidu and Hepburn,
1988; Ntiamoa-Baidu, 1991b; Koranteng et al., 2000).

In turn, the bird counts provided strong justification
for designating internationally important wetlands under the
Ramsar Convention (Ntiamoa-Baidu and Gordon, 1991) and, in
1992, Ghana designated five coastal wetland Ramsar sites (Keta,
Songor, Sakumo, Densu Delta, and Muni-Pomadze). The Ramsar
designation requires monitoring of the changes in the ecological
character of the site and a monitoring protocol was designed
and advocated for the sites. However, the protocol required
significant resourcing which was not forthcoming.

In spite of the capacity challenges, counts of water birds
have continued for over three decades, initially by the local
NGO, Ghana Wildlife Society, and subsequently by the Centre
for African Wetlands, University of Ghana. The counts show
declining populations of certain species and a reduction
in the international importance of some sites. Evidence of
habitat loss from encroachment by human settlement, industrial
development and erosion, as well as decreases in habitat
quality from pollution, has been documented through single-
site studies (e.g., Osei et al, 2010; Appeaning Addo and
Adeyemi, 2013). However, there are no data to feed into

management interventions addressing the declining ecological
status of the sites. The lack of a comprehensive long-term
monitoring program, compounded by the lack of resources to
manage the sites effectively and the ongoing negative impacts of
climate change on coastal ecosystems, pose tangible threats to the
existence of Ghana’s coastal Ramsar sites.

The Ghana case is one of several examples where monitoring
of birds has resulted in the creation of more protected areas and
better conservation of water birds (Nagy et al., 2015). However,
this study underlines trends seen elsewhere in Africa (Stephenson
et al,, in press), where data are often used to designate protected
areas but then lack of capacity means ongoing monitoring—so
vital for effective management—is lacking. While Ramsar sites
are sometimes monitored through satellite-based remote-sensing
to track the extent of the wetland (e.g., Dixon et al., 2016), there is
a paucity of quantitative information on species and habitats and
the threats they face.

Aquatic Species Diversity and Importance

An estimated 126,000 freshwater species have been described
worldwide, which represents 9.5% of all described species
(Balian et al., 2008). Considering that only 0.01% of the earth’s
surface is taken up by freshwater, aquatic ecosystems harbor a
disproportionately large amount of the planet’s genetic diversity.
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About 60.4% of described freshwater taxa are insects, 14.5%
vertebrates, 10% crustaceans, 5% arachnids, and 4% mollusks;
the remaining major taxa are rotifers (1.6%), annelids (1.4%),
nematodes (1.4%), and platyhelminths (1%) (Balian et al., 2008).

The above proportions show that the vast majority of
described freshwater taxa (85.5%) are invertebrates. These
taxa are far more diverse and phylogenetically separated
than the vertebrates. Being small and numerous, they are
not as well-studied, and only recently have some taxa gained
recognition for their conservation importance, especially
aquatic insects (dragonflies), crustaceans, and mollusks.
Freshwater invertebrates live nearly everywhere there is surface
or groundwater, being absent perhaps only from highly polluted
surface waters and deep underground groundwaters. Densities
of freshwater invertebrates can be up to 10®/m? in sediments and
10%/m? in open waters (Wetzel, 2001).

Invertebrates are functionally vital to aquatic ecosystems and
can indirectly or directly affect human health and well-being.
As Strayer (2006) summarizes, “invertebrates regulate rates
of primary production, decomposition, water clarity, thermal
stratification, and nutrient cycling in lakes, streams and rivers.”
Aquatic invertebrates are the primary food source for most fish
species, and many vertebrate species that live in or around the
water. Some species, particularly in the Mollusca and Decapoda,
are harvested from the wild or farmed, supporting regionally
important fisheries. Finally, some are intermediate hosts or
vectors of disease, such as malaria, schistosomiasis, and river
blindness, to name a few.

Dragonflies in Southern Africa

Invertebrates are rarely monitored. Standardized monitoring
protocols are rare, and data are lacking on the abundance of
species and changes in space and time (Cardoso et al., 2011).
The situation is especially acute in freshwater systems in Africa
(Stephenson et al., in press). However, some efforts are underway
to monitor invertebrates and even use some insects—especially
mayflies (Ephemeroptera), caddisflies (Trichoptera), stoneflies
(Plecoptera), and dragonflies (Odonata)—as indicators of
broader wetland health. In southern Africa, a rapid bioassessment
method for rivers uses aquatic invertebrates as indicators of
ecological health (Dickens and Graham, 2002). This works well,
as the relative diversity of taxa is low, and there are taxonomic
keys available and sufficient capacity to train technicians. The
Dragonfly Biotic Index, developed in South Africa (Simaika and
Samways, 2008, 2011), based on the use of adult dragonflies,
has been adapted for use in rivers and wetlands throughout
Africa (Vorster et al., 2020). The success of this method is largely
due to the relatively low diversity of dragonflies compared with
other insect taxa, their large size, their well-resolved taxonomy,
public interest in these insects, and the burgeoning numbers of
freshwater assessment handbooks (Samways and Simaika, 2016),
field guides (Tarboton and Tarboton, 2015), and taxonomic texts
(Dijkstra and Clausnitzer, 2014). The Dragonfly Biotic Index has
been used to inform the ecological status of rivers (Diedericks
et al., 2013), to assess the restoration of rivers (Samways et al.,
2011) and succession in wetland habitats (Harabi$ et al., 2013)

and is therefore a model for how invertebrate data can be used
for monitoring and decision-making for wetlands.

Aquatic Mammals

Small mammals are largely overlooked in Dbiodiversity
monitoring programs across Africa and Madagascar, and
basic data are lacking on species abundance and distribution
(Stephenson et al, in press), especially for aquatic species
(Kennerley et al., 2018; Stephenson et al., 2018, 2019b). Otter
shrews (a family of aquatic small mammals closely allied to the
tenrecs of Madagascar) are a good example of an African taxon
that is overlooked. Otter shrews inhabit waterways in the forests
of Central and West Africa. They are known to feed on aquatic
invertebrates, fish and amphibians yet their ecology, abundance
and distribution are poorly understood (Stephenson et al., 2018).

The Nimba otter shrew (Micropotamogale lamottei) is
endemic to a small, mountainous region of West Africa where
it inhabits streams in an area <15,000 km? (Stephenson et al.,
2018). In spite of clearly identified threats to the species from
mining (causing habitat loss and siltation) and fishing (where
animals are killed in fish traps), and the importance of threat
monitoring for the success of mammal conservation projects
(Crees et al,, 2016), there are no available data on the rate
of habitat loss and the impact of hunting on this species. Its
conservation status in the [UCN Red List of Threatened Species
changes regularly (Stephenson et al., 2018) reflecting how scant
data make it hard to assess the status of the species and plan
conservation action. Therefore, further research is required to
assess the distribution, abundance, habitat needs and threats of
this threatened species to determine any additional conservation
actions that might be needed.

Other African mammals inhabiting rivers, lagoons, and
wetlands are also relatively poorly known and data deficient
when compared with terrestrial mammals, examples including
the African manatee Trichechus senegalensis (Keith Diagne,
2015), and the aquatic tenrec Microgale mergulus (Stephenson
et al., 2019b). A training workshop organized by Wetlands
International in 2010 pulled together available information
on the West African manatees in Mauritania, Senegal, The
Gambia, Guinea-Bissau, Guinea, and Sierra Leone and outlined
threats and needed conservation action. However, information
on population status is scanty and dated, and there is currently no
systematic monitoring in place. The population status and trends
of the African clawless otter (Aonyx capensis) are unknown, in
spite of its continent-wide distribution (Jacques et al., 2015).

Africa and Asia are the most understudied regions for
conservation research (Velasco et al., 2015). Therefore, dedicated
research projects targeting key information gaps are essential.
Since biodiversity monitoring in Africa is unlikely to ever focus
primarily on small mammals, it may be prudent to integrate
small mammal monitoring into schemes focused on larger, more
charismatic species (Stephenson et al., 2019b).

Summary of Challenges

In spite of the importance of wetlands, monitoring of habitats
and species is limited. If any monitoring occurs, it is usually
in relation to the extent of wetlands or bird populations. These
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problems reflect a broader issue across Africa where challenges
block access to, and use of, biodiversity data.

Barriers to using biodiversity information in decision-making
in Africa include lack of availability of data, poor quality
and usability of data, limited political will among key actors
to collect and share data, a lack of capacity and limited
resources for biodiversity research (Stephenson et al., 2017a, in
press). Only 10% of recent conservation science studies were
carried out in Africa, reflecting the fact that research is poorly
aligned with biodiversity distribution and conservation priorities
(Di Marco et al, 2017). As a result, many global data sets
have taxonomic, temporal, and geographic gaps in coverage
(Stephenson et al., 2015a; McRae et al., 2017). Monitoring of
freshwater habitats is also hindered by resource and logistical
implications and lack of data sharing (Turak et al., 2017; Hill
et al,, 2018). As a result, data sets on wetlands biodiversity are
rarely available and often inadequate, hindering conservation
planning (Van Deventer et al., 2016). Many African countries
regularly census wildlife populations, yet the survey data are
rarely analyzed and presented in a format that could be of
direct use to decision makers (Bubb et al., 2011). In some cases,
data presentation and use are influenced by a donor placing
conditions on sharing.

Capacity for biological research is particularly challenging
in Africa (e.g., Yevide et al., 2016; Cresswell, 2017). Integrated
approaches to water and wetlands management are key, since
many water issues in Africa are linked to food and energy
issues (Simpson et al., 2019). However, the implementation of
integrated water resource management has been difficult in parts
of Africa, mostly due to a lack of experience, capacity, and
resources (Claassen, 2013). Limited capacity and expertise for
data sharing and use are often compounded not only by more
limited resources to pay for raw images and/or data processing,
but by limited internet capacity (Roy et al., 2010; Stephenson
et al, in press). Many of the recent assessments of African
biodiversity data have been led and conducted by scientists who
are predominantly based outside the region (Beresford et al.,
2013; Waeber et al., 2016). These trends reflect the fact that most
of the global data sets, and most of the scientists with access
and capacity to analyze them, are housed in Europe or North
America. Many local communities use indigenous knowledge to
make local decisions on farming and resource use (e.g., Mapfumo
et al,, 2016), yet this capacity is rarely tapped for more formal
decision-making processes in Africa.

SOLUTIONS

In order to tackle the challenges with monitoring wetland
biodiversity in Africa, we propose that governments, civil
society, the private sector, and wetland scientists should enhance
data collection by applying common, policy-relevant indicators,
scaling up the application of traditional and appropriate new
tools and protocols, building capacity in key institutions,
and using partnerships and credible science-policy interfaces
(Table 1).

TABLE 1 | Summary of responses needed to tackle the challenges with wetlands
biodiversity monitoring in Africa.

Challenge Response to Method to apply
challenge
Appropriate Apply common, Use common indicators that work at
indicators are policy-relevant local and global scales (e.g.,
lacking. indicators. population indices like Living Planet
Index, Dragonfly Biotic Index) when
developing monitoring plans.
Indicators are not Scale up the Use traditional methods such as bird
measured application of counts, vegetation plots, and
(inadequate traditional and satellite-based remote sensing of

collection, use,
and sharing of
data).

appropriate new
tools and
protocols.

habitats to monitor key ecosystems
and species;

Where appropriate to local needs and
capacity, introduce, or scale up the
use of, new technologies (e.g.,
camera traps, acoustic recording
devices, drones, and environmental
DNA monitoring), metrics (e.g., IUCN
Green List of Species), and modeling
(e.g., species distribution modeling to
focus on key sites);

Establish a series of pilots to test
approaches for applying citizen
science to wetland monitoring in
Africa; disseminate lessons widely to
ensure take up of successful options;
Produce data products like maps and
dashboards to facilitate data use and
adaptive management; share data in
national, regional, and

global databases.

Lack of

Build capacity in
key institutions
(see section Build
Capacity in Key
Institutions).

institutional
capacity for
monitoring and
data sharing.

Use partnerships
and credible
science-policy
interfaces (see
section Use
Partnerships and
Credible
Science-Policy
Interfaces).

Governments, donors, and NGOs to
make biodiversity monitoring a higher
priority in conservation projects and
budgets; wealthier countries to make
data more accessible to high
biodiversity countries; enhance the
sharing of monitoring case studies.

Academic institutions, local and
international NGOs and international
organizations need to support
government agencies with
biodiversity monitoring especially in
high biodiversity countries;
Scientists and decision makers from
across sectors need to work together
in credible science-policy interfaces
that incentivize interactive dialogue
and allow the joint and collaborative
framing of research and policy.

In each case the response is relevant to all key stakeholders, including government
departments, academic bodies, civil society organizations, and businesses.

Apply Common, Policy-Relevant Indicators
Government departments, academic institutions, civil society
organizations, and businesses monitoring biodiversity should use
the same core indicators across sites to facilitate the aggregation
of results at national level, which enhances data sharing and
allows managers to compare sites and also link results to higher-
level global policy goals, such as the Aichi Targets and Sustainable
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Development Goals (Stephenson et al., 2015a; Stephenson,
2019a,b).

Species abundance is still one of the most pertinent indicators
for conservation (Gotelli and Colwell, 2001), and population
trends should be monitored in key species. Tools available
include, for example, the Living Planet Index for freshwater
species (Collen et al., 2009), the wetlands extent trends index
(Dixon et al., 2016), water bird counts (Sayoud et al., 2017),
and the Dragonfly Biotic Index (Simaika and Samways, 2008).
Sampling methods should always reflect the monitoring question
being asked (Radinger et al, 2019). Wetland habitats should
also be monitored with indicators such as environmental flows
(King et al., 2015) and water quality (see e.g., Wronski et al.,
2015). Protected area coverage and management effectiveness
measurements (e.g., Knights et al., 2014; UNEP-WCMC, 2018)
will provide managers with data on the level of protection
offered to key wetland habitats. Threats that require research
and monitoring include pollution (e.g., Olujimi et al., 2010) and
invasive species (e.g., Villamagna and Murphy, 2010). In wetlands
that are relied on by people for ecosystem services, other relevant
indicators will be required, such as fisheries catch data (Bartley
etal., 2015).

Scale Up the Application of Traditional and

Appropriate New Tools and Protocols

“Observations of species and threats are most valuable when
generated from systematic protocols so that data can be collected
in common formats, shared, and scaled up” (Stephenson, 2019a).

Traditional Methods

Several traditional methods are working well in Africa and
need to be scaled up by site managers. Where biodiversity
monitoring exists at wetland sites of conservation interest it
is often focused on water birds. The International Waterbird
Census co-ordinated by Wetlands International (Delany, 2005)
has been promoting regular surveys for many years, and bird
counts offer insights into broader wetland health. Water quality
measurements and benthos sampling for invertebrates have been
done as single site, fixed time period studies. In terms of habitat
monitoring, satellite-based remote sensing has been used to track
wetlands extent and habitat over time for many years (e.g.,
Ozesmi and Bauer, 2002; Rebelo et al., 2018) and, although it
involves technology, it can be considered a traditional technique.
The tool has been used to monitor wetlands across Africa from
the Niger Delta in Nigeria (Ayanlade and Proske, 2016) and Lake
Bam in Burkina Faso (Moser et al., 2016) to Lake Victoria (e.g.,
Fuller et al., 1998) and the Akagera wetland complex (Ndayisaba
etal., 2017) of East Africa. Ground truthing with vegetation plots
is often useful (Ndayisaba et al., 2017; Seki et al., 2018).

Modern Methods

Satellite-based ~ remote  sensing technology is being
complemented by a new generation of Earth-based sensors
including camera traps (Rovero and Zimmermann, 2016),
acoustic recording devices (e.g., Alvarez-Berrios et al., 2016)
and unmanned aerial vehicles or drones (Wich and Koh, 2018).
These sensors can enhance the quality and volume of monitoring

data, reduce the fieldwork involved in data collection and, if
used in systematic ways (e.g., Beaudrot et al., 2016), help fill
data gaps in high biodiversity tropical countries (McRae et al.,
2017). Successful uses of such devices in Africa include the use
of camera traps in monitoring cryptic waterbird species (Colyn
et al,, 2017) and acoustic monitoring of frogs (Measey et al.,
2017). Environmental DNA monitoring is another evolving
technique, especially useful for tracking community composition
in freshwater systems (e.g., Biggs et al., 2015; Valentini et al,,
2016).

Cameras fitted to blimps (non-rigid airship systems; Hodgson,
2007) have been used to monitor river dolphins (e.g., Oliveira
et al., 2017), and drones have been used to detect Sirenia (Martin
et al., 2012; Hodgson et al., 2013) and monitor coastal habitats
in MPAs (Castellanos-Galindo et al., 2019). However, technology
alone cannot be used to monitor all species (Stephenson,
2019a), and in many cases more specialized methods are
needed. For example, tests using environmental DNA to detect
manatees suggests the technique “may be effective for population
monitoring,” especially in sites where they are in low densities or
difficult to spot (Hunter et al., 2018). Valentini et al. (2016) used
eDNA metabarcoding techniques to detect amphibians and bony
fish and found that, “when compared with traditional surveys
or historical data, eDNA metabarcoding showed a much better
detection probability overall.”

Other techniques that have been tested for monitoring aquatic
species, including fecal DNA (Ferndndez-Garcia and Cedillo,
2017) and artificial shelters (tested on desmans; Gonzélez-
Esteban et al., 2018), also need to be used more widely for
smaller species. Techniques for lesser known species need to be
integrated into standardized protocols, as has been done recently
for taxa such as invertebrates and plants (e.g., van Swaay et al,,
2015; Borges et al.,, 2018) that are often neglected.

The TUCN Green List of Species (Akcakaya et al., 2018) is
a new tool to assess species recovery and conservation success
that may also be relevant for many freshwater species. Early pilot
testing has provided useful results for fish and amphibians, as
well as aquatic mammals and birds (Stephenson et al., 2020). One
advantage of the tool is that it encourages conservation planning
and status monitoring across the historic indigenous range (see
Stephenson et al., 2019a).

Species distribution modeling (SDM) may also be able to
assist monitoring efforts by, for example predicting range shifts
of species due to climate and land use change (e.g., Pauls et al.,
2013) or predicting the advance of alien invasive species, and
monitoring those hotspots identified in models (e.g., Bazzichetto
et al, 2018). SDM has the potential to focus monitoring efforts
on key sites or species, saving time and effort. WET-Health is a
method developed in southern Africa for assessing the current
and projected ecological condition of a wetland by measuring
hydrology, geomorphology and vegetation (Kotze et al., 2018).
The scope to use this tool for monitoring trends over time should
be explored.

Citizen Science
Data collection requires local inputs. Equitable participation of
data providers and users, including local communities, can lead
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to better results and sustainability (Danielsen et al., 2014). Citizen
science initiatives offer an opportunity to enhance data collection
and efforts should be expanded across Africa’s wetlands. While
citizen science schemes are most prevalent in Europe and
North America, the approach is being adopted increasingly in
Africa (Pocock et al., 2019). Dragonflies have been successfully
monitored by school children as part of environmental education
projects in Tanzania and South Africa (Clausnitzer et al., 2017).
FreshWater Watch (2020) encourages people to collect data on
freshwater ecosystem health and has several collection hubs in
Africa. Citizen science methods developed in Europe have also
been used to collect data on bird populations in Botswana,
Kenya and Uganda, demonstrating that, with technical support
and modest investment (c. US$ 30,000 per scheme per year),
meaningful biodiversity indicators could be measured (Wotton
et al, 2020). Indigenous knowledge on biodiversity can be
of relevance to conservation in Africa (e.g., Sitati and Ipara,
2012; Larson et al, 2016) so more effort needs to be made
to integrate local indigenous communities into citizen science
schemes where appropriate.

While progress has been made with citizen science in Africa,
for the approach to be scaled up, issues such as the sustainability
of recruiting, training, and retaining volunteers need to be
resolved (Stephenson et al., in press). In addition, data generated
by citizen science need to be curated in secure, neutrally governed
institutional homes—the function fulfilled in South Africa by
SANBI—and converted into forms of use for decision makers,
such as reports, graphs, and maps (Barnard et al., 2017).

Citizen science may be less expensive than traditional science
and may offer opportunities to monitor less charismatic species,
but it also requires resources to support relevant associations,
online toolkits, and network portals (Chandler et al., 2017).
Establishing monitoring systems, particularly in Africa, generally
tend to require more investment at the outset to support training
and awareness creation and to pay for equipment and materials
(Bennun et al., 2005). Therefore, more pilot projects should be
established by site managers to build on existing case studies to
test the validity, scope, and suitable approaches for using citizen
science for monitoring African wetlands. Lessons learned should
be published and disseminated widely to ensure the take up of
successful options.

Use and Share Data
The different individuals and organizations monitoring
biodiversity need to ensure the data they collect are used for
decision-making and adaptive management. Data-derived
products such as maps and dashboards can simplify information
and make it easier for decision makers to analyze and interpret,
ultimately facilitating data use for adaptive management (Han
et al., 2014; Stephenson et al., 2015a; Nel et al., 2016). “The
focus should be on ensuring simplicity and on open access to
underlying data and methodologies to encourage transparency
and easy replication” (Stephenson et al., 2017a). Data should also
be fed into relevant management systems and discussed regularly
to facilitate action and lesson learning.

Data also need to be shared as widely as possible to
enhance national, regional, and global data sets. Several

global databases are of use to national decision makers in
planning and monitoring (see https://www.speciesmonitoring.
org/data--databases.html). Databases especially relevant to
sharing wetlands data include:

e Aquastat (FAO; http://www.fao.org/nr/water/aquastat/data/
query/index.html?lang=en)

e Global Environmental Flow Information  System
(International Water Management Institute; http://gef.
iwmi.org/)

e International Waterbird Census Database (Wetlands

International; http://wpe.wetlands.org/)

o Water Information Network
(UNESCO; http://ihp-wins.unesco.org/)

e Water Quality Index for Biodiversity (United Nation’s
Environment Programme’s) Global Environment Monitoring
System for Water (GEMS/Water; https://www.bipindicators.
net/indicators/water- quality-index- for-biodiversity)

e Water-related Ecosystems (UN Environment; https://www.
sdg661.app/)

e Wetland Extent Trends (WET) Index database (UNEP-
WCMC;  https://www.bipindicators.net/indicators/wetland-
extent-trends-index).

System—IHP-WINS

There are also a number of biodiversity databases focused on
Africa, such as FishBase for Africa (http://www.fishbaseforafrica.
org/) and the ARCOS (Albertine Rift Conservation Society)
Biodiversity Management Information System (http://arbmis.
arcosnetwork.org/), which has data on African Great Lakes.
These databases can supplement data collated by national
biodiversity centers (e.g., Egypt's National Biodiversity
Unit, South Africas SANBI, Ugandas National Biodiversity
Data Bank).

Build Capacity in Key Institutions

Capacity building for monitoring in relevant national institutions
is essential (Stephenson et al., 2015a,b) and needs to become
a higher priority in conservation projects and budgets
for governments, donors, and NGOs. Bubb et al. (2011)
demonstrated that, in most east and southern African countries,
at least some biodiversity indicators of national relevance can
be produced from existing data. In South Africa, biodiversity
measures are tracked by the SANBI information system
(Huntley, 2014); similar institutional structures may be useful in
other African countries.

Capacity issues are often linked to resources, but “not
all knowledge needs for wetland management and policy-
making require cost-intensive and sophisticated monitoring”
(Ramsar Convention on Wetlands, 2018). Initiating integrated
biodiversity monitoring programs in sub-Saharan Africa could
require as little as US$ 30-50,000 per country per year (Pereira
et al,, 2010; Wotton et al., 2020), and taxa for which monitoring
capacity exists could be prioritized.

Wealthier countries and large conservation organizations
should support African governments in realizing their data
collection needs and make existing data more available. An
example of such support is provided by the GlobWetland
Africa Project (http://globwetland-africa.org/), a European Space
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Agency led initiative with the Africa team of the Ramsar
Secretariat. The project will “help African authorities to make
the best use of satellite-based information on wetland extent
and condition for better measuring the ecological state of
wetlands and hence their capacity to support biodiversity
and provide ecosystem services to human communities”
(Gardner et al., 2015).

Capacity building would be

further enhanced if

the conservation community would learn and adapt,
and “document and share examples of monitoring,
with case studies of what works well and less well”

(Stephenson et al., 2015b).

Use Partnerships and Credible
Science-Policy Interfaces

Partnerships  facilitating improved co-ordination and
collaboration are key for the improvement of biodiversity
monitoring (Secades et al., 2014; Stephenson et al., 2017a; Vimal,
2017). Academic institutions, local and international NGOs and
international organizations have a significant role to play in
supporting government agencies and it is encouraging to see
that several global efforts to improve biodiversity monitoring
explicitly target high biodiversity countries (Stephenson et al.,
2017b; Stephenson, 2018). Some of the large biodiversity
databases could be useful tools for businesses throughout
project planning and implementation (see Bennun et al., 2018),
so the private sector could in turn share data relevant to
resource-strapped governments.

Scientists and decision makers from across sectors need
to work together in credible science-policy interfaces that
incentivize interactive dialogue and allow the joint and
collaborative framing of research and policy (Young et al., 2014).
In turn, scientists and other data collectors need to understand
decision makers’ priorities and information requirements
and co-develop relevant tools and information products
(Cowling et al., 2008). Stephenson et al. (2017a) recommend
that African governments, NGOs and academic bodies test
different science-policy interfaces in pilot countries or regions
to see what works best, building on existing methods and
support systems (e.g., Dicks et al., 2014). Existing examples of
platforms, networks and partnerships to build on for African
wetlands might include the AfriBES network of scientific and
technical information for Africa (which focuses on south-south
collaboration) and the African-Eurasian Waterbird Monitoring
Partnership coordinated by Wetlands International, as well as
the Ramsar-led Global Wetlands Observing System which is
being piloted in Africa by the aforementioned GlobWetland
Africa Project.

There may not be one common solution across
Africa  for improving partnerships for  biodiversity
monitoring. Government ministries may facilitate and
build structures for dialogue around data in some
countries; in others, MEA secretariats or NGOs may
facilitate national-level dialogues of actors from different
sectors and help mobilize resources for their functioning
(such as the Nairobi Convention and its science-policy
platform for regional marine environmental issues). The

Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services (IPBES) could play a role, as could
communities of practice, such as the NBSAP Forum (http://
nbsapforum.net/) and Biodiversity Observation Networks
(Wetzel et al., 2015).

CONCLUSIONS

Wetlands are vital for nature conservation and human
well-being, yet our knowledge is limited on the state
of biodiversity and its threats. In order to enhance
monitoring, governments, civil society, academia and the
private sector can enhance data collection in several ways
by: (a) applying common, policy-relevant indicators; (b)
scaling up the application of traditional and appropriate
new tools and protocols; (c) building capacity in key
institutions; and (d) wusing partnerships and credible
science-policy interfaces.

Looking to the future, the SDGs should help stimulate
an increasing number of governments to use monitoring
data across sectors and encourage inter-disciplinary
research and collaboration (Stephenson et al, in press).

In African countries where biodiversity goals have
been closely aligned with governmental development
priorities, such as in Namibia (especially around

communal conservancies) and in South Africa, biodiversity
indicators have been used more widely and outcomes
have often been positive (Tallis et al., 2008; Brown et al,
2014).

Building on successful examples of wetland biodiversity
monitoring across Africa will require a concerted, collaborative
effort. Governments will need to be open to collaboration with
other states, with NGOs and with academia, within strong,
open and transparent partnerships and credible science-policy
fora. Only by sharing and upscaling the solutions to data
collection and use will we be able to mainstream biodiversity into
decision-making and ultimately minimize biodiversity loss across
African wetlands.
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