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Executive summary
INTRODUCTION
The National Biodiversity Assessment (NBA) 2011 follows the first National Spatial
Biodiversity Assessment (NSBA) in 2004. The primary purpose of the NBA is to provide a
regular high-level summary of the state of South Africa’s biodiversity, with a strong focus on
spatial assessment. It covers terrestrial, freshwater, estuarine and marine environments,
and reports on two headline indicators for assessing the state of South Africa’s biodiversity:
ecosystem threat status and ecosystem protection level. Ecosystem threat status indicates
the degree to which ecosystems are still intact or alternatively losing vital aspects of their
structure, function and composition, on which their ability to provide ecosystem services
ultimately depends. Ecosystem protection level indicates whether ecosystems are
adequately protected or under-protected.
The NBA is intended for decision-makers both inside and outside the biodiversity sector.
Technical component reports were compiled for terrestrial, freshwater, estuarine and marine
ecosystems, as listed at the beginning of this report on page ii. Technical component reports
are intended for a specialist audience, whilst the NBA 2011 summary report (Driver et al.
2012) summarises the results across all components and targets a wider audience.
The freshwater component of the NBA 2011 builds on work that has been undertaken since
the NSBA 2004, in particular:
•

•
•

A cross-sectoral policy process in 2006, in which there was broad agreement across
water, environment and agricultural sectors that at least 20% of each freshwater
ecosystem type should remain in a good condition, defined as the A or B ecological
category used by the Department of Water Affairs to assess and manage freshwater
ecosystems (Kleynhans 2000).
Development of frameworks for classifying wetlands at the landscape scale
(SANBI 2009a)
The National Freshwater Ecosystem Priority Areas project (NFEPA) in 2011, which
identified Freshwater Ecosystem Priority Areas (hereafter referred to as ‘FEPAs’) to
meet national biodiversity goals for freshwater ecosystems (Driver et al. 2011; Nel et al.
2011a and b).

This work laid the foundation to address several of the limitations highlighted in the NSBA
2004, including: the ability to assess smaller tributaries as well as main rivers, the
incorporation of wetlands into the assessment, and the identification of priority areas for
freshwater ecosystem management and conservation.
The GIS layers used in this assessment were all developed and reviewed under the
auspices of the National Freshwater Ecosystem Priority Areas project (NFEPA). A
description of each GIS layer and its key limitations is provided in the summary table below.
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GIS
LAYER

DESCRIPTION

LIMITATIONS

River
network

Defined as the 1:500 000 rivers GIS layer used by the Department of
Water Affairs. Smaller streams connected to estuaries in the NBA
2011, but that were not on this GIS layer, were added.

A finer river network may be preferable for fine-scale biodiversity assessment and
planning. Inclusion of hydrological river orders and flow paths on the 1:50 000 river
network GIS layer would be useful in this regard.

River
ecosystem
types

Distinct combinations of Level 1 ecoregions (Kleynhans et al. 2005),
flow descriptions (DLA: CDSM 2005-7), and slope categories from
Rowntree and Wadeson (1999). There are 223 river ecosystem types
that were used for representing the diversity of rivers across the
country.

River ecosystem types need to be verified in the field, and using species
relationships. Refinements could also be made to the underpinning GIS layers, e.g. to
ecoregion boundaries using the more recent vegetation map (Mucina and Rutherford
2006); to flow variability through developing hydrological indices (Hannart and
Hughes 2003) at a scale finer than quaternary catchments; and by consolidating GIS
slivers in the slope categories. In addition, new technologies should be explored,
such as Generalised Dissimilarity Modelling (GDM), that classify ecosystems across
large regions using biological data to partition biophysical GIS data layers.

River
condition

Combines data on present ecological state of rivers (Kleynhans 2000)
and available present ecological state updates, river health data,
reserve determination data, expert knowledge and natural land cover
data. Rivers in an A or B ecological category were considered to be in
good condition, C ecological category rivers were considered to be
moderately-modified.

River condition estimates should be verified in the field as their confidence is highly
variable due to the many different indices for estimating river condition that were used
(from a few high confidence datasets from the comprehensive ecological reserves,
through to intermediate and rapid ecological reserve data and River Health
Programme indices, through to indices based on land cover and expert opinion). The
issue of seeking consensus on how best to interpret these many indices of condition
needs to be addressed, as do the problems experienced with collating and
interpreting these dispersed datasets. In addition, expert-derived data alone are
unreliable for monitoring trends in ecological condition because changes may be
based on a change in the understanding or knowledge of experts, rather than actual
quantitative changes in condition. There is an urgent need for an expanded
inventorying and monitoring programme that is coordinated nationally and
implemented provincially.

Wetland
localities

Combines waterbodies and wetlands from the National Land Cover
2000 (Van Den Berg et al. 2008), the inland water features from
Department of Land Affairs (DLA-CDSM 2005-7), and wetland GIS
layers from Mpumalanga and KwaZulu-Natal provinces, and the finescale biodiversity planning domains of the Cape Floristic Region. This
evolved into the latest National Wetland Map 4 (http://bgis.sanbi.org).

There are still gaps in mapping wetlands in South Africa, particularly in the areas that
relied solely on remote sensing. In addition, wetland localities based on remotely
sensed imagery do not include historic wetlands lost through drainage, ploughing and
concreting. Improved remote sensing techniques for wetlands since 2000 should also
be explored. There is an urgent need for an expanded inventorying and monitoring
programme that is coordinated nationally and implemented provincially.
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GIS
LAYER

DESCRIPTION

LIMITATIONS

Wetland
ecosystem
types

Classifies wetlands on the basis of a hydrogeomorphic approach to
Level 4a of the national wetland classification system (SANBI 2009a)
using a GIS protocol for automation. These were then combined with
groupings of the vegetation map of South Africa, Lesotho and
Swaziland (Mucina and Rutherford 2006) to derive 791 wetland
ecosystem types.

Wetland ecosystem types need to be verified in the field using species relationships.
This desktop classification needs to be considerably refined. Wetland vegetation
groups should be refined using more scientific methods, e.g. plant community
analyses. Landform types, used to classify the hydrogeomorphic unit of a wetland,
were assessed in the field and found to be only 50-60% accurate. Improving wetland
ecosystem types depends on collation of reliable field data, to which a nationally
coordinated inventorying programme, which is implemented at the provincial level,
could contribute substantially.

Wetland
condition

Uses the proportion of natural land cover in and around the wetland
as an indicator to model wetland condition. For riverine wetlands, the
condition of rivers was also taken into account.

Wetland condition estimates should be verified in the field, as they are based on
desktop models of the likely condition of a wetland given the surrounding land cover
and river condition. The accuracy of the model has not been tested. Research
exploring the effectiveness of indices for estimating wetland condition at a landscape
level should be explored to advance wetland research beyond the site-by-site
assessment approach. This research depends on collation of reliable field data, to
which a nationally coordinated inventorying and monitoring programme, which is
implemented at the provincial level, could contribute substantially

High water
yield areas

High water yield areas have a mean annual runoff that is three times
higher than the average for the related primary catchment. These
areas contribute significantly to the overall water supply of the
country. High water yield areas were identified using 1 x 1 minute
rainfall data, and summarised to the sub-quaternary catchment level,
which is the watershed delineated around each river reach, where a
river reach is defined as the portion of river between river confluences
on the Department of Water Affairs 1:500 000 river network GIS
layer.

The map of high water yield areas represents an initial draft and is based on Mean
Annual Runoff as determined by interpolated weather station data. Although this has
been validated against quaternary catchment Mean Annual Runoff as per the
Department of Water Affairs, there is room for further interrogation of the results and
refinement. The areas identified as high water yield areas should be verified with field
data wherever possible, and a consensus reached as to their validity. Additional
areas (where necessary) should also be identified. From this process, an endorsed
Department of Water Affairs GIS layer of high water yield areas should be produced.

vi

National Biodiversity Assessment 2011: Freshwater Component

ECOSYSTEM THREAT STATUS AND ECOSYSTEM PROTECTION LEVEL
Assessing ecosystem threat status and ecosystem protection level depends on: (i) mapping and
classifying ecosystem types across the country; and (ii) mapping ecosystem condition across the
country (i.e. not just in a few places). Ecosystem threat status tells us how threatened the
country’s ecosystems or habitats are, and classifies ecosystem types as critically endangered
(CR), endangered (EN), vulnerable (VU) or least threatened (LT), with CR, EN and VU ecosystem
types collectively referred to as threatened. Ecosystem protection level indicates how well- or
under-protected South Africa’s ecosystems or habitats are, and classifies ecosystem types as well
protected, moderately protected, poorly protected or not protected. Although protected areas do
not guarantee protection of freshwater ecosystems from negative impacts outside protected area
boundaries (Mancini et al. 2005), they can be a powerful strategy to catalyse conservation
activities in the surrounding catchments and provide stimulus for the implementation of effective
integrated catchment management. Rivers that flow through protected areas are also often in
better condition downstream of the protected area than upstream, highlighting the positive impact
that good land management can have on river condition and the important role of land-based
protected areas in protecting rivers.
For ecosystem threat status, the proportion of each ecosystem type that remains in good condition
is evaluated against a series of thresholds to determine ecosystem threat status. The thresholds
used in the NBA 2011 for defining each of the ecosystem threat status categories are shown in the
table below.
CR

EN

VU

Thresholds applied to
river ecosystems

Length of river ecosystem
type in an A or B ecological
category ≤ 20% of the total
length for that ecosystem
type

Length of river ecosystem
type in an A or B ecological
category ≤ 35% of the total
length for that ecosystem
type

Length of river ecosystem
type in an A, B or C
ecological category ≤ 60% of
the total length for that
ecosystem type

Thresholds applied to
wetland ecosystems

Area of wetland ecosystem
type modelled in good
condition ≤ 20% of the total
area for that ecosystem type

Area of wetland ecosystem
type modelled in good
condition ≤ 35% of the total
area for that ecosystem type

Area of wetland ecosystem
type modelled in good or
moderately-modified
condition ≤ 60% of the total
area for that ecosystem type

Ecosystem protection status measures how much of the biodiversity target for each ecosystem
type has been included in protected areas, thus helping to focus protected area expansion on the
least protected ecosystem types. Stemming from the cross-sectoral policy document on
freshwater ecosystem conservation (Roux et al. 2006), the biodiversity target was set as 20% of
the total length of each river ecosystem type; or 20% the total area of each wetland type. This is
considered a preliminary target that should be updated as new information and knowledge
becomes available.
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SPATIAL PRIORITIES
In addition to the two headline indicators of ecosystem threat status and ecosystem protection
level, this assessment also provides an overview of the recently completed Freshwater Ecosystem
Priority Areas (or ‘FEPAs’) that represent strategic areas for meeting South Africa’s national
biodiversity goals for freshwater ecosystems (Nel et al. 2011a). FEPA maps were developed for
each of South Africa’s 19 Water Management Areas, and the following FEPA map categories are
described in this report, together with a brief summary of the management implications:
•
•
•
•
•
•
•
•

River FEPA and associated sub-quaternary catchment
Wetland or estuary FEPA
Wetland cluster
Fish sanctuary and associated sub-quaternary catchment
Fish Support Area and associated sub-quaternary catchment
Upstream Management Area
Phase 2 FEPA
Free-flowing river

For further detail on the derivation of these map categories, or their management within the
context of different policy mechanisms, the reader is referred respectively to the NFEPA technical
report (Nel et al. 2011b) or the implementation manual (Driver et al. 2011).

KEY FINDINGS
Tributaries are generally in a better condition than main rivers
•
•
•

Using 1:500 000 rivers, only 35% of mainstem length is in good condition (A or B ecological
category), compared to 57% of the tributary length.
Tributaries sustain working rivers by providing natural flow and sediment pulses. They also
offer refuge for many freshwater biota and hold good conservation potential.
Mainstem rivers may still need to be managed in a state that supports connectivity between
tributaries, particularly if they have been selected as a Fish Support Area on the FEPA maps.

River and wetland ecosystems are highly threatened
•
•

•

This assessment found that respectively 55% and 65% of South Africa’s river and wetland
ecosystem types are threatened (critically endangered, endangered or vulnerable).
Wetland ecosystems are more threatened than their estuarine, marine and terrestrial
counterparts (44%, 59%, 41% and 40% of estuarine, coastal and inshore, offshore and
terrestrial ecosystem types are threatened respectively).
Wetlands are the most threatened of all South Africa’s ecosystems, with 48% of wetland
ecosystem types critically endangered. Wetlands in South Africa’s landscape today (those that
have not been drained or concreted) make up only 2.4% of the country’s area. This small area
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•

•
•

represents high-value ecological infrastructure that provides critical ecosystem services such
as water purification and flood regulation.
Lowland river ecosystem types and floodplain wetlands are the most threatened river and
wetland ecosystem types. This is particularly concerning, as they are also the least protected
of the ecosystem types.
Threatened ecosystem distribution patterns coincide with areas of intense land-use pressure,
generally with these pressures accumulating from source to sea.
A worsening trend in river condition (from River Health data) indicates that threat levels are
unlikely to improve without concerted effort to manage these ecosystems more effectively
(Strydom et al. 2006).

Very few river and wetland ecosystems are moderately to well protected
•

•

•

•

•

Assessment of ecosystem protection levels found that less than a quarter of the country’s river
and wetland ecosystem types could be considered moderately to well protected (respectively
21% and 17%).
Lowland river ecosystem types are the least protected: 62% of these river ecosystem types are
not protected at all. Mountain streams are the best protected with 36% of these river
ecosystem types being moderately to well protected.
Floodplain wetland ecosystem types are the least protected and most threatened of all the
wetland ecosystem types. Over 80% of the country’s floodplain wetland ecosystem types are
not protected, and 60% of these are critically endangered.
Using the focus areas identified by the National Protected Area Expansion Strategy
(Government South Africa 2010) in planning for protected area expansion, together with
FEPA maps and maps of free-flowing rivers (Nel et al. 2011a), which were completed
after the National Protected Area Expansion Strategy, will help to address the gaps in the
protected area system for freshwater ecosystems.
Some simple changes to the way protected areas are designed could help to make
protected areas work better for freshwater ecosystems, for example: avoiding the use of
a river as the boundary to a protected area; encouraging expansion of existing protected
areas to incorporate whole river reaches that are currently only partially protected; and
incorporating natural large-scale catchment processes into protected areas where
possible.

Freshwater Ecosystem Priority Areas comprise only a small proportion of the country
•

•

FEPAs comprise only 22% of South Africa’s river length and 38% of wetland area, and
represent strategic spatial priorities for conserving freshwater ecosystems and supporting
sustainable use of water resources.
FEPAs need to be managed in a good ecological condition to conserve and manage
freshwater ecosystems, and protect water resources for human use. This does not mean that
they need to be fenced off from human use, but rather that they should be supported by good
planning, decision-making and management so that human use does not impact on ecosystem
condition.
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•

By managing less than a quarter of the country’s rivers as priority areas and ensuring that they
are minimally used, South Africa will be able to conserve natural examples of its diverse
freshwater ecosystems while contributing to sustainable development of water resources in the
country.

Only 18% of high water yield areas have any form of formal protection
•

•
•

•

•

•

High water yield areas are South Africa’s water factories, making up less than 4% of the
country’s area. These areas should be regarded as cornerstones for water supply in
catchments, and managed to support sustainability of downstream activities.
Currently, only 18% of high water yield areas have any form of formal protection despite their
strategic importance for water security.
South Africa is still fortunate to have almost 60% of the country’s rivers in high water yield
areas in a good condition (A or B ecological category), which represents a major opportunity
for managing water security in the country.
Less optimistically, nearly a third of the rivers in high water yield sub-quaternary catchments
are considered to be in a heavily-modified condition (D, E, F or Z ecological condition). The
potential of rehabilitating these rivers and their associated sub-quaternary catchments should
be investigated.
Almost a third of the high water yield areas (31%) overlap with FEPAs. These areas are spatial
priority areas for strategic management of both water supply and freshwater ecosystem
conservation.
Options for extending and strengthening protection of high water yield areas, such as declaring
parts of them as Protected Environments in terms of the Protected Areas Act, should be
explored.

Protecting only 15% of South Africa’s river length will protect the country’s fish on the
brink of extinction
•
•
•

•

Fish sanctuaries have been selected to conserve South Africa’s threatened freshwater fish
species. Many of these coincide with FEPAs.
Fish sanctuaries also perform the function of conserving the widespread and common species.
Fish sanctuaries do not need to be in an A or B ecological condition, but each (or groups of
them) require species management plans to manage issues that impact on the persistence of
the fish species it supports.
Control of invasive alien fish species is a critical issue. Although some of the worst invasive
alien fish are also economically valuable (for aquaculture and recreational angling), with careful
planning it is possible to support their associated economies and conserve indigenous fish
species.

Streams free of invasive alien fish offer the last refuges for indigenous freshwater fish
•

There are at least 25 invasive alien freshwater fish that pose a severe threat to South Africa’s
indigenous fish, and which have led to local extinctions in some river systems.
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•

•

•

•

For alien fish with no economic potential (11 of the 25 species, or 44%), options should be
explored within the natural resource management programmes for control and/or eradication
coupled with job creation and ecosystem service benefits.
For invasive alien fish with economic potential (e.g. angling or aquaculture species), the impact
on biodiversity can be reduced with careful planning to identify areas where economic activities
can continue, without having a major impact on biodiversity, such as in catchments or dams
that are already heavily invaded and where threatened species do not survive.
Catchments currently free of invasion and of conservation importance should be kept that way
as there are ample opportunities for economic development of the invasive alien fish industry
in other invaded catchments.
Regulatory zones and associated permissible activities, developed as part of the Alien and
Invasive Species regulations, should be used together with the FEPA maps to guide permitting
decisions around stocking of invasive alien fish species with economic potential (Section 7.4).

Ecological monitoring requires quantitative data and cannot be based on expert evaluation
alone
•

•

•
•

The present ecological status (PES) category of the Department of Water Affairs (Table 2.1) is
based on an evaluation of key drivers of ecosystem modification using existing data where
possible, combined with expert evaluation. The present ecological state category was
designed specifically for use in water resources planning and management as a relative index
of ecological integrity. When based entirely on expert evaluation, it is not a very reliable metric
to use for reporting on trends in ecological condition of rivers and wetlands over time.
In the regional expert workshops in which the 1999 present ecological status assessment were
reviewed, Nel et al. (2011b) found that trends in present ecological status frequently had their
origin in improved expert knowledge rather than being grounded in actual reality.
Monitoring trends in ecological condition of rivers and wetlands should therefore be based on
quantitative metrics that can be measured over time at the same site.
Strategic field sampling sites and metrics for both rivers and wetlands should be chosen and
an implementation plan (including a financing plan) for monitoring these over time should be
developed and put into action. The River Health Programme offers an ideal platform from
which to begin, however the scope of this programme should be expanded (see
recommendations in Section 10.2).

RESEARCH PRIORITIES
From a set of several information gaps and limitations of input data (see table summarising input
data above), we identified top priorities to address some of the most important limitations of this
assessment in the next five to seven years.
Developing and implementing stratified sampling for wetland inventorying
Wetland inventorying helps tackle some of the major gaps in wetland locality mapping, estimating
wetland ecosystem condition and classification of wetland ecosystem types. Working for Wetlands
xi
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has a national wetland inventorying programme on which to build and coordinate provincial level
efforts. As a first step, a stratified field sampling strategy (representative of wetland diversity
across the country) should be developed so that field surveys are conducted in a systematic
fashion that aids transferability of results to unsurveyed wetlands. Inventorying data should, at a
minimum, include the mapping the wetland boundary, collection of data on wetland ecological
condition and characteristic species, and mapping of wetland ecosystem types according to the
national wetland classification system (SANBI 2009). Standard data collection methods should be
developed based on existing information through SANBI’s freshwater programme.
Strategically expanding the country’s monitoring nodes for rivers and wetlands
Several river health monitoring nodes have already been established under the auspices of the
River Health Programme. These nodes should be reassessed, refined and supplemented
according to an explicit set of criteria that also includes consideration of wetlands and other new
information, e.g. FEPAs. In addition to the refinement of this monitoring network, there needs to be
substantial investment into implementing repeated monitoring at these nodes – the River Health
Programme sites have themselves rarely been re-vistited due to funding, coordination and human
capacity constraints (Strydom et al. 2006).
Mapping freshwater ecosystem services
Considerable advancement has been made in mapping ecosystem services in the last few years
(Karieva et al. 2011). Research should build on this work and test its application for mapping
freshwater ecosystem services in South Africa and quantifying the benefits derived from these
mapped areas. Ecosystem service infrastructure could include, for example, areas to manage for
maintenance of groundwater and its ecosystem services; riparian zone and wetland contribution to
water quality maintenance; wetland contribution to flood and drought mitigation. In addition,
research is needed on how to best incorporate freshwater ecosystem services into existing and
new land use and water resource planning and management mechanisms.
Collating macro-invertebrate data
The collation of species databases with geographically referenced data collected in the field
(preferably with latitude and longitude coordinates) should be viewed as a national priority for all
freshwater species. In so doing, the collation of the vast amount of macro-invertebrate species
data that exists (primarily within the Albany Museum) should be seen as a top priority, as the
institutional memory is slowly eroding with the retirement or imminent retirement of key
invertebrate taxonomists. There is an enormous amount of data, some in electronic format and
much only in hard-copy museum records. The interpretation of all these records requires the skill
of a handful of taxonomists that need to be part of this process.
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PRIORITY ACTIONS
Priority actions were based heavily on the key findings and recommendations that emerged from
the National Freshwater Ecosystem Priority Areas project (NFEPA). These priority actions are well
aligned to the recommendations of this assessment, which are discussed in further detail in Driver
et al. 2011).
•
•
•
•

•
•
•
•

Employ aquatic ecologists in provinces, Catchment Management Agencies and municipalities
Strengthen freshwater inventorying and monitoring programmes
Set up mechanisms to support uptake of FEPA maps
Use FEPA maps in assessing land and water resource development processes, e.g.
Environmental Impact Assessments; classification of water resources; ecological reserve
determinations; resource quality objectives; water use authorisations; and the development of
Catchment Management Strategies
Use FEPA maps in evaluating applications for mining and prospecting
Pilot formal mechanisms for the management and protection of FEPAs and high water yield
areas
Review general authorisations in FEPAs
Strengthen collaboration of DWA and DEA around managing and conserving freshwater
ecosystems.
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Acronyms
C.A.P.E.
CR
CSIR
DEA
DLA-CDSM
DWA
EN
EWT
FEPA
GDM
GIS
IUCN
KZN
LT
MAR
MP
NBA
NFEPA
NMMU
NP
NSBA
PES
PP
SAIAB
SANBI
SANParks
TOPS
VU
WP
WRC

Cape Action for People and the Environment
Critically endangered
Council for Scientific and Industrial Research
Department of Environmental Affairs
Department of Land Affairs: Chief Directorate Surveys and Mapping
Department of Water Affairs
Endangered
Endangered Wildlife Trust
Freshwater Ecosystem Priority Area
Generalised Dissimilarity Modelling
Geographic Information Systems
International Union for the Conservation of Nature
KwaZulu-Natal
Least threatened
Mean Annual Runoff
Moderately protected
National Biodiversity Assessment
National Freshwater Ecosystem Priority Area project
Nelson Mandela Metropolitan University
Not protected
National Spatial Biodiversity Assessment
Present Ecological Status
Poorly protected
South African Institute for Aquatic Biodiversity
South African National Biodiversity Institute
South African National Parks Board
Threatened or Protected Species
Vulnerable
Well protected
Water Research Commission
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Section 1.

Introduction

1.1 What is the National Biodiversity Assessment?
The National Biodiversity Assessment (NBA) 2011 follows the first National Spatial
Biodiversity Assessment (NSBA), led in 2004 by the South African National Biodiversity
Institute (SANBI).
The NSBA 2004 was the first comprehensive national spatial assessment of the state of
biodiversity, covering terrestrial, freshwater, estuarine and marine environments. It
introduced two new headline indicators for assessing the state of South Africa’s biodiversity:
ecosystem threat status (referred to as ecosystem status in 2004), and ecosystem
protection level. Ecosystem threat status indicates the degree to which ecosystems are still
intact or alternatively losing vital aspects of their structure, function and composition, on
which their ability to provide ecosystem services ultimately depends. Ecosystem protection
level indicates whether ecosystems are adequately protected or under-protected.
SANBI’s mandate includes reporting on the state of biodiversity in South Africa. For this
reason, the decision was made to broaden the National Spatial Biodiversity Assessment to
incorporate non-spatial or thematic elements, and to produce a National Biodiversity
Assessment. The intention is to review the National Biodiversity Assessment at five to seven
year intervals.
The primary purpose of the NBA is to provide a regular high-level summary of the state of
South Africa’s biodiversity, with a strong focus on spatial assessment. The NBA is intended
for decision-makers both inside and outside the biodiversity sector. It feeds into and links
with other policy-related processes such as state of environment reports, identification of
threatened ecosystems for listing in terms of the National Environmental Management:
1
Biodiversity Act , the National Protected Area Expansion Strategy, and the National
Biodiversity Strategy and Action Plan.
The NBA 2011, like the NSBA 2004, was led by SANBI in partnership with a range of
organisations and covered terrestrial, freshwater, estuarine and marine environments.
Reports were produced for each component, and the overall results were also summarised
in Driver et al. (2012). References for the set of reports produced for the NBA 2011 are
shown at the beginning of this report on page ii. A technical reference group was convened
by SANBI in April 2009 to guide the approach taken in the NBA 2011. This group was
reconvened in January 2011 to review outputs and provide guidance on key messages that
should be highlighted in the NBA summary report.
Working in an integrated and aligned way across aquatic and terrestrial environments can
be challenging, as disciplines in these environments have historically developed separately,
1

Hereafter, the Biodiversity Act
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with separate sets of terminology, methods and approaches. Insisting on compatible
approaches can be seen as a constraint on conventional approaches. However, the benefits
are numerous, including enabling comparisons, shared learning and innovations across
different environments.

1.2 Using compatible approaches across aquatic and terrestrial
environments
A defining feature across the components of the NSBA 2004 and the NBA 2011 is the use
of a systematic approach to biodiversity assessment and planning, and the focus on the two
headline indicators of ecosystem threat status and ecosystem protection level. Each of
these is discussed briefly below.

1.2.1

Systematic biodiversity planning2

Systematic biodiversity planning is a strategic and scientific approach to identifying those
areas that are essential for biodiversity conservation. The key objectives of systematic
biodiversity planning are to facilitate the adequate representation of biodiversity in a region,
to plan for its persistence, and to do this in a way that makes efficient use of limited
resources (Margules and Sarkar 2007). Three key principles underpin systematic
biodiversity planning:
•
•
•

The need to conserve a representative sample of biodiversity, such as species and
habitats (the principle of representation).
The need to conserve the ecological and evolutionary processes that allow
biodiversity to persist over time (the principle of persistence).
The need to set quantitative biodiversity-based targets that tell us how much of each
biodiversity feature should be conserved in order to maintain functioning landscapes and
seascapes. Targets should ideally be based on best available science and regularly
updated as new information becomes available. Targets define what resource planners
and managers should aim for and provide a basis for the monitoring that is so important
to good management.

Systematic biodiversity planning is also underpinned by principles that facilitate
implementation. Efficiency strives to use the minimum of limited natural resources to
achieve conservation goals. It uses the concept of complementarity which is the extent to
which an area contributes biodiversity elements not represented elsewhere in a region (i.e.
sensibly complements the choice of other areas). Transparency strives to document clear
2

Biodiversity planning is also referred to as conservation planning. In South Africa, the term biodiversity
planning is preferably used because many people associate the term conservation planning purely with planning
for the establishment and expansion of formal protected areas, rather than with influencing the way resources
are used and managed throughout the landscape or seascape.
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rationale for decisions, enabling them to be critically reviewed and updated where
necessary.
Systematic biodiversity planning in South Africa is firmly embedded in both policy and
practice. The Department of Environmental Afairs’ National Biodiversity Framework requires
provinces to develop provincial biodiversity plans. The National Protected Area Expansion
Strategy is founded on systematic biodiversity principles, providing the strategy to guide the
national and provincial authorities in the expansion of the country’s protected areas over the
next 20 years. Bioregional plans published in terms of the Biodiversity Act must use a
systematic biodiversity planning approach to identify Critical Biodiversity Areas and
Ecological Support Areas, and must integrate priorities for terrestrial and freshwater
ecosystems. Examples of such maps can be found on the SANBI Biodiversity GIS website
(http://bgis.sanbi.org).

1.2.2

Headline indicators: ecosystem threat status and ecosystem protection level

The NSBA 2004 introduced two new headline indicators for assessing the state of South
Africa’s biodiversity: ecosystem threat status and ecosystem protection level. Ecosystem
threat status indicates the degree to which ecosystems are still intact or alternatively losing
vital aspects of their structure, function and composition, on which their ability to provide
ecosystem services ultimately depends. Ecosystem protection level indicates whether
ecosystems are adequately protected or under-protected.
These two headline indicators have been carried forward in the NBA 2011, and will be
updated again in future revisions of the NBA in order to provide a longitudinal or time series
comparison of the state of ecosystems in South Africa. Between 2004 and 2011, methods
for assessing ecosystem threat status have been refined, meaning that the results are not
strictly comparable over this time period. The implications of this are discussed in greater
detail in Section 3.
These headline indicators provide not only a way of comparing results meaningfully across
the different terrestrial and aquatic environments, but also a standardised framework which
links with policy and legislation in South Africa, facilitating the interface between science and
policy. For example, the Biodiversity Act allows for the listing of threatened ecosystems as
identified in the ecosystem threat status. There is growing recognition within government
and other institutions of this framework and the need to respond to these headline indicators
in planning and decision-making.
The assessment of ecosystem threat status is completely independent of the assessment
of ecosystem protection level. As shown in Figure 1.1, ecosystem threat status is based on
the condition of an ecosystem type, while ecosystem protection level is based on the extent
to which an ecosystem type is formally protected. A well protected ecosystem type may thus
be in poor condition, and equally an ecosystem in good condition may not be formally
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protected.3 Thus, ecosystems that are not threatened may still be under-protected and
require attention in order to deliver a protected area network representative of the country’s
ecosystems.

Ecosystem type

Ecosystem
condition

Location of
protected
areas

Evaluate proportion in
good condition against
series of thresholds

Compare proportion
protected with
biodiversity target

Ecosystem
threat status

Ecosystem
protection level

Figure 1.1. Steps in assessing ecosystem threat status and ecosystem protection level
Ecosystem threat status and ecosystem protection level are assessed independently. Ecosystem threat
status is based on the proportion of an ecosystem type in good condition, while ecosystem protection
level is based on the proportion of an ecosystem type that is formally protected

1.3 Background to the freshwater component of the NBA 2011
The freshwater component is one of four components of the NBA 2011. Technical reports
are available for each component, as listed at the beginning of this report on page ii. While
the NBA 2011 summary report (Driver et al. 2012) is intended for a wide audience, this
technical report is intended for a more specialist audience. It explains the data used and the
analyses undertaken in the freshwater assessment, highlights advances made since 2004,
and discusses the results.
The river component of the NSBA 2004 provided the first national assessment of river
ecosystems in South Africa (Nel et al. 2005), and highlighted the dire state of river
3

In practice, highly threatened ecosystems are often poorly protected. However, this correlation emerges not
from the nature of the analysis itself but because ecosystems in which large amounts of natural habitat have
been lost, or which have become severely degraded, tend to be those under pressure from a range of socioeconomic activities that are incompatible with maintaining a well functioning ecosystem and that raise the
opportunity costs of establishing protected areas.
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ecosystems associated with large rivers. Urgent attention was recommended to reverse this
trend, and ensure that we conserve some natural examples of the different ecosystems that
make up the natural heritage of this country for now and future generations. Broad priority
areas for biodiversity conservation were identified for terrestrial ecosystems but not for
freshwater ecosystems as some critical data on the condition of smaller tributaries were
unavailable (Nel et al. 2007).
The freshwater component of the NBA 2011 builds on work that has been undertaken since
the NSBA 2004, in particular:
•

A cross-sectoral policy process in 2006, which acknowledged the reality of
overlapping and sometimes conflicting sectoral policy mandates. It brought together
several government departments and national agencies to participate in a series of
workshops to develop a common
goal for freshwater ecosystem Box 1: South Africa’s freshwater conservation goal as
conservation (Box 1). Five key agreed on through an inter-departmental cross-sector
policy objectives were identified to policy development process (Roux et al. 2006)
achieve this goal, each with a set
“to conserve a sample of the full diversity of species and the
of key recommendations. An
inland water ecosystems in which they occur, as well as the
important
recommendation
processes which generate and maintain diversity”
stemming from this process, of
relevance to the freshwater component of the NBA 2011, was agreement that at least
20% of each freshwater ecosystem type should remain in a good condition, defined as
the A or B ecological category used by the Department of Water Affais to assess and
manage freshwater ecosystems (Kleynhans 2000). This was proposed as an initial
biodiversity target, which could be refined in the future as knowledge on setting more
scientifically defensible targets improves.

•

Development of frameworks for planning and management of wetlands at the
landscape scale, including the development of a national map of wetlands
(http://bgis.sanbi.org) and a national wetland classification system (SANBI 2009a).

•

The National Freshwater Ecosystem Priority Areas project (NFEPA) in 2011, which
identified Freshwater Ecosystem Priority Areas (hereafter referred to as ‘FEPAs’) to
meet national biodiversity goals for freshwater ecosystems; and began the process for
enabling effective implementation of measures to protect FEPAs (Driver et al. 2011; Nel
et al. 2011a and b). The freshwater component of the NBA 2011 draws substantially on
the NFEPA data, and the knowledge and insights gained from the stakeholder review
processes within NFEPA (Nel et al. 2011b; Appendices A and B).

This work laid the foundation to address several of the limitations highlighted in the NSBA
2004, including: the ability to assess smaller tributaries as well as main rivers, the
incorporation of wetlands into the assessment, and the identification of priority areas for
freshwater ecosystem management and conservation.

5
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1.4 Structure of this report
This report is aimed at a specialist audience interested in the scientific analyses
underpinning the results of the NBA 2011 shown in the summary report (Driver et al. 2012).
It is structured as follows:
•
•

•

•

•
•
•

Section 2 provides the GIS layers used as the input data in the freshwater component
of the NBA 2011. All GIS layers are from the NFEPA project.
Sections 3 and 4 provide the methods for deriving ecosystem threat status and
ecosystem protection levels for river and wetland ecosystem types, summarise the
key results, and discuss the findings in the light of the NSBA 2004 assessment.
Section 5 describes the derivation of Freshwater Ecosystem Priority Areas (‘FEPAs’)
for South Africa, explains the different map categories, and refers the reader to the
electronic and hard copy versions of the FEPA maps, which are available for each of the
country’s 19 Water Management Areas.
Section 6 deals with freshwater species of special concern, describing the fish
sanctuaries that have been identified to protect South Africa’s threatened fish, and
providing information that has recently been collated for threatened wetland-dependent
frog and waterbird species.
Section 7 examines invasive alien fish that are critical to manage for the conservation
of freshwater ecosystems.
Sections 8 and 9 present key results and discuss information gaps and research
priorities for improving future assessments.
Section 10 summarises priority actions towards managing and conserving freshwater
ecosystems. This section draws heavily on actions and recommendations highlighted in
the NFEPA project (Driver et al. 2011).
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Section 2.

Input data from the National Freshwater Ecosystem
Priority Areas project (NFEPA)

This section contains a decription of the GIS layers that were used in the freshwater component of
the NBA 2011, namely the:
•
•
•
•
•
•
•

River network
River ecosystem types
River condition
Mapped wetland localities
Wetland ecosystem types
Wetland condition
High water yield areas

These GIS layers were all developed under the auspices of the National Freshwater Ecosystem
Priority Areas project (NFEPA). For convenience to the reader, the methods used to derive each
GIS layer and its key features, as explained in the NFEPA technical report (Nel et al. 2011b), are
repeated here.

2.1 River network
2.1.1

Description, rationale and derivation

A GIS layer of river and stream networks across the country is required in order to classify and
assess South Africa’s different river ecosystem types. The Department of Water Affairs’ 1:500 000
river network was used as a base GIS layer for developing the river networks GIS layer used here.
Ninety-seven coastal rivers from the 1:50 000 rivers GIS layer (Department Land Affairs: Chief
Directorate Surveys and Mapping) were added so that all rivers associated with NFEPA estuaries
(Van Niekerk and Turpie 2012) were included in the analyses. This GIS layer was coded to
distinguish quaternary catchment mainstems and tributaries. Mainstems are rivers that pass
through a quaternary catchment into a neighbouring quaternary catchment. In situations where no
river passes through the quaternary catchment, the longest river system was chosen as the
mainstem. All other rivers on the 1:500 000 rivers GIS layer were considered tributaries (i.e.
tributaries nest within a single quaternary catchment). This is an important distinction to make
when comparing the NSBA 2004 and NBA 2011 assessments – the NSBA 2004 only assessed
quaternary mainstems, while the NBA 2011 included assessment of both mainstems and smaller
tributaries.

7
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2.1.2

Limitations

The 1:500 000 river network GIS layer was used here because it is the GIS layer that is used by
the Department of Water Affairs for water resource planning and decision-making processes. A
finer river network GIS layer for biodiversity planning and land-use planning may be preferable, as
this would pin-point smaller stream networks and habitats that need to be managed and
conserved. A 1:50 000 river network GIS layer exists but this has no hydrological orders and no
flow paths (i.e. river network topology) that can be used to define upstream and downstream
linkages of each river reach. Refining the 1:50 000 river network GIS layer in a similar manner to
what has been done for the 1:500 000 rivers would be useful to future updates of the NBA
assessments as well as fine-scale biodiversity planning excercises.

2.2 River ecosystem types
2.2.1

Description and rationale

River ecosystem types were used for representing the diversity of river ecosystems across the
country. River ecosystem types are components of rivers with similar physical features (such as
climate, flow and geomorphology). Under natural conditions, river ecosystem types are expected
to share similar biological response potential. Using river ecosystem types allows us to advance
freshwater conservation beyond species as the only measure of biodiversity, to examine the
conservation of habitats and ecosystems on a systematic basis. This is especially important for
taxonomic groups where data are lacking. For example, it is difficult to assess freshwater
invertebrates directly because of the lack of species-level data; however preliminary investigations
indicate that river ecosystem types are likely to serve as better surrogates of macro-invertebrate
diversity than fish species (Roux et al. 2008).

2.2.2

Derivation

The river network GIS layer (Section 2.1) was classified according to Level 1 ecoregions, flow
variability and channel slope to produce 223 distinct combinations of river ecosystem types for
South Africa (Figure 2.1):
•

Level 1 ecoregions
Thirty-one Level 1 ecoregions classify the landscape based on topography, altitude, slope,
rainfall, temperature, geology and potential natural vegetation (Kleynhans et al. 2005).
Ecoregions broadly characterise the landscape through which a river flows, such that rivers in
the same ecoregion share similar broad ecological characteristics compared to those in
different ecoregions. For example, the Highveld is characterised by extensive flat plains with
gentle meandering rivers, compared to rivers in the Eastern Coastal Belt that are often in
steeply incised and confined valleys. Each section of river between confluences of the river
network GIS layer was classified according the ecoregion through which it mostly flowed using
zonal statistics in ArcGIS 9.3.
8
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•

Flow variability
Rivers with different flow variability can be expected to exhibit different ecological
characteristics. Flow variability was broadly described using two categories: ‘Permanent’
includes both perennial and seasonal rivers and ‘Not permanent’ includes ephemeral rivers.
Descriptions were based on river flow classes used in the Department of Water Affairs
1:500 000 rivers GIS layer as well as the information on the 1:50 000 rivers GIS layer from the
Department of Land Affairs: Chief Directorate Surveys and Mapping. These descriptions were
originally derived from aerial photograph classification of presence/absence of water in the
channel. Ideally, flow variability should be described in more than two categories. While this is
accomplished by the hydrological index developed by Hannart and Hughes (2003), it is only
available for quaternary mainstem rivers. The river network used in this assessment requires a
finer resolution than this. Developing hydrological indices for the 1:500 000 rivers network GIS
layer should be a future focus for improving the description of river ecosystem types.

•

Slope categories for the river channel
These were based on the slope categories of Rowntree and Wadeson (1999), which
characterise the ability of river reaches to store or transport sediment, with each zone
representing a different physical template available for the biota. Moolman et al. (2002) used
GIS slope profiles based on 20 m contours (from the Department of Land Affairs: Chief
Directorate Surveys and Mapping) to stratify the 1:500 000 rivers according to the slope
categories proposed by Rowntree and Wadeson (1999). The additional rivers added to the
rivers network (Section 2.1) were manually coded by eye using remotely-sensed imagery. The
resulting slope categories were grouped into four zones depicting ecological characteristics at
a national level: mountain streams, upper foothills, lower foothills and lowland rivers. These
categories can be expected to have different physical and hydrological characteristics as well
as human impacts, and are likely to have distinct biota.

2.2.3

Key features

Figure 2.2 shows the number of river ecosystem types in each Water Management Area. The
Usutu to Mhlathuze, Olifants and Limpopo Water Management Areas display the highest diversity,
with over 20% of the total number of river ecosystem types occurring in each of these areas. The
Inkomati and Crocodile (West) and Marico Water Management Areas display a relatively moderate
river diversity (17% of South Africa’s river ecosystem types are found here), while the Breede
Water Management Area has a relatively low river ecosystem diversity (7%). In future, descriptions
and lists of dominant species should be developed for each river ecosystem type, and ideally
published in a way similar to the vegetation map of South Africa, Lesotho and Swaziland (Mucina
and Rutherford 2006).
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Figure 2.1. GIS layers that were combined to derive river ecosystem types
(a) Level 1 ecoregions (after Kleynhans et al. 2005), (b) flow variability (DLA-CDSM 2005-7), and (c) slope
categories (Rowntree and Wadeson 1999) were used to produce 223 distinct combinations of river
ecosystem types

2.2.4

Limitations

River ecosystem types were based on combining existing spatial data. These river ecosystem
types could be improved by either: (1) focussing on improving the underpinning GIS layers used to
derive ecosystem types; or (2) exploring new scientific approaches that have been developed for
ecosystem classification. The first approach would aim to refine and test spatial predictions for
ecoregions (Kleynhans et al. 2005), flow variability (DLA-CDSM 2005-7) and slope categories
(Rowntree and Wadeson 1999). For example, ecoregion boundaries (especially Level 2
ecoregions) could be refined using a more recent vegetation map of South Africa, Lesotho and
Swaziland (Mucina and Rutherford 2006); flow variability could be defined through developing
hydrological indices for all tributaries similar to those for quaternary mainstem rivers (Hannart and
Hughes 2003); and longitundinal zones could be consolidated (at the moment there are GIS
slivers in the layer) and verified. The second approach involves exploring new technologies such
as those of Generalised Dissimilarity Modelling (GDM), which can be used to classify ecosystems
across large regions using biological data to partition biophysical GIS data layers (Ferrier et al.
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2007). This approach has recently been applied to classify river ecosystem types in New Zealand
(Snelder et al. 2007). It has the advantage of explicitly combining biophysical data layers (e.g.
climate, vegetation, soils, water chemistry) with species distribution patterns and compositional
turnover, which is appealing for use in freshwater biodiversity planning.
Whichever method is used, a comprehensive assessment freshwater biodiversity using river
ecosystem types ultimately also depends on identifying the characteristic biota and/or biotic
communities associated with each ecosystem. In this respect, the current river ecosystem types
are severely lacking, and this limits the application of the proposed criteria of the International
Union for Conservation of Nature (IUCN; Rodrigues et al. 2011) for identifying threatened river
ecosystems. A future river ecosystem type classification, analogous to the vegetation types of
South Africa, Lesotho and Swaziland (Mucina and Rutherford 2006), that characterises the key
biota and/or biotic communities will offer a major contribution to not only assessing the state of
river biodiversity but also to planning for river biodiversity in a much more explicit manner.

Figure 2.2. Number of river ecosystem types in each Water Management Area

2.3 River condition
2.3.1

Description and rationale

River condition describes the extent to which a river has been modified by human activity. In South
Africa, river condition is often described in six ‘present ecological state (PES)’ categories ranging
11
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from natural (A) to critically-modified (F) (Table 2.1). River condition was used in this assessment
to inform:
•
•

•

•

Ecosystem threat status of river ecosystem types: this was based on the extent to which
each river ecosystem type had been altered from its natural condition (Section 3).
Ecosystem protection level of river ecosystem types: river ecosystem types in protected
areas needed to be in good condition rivers (A or B ecological category) to be considered as
protected (Section 4).
Identification of spatial priorities: Only river ecosystems in good condition (A or B ecological
category) were identified as FEPAs because these rivers provide the best representative
examples of South Africa’s freshwater ecosystems and associated biodiversity. ‘Phase 2
FEPAs’ were also identified in moderately-modified rivers (C ecological category), but only in
cases where it was not possible to meet biodiversity targets for river ecosystems in rivers that
were still in good condition (Section 5).
Modelling the condition of riverine wetlands: wetlands associated with heavily-modified
rivers were considered heavily-modified even if the condition of the surrounding land was
relatively natural (Section 2.8).

Table 2.1: Present ecological state (PES) describing the condition of rivers in South Africa
After Kleynhans (2000). For this assessment, rivers in an A and B category were regarded as being in ‘good
condition’, with the ability to contribute toward biodiversity targets.
Ecological
category
A

B

Description
Unmodified, natural.
Largely natural with few modifications. A small change in natural habitats and
biota may have taken place but the ecosystem functions are essentially
unchanged.

C

Moderately-modified. A loss and change of natural habitat and biota have
occurred but the basic ecosystem functions are still predominantly unchanged.

D

Largely-modified. A large loss of natural habitat, biota and basic ecosystem
functions have occurred.

E

Seriously-modified. The loss of natural habitat, biota and basic ecosystem
functions are extensive.

F

Critically/Extremely-modified. Modifications have reached a critical level and the
system has been modified completely with an almost complete loss of natural
habitat and biota. In the worst instances the basic ecosystem functions have
been destroyed and the changes are irreversible.
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2.3.2

Derivation

Figure 2.3 shows a schematic of the data and process used to collate river condition data for the
1:500 000 rivers. The process involved deriving a base GIS layer (River condition version 1) by
combining present ecological state categories for quaternary mainstems (Kleynhans 2000) with
modelled data for the smaller tributaries. This first version of river condition was then updated with
existing quantitative data to derive the river condition version 2 GIS layer, which was reviewed and
updated where necessary in a series of expert workshops that brought together river health
experts across the country.

Figure 2.3: Steps and data used to collate river condition for all 1:500 000 rivers

River condition version 1
The GIS layer for river condition from the NSBA 2004 was used as a base GIS layer for the
condition of quaternary mainstem rivers. River condition for the quaternary mainstems in the
NSBA 2004 was derived from the 1999 present ecological status categories which range from A
(natural) to F (heavily-modified). The 1999 present ecological status categories were collected
through a series of sub-national workshops with river scientists and practitioners throughout the
country between 1998 and 1999 (Kleynhans 2000). The categories were based on an expert
assessment of the modification of six attributes from their natural condition (flow, inundation, water
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quality, stream bed condition, introduced instream biota, riparian or stream bank condition), and
were informed by existing data where possible. For the NBA 2011, quaternary mainstem rivers
were considered to be in a good condition if in an A or B ecological category, moderately-modified
if in a C category, and largely-modified if in D to F categories.
Lack of data necessitated the modelling of tributary condition using natural land cover as an
indicator of condition. This was based on studies that suggest that where no direct data exist, land
cover is the most useful factor to infer information about ecological integrity of freshwaters (Allan
2004; Linke et al. 2007). We used the 30 m resolution 2009 SANBI ‘Mosaic National Land Cover’,
which updates the National Land Cover 2000 GIS layer (Van den Berg et al. 2008) with more
recent and improved provincial land cover data where it exists. Transformed land cover classes
included cultivated, urban, degraded and eroded land, as well as plantations, mines and quarries.
Inland water bodies at a 1:50 000 scale (DLA-CDSM 2005-7) were also used to distinguish natural
and artificial waterbodies, where the latter included all dams, fish farms, large reservoirs,
purification plants, sewage works and water tanks. The remaining land cover classes were
considered natural. Only two condition categories were assigned to tributaries: ‘good condition’
(equated to the A or B ecological categories of mainstem rivers), or ‘not in good condition’
(assigned to a category of Z). Tributaries were considered to be in a good condition if the minimum
value for the percentage of natural land cover within the sub-catchment, 500 m and 100 m buffer
of a river reach was ≥ 75 % AND the percentage erosion within a 500 m buffer of that river reach
was ≤ 5 %; remaining tributaries were regarded as not in good condition. A river reach is defined
as the portion of river between river confluences on the Department of Water Affairs 1:500 000
river network GIS layer. Elevating the impact of erosion was considered important in accounting
for the inaccuracy of the land cover data in detecting land degradation (Thompson et al. 2009),
which is especially problematic in the drier regions where grazing often causes disproportionate
degradation to rivers, altering the riparian vegetation and causing bank erosion.
River condition version 2
River condition data for several catchments in the country have been collected since the collation
of the 1999 present ecological status data, mainly through the River Health Programme, updated
present ecological status for selected Water Management Areas and reserve determination
studies. These sub-national data were collated in GIS as a means of guiding review of the river
condition version 1 GIS layer (Figure 2.3).
Site collection data from the River Health Programme were initially drawn from the Department of
Water Affairs rivers database, extracting sites with coordinates. The rivers database has collated
the many indices relevant to the River Health Programme (e.g. various macro-invertebrate
scores), making these data far more accessible to decision-makers. However, it makes no
provision for translating these indices into a single summary score to describe the overall present
ecological category. The same situation was found with the older State of River Reports –
although they provide a desired ecological category, they do not give an indication of overall
present ecological category. This can be problematic for managers and decision-makers that
require an overall estimate of river condition. Confounding this problem was that most State of
River Reports were not accompanied by the required technical reports, which made it difficult to
14
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access the original data. A more recent project reviewing the River Health Programme (Strydom et
al. 2006) had collated data from its provincial champions in a spreadsheet which had made
provision for indicating the overall present ecological category. By relating these site numbers
back to the original rivers database, we were able to access coordinates and develop a spatial
map for overall present ecological status category at 582 sites (estimated as less than 50% of all
River Health Programme sites). It is recommended that the rivers database be updated with the
information contained in the Strydom et al. (2006) and that an effort is made in future to synthesise
river health indices into an overall present ecological category.
Updated present ecological status data for seven of the 19 Water Management Areas were
obtained from the Resource Quality Services Directorate of the Department of Water Affairs.
These data used expert assessment methods (Kleynhans et al. 2005) to develop a present
ecological status category (or ‘ecostatus’ category) for a total of 204 quaternary catchments within
the selected Water Management Areas. Because the data were at a quaternary catchment
resolution, they were only used for updating the quaternary mainstem data in the river condition
version 1 GIS layer.
Ecological reserve determination data were obtained from the Department of Water Affairs’
surface water reserve requirements database. All ecological reserve data were treated similarly no
matter whether the reserve determination techniques were desktop, rapid, intermediate or
comprehensive. Although the database contained the most recent data, a large number of sites
(457 of 1021, or 45%) had no coordinates attached rendering them useless for mapping purposes.
We relied on expert input at the workshop for providing reserve determination knowledge for these
sites, which is not ideal. The need for clear and accurate site coordinates is a major issue given
the investment that goes into reserve determinations. It is recommended that this aspect be
quality-controlled more strictly in taking receipt of deliverables of future reserve determination
studies.
Once the sub-national data had been collated, they were compared to the river condition version 1
GIS layer to identify discrepancies. The more recent present ecological status updates for selected
Water Management Areas took precedence over the 1999 version – any discrepancies were
addressed by adopting the most recent present ecological status category. Discrepancies between
the river condition version 1 GIS layer and the site-specific data from the River Health Programme
and the reserve determination studies were flagged for debate by experts during the regional
review process.
River condition final version
During the regional review workshops, experts reviewed the river condition of their regions based
on their knowledge, and debated discrepancies between site-specific data and river condition
version 2. Experts were asked to review whether the discrepancies were a result of localised or
landscape level impacts. The present ecological status category was only updated if the difference
was deemed significant at a landscape scale. In addition, experts were asked to estimate a
present ecological status category for any tributaries that they knew, particularly those that had
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been modelled as ‘not in good condition’. These refinements resulted in the final version of river
condition used in this assessment (Figure 2.4).

Figure 2.4: River condition
Quaternary mainstem rivers are shown as thicker lines than tributaries. Condition categories are those
defined similarly in Table 2.1, in addition to the Z category, which indicates tributaries considered ‘not in
good condition’. See text for further detail.

2.3.3

Key features

The NSBA 2004 showed that only a third of the country’s main rivers are in a good condition (A or
B ecological category; Nel et al. 2007). This assessment, which included both main rivers and their
1:500 000 tributaries, showed clearly that tributaries are generally less heavily impacted than main
rivers. Just over half of the rivers are in good condition if main rivers and tributaries are considered
together, compared with about a third when considering main rivers alone (Figure 2.5). This
emphasises the important role that healthy tributaries play in keeping heavily impacted main rivers
functioning.
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Figure 2.5: Proportion of main rivers and tributaries in good condition
Tributaries are in a much better condition than main rivers and play a crucial role in keeping downstream
heavily impacted main rivers functioning.

2.3.4

Limitations

The Department of Water Affairs has developed several pragmatic approaches to estimating river
condition across large regions in South Africa, the most common are the present ecological status
category (Kleynhans 2000; Table 2.1) and ecostatus determination (Kleynhans et al. 2005). These
approaches bring together groups of regional river health experts to evaluate drivers of change
that affect river condition, using data where it exists. Expert scores are then combined to produce
an overall assessment of the condition of the river, based on the extent it has changed from its
natural state. This information was used and updated where necessary, to estimate condition of
quaternary mainstem rivers. For the tributaries of the 1:500 000 that are nested within quaternary
catchments, this assessment used existing data where possible, and filled the data gaps using
estimates modelled from land cover (Section 2.3.2). While all these data provide the best available
science on river condition, the ideal still remains to verify these data in the field through stratified
river health sampling.
Importantly, expert-derived data are unreliable for monitoring trends in ecological condition
because changes may be based on a change in the understanding or knowledge of experts, rather
than actual quantitative changes in condition. It is crucial for monitoring to use quantitative
measures for assessing trends in river condition.
Improved collation of river condition data is also necessary – there were many problems with
access to original river health data, as well as with correct geographic coordinates of sampling
sites (Section 2.3.2). This should be a relatively easy obstacle to overcome for future
assessments.
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2.4 Wetland locality mapping
2.4.1

Description, rationale and derivation

It is necessary to map wetlands so that they may be classified into different wetland ecosystem
types and assessed across the country. Figure 2.6 shows a flow diagram of the data that were
used to derive the GIS layer of wetland localities used in this assessment. SANBI’s national
National Wetland Map 1 was used as the base GIS layer. This layer was derived from the National
Land Cover 2000 GIS layer (Van den Berg et al. 2008), in which wetland polygons are described
as ‘Wetland’ or ‘Waterbody’. The waterbody category does not distinguish between natural or
artificial waterbodies. To overcome this problem, National Wetlands Map 1 was combined with the
1:50 000 inland water features (DLA-CDSM 2006), to derive National Wetland Map 2 that was
divided into three GIS layers: wetland, natural waterbody and artificial waterbody. To derive
National Wetland Map 3, the wetland and natural waterbody GIS layers were combined to produce
a natural waterbody GIS layer. This was then combined with the artificial waterbody GIS layer to
produce the National Wetland Map 3, in which wetland polygons have been described as either
‘natural’ or ‘artificial’ waterbodies. Finally, existing sub-national wetland locality maps from other
biodiversity planning initiatives were added to the National Wetland Map 3 to derive the final
National Wetland Map 4. Sub-national data included mapped wetland localities for:
•
•
•
•

The entire KwaZulu-Natal Province (available from Ezemvelo KZN Wildlife);
C.A.P.E. fine-scale biodiversity planning wetlands of Saldanha/Sandveld, Riversdale plain and
Upper Breede River Valley (available from http://bgis.sanbi.org);
Overberg, Niewoudtville and Kamieskroon wetlands (available from http://bgis.sanbi.org); and
Selected wetlands of conservation importance in Mpumalanga Province (available from
Mpumalanga Parks and Tourism Agency).

2.4.2

Key features

Wetlands in South Africa’s landscape today (those that have not been drained or concreted) make
up only 2.4% of the country’s area. This small area represents high-value ecological infrastructure
that provides critical ecosystem services such as water purification and flood regulation. The
National Wetland Map 4 GIS layer used here has produced the most comprehensive national
wetland GIS layer, which maps the extent of some 300 000 wetland systems. It must still be noted
that considerable gaps exist in this dataset which is based largely on remotely-sensed imagery
(Section 2.4.3).
.
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Figure 2.6: Flow diagram of the input data used to map wetland localities in National Wetland Map 4
National Wetland Map 4 was the GIS layer used in this assessment to map and classify wetland ecosystem
types.

2.4.3

Limitations

Although enormous progress has been made over the last several years there are still gaps in
mapping wetlands in South Africa, particularly in the areas that relied solely on remote sensing.
The minimum mapping unit for a wetland using remote sensing is 0.02 ha, and smaller wetlands
(such as seeps), or thin longitudinal wetlands (such as valley bottoms) tend not to get detected.
Remote sensing also detects wetlands better in some landscape than others – for example,
wetlands in forested areas or areas invaded by alien trees are not easily detected. Improved
remote sensing techniques for wetlands have been developed since 2000 and these should be
explored. Finer resolution seems to be a less important factor for detection than sourcing seasonal
images from the same area (Mark Thomson, pers. comm.). In addition, wetland localities based on
remotely sensed imagery do not include historic wetlands lost through drainage, ploughing and
concreting. Irreversible loss of wetlands is especially high in some areas, such as urban centres
and intensively cultivated areas. This means that a complete map of "pre-development" wetland
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localities is unlikely to ever be developed, and as a result the true extent of wetland loss to date is
likely to always be underestimated.
To really tackle the challenge of mapping wetland localities in a meaningful way, it is
recommended that emphasis be given to rolling out a nationally-coordinated wetland inventorying
programme at the provincial level, building on existing Working for Wetland and/or River Health
Programme initiatives. National coordination should afford attention to producing standards to
guide provinces in their wetland inventorying. Although the beginnings of such a programme exist
through SANBI’s wetland inventorying programme, far more resourcing (human resources and
funding) is needed, both at the national coordination and provincial level, to make the programme
successful and sustainable in the long term.

2.5 Wetland ecosystem types
2.5.1

Description, rationale and derivation

Wetland ecosystem types represent the broad diversity of wetland ecosystems across the country,
in which wetlands of the same wetland ecosystem type are expected to share similar broad
functionality and ecological characteristics.
The national wetland classification system (SANBI 2009a) was used to classify wetland ecosystem
types. This was the first effort to classify wetlands at a national scale according to this recentlydeveloped classification system. The national wetland classification system provides a hierarchical
classification framework consisting of six levels, with each level requiring increasing levels of detail
about the wetland. Level 1 separates wetlands into inland, marine and estuarine systems. Levels 2
to 4 identify broad groups of wetlands sharing similar regional context, landform and broad
hydrology. Levels 5 and 6 describe site characteristics such as hydroperiod, geology, vegetation,
substratum, salinity, pH and naturalness.
The classification procedure applied an automated desktop procedure using GIS to classify
wetlands to Level 4a of the national wetland classification system:
•

At Level 1, wetlands were identified either as estuaries or as inland wetlands using the
National Wetland Map 4 GIS layer (Section 2.4). Only inland wetlands were classified into
distinct wetland ecosystem types, because estuaries were classified as part of the estuaries
component of the NBA 2011 (Van Niekerk and Turpie 2012).

•

At Level 2, the GIS layer of wetland vegetation groups (Section 2.6), which characterises the
regional context within which wetlands occur, was used to classify wetlands. Each wetland was
assigned the wetland vegetation group that occupied the majority of its area.

•

At Level 3, the landforms GIS layer (Section 2.7) was used to classify wetlands according to
four broad landform types (slopes, benches, valley floors and plains). Wetlands smaller than
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100 ha were not divided by landform type, but rather assigned the landform type that occupied
the majority of its area. Larger wetlands were divided according to landform type using a GIS
overlay.
•

Level 4a describes seven wetland hydrogeomorphic units (Table 2.2). Wetlands were
classified according to this level using four GIS layers: Level 3 classifications of wetlands into
broad landform types, 1:50 000 pans (DLA-CDSM 2006), the river network GIS layer (Section
2.1) and the river ecosystem types GIS layer (Section 2.2). Using a sequential step-wise
process of elimination, polygons were classified according to Level 4a (Figure 2.6):
i.
ii.

iii.

iv.
v.
vi.

vii.
viii.
ix.

Depressions for all four landform types were identified based on whether their centre
points coincided the 1:50 000 pans (DLA-CDSM 2006).
Floodplains for Level 3 wetlands classified as valley floors and plains were identified by
selecting the remaining inland wetlands which were within 100 m of river ecosystem
types classified as lowland rivers.
Valleyhead seeps were identified by selecting remaining inland Level 3 wetlands
identified as ‘U-shaped valleys’ from the original ten default categories of the ArcGIS
9.3 landform tool (see Table 2.3).
Channelled valley-bottom wetlands on valley floors were identified by intersecting the
remaining inland valley-floor wetlands with the 1:50 000 river lines (DLA-CDSM 2006).
Remaining inland wetlands on valley floors were then classified as Unchannelled
valley-bottom wetlands on valley floors.
Remaining inland wetlands on plains that intersected with the 1:50 000 river lines (DLACDSM 2006) were classified as Unchannelled valley-bottom wetlands on plains, as
they show association with alluvial processes even though these wetlands are not
associated with channels.
Remaining inland wetlands on plains were the classified as Flats on plains.
Remaining inland wetlands on benches were the classified as Flats on benches.
Remaining inland wetlands on slopes were then classified as Seeps.

The GIS layers classifying each level of the national wetland classification system were finally
combined to derive wetland ecosystem types. GIS layers of inland wetlands (Level 1) classified
according to wetland vegetation group (Level 2) were combined with the seven hydrogeomorphic
wetland types (Levels 3 and 4a) to produce 791 distinct combinations that were considered as
ecosystem types for inland wetlands. No further grouping of these 791 wetland ecosystem types
was done, however potential exists for grouping at least some of these, for example:
•
•
•

40 wetland ecosystem types are represented by one wetland only.
29 wetland ecosystem types have a total area of less than 10 ha.
Examining total area of wetland belonging to the wetland vegetation groups shows that only
five wetland vegetation groups have a total area of less than 10 ha. This suggests that the
wetland vegetation groups each contain a substantial number of wetlands to warrant their
existence.
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•

In classifying wetlands according to Level 3 (see above), wetlands smaller than 100 ha were
not divided by landform type, but rather assigned the landform type that occupied the majority
of its area.

Table 2.2: Geomorphic types as defined by Level 4a of the national wetland classification system
For more detailed definitions, discussion and photographs the reader is referred to SANBI (2009a).
Level 4a
geomorphic type
Seep

Valleyhead seep

Unchannelled
valley-bottom

Channelled
valley-bottom

Floodplain

Flat

Depression

Definition
A wetland area located on (gently to steeply) sloping land, which is dominated by the
colluvial (i.e. gravity-driven), unidirectional movement of material down-slope. Water
inputs are primarily from subsurface flow that enters the wetland from an up-slope
direction.
A gently-sloping, typically concave wetland area located on a valley floor at the head of a
drainage line, with water inputs mainly from subsurface flow (although there is usually also
a convergence of diffuse overland water flow in these areas during and after rainfall
events.
A mostly flat valley-bottom wetland area without a well-defined stream channel running
through it, characterised by an absence of distinct channel banks and the prevalence of
diffuse flows, even during and after rainfall events. Water inputs are typically from an
upstream channel, as the flow becomes dispersed, and from adjacent slopes (if present).
A mostly flat wetland area on a valley floor (see valley floor) that is dissected by and
typically elevated above a well defined stream channel (see channel). Dominant water
inputs to these areas are typically from the channel (when it overtops or from sub-surface
discharge) and from adjacent valley-side slopes.
The mostly flat or gently-sloping wetland area adjacent to and formed by a lowland or
upland floodplain river, which is subject to periodic inundation by overtopping of the
channel bank. Water and sediment input to these areas is mainly via overspill from a river
channel during flooding.
As relates to Level 4A of the classification system, a near-level wetland area (i.e. with little
or no relief) with little or no gradient, situated on a plain or a bench in terms of landscape
setting. The primary source of water is precipitation, with the exception of flats along the
coast (usually in a plain setting) where the water table may rise to the surface or near to
the surface in areas of little or no relief because of the location near to the base level of
the land surface represented by the presence of the ocean. Dominant hydrodynamics are
vertical fluctuations.
A landform with closed elevation contours that increases in depth from the perimeter to a
central area of greatest depth, and within which water typically accumulates. Dominant
water sources are precipitation, ground water discharge, interflow and (diffuse or
concentrated) overland flow. Dominant hydrodynamics are (primarily seasonal) vertical
fluctuations. Depressions may be flat-bottomed (in which case they are often referred to
as ‘pans’) or round-bottomed (in which case they are often referred to as ‘basins’), and
may have any combination of inlets and outlets or lack them completely.
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Figure 2.7: Process used for desktop classification of wetlands into seven hydrogeomorphic units
Definitions for the seven hydrogeomorphic units are provided in Table 2.2. This is equivalent to Level 4a of the national wetland classification system (SANBI
2009a). Lowland rivers were defined using the slope categories identified for river ecosystem types (Section 2.2). ‘CDSM’ refers to the Chief Directorate: Surveys
and Mapping, and ‘VB’ refers to valley-bottom.
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Figure 2.8: The hydrogeomorphic units used to derive wetland ecosystem types in South Africa
The inset map shows the location of the area on the main map. The hydrogeomorphic unit of a
wetland, as defined by the national wetland classification framework (SANBI 2009a), was used
together with the wetland vegetation group in which it was embedded (Section 2.6) to determine its
wetland ecosystem type.

2.5.2

Limitations

This desktop classification is a good step towards classifying wetlands across the country,
but still needs to be considerably refined, and should be considered a preliminary
classification of wetland ecosystem types. Wetland vegetation groups, derived by expert
grouping of the vegetation types of South Africa, Lesotho and Swaziland (Mucina and
Rutherford 2006), should be refined using more scientific methods, e.g. grouping of
wetlands according to plant community analyses. Landform types, used to classify the
hydrogeomorphic unit of a wetland, were assessed in the field and found to be only 50-60%
accurate – future improvements should strive for better accuracy in this regard. The utility of
the national wetland classification system (SANBI 2009a) also needs to be tested in the
field, as this is a recently defined framework. In addition, novel methods for wetland
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ecosystem classification need to be explored – such as the use of Generalised Dissimilarity
Modelling (GDM), which combines biophysical data layers (e.g. climate, vegetation, soils,
water chemistry) with species distribution patterns and compositional turnover.
Classifying wetland ecosystem types depends on collation of reliable field data. A nationally
coordinated wetland inventorying programme, which is implemented at the provincial level
would be invaluable in coordinating the collection of such data.

2.6 Wetland vegetation groups
A GIS layer of wetland vegetation groups was used to classify wetlands according to Level 2
of the national wetland classification system (SANBI 2009a), which characterises the
regional context within which wetlands occur. The assumption here is that wetlands in a
particular vegetation group are likely to be more similar to one another than to wetlands in
other vegetation groups. Broad vegetation groupings reflect differences in geology, soils and
climate, which in turn affect the ecological characteristics and functionality of wetlands.
Wetland vegetation groups were derived by grouping the 438 national vegetation types of
South Africa (Mucina and Rutherford 2006) into groups thought to reflect the turnover of
wetland biodiversity at a national level. The expert knowledge of regional wetland ecologists
was used to do the grouping, deriving a map of 133 wetland vegetation types. Future
research should focus on improving these groupings using ordination or cluster analysis
techniques of representative surveys across the country. For most of the vegetation types in
Mucina and Rutherford (2006), the grouping of vegetation types was a simple exercise of
deciding which vegetation types belonged in which groups. However, there were a few
vegetation types where the landscape context of individual vegetation type patches
(represented as polygons in the GIS layer) had to be considered:
•

•
•

The ‘Azonal’ category of the national vegetation types was not used in deriving wetland
vegetation groups as it is inconsistently mapped across the country. Instead, the ‘Azonal’
category was incorporated into whichever vegetation type was surrounding that ‘Azonal’
polygon.
The ‘Forest’ category was incorporated into whichever vegetation type was surrounding
that ‘Forest’ polygon.
Polygons in the national vegetation types GIS layer identified as ‘Northern KwaZuluNatal Shrubland’ that were surrounded by ‘Ithala Quartzite Sourveld’ or ‘KwaZulu-Natal
Highland Thornveld’ were included in a different wetland vegetation group (SubEscarpment Grassland Group 2) than if they were surrounded by any other vegetation
type (in which case, they were included in Sub-Escarpment Grassland Group 4).

Using these vegetation grouping rules, a map of 133 wetland vegetation groups was derived
from the national vegetation map (Figure 2.9). This was then used, in combination with the
landform GIS layer, to classify wetland ecosystem types (Section 2.5).
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Figure 2.9: Vegetation types (left map) were grouped into wetland vegetation groups (right map)
The 438 national vegetation types (Mucina and Rutherford 2006) shown in (a) were grouped into 133
wetland vegetation groups that were used to characterise the regional context within which wetlands
occur (Level 2 of the national wetland classification framework).

2.7 Landform types
A GIS layer of landform types was used to classify wetlands according to Level 3 of the
national wetland classification system (SANBI 2009a). Landforms describe the topography
of a land surface in the context within which it occurs, identifying a range of landform types
such as valley floors, slopes and benches, or hill tops. Landforms provide a framework for
the role the landscape plays in processes related to geology, hydrology and ecology. Four
general landform types are defined at Level 3 of the national wetland classification system
for the geomorphic classification of the wetlands: slopes, benches, valley floors and plains
(Table 2.3).
Landforms for the country were generated using a 50 m resolution digital elevation model
generated from 20 m-interval contours and spot height data per 1:50 000 data sheets. The
ArcGIS 9.3 landform tool (Weiss 2001; Jenness 2006; Dilts 2009) was used, which identifies
landform types using the standard deviation from the average elevation in a specified search
area. An important feature of the landform tool is that it offers the opportunity of defining a
small and large search area, or ‘neighbourhood’. The small neighbourhood takes account of
the landform within a local context and a large neighbourhood considers the regional context
within which the landform occurs. Taking into account the regional context is important in a
country such as South Africa with its complex geology, geomorphology and climate which
produces diverse landform patterns (Figure 2.10).
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Table 2.3: Definition of the four landform types used in the national wetland classification system
The relationship of each landform type with the ten default types of the landform tool is also shown.
For further detail refer to text.
Landform
class
(SANBI
2009a)
Valleys

Slopes

Plains

Ridges /
benches

•

Landform class definition

Landform Tool classes
(Jenness 2006; Dilts 2009)

An elongated, relatively narrow region of low land between ranges
of mountains, hills, or other high areas (such as sand dunes), often
having a river or stream running along the bottom
An inclined stretch of ground that is not part of a valley floor, which
is typically located on the side of a mountain, hill or valley (includes
scarp slopes, mid-slopes and foot-slopes).

1. Canyons, deeply incised
streams

An extensive area of low relief characterised by relatively level,
gently undulating or uniformly sloping land. This includes coastal
plains (bordering the coastline), interior plains, and plateaus (areas
of low relief but high altitude occurring at the edge of the
escarpment). Plains are differentiated from valley floors on the
basis that they are not located in between two side-slopes (typical
of mountain ranges, hills, or other uplands).
An area of mostly level or nearly level high ground (relative to the
broad surroundings), including hilltops/crests (areas at the top of a
mountain or hill flanked by down-slopes in all directions), saddles
(relatively high-lying areas flanked by down-slopes on two sides in
one direction and up-slopes on two sides in an approximately
perpendicular direction), and shelves/terraces/ledges (relatively
high-lying, localised flat areas along a slope, representing a break
in slope with an up-slope on one side and a down-slope on the
other side in the same direction).

2. Midslope drainages,
shallow valleys
3. Upland drainages,
headwaters
4. U-shaped valleys
6. Open slopes
7. Upper slopes
9. Midslope ridges, small
hills in plains
5. Plains

8. Local ridges / hills in
valleys
10. Mountain tops, high
ridges

The small neighbourhood reflects the landform within a local context. Whereas
previous published methods have set a standard small neighbourhood across the entire
area of interest, a variable small neighbourhood distance across the country was used in
this assessment, which depended on the 34 geomorphic provinces in South Africa
(Partridge et al. 2010). In delineating geomorphic provinces, Partridge et al. (2010)
calculated valley widths for a selection of large rivers characteristic to each geomorphic
province. The maximum valley width for each geomorphic province was used as the
small neighbourhood, with an additional distance of 1 km added to ensure that the edge
of landform change was incorporated.
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•

The large neighbourhood, which reflects the regional context within which the landform
occurs, used catchment boundaries to calculate large neighbourhood distances. This is
because in most landform applications it is generally accepted that catchments form
ridge boundaries. Tertiary catchment boundaries were used as a starting point for
calculating large neighbourhood distances. Primary and secondary catchments (mean
size approximately 58 000 km2 and 8 500 km2 respectively) were considered mostly too
large to obtain a meaningful regional context, while quaternary catchments (mean size
2
approximately 670 km ) provide a more local context. Tertiary catchment boundaries
were first refined to reflect improvements to catchment boundary delineation by recent
digital elevation models (Nel et al. 2011b). Where the refined tertiary catchment and its
neighbourhood distance was too large to process (e.g. large neighbourhood above
2
20 km and surface area > 20 000 km ), the area was divided according to smaller
groupings of the sub-catchments. The maximum width of the resulting tertiary
catchments was then calculated to derive the large neighbourhood distance (Figure
2.11), and 10 km was added to ensure that the drainage divide of the watershed was
encountered by the landform tool.

Figure 2.10: Importance of regional context in selecting neighbourhoods and thresholds of slope
(i) When comparing 1 a – c it is clear that high slopes are not necessarily associated with benches
and valleys. Some mountains have a relatively low slope at their summits and some valleys have
deeply incised streams. (ii) In comparing 1 and 2 it is evident that the neighbourhood distance can be
selected too low to identify the geomorphologic feature (e.g. 1a or 1b) – the right distance is often
difficult to determine. (iii) The importance of regional context is well demonstrated showing that
when 1c and 2c are combined, the landform is recognised as a mountain valley, as well as when
recognising 1d is a hillock within the 2b valley. (iv) Errors may result from selecting a
neighbourhood distance that would calculate the average of a region or country. Even when using a
high resolution digital elevation model, valleys in mountains and hillocks in valleys would not be
identified and the majority of the landforms above the average elevation would be classified as
crests, and below the average elevation as valleys.
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Figure 2.11: Large neighbourhood calculation using tertiary catchment width
This was calculated as the maximum width of a tertiary catchment with an additional 10 km to ensure
that the drainage divide of the watershed was encountered by the landform tool.

Computer processing limitations prevented the processing of the whole country at once
using the landform tool. South Africa was therefore divided into 280 tertiary catchments and
landforms were calculated according to the assigned small and large neighbourhood
distances using the default circle-search shape option of the landform tool. A maximum of
five computers (on average 2 Gb RAM computer with 100 Gb free space) were used over a
period of six months to process the data. The results were combined into a single GIS layer
for South Africa. The ten default landform types provided by the landform tool were
reclassified to the four landform types as described by Level 3 in the national wetland
classification system (Table 2.3).
The results were compared to 260 random points that were classified manually using
Google Earth imagery and topographical maps, and showed a 50-60% overall accuracy
(Van Deventer pers. comm.). The landform tool by default tended to overestimate benches
and valleys, and underestimate slopes. This level of congruency suggests that the landform
GIS layer are suitable for coarse-scale national application, but will have to be further
refined for use at local levels.

2.8 Wetland condition
2.8.1

Description and rationale

Wetland condition describes the extent to which a wetland has been modified by human
activity. There are many field approaches to assessing wetland condition. However, in the
absence of field survey data for most wetlands across the country, wetland condition was
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modelled by using land cover in and around the wetland, together with river condition for
riverine wetlands. Wetland condition was used to assess:
•

•

•

Ecosystem threat status of wetland ecosystem types: this was based on the extent
to which each wetland ecosystem type had been altered from its good condition (Section
3)
Ecosystem protection level of wetland ecosystem types: wetland ecosystem types
in protected areas needed to be in good condition to be considered as protected
(Section 4).
Identification of spatial priorities: In choosing wetland FEPAs, wetlands with known
special features (e.g. presence of rare plants and animals, extensive intact peat
wetlands) were selected as the first choice for achieving biodiversity targets for wetland
ecosystem types. Any remaining targets were achieved first in wetlands of good
condition, proceeding only if necessary to wetlands of progressively modified condition

2.8.2

Derivation

Several data sources were used to assign a condition category (Table 2.4) to each wetland.
A category of ‘Z1’ was assigned to all wetland polygons that overlapped with a 1:50 000
artificial inland water body (dams, fish farms, large reservoirs, purification plants, sewerage
works and water tanks) obtained from DLA-CDSM (2005-2007). There is a high confidence
that these wetlands are artificial or have been heavily-modified.
There are mapping inaccuracies between the 1:50 000 water bodies GIS layer and the
National Wetland Map 4, resulting in spatial slivers when combining the two GIS layers. For
example, a dam polygon surrounded by natural slivers may in reality be a dam surrounded
by fringe vegetation, or it may merely reflect the inevitable spatial discrepancies from
combining two different GIS layers. To account for spatial slivers, wetland units that had the
majority of their area coded as artificial inland water body were assigned a ‘Z2’ condition
category. A wetland unit was defined as a contiguous spatial unit which may be made up of
several polygons.
For the remaining wetlands (i.e. those not coded as ‘Z1’ or ‘Z2’), the percentage natural land
cover in and around the wetland was used as a surrogate measure of wetland condition.
The same land cover data as used for modelling condition of tributaries was applied (see
Section 2.2.2). Percentage natural land cover was calculated within four areas: the wetland
itself, and the wetland surrounded by GIS buffers of 50, 100 and 500 m from the delineated
wetland polygon. The minimum of these four percentages was used to guide the condition
category of the wetland, using the following rules:
•

Non-riverine wetlands were considered in good, moderately-modified or heavily-modified
condition if the minimum percentage natural land cover was ≥ 75%, 25-75% or < 25%
respectively. These wetlands were coded ‘AB’, ‘C’ and ‘Z3’ respectively.
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•

•

•

Riverine wetlands associated with a heavily-modified river (i.e. in a D, E or F ecological
category) were assigned the condition category of that river irrespective of the
surrounding natural land cover.
Riverine wetlands associated with natural or only moderately-modified rivers (i.e. in an A,
B, or C ecological category) were assigned a condition based on the minimum
percentage natural land cover rule used for non-riverine wetlands because the
surrounding land use is more likely to be a driver of ecosystem degradation than the
moderate condition of the associated river.
Several riverine wetlands are associated with rivers too small to be included in the
1:500 000 rivers network GIS layer – in these instances, the river condition was
unknown and the wetland was assigned a condition based on the natural land cover rule
alone.

Table 2.4: Description of wetland conditions categories
Percentage of total wetland area in each condition category is also provided.
Wetland
condition
code

Description

Assessment criteria*

% of total
wetland
area**

AB

Good

Percentage natural land cover ≥ 75%

47

C

Moderatelymodified

Percentage natural land cover 25-75%

18

DEF

Heavilymodified

Riverine wetland associated with a D, E, F or Z ecological
category river

2

Wetland overlaps with a 1:50 000 ‘artificial’ inland water body
from the Department of Land Affairs: Chief Directorate of
Surveys and Mapping (2005-2007)

8

Majority of the wetland unit is classified as ‘artificial’ in the
wetland locality GIS layer

5

Percentage natural land cover < 25%

20

Z1

Z2

Heavily to
criticallymodified

Z3

* Percentage natural land cover was calculated within four areas: the wetland itself, and the wetland
surrounded by GIS buffers of 50 m, 100 m and 500 m from the edge of the wetland. The lowest of these four
percentages was used.
** Note that this excludes the extent of wetlands that have already been irreversibly lost due to draining,
ploughing and concreting.

2.8.3

Key features

Approximately a third of the remaining wetland area in South Africa is in a heavily or
critically-modified condition, owing to human impacts such as damming, draining and
bulldozing of wetlands (Table 2.4). This does not take into account those wetlands that have
already been irreversibly lost and thus cannot even be mapped. This is of immense concern
given the important regulating ecosystem services that healthy wetlands provide, such as
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their filtering ability, and their role in drought mitigation and flood attenuation. The belt of
heavily-modified wetlands is particularly prevalent in Gauteng, along the escarpment and in
the Western Cape Province (Figure 2.12). The contribution wetlands perform to drought
mitigation and flood attenuation in these areas is likely to have been eroded. This is
particularly concerning from the viewpoint of ecosystem-based adaptation to climate
change, as the prediction is that there will be an increase in the frequency of droughts and
storm events respectively in the Western Cape and Gauteng provinces.

Figure 2.12: Wetland condition
The outlines around wetland polygons have been accentuated for visual purposes.

2.8.4

Limitations

The GIS layer of wetland condition provides only an estimate of the likely condition of a
wetland given the surrounding land cover and river condition. The accuracy of the model
has not been tested.

32

Section 2: Input data

2.9 High water yield areas
High water yield areas were considered to be those sub-quaternary catchments4 (Nel et al.
2011b) where mean annual run-off (mm per year) is at least three times more than the
average for the related primary catchment. Mean annual run-off is the amount of water on
the surface of the land that can be utilised in a year, which is calculated as an average (or
mean) over several years. High water yield areas are important because they contribute
significantly to the overall water supply of the country. They can be regarded as South
Africa’s ‘water factories’, supporting growth and development needs that are often a far
distance away. Deterioration of water quantity and quality in these high water yield areas
can have a disproportionately large adverse effect on the functioning of downstream
ecosystems and the overall sustainability of growth and development in the regions they
support.
The map of high water yield areas was derived using mean annual rainfall data at a 1 x 1
minute resolution for the entire country. This was converted into mean annual runoff using
the rainfall-runoff relationships established in South Africa’s 1990 Water Resource
Assessment (Midgley et al. 1994):
MAR = (MAP-B+3) + (C / exp((MAP-A)/C) )
Where:
• MAR = Mean Annual Runoff (mm per year)
• MAP = Mean Annual Precipitation (mm)
• exp = e to the power of
• A = 75 + 45Z
• B = 225 + 135Z
• C = 150 + 90Z
• Z = climate-related zone number, ranging from 1 to 9.
As a cross-check, the average mean annual runoff per quaternary catchment was
calculated using the derived data and compared to the Department of Water Affairs’
quaternary catchment mean annual runoff (Midgley et al. 1994). The result was found to
compare favourably (Figure 2.13).

4

Sub-quaternary catchments are watersheds that are approximately nested in the Department of Water Affairs
quaternary catchments (Midgley et al. 1994). The watershed of a sub-quaternary catchment is delineated around
each river reach, where a river reach is defined as the portion of river between river confluences on the
Department of Water Affairs 1:500 000 river network GIS layer.
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Figure 2.13: Evaluating the calculation of mean annual runoff at a 1 x 1 minute scale
The relationship of mean annual runoff values (in mm per year) for each quaternary catchment as
provided in Midgeley et al. (1994) is plotted on the y-axis against the mean annual runoff values for
each quaternary catchment as calculated using the 1 x 1 minute grid derived from rainfall-runoff
equations (on the x-axis). For the latter, the mean annual runoff per quaternary catchment was
calculated by averaging the 1 x 1 minute data within each quaternary cathment. MAR refers to mean
annual runoff. The Department of Water Affairs’ mean annual runoff per quaternary catchment is
from Midgley et al. (1994).

High water yield areas were initially calculated for each 1 x 1 minute grid cell by expressing
its mean annual runoff value as a percentage of the mean annual runoff for the associated
primary catchment. Areas where the proportion of mean annual runoff was at least three
times more than that of the primary catchment were identified as high water yield areas.
This provided a 1 x 1 minute depiction of high water yield areas in the country (Figure
2.14a).
For the NFEPA project, these results were generalised to the sub-quaternary catchment
scale, i.e. high water yield areas were identified at sub-quaternary catchment level (Nel et al.
2011b). This was done by first calculating the average mean annual runoff for each subquaternary catchment (i.e. finding the mean of the grid cell values within each subquaternary catchment), and then expressing this value as a percentage of the mean annual
runoff of its associated primary catchment. Areas where mean annual runoff of the sub-
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quaternary catchment was at least three times more than that of the primary catchment
were identified as high water yield areas (Figure 2.14b).

(a)
0-1
1-3
3-5
5 - 60

(b)

Figure 2.14: High water yield areas at a 1 x 1 minute and sub-quaternary catchment scale
High water yield areas were identified where mean annual runoff is at least three times more than
that of the primary catchment (shown on the map as > 3%). These were derived from (a) 1 x 1 minute
data as described in the text and then summarised to a sub-quaternary catchment scale as shown in
(b). See text for details as to how this was done.
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Section 3.

Ecosystem threat status

3.1 Introduction
Ecosystem threat status is a key indicator of the degree to which South Africa’s ecosystems
are still intact, or alternatively losing vital aspects of their structure and functioning. Threat
status has been traditionally assessed for species, in the form of national or global red lists
that draw attention to species threatened with extinction. It is more unusual for threat status
to be assessed at the ecosystem level, although global initiatives are now underway to do
this (Rodrigues et al. 2011). Ecosystem types are categorised as critically endangered (CR),
endangered (EN), vulnerable (VU) or least threatened (LT), with CR, EN and VU ecosystem
types collectively referred to as threatened. Critically endangered ecosystems are
ecosystem types that have very little of their original extent (measured as area, length or
volume) left in natural or near-natural condition. Most of the ecosystem type has been
severely or moderately-modified from its natural state. These ecosystem types are likely to
have lost much of their natural structure and functioning, and species associated with the
ecosystem may have been lost. There is danger of losing the last remaining natural
examples of these ecosystem types. Any further loss of natural habitat or deterioration in
condition of the remaining healthy examples of these ecosystem types must be avoided,
and the remaining healthy examples should be the focus of urgent conservation action.
Endangered ecosystems are ecosystem types that are close to becoming critically
endangered. Any further loss of natural habitat or deterioration of condition in these
ecosystem types should be avoided, and the remaining healthy examples should be the
focus of conservation action. Vulnerable ecosystems are ecosystem types that still have the
majority of their original extent (measured as area, length or volume) left in natural or nearnatural condition, but have experienced some loss of habitat or deterioration in condition.
These ecosystem types are likely to have lost some of their structure and functioning, and
their structure and functioning will be further compromised if they continue to lose natural
habitat or deteriorate in condition. Maps of biodiversity priority areas should guide planning,
resource management and decision-making in these ecosystems types. Least threatened
ecosystems are ecosystem types that have experienced little or no loss of natural habitat or
deterioration in condition. Maps of biodiversity priority areas should guide planning, resource
management and decision-making in these ecosystems types.
Assessing ecosystem threat status and ecosystem protection level depends on:
•
•

Mapping and classifying ecosystem types across the country; and
Mapping ecosystem condition across the country (not just in a few places).

Figure 3.1 summarises the main steps involved in assessing ecosystem threat status, which
are broadly equivalent in aquatic and terrestrial environments. Once ecosystem types have
been mapped and classified, the next step is to map pressures on ecosystems or where
ecosystems have been lost. This information supports an assessment of the condition or
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ecological integrity of ecosystems, which can range from natural or near-natural through to
extremely or critically-modified. The proportion of each ecosystem type that remains in good
condition is then evaluated against a series of thresholds, as shown in Figure 3.2, to
determine ecosystem threat status.

Map and classify ecosystems

Map pressures on ecosystems / where
ecosystems have been lost

Assess condition of ecosystems

Evaluate proportion of each ecosystem
type in good condition against a series
of thresholds

Assign ecosystem threat status
category

Figure 3.1: Main steps in assessing ecosystem threat status

The first of these thresholds (often set at 20%) defines the cut-off for critically endangered
ecosystems. Ecosystem types that have less than this proportion of their original extent in
good condition are likely to have lost much of their natural structure and functioning, and
species associated with the ecosystem may have been lost. The threshold for critically
endangered ecosystems is also known as the biodiversity target, and is the proportion of
each ecosystem type that should ideally be formally protected in the long term.5 The second
threshold (set at the biodiversity target plus 15%) defines the cut-off for endangered
ecosystems, and indicates ecosystems that are close to becoming critically endangered. It
acts as a warning bell. The third threshold (usually set at 60%) defines the cut-off point for
vulnerable ecosystems. Ecosystem types that have reached this point are likely to have lost
some of their structure and functioning, and will be further compromised if they continue to
lose natural habitat or deteriorate in condition.

5

For terrestrial ecosystems, the biodiversity target is calculated based on species turnover, and varies between
16% and 36% of the original extent of each ecosystem. For aquatic ecosystems there is currently insufficient
data to determine ecologically differentiated targets, and the biodiversity target is set at 20%.
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An ecosystem, e.g. vegetation type, river type, estuary type, marine habitat

CR

Biodiversity
pattern
threshold*

EN

LT

VU

Biodiversity
pattern threshold
+ 15%

Ecological
function
threshold**

* Also known as the biodiversity target. This is a representation threshold. Set at 20% if insufficient
data to determine ecologically differentiated biodiversity targets per ecosystem type.
** This is a persistence threshold. Usually 60%.

Figure 3.2: Thresholds used in assessing ecosystem threat status

The thresholds used in the NBA 2011 for defining each of the ecosystem threat status
categories are shown in Table 3.1. These were customised for rivers and wetlands as
follows:
•

•

•

•

6

Critically endangered: Used the biodiversity target for representing freshwater
biodiversity pattern as recommended in the cross-sectoral policy objectives for
conserving freshwater ecosystems (Roux et al. 2006). This cross-sectoral policy process
established inter-departmental governmental agreement that at least 20% of each
freshwater ecosystem type should remain in a good condition (A or B ecological
category). Thus, a river ecosystem type was considered critically endangered if less than
20% of its total length is in good condition (A or B ecological category). Similarly, a
critically endangered wetland ecosystem type has < 20% of its total area in good
condition.
Endangered: Set as the critically endangered threshold plus an additional buffer of 15%
6
of the extent of that ecosystem type. Thus, river and wetland ecosystem types with 2035% of their total extent in a good condition (A or B ecological category) were classified
as endangered.
Vulnerable: A less stringent threshold was set requiring at least 60% of the total extent6
of the ecosystem type in a good condition OR in a moderately-modified condition (A, B
or C ecological category). This threshold acknowledges that moderately-modified rivers
and wetlands support some biodiversity pattern and ecological functioning, albeit
impaired.
Least threatened: An ecosystem type had to have > 60% of its total extent6 in a good
OR moderately-modified (A, B or C ecological category) to be classified as least
threatened.

Measured as river length in km, or wetland area in ha
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Table 3.1. Thresholds used in the NBA 2011 for defining threatened ecosystems
The GIS layers of river condition (Section 2.3) and wetland condition (Section 2.8) were used to
identify ecosystem types in good or moderately-modified condition. Ecological category refers to
condition categories in Table 2.1 and Table 2.4.
CR

EN

VU

NBA 2011 criterion for
identifying threatened
ecosystems across
terrestrial, freshwater,
estuarine and marine
environments)

Ecosystem type remaining
in good condition ≤
biodiversity target

Ecosystem type remaining
in good condition ≤
(biodiversity target + 15%
of total extent of ecosystem
type)

Ecosystem type remaining
in good or moderatelymodified condition ≤ 60%
of total extent of ecosystem
type

Thresholds applied to
river ecosystems

Length of river ecosystem
type in an A or B ecological
category ≤ 20% of the total
length for that ecosystem
type

Length of river ecosystem
type in an A or B ecological
category ≤ 35% of the total
length for that ecosystem
type

Length of river ecosystem
type in an A, B or C
ecological category ≤ 60%
of the total length for that
ecosystem type

Thresholds applied to
wetland ecosystems

Area of wetland ecosystem
type modelled in good
condition ≤ 20% of the total
area for that ecosystem
type

Area of wetland ecosystem
type modelled in good
condition ≤ 35% of the total
area for that ecosystem
type

Area of wetland ecosystem
type modelled in good or
moderately-modified
condition ≤ 60% of the total
area for that ecosystem
type

3.2 Ecosystem threat status: Rivers
3.2.1

Assessment method

River ecosystem types (Section 2.2) were combined spatially with river condition (Section
2.3). The percentage length of each river ecosystem type in good condition (A or B
ecological category) and moderate condition (C ecological category) was thus calculated.
An ecosystem threat status category was assigned to each river ecosystem type by applying
the thresholds for river ecosystems (Table 3.1) to these percentages. Ecosystem threat
status for each river ecosystem type is provided in Appendix C.

3.2.2

Results

Figure 3.3 shows river ecosystem threat status across the country. As could be expected,
the critically endangered and endangered ecosystems are concentrated mainly around
major cities and production landscapes where pressures on water resources are highest.
Note that an ecosystem type can have a range of different ecological conditions but only
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one ecosystem threat status category. For example, critically endangered ecosystem types
will by definition have very few examples in good condition (A or B ecological category),
while least threatened will have more. Rivers that contain examples of critically endangered
or endangered ecosystem types that are still in a good condition (A or B ecological category)
should remain in this condition as they are vital for achievement of South Africa’s
biodiversity goal (Box 1).
Of South Africa’s 223 river ecosystem types, 26% are critically endangered, 18% are
endangered, 11% are vulnerable, and 46% are least threatened (Figure 3.4a). Higher
ecosystem threat levels are prevalent in mainstem rivers, compared to when tributaries are
included (Figure 3.4b). Ecosystem threat status also varies across slope categories. For
example, 44% of ecosystem types in lowland rivers are critically endangered compared to
only 13% of ecosystem types in mountain streams (Figure 3.5). This is similar to findings in
the terrestrial component of NBA 2011 (Jonas et al. 2012), and reflects a global trend where
productive lowland areas are often subject to intense land and water use pressure, and are
also often the areas that are least conserved (Pressey 1994). In addition, this trend in
ecosystem threat status decreases as one proceeds from mountain streams, through foothill
streams to lowland rivers (Figure 3.4), which is arguably a reflection of multiple pressures
accumulating from river source to sea (Allan 2004).
Ecosystem threat status also varies across Water Management Areas (Figure 3.6). The
Berg Water Management Area of the Western Cape has an alarming proportion of critically
endangered ecosystems associated with its rivers, far higher than the rest of the country
(81% of its length contains critically endangered ecosystems compared to the next highest
Water Management Area, the Breede, at 50%). Also of concern are the Breede and
Crocodile (West) and Marico Water Management Areas, with just on half of their river length
containing critically endangered ecosystems. Since critically endangered ecosystems have
dropped below the desired biodiversity target of maintaining at least 20% in a good
condition, these Water Management Areas will be particularly hard pressed to meet the
country’s goal for freshwater ecosystem conservation without a focused effort to rehabilitate
some river ecosystems. Conservation action in these Water Management Areas should
focus on maintaining the last remaining good condition rivers (i.e. rivers with an A or B
ecological category; Kleynhans 2000), and strategically rehabilitating some of the
moderately-modified rivers (C ecological category). FEPA maps provide strategic spatial
prioritities for doing exactly this and are available electronically from the SANBI Biodiversity
GIS website (http://bgis.sanbi.org) or in hard copy from the Water Research Commission
(Nel et al. 2011a). Section 5 of this report explains the main categories of the FEPA maps,
and their management and conservation implications.
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Critically endangered
Endangered
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Least threatened

Figure 3.3: Ecosystem threat status for river ecosystem types
Rivers in a good condition (A or B ecological category) which contain critically endangered or endangered ecosystem types are vital for achieving South
Africa’s goal for freshwater ecosystem conservation (Box 1).
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Figure 3.4: Summary of river ecosystem threat status for (a) all rivers; and (b) mainstem rivers
The % of ecosystem types is calculated as the number of ecosystem types in the ecosystem threat
status category expressed as a percentage of the total number of ecosystem types (= 223). CR, EN,
VU and LT refer respectively to critically endangered, endangered, vulnerable and least threatened
ecosystems.
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Figure 3.5: Summary of ecosystem threat status within each slope category
(a) The number of ecosystem types and (b) the percentage of ecosystem types was calculated as the
number of ecosystem types in each ecosystem threat status category expressed as a percentage of the
total number of ecosystem types in the corresponding slope category. CR, EN, VU and LT refer
respectively to critically endangered, endangered, vulnerable and least threatened ecosystems.
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Figure 3.6: Percentage river length containing critically endangered ecosystems within each
Water Management Area
Numbers show the percentage of total river length in each Water Management Area that contains
critically endangered ecosystems. Water Management Areas with a high proportion of critically
endangered ecosystem types need to urgently secure FEPAs in the last remaining good condition
rivers (i.e. rivers with an A or B ecological category), and then focus on rehabilitating ‘phase 2
FEPAs’ (see Section 5.2.7).

3.2.3

Limitations

The GIS layers for river ecosystem types and river condition both have limitations as
discussed respectively in Sections 2.2.4 and 2.3.4. These inevitably affect the ecosystem
threat status assigned to the different ecosystems. Changes in river condition tend to affect
river ecosystem threat status far more than changes to river ecosystem type classification.
Therefore, in prioritising action for future National Biodiversity Assessments, it will be
arguably more important to focus attention on obtaining a higher-confidence evaluation of
river condition for all 1:500 000 rivers, than on classifiying river ecosystem types to a higher
level of confidence.
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There is a range of uncertainty in the setting of thresholds used for devising the different
ecosystem threat status categories. These include issues such as the ability to identify
ecological thresholds, the variation in the response of different species or ecosystems to the
same disturbances, and the variation in response to thresholds at different scales (Huggett
2005). Empirical data for thresholds for ecosystem status categories (20%, 35%, and 60%;
Table 3.1) are needed. This research should improve scientific understanding of river
ecology, ecosystem functioning, and the response of ecological variables to disturbances.
Additionally, uniform thresholds do not reflect the relative responses of different ecosystems
to the same disturbances. Thresholds used in this assessment should therefore be refined
as new research becomes available.

3.3 Ecosystem threat status: Wetlands
3.3.1

Assessment method

Wetland ecosystem types (Section 2.5) were combined spatially with wetland condition
(Section 2.8). The percentage area of each wetland ecosystem type in good condition and
moderate condition (Table 2.4) was thus calculated. An ecosystem threat status category
was assigned to each wetland ecosystem type by comparing these percentages with the
thresholds for wetland ecosystems (Table 3.1). Ecosystem threat status for each wetland
ecosystem type is provided in Appendix D.
Acknowledging the low confidence in the desktop classification of landforms and thus
hydrogeomorphic units (only a 50-60% accuracy; see Section 2.7), an assessment of
ecosystem threat status was also conducted using the wetland vegetation groups rather
than the wetland ecosystem types. Wetland vegetation groups represent a coarser level of
the classification hierarchy used to derive wetland ecosystem types (Level 2 of 4; Section
2.5.1). The percentage area of wetland in good and moderate condition was calculated for
each wetland vegetation group, and an ecosystem threat status category was assigned to
each wetland vegetation group by comparing these percentages with the thresholds for
wetland ecosystems (Table 3.1). Ecosystem threat status for each wetland vegetation group
is provided in Appendix E.

3.3.2

Results

Figure 3.7a shows wetland ecosystem threat status across the country, with a band of
critically endangered and endangered ecosystem concentrated along the escarpment belt
and around major cities and production landscapes. Note that an ecosystem type can
include wetlands with a range of different ecological conditions but will be assigned only one
ecosystem threat status category. For example, critically endangered ecosystem types will
include very few examples of wetlands in good condition (A or B ecological category), while
least threatened ecosystem types will have more examples of wetlands that are still in good
condition. Wetlands with critically endangered or endangered ecosystem types that are still
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in a good condition should remain in this condition as they are vital for achievement of South
Africa’s freshwater ecosystem goal (Box 1). The distribution of wetland ecosystem threat
status is similar if the assessment is undertaken for wetland vegetation groups (Figure
3.7b), although the scattered critically endangered and endangered ecosystem types in the
Northern and Northwest Provinces disappear.
Of South Africa’s 791 wetland ecosystem types, 48% are critically endangered, 12% are
endangered, 5% are vulnerable, and 35% are least threatened (Figure 3.8a). This result is
very similar when wetland vegetation groups are used to assess ecosystem threat status
(Figure 3.8b).
There is also variability within the overall picture for wetland ecosystem types, with
floodplain wetland ecosystem types being the most critically endangered, followed closely by
valleyhead seeps and valley-bottom wetlands (Figure 3.9). These wetland types are often
associated with highly productive land, and are the ones that are often dammed, drained or
bulldozed for agricultural purposes.
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Figure 3.7: Ecosystem threat status for (a) wetland ecosystem types and (b) wetland vegetation
groups
Wetlands in a good condition which contain critically endangered or endangered ecosystem types
are vital for achieving South Africa’s biodiversity goal (Box 1). The outlines around wetland
polygons in (a) have been accentuated for visual purposes.
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Figure 3.8: Summary of ecosystem threat status for (a) wetland ecosystem types; and (b) wetland
vegetation groups
The % of ecosystem types was calculated as the number of ecosystem types in the ecosystem threat
status category expressed as a percentage of the total number of ecosystem types (= 791). Similarly,
the % of wetland vegetation groups was calculated using the number of wetland vegetation groups in
each category, where total number of wetland vegetation groups (= 133). CR, EN, VU and LT refer
respectively to critically endangered, endangered, vulnerable and least threatened ecosystems.
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Figure 3.9: Summary of ecosystem threat status within each hydrogeomorphological unit
(a) The number of ecosystem types and (b) the percentage of ecosystem types is calculated as the
number of ecosystem types in each ecosystem threat status category expressed as a percentage of the
total number of ecosystem types in the corresponding hydrogeomorphological unit. CR, EN, VU and
LT refer respectively to critically endangered, endangered, vulnerable and least threatened
ecosystems.
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3.3.3

Limitations

As discussed respectively in Sections 2.5.2 and 2.8.4, the GIS layers for wetland ecosystem
types and wetland condition have limitations, which affect the ecosystem threat status
assigned to the different wetland ecosystem types. Estimates of wetland condition are
based solely on desktop modelling and are of unknown confidence. Methods of measuring
wetland condition across large areas need to be established. This should include
strengthening of the Working for Wetlands nationally coordinated programme to roll out a
strategic programme for wetland health monitoring across provinces, as well as developing
methods in the interim to test the effectiveness of land use indices in estimating wetland
condition across the entire country. The latter should establish confidence limits in desktop
data through evaluating the desktop modelling against field data.
Thresholds for ecosystem threat status categories used in this assessment should be
refined as new research becomes available. This research should focus on developing
empirically-based thresholds for measuring ecosystem threat status of wetland ecosystem
types. These should be based on an understanding of wetland ecosystem functioning, and
the relative responses of different wetland ecosystem types to the same disturbances. Such
research may also be particularly important in ecosystem-based approaches to climatechange adaptation, e.g. for determininig thresholds of wetland modification at a catchment
level beyond which flow regulation in the catchment breaks down.

3.4 Comparison of NSBA 2004 and NBA 2011
Ecosystem threat status of rivers in the NBA 2011 is not directly comparable to the NSBA
2004 assessment for a number of reasons:
•

•

•

7

NBA 2011 includes an assessment of main rivers as well as tributaries. The NSBA
7
2004 assessed quaternary mainstem rivers only, and was unable to assess the
conservation potential of the numerous major tributaries feeding the main rivers, which
are often representative of the same types of ecosystems and in better condition. The
NBA 2011 included an assessment of both quaternary mainstem rivers and tributaries
(Figure 3.10).
NBA 2011 river ecosystem types were classified at a finer level of detail using
different data. The NBA 2011 used three levels of detail (Section 2.2) to identify 223
river ecosystem types, while the NSBA 2004 used only two levels of detail, viz.
geomorphic provinces (Partridge et al. 2010) and flow variability (Hannart and Hughes
2003), and identified only 120 river ecosystem types, at a coarser scale than the NBA
2011 river ecosystem types.
Thresholds used to determine ecosystem threat status differed slightly. The upper
threshold defining the endangered category was 35% for the NBA 2011 (Table 3.1)
compared to 40% used in the NSBA 2004. The vulnerable category included
For a definition of quaternary mainstem rivers and tributaries see Section 2.1
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ecosystems in both good and moderately-modified condition (A, B or C ecological
category) in the NBA 2011 whereas moderately-modified ecosystems were not included
in the NSBA 2004 vulnerable category.
To develop a time series of comparison, quaternary mainstem rivers and tributaries were
assessed separately using the NBA 2011 river ecosystem type and river condition data, but
the NSBA 2004 assessment method. The NSBA 2004 assessment defined critically
endangered, endangered and vulnerable ecosystem types as those with respectively <20%,
20-40% and >60% of their original length in an A or B ecological category.
The results of this comparative analysis (Figure 3.11) support the conclusion in the NSBA
2004 that ecosystem threat status is “likely to differ with the inclusion of tributaries” (Nel et
al. 2007). There is very little difference between overall ecosystem threat status of mainstem
quaternary rivers in the NSBA 2004 (Figure 3.11a) and NBA 2011 (Figure 3.11b)
assessments. However, when tributaries are included the overall ecosystem threat status
improves as expected (Figure 3.11c).
The similarity in ecosystem threat status levels between the assessments of mainstem
rivers is also interesting (Figure 3.11a; Figure 3.11b). While very similar river condition data
were used for mainstem rivers, the NBA 2011 river ecosystem types differed. This suggests
that assessment of ecosystem threat status is more sensitive to ecosystem condition than
ecosystem type classification, at least for regions where high levels of ecosystem threat are
expected. By implication, it is therefore more important for future improvements of
ecosystem threat status to invest in developing high confidence GIS layers for river
condition, than to develop and test approaches for classifying river ecosystem types. A
similar conclusion may be drawn from the comparative analyses of ecosystem threat status
using wetland ecosystem type versus using only wetland vegetation groupings (Section 3.3).
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(a)

(b)

Figure 3.10: Rivers assessed in (a) the NSBA 2004 and (b) the NBA 2011
The NSBA 2004 assessed quaternary mainstem rivers only, while the NBA 2011 included an
assessment of both quaternary mainstem rivers and tributaries. For further information on the river
network GIS layer used in the NBA 2011, see Section 2.1
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Figure 3.11: Comparison of 2004 and 2011 assessments by applying 2004 methods to 2011 river
ecosystem types
Showing: (a) NSBA 2004 ecosystem threat status for quaternary mainstem rivers; (b) NBA 2011
ecosystem threat status for quaternary mainstem rivers; and (c) NBA 2011 ecosystem threat status
for mainstems and tributaries. Statistics for (b) and (c) were derived by applying NSBA 2004
thresholds and criteria to the new river ecosystem types and river condition data for NBA 2011.
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Section 4.

Ecosystem protection level

4.1 Introduction
Protected areas are vital for ecological sustainability and climate change resilience, serving
as nodes in South Africa’s ecological infrastructure network. It is often argued that protected
areas are not useful for freshwater ecosystems because partial inclusion of rivers in
protected areas does not guarantee protection from impacts outside protected area
boundaries that can still have negative consequences for freshwater biodiversity within
(Mancini et al. 2005). While this is true, protected areas can be a powerful strategy in
freshwater settings (Abell et al. 2007). They have the ability to catalyse conservation
activities in the surrounding catchments and provide stimulus for the implementation of
effective integrated catchment management. Rivers that flow through protected areas are
also often in better condition downstream of the protected area than upstream, highlighting
the positive impact that good land management can have on river condition and the
important role of land-based protected areas in protecting rivers.
Acknowledging the importance of protected areas, governments worldwide have made
commitments to establish protected area systems that contain viable representations of
every terrestrial, freshwater, estuarine and marine ecosystem (IUCN 2003). Measuring the
total area of land or sea, or even the total length of river, under protection is insufficient as
an indicator towards achievement of this commitment, because this simplistic measure fails
to consider the diversity of ecosystems under protection. The NSBA 2004 and NBA 2011
have therefore introduced a more comprehensive indicator, ecosystem protection level,
which measures how well South Africa’s formal protected areas are doing at meeting targets
for conserving the full variety of ecosystem types across the country. This indicator
measures how much of the biodiversity target for each ecosystem type has been included in
protected areas, thus helping to focus protected area expansion on the least protected
ecosystem types.
Figure 4.1 summarises the main steps involved in assessing protection levels of ecosystem
types, which are broadly equivalent in aquatic and terrestrial environments. The same
ecosystem types and ecosystem condition mapped for assessing ecosystem threat status
(Figure 3.3) are used in this process. In addition, protected areas across the country need to
be mapped, so that the proportion of each ecosystem type in protected areas can be
calculated. This is then compared to the biodiversity target for that ecosystem type, a
national target that is set for the representation of natural examples of each ecosystem
8
type . The proportion of this biodiversity target in protected areas is then assessed for each
ecosystem type against a series of thresholds to determine ecosystem protection levels.

8

For terrestrial ecosystems, the biodiversity target is calculated based on species turnover, and varies between
16% and 36% of the original extent of each ecosystem. For aquatic ecosystems there is currently insufficient
data to determine ecologically differentiated targets, and the biodiversity target is set at 20%.
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Map and classify ecosystems

Map existing protected areas

Calculate the proportion of each
ecosystem type included in PAs

Compare the proportion protected with
the biodiversity target for that
ecosystem type

Assign ecosystem protection level
category

Figure 4.1: Main steps in assessing ecosystem protection levels
“PAs” refers to formal protected areas.

4.2 Ecosystem protection level: Rivers
4.2.1

Assessment method

Ecosystem protection levels were assessed by examining the contribution made by rivers in
formal protected areas to the biodiversity target of each river ecosystem type. Formal
protected areas were defined as those recognised in terms of the National Environmental
Management: Protected Areas Act (Act 57 of 2003)9. Protected areas classified as
“Formal_A” and “Formal_B” in the GIS layer collated for the National Protected Areas
Expansion Strategy (Government South Africa 2010; http://bgis.sanbi.org) were used to
identify formal protected areas; this includes proclaimed mountain catchment areas (Table
4.1).
A 20% biodiversity target was used for representing freshwater ecosystems, as
recommended in the cross-sectoral policy document for conserving freshwater ecosystems
9

The IUCN defines a protected area as an area of land and/or sea especially dedicated to the protection and
maintenance of biological diversity and of natural and associated cultural resources, and managed through legal
or other effective means. This is a broader definition than the one used in the NBA 2011 as it includes areas
which are not legally protected and which we would define as conservation areas rather than protected areas.
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(Roux et al. 2006). To be considered protected in this assessment, river ecosystems had to
be in formal protected areas AND be in a good condition (A or B ecological category). The
latter requirement acknowledges the problems that rivers have with upstream impacts
outside protected areas. Thus, a river ecosystem with a total length of 100 km in South
Africa would have a biodiversity target of 20 km against which its length in good condition
within formal protected areas was assessed.
River ecosystem types and river condition were spatially combined with the protected areas
GIS layer to calculate the length of each river ecosystem type under formal protection
(Formal_A and Formal_B categories of Table 4.1) and its condition. No distinction was
made between rivers that are protected on both sides of their river bank rivers and ones that
form the boundary of the protected area (which are therefore protected on one side only).
However the river had to be in a good condition (A or B ecological category) to be
considered protected, irrespective of whether it was on a protected area boundary or not.
For each river ecosystem type, the length in good condition and under formal protection was
expressed as a percentage of the length required by the biodiversity target (calculated as
20% the total length for each ecosystem type). An ecosystem protection level category was
thus assigned, where well protected river ecosystem types were defined as those with
≥ 100% of their biodiversity target in protected areas and in good condition. Similarly,
moderately protected and poorly protected river ecosystem types have respectively at least
50% and 5% of their target in protected areas and in good condition; while not protected
have < 5%.

Table 4.1. Types of protected areas classified as formally protected in the protected areas GIS layer.
NPAES_PROP and NSBA_CAT refer to the attribute data field used in the GIS layer which was
collated for the recently-completed National Protected Area Expansion Strategy (Government South
Africa 2010; http://bgis.sanbi.org).
NPAES_PROP

NSBA_CAT

NPAES_PROP

NSBA_CAT

Formal_A

Conservation Area

Formal_B

Bird Sanctuary

Formal_A

DWAF Forest Area

Formal_B

Community Nature Reserve

Formal_A

DWAF Nature Reserve

Formal_B

Conservation Management Area

Formal_A

Island Reserve

Formal_B

LA Nature Reserve

Formal_A

Joint mng comm /MPB

Formal_B

Local Authority Nature Reserve

Formal_A

Joint mngment/comm NR

Formal_B

Meteorite Crater Reserve

Formal_A

National Park

Formal_B

Mountain Catchment Area

Formal_A

National Park(les)

Formal_B

Municipal Nature Reserve

Formal_A

Formal_B

National Botanical Garden

Formal_A

Nature Reserve
Primary Conservation Area
(DWAF)

Formal_B

Nature Reserve

Formal_A

Provincial Nature Reserve

Formal_B

Protected Natural Environment

Formal_A

Special Nature Reserve

Formal_A

State Forest Nature Reserve

Formal_A

Wilderness Area

Formal_A_MPA
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Formal_A

4.2.2

World Heritage Site

Results

Only 7% of the country’s river length occurs in formal protected areas. Of the rivers in
protected areas, 57% are in good condition (A or B ecological category), 29% are
moderately-modified condition (C ecological category), and 14% are in a largely to heavilymodified condition (D, E or F ecological category). These results show that inclusion in
protected areas does not guarantee conservation: only 57% of the rivers within protected
areas are in good condition. However, the higher proportion of good condition rivers inside
protected areas, compared to outside emphasises the positive role protected areas can
have, through appropriate land management strategies. In terms of river ecosystem types,
gaps in protection levels are particularly prevalent in the arid interior and eastern coastline of
the country (Figure 4.2). Only 21% of the river ecosystem types in the country are
moderately to well protected in the current protected area system, and half are not protected
at all (Figure 4.3). Ecosystem protection level for each river ecosystem type is provided in
Appendix C.

Not protected
Poorly protected
Moderately protected
Well protected
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Figure 4.2: Ecosystem protection levels for river ecosystem types
Well protected, moderately protected, poorly protected river ecosystem types have at least 100%,
50%, 5% of their biodiversity target in protected areas and in good condition; not protected river
ecosystem types have <5%.
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Figure 4.3. Summary of ecosystem protection level for river ecosystem types
The % of ecosystem types is calculated as the number of ecosystems in the ecosystem protection level
category expressed as a percentage of the total number of ecosystem types (= 223). Well protected,
moderately protected, and poorly protected river ecosystem types have at least 100%, 50%, and 5%
of their biodiversity target in protected areas and in good condition; not protected river ecosystem
types have <5%.

The NSBA 2004 and NBA 2011 show a very similar pattern of distribution for ecosystem
protection level, despite the inclusion of tributaries as well as mainstem rivers in the latter
assessment. Disaggregating these results to slope categories reveals that mountain
streams have the highest proportion of moderately to well protected river ecosystem types,
while lowland rivers have the highest proportion of river ecosystem types not protected
(Figure 4.4). Consistent to a worldwide trend for lowland productive areas (Pressey 1994),
this makes lowland rivers the most threatened of the slope categories (Figure 3.5) and also
the least protected.
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Figure 4.4: Summary of river ecosystem protection levels within each slope category
The number (a) and percentage (b) of river ecosystem types in each zone, where the percentage is
calculated as the number of ecosystem types in each ecosystem protection level category expressed
as a percentage of the total number of ecosystem types in the corresponding slope category. Well
protected, moderately protected, and poorly protected river ecosystem types have at least 100%,
50%, and 5% of their biodiversity target in protected areas and in good condition; not protected
river ecosystem types have <5%.
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Given the high levels of threat shown for both rivers (Section 3.2) and wetlands
(Section 3.3), it is concerning that the NSBA 2004 and NBA 2011 have highlighted
significant gaps in protected area systems for freshwater ecosystems, both in terms of their
representation and their ecological viability and integrity. To address these gaps, South
Africa has recently developed a strategy to guide the expansion of the country’s land-based
protected area system – including both the establishment of new protected areas and
expansion of existing ones. As input into the strategy, a spatial assessment of both
terrestrial and freshwater biodiversity was undertaken to identify 42 focus areas for landbased protected area expansion. These are large, intact and unfragmented areas suitable
for the creation or expansion of large protected areas that benefit both terrestrial and
freshwater biodiversity. Several objectives were used to guide identification of freshwater
focus areas, including: improving the overall representation of natural examples of river
ecosystem types in protected areas with a focus on threatened river ecosystem types;
promoting the establishment of new protected areas for conserving free-flowing rivers; and
identifying ecologically functional river reaches that could be fully incorporated into a
protected area with only minor expansion (Nel et al. 2009).
Using the focus areas identified by the National Protected Area Expansion Strategy
(Government South Africa 2010) in planning for protected area expansion, together with
maps of FEPAs and free-flowing rivers (completed after this strategy) will help to address
the gaps in the protected area system for freshwater ecosystems. In addition, the National
Protected Area Expansion Strategy recommends some simple changes to the way
protected areas are designed that could help to make protected areas work better for both
freshwater and terrestrial ecosystems, for example:
•
•

•
•
•
•

Avoid using a river as the boundary of a protected area.
Encourage expansion of existing protected areas to incorporate whole river reaches that
are currently only partially protected. Sometimes this is possible with a relatively modest
adjustment to an existing protected area boundary.
Incorporate natural large-scale catchment processes into protected areas where
possible.
Ensure that rivers are well managed within protected areas, enabling them to recover
from the impact of activities upstream as they flow through the protected area.
Avoid development of visitor infrastructure on priority freshwater ecosystems in
protected areas.
Promote new protected areas for the last remaining free-flowing rivers.

4.2.3

Limitations

The issues discussed in Section 3.2.3 around the GIS layers of river condition, river
ecosystem types, and the uncertainties in thresholds also pertain to the limitations of
ecosystem protection levels. Just what should be considered ‘protected’ when assessing
ecosystem protection levels in aquatic environments is also a challenge. In terms of South
African legislation, a river ecosystem type can only ultimately be considered protected if an
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ecological reserve is gazetted for managing the river in a good condition (A or B ecological
category), AND this reserve is implemented effectively to maintain the river in this condition.
The reality is that ecological reserves have been determined for only a handful of rivers in
South Africa, and none of these have yet been gazetted or implemented effectively.
Therefore, at this stage, using this as a criterion is not informative. Should reserve
determinations and gazetting reach a momentum where it becomes an informative criterion,
it should be included in the assessment of ecosystem protection level.

4.3 Ecosystem protection level: Wetlands
4.3.1

Assessment method

Ecosystem protection levels were assessed by examining the contribution made by
wetlands in formal protected areas to the biodiversity target of each wetland ecosystem
type. A 20% biodiversity target was used for representing wetland ecosystems in protected
areas, as recommended in the cross-sectoral policy document for conserving freshwater
ecosystems (Roux et al. 2006). To be considered as protected in this assessment, wetland
ecosystems had to be in formal protected areas AND be in a good condition (A or B
ecological category). Thus, a wetland ecosystem with a total area of 100 ha in South Africa,
would have a biodiversity target of 20 ha against which its area in good condition within
formal protected areas was assessed.
Wetland ecosystem types and wetland condition were spatially combined with the protected
areas GIS layer to calculate the area of each wetland ecosystem type under formal
protection (Formal_A and Formal_B categories of Table 4.1) and its associated condition.
Only wetlands in good condition were used in the assessment of ecosystem protection
levels. For each wetland ecosystem type, the area in good condition AND under formal
protection was expressed as a percentage of the area required by the biodiversity target
(calculated as 20% the total area for each ecosystem type). An ecosystem protection level
category was thus assigned, where well protected wetland ecosystem types were defined as
those with ≥ 100% of their biodiversity target in protected areas and in good condition.
Similarly, moderately protected and poorly protected wetland ecosystem types have
respectively at least 50% and 5% of their target in protected areas and in good condition;
while not protected have < 5%.

4.3.2

Results

Only 9% of the country’s wetland area occurs in formal protected areas. Of the wetlands in
protected areas, 32% are in good condition (A or B ecological category), 7% are
moderately-modified condition, and 54% are considered to be heavily to critically-modified
condition. There is an alarming proportion of wetlands in protected areas regarded as
heavily to critically-modified condition, which stem mostly from those wetlands that are
associated with rivers that are not in a good condition, or from wetlands that were mapped
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as artificial waterbodies (e.g. waterholes) by DLA-CDSM (2005-2007). Wetlands of the
north-eastern KwaZulu-Natal are strikingly well protected compared to elsewhere in the
country (Figure 4.5). Less than 20% of wetland ecosystem types are considered moderately
to well protected, and almost three-quarters of the wetland ecosystem types of South Africa
are not protected at all (Figure 4.6). Ecosystem protection level for each wetland vegetation
ecosystem type is provided in Appendix D.

Not protected
Poorly protected
Moderately protected
Well protected

Figure 4.5: Ecosystem protection levels for wetland ecosystem types
Well protected, moderately protected, poorly protected wetland ecosystem types have at least 100%,
50%, 5% of their biodiversity target in protected areas and in good condition; not protected wetland
ecosystem types have <5%. The outlines around wetland polygons have been accentuated for visual
purposes.
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Figure 4.6. Summary of ecosystem protection levels for wetland ecosystem types
The % of ecosystem types is calculated as the number of ecosystems in the ecosystem threat status
category expressed as a percentage of the total number of ecosystem types (= 791). Well protected,
moderately protected, poorly protected wetland ecosystem types have at least 100%, 50%, 5% of
their biodiversity target in protected areas and in good condition; not protected wetland ecosystem
types have <5%.

There is no clear pattern of bias in protection when these overall statistics are
disaggregated to the hydrogeomorphic unit, although floodplain wetlands have the highest
proportion of wetlands that are not protected (Figure 4.7). Healthy wetlands play an
important role in providing regulating ecosystem services that support sustainability and
buffer us against climate change, e.g. they purify water, regulate floods and provide water
storage with lower evaporation potential than dams. The high levels of wetland ecosystem
threat status (Figure 3.8), coupled with very low levels of protection (Figure 4.6) is therefore
concerning, and one that should be addressed in expanding the country’s protected area
network to support ecological sustainability and climate change adaptation.
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Figure 4.7: Summary of wetland ecosystem protection levels within each hydrogeomorphological
unit
(a) The number and (b) the percentage of wetland ecosystem types, where percentage is calculated as
the number of ecosystem types in each ecosystem protection level category expressed as a percentage
of the total number of ecosystem types in the corresponding hydrogeomorphological unit. Well
protected, moderately protected, poorly protected wetland ecosystem types have at least 100%, 50%,
5% of their biodiversity target in protected areas and in good condition; not protected wetland
ecosystem types have <5%.
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4.4 Protection levels of high water yield areas
High water yield areas are important because they contribute significantly to the overall
water supply of the country (Section 2.9). Because of their strategic importance, the NBA
2011 included an assessment of the protection levels of high water yield areas (irrespective
of ecosystem type), as well as the overlap of these areas with FEPAs.
The NFEPA project assessed high water yield at the scale of entire sub-quaternary
catchments (Nel et al. 2011b), which are generally much bigger than the protected areas
that fall within sub-quaternary catchments. To obtain an appropriate level of accuracy for
assessing protection levels of high water yield areas, the original finer-scale 1 x 1 minute
GIS layer (generated as a precursor to the NFEPA high water yield GIS layer) was used
(Section 2.9). Grid cells where the proportion of mean annual runoff was ≥ 3 times that
calculated for its respective primary catchment were extracted and overlayed with formal
protected areas (as defined in Table 4.1) to calculate the percentage overlap of high water
yield areas with formal protected areas.This analysis thus found that 18% of high water yield
areas were formally protected.
Two further assessments were done for high water yield areas. The first calculated the
percentage overlap of sub-quaternary catchments identified as high water yield areas with
all FEPA map categories identified at a sub-quaternary level, namely river FEPAs, phase 2
FEPAs, fish support areas and upstream management areas (see Section 5.2 for
description of these categories). The number of sub-quaternary catchments within each
category was expressed as a percentage of the total number of sub-catchments identified
10
as high water yield areas (581 of the 9417 sub-quaternary catchments) . The results show
that about a third of the river FEPAs and their associated sub-quaternary catchments
overlap with high water yield areas (Table 4.2). The ecological condition of river reaches in
the sub-quaternary catchment was a strong driver of whether it qualified as a FEPA
because only rivers in a good ecological condition (A or B ecological condition; Table 2.1)
were selected as FEPAs.
The second additional assessment therefore examined the ecological condition of the
1:500 000 river reaches within the sub-quaternary catchments identified as high water yield
areas (Table 4.3). The results show that we are still fortunate to have almost 60% of the
country’s rivers in high water yield areas in a good ecological condition (A or B ecological
category; Table 2.1), which represents a major opportunity for managing water security in
the country. These areas should be regarded as cornerstones for South Africa’s water
supply and managed to support sustainability of downstream activities. Less optimistically,
this assessment also highlights that nearly a third of the rivers in high water yield subquaternary catchments are in a heavily-modified condition (D, E, F or Z ecological
condition). The potential of rehabilitating these rivers and their associated sub-quaternary
10

Assessment of proportional overlap according to river length and sub-quaternary catchment areas was also
done, yielding very similar results
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catchments should be investigated as this will contribute to the sustainability of downstream
activities.

Table 4.2. Percentage of high water yield areas within FEPA map categories
The FEPA map categories include all categories for rivers identified at a sub-quaternary level.
Percentages are based on the number of sub-quaternary catchments within each category compared
to the total number of sub-catchments that were identified as high water yield areas (=581). “Other”
are all sub-quaternary catchments identified as high water yield that fall outside of the FEPA map
categories.

FEPA map category

% number of sub-quaternary
catchments

FEPA

31

Fish Support Area

11

Phase 2 FEPA

5

Upstream Management Area

30

Other

23

Table 4.3. Ecological condition of rivers in high water yield areas
Ecological condition refers to the condition of the 1:500 000 river reach within the sub-quaternary
catchments identified as high water yield areas. Percentages are based on the proportion of river
length in each ecological condition category compared to the total river length of sub-quaternary
catchments identified as high water yield areas.

*

Ecological condition category

% number of sub-quaternary
catchments

AB

58

C

16

D

12

EF

1

Z
13
* The ecological condition category used here is based on Kleynhans 2000,
and is described in Section 2.3.1
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Section 5.

Spatial priorities

5.1 Introduction
The recently completed National Freshwater Ecosystem Priority Areas project (NFEPA)
identified FEPAs to meet national biodiversity goals for freshwater ecosystems (Nel et al.
2011a); and began the process for enabling effective implementation of measures to protect
FEPAs (Driver et al. 2011).
The main NFEPA products are shown in Figure 5.1. The NFEPA Atlas (Nel et al. 2011a),
Implementation Manual (Driver et al. 2011) and Technical Report (Nel et al. 2011b) are
available in hard copy format from the Water Research Commission. All of these products
are also available digitally on the NFEPA DVD (enclosed as part of the Atlas) or on SANBI’s
Biodiversity GIS (BGIS) website (http://bgis.sanbi.org). The NFEPA Atlas showcases all the
map products produced by the NFEPA project (Nel et al. 2011a). These include FEPA maps
for each of the 19 Water Management Areas in South Africa, six national maps summarising
information in the FEPA maps, and a series of maps showing the input data used to identify
FEPAs.

FEPA maps and maps of free-flowing rivers show spatial priorities for river, wetland and
estuary ecosystems across the whole country. FEPAs have been identified at the sub11
quaternary catchment scale , a resolution suitable for planning at the level of a Water
Management Area for processes such as catchment visioning, water use scenario planning
and water resource classification. Free-flowing rivers are long stretches of river without
dams. Globally and in South Africa, there are very few rivers that are still free of the impacts
of dams, and a worldwide effort is being made to identify free-flowing rivers and maintain
representative examples across the world (Nilsson et al. 2005).
This section briefly describes the categories shown on the FEPA maps and the free-flowing
rivers identified by the NFEPA project. The NFEPA Atlas (Nel et al. 2011a) and technical
report (Nel et al. 2011b) describe in more detail the criteria used to identify each FEPA map
category (e.g. ecosystem and species data used, biodiversity targets set, rules applied in
the biodiversity planning process).

11

Sub-quaternary catchments are watersheds that are approximately nested in the Department of Water Affairs
quaternary catchments (Midgley et al. 1994). The watershed of a sub-quaternary catchment is delineated around
each river reach, where a river reach is defined as the portion of river between river confluences on the
Department of Water Affairs 1:500 000 river network GIS layer.
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5.2 Descriptions of FEPA map categories
FEPA maps show various different categories, each with different management implications.
The categories include river FEPAs and associated sub-quaternary catchments, wetland
FEPAs, wetland clusters, Fish Support Areas and associated sub-quaternary catchments,
fish sanctuaries, phase 2 FEPAs and associated sub-quaternary catchments, and Upstream
Management Areas. An example of a FEPA map and FEPA map legend is shown in Figure
5.2.

5.2.1

River FEPA and associated sub-quaternary catchment

River FEPAs achieve biodiversity targets for river ecosystems and threatened/nearthreatened fish species, and were identified in rivers that are currently in a good condition (A
or B ecological category, see Table 2.1). Their FEPA status indicates that they should
remain in a good condition in order to contribute to national biodiversity goals and support
sustainable use of water resources.
For river FEPAs the whole sub-quaternary catchment is shown in dark green, although
FEPA status applies to the actual river reach within such a sub-quaternary catchment. The
shading of the whole sub-quaternary catchment indicates that the surrounding land and
smaller stream network need to be managed in a way that maintains the good condition (A
or B ecological category) of the river reach.
It is important to note that river FEPAs currently in an A or B ecological category may still
require some rehabilitation effort, e.g. clearing of invasive alien plants and/or rehabilitation
of river banks. From a biodiversity point of view, rehabilitation programmes should therefore
focus on securing the ecological structure and functioning of FEPAs before embarking on
rehabilitation programmes in phase 2 FEPAs (or other areas).

5.2.2

Wetland or estuary FEPA

For wetland and estuary FEPAs, only the actual mapped wetland or estuarine functional
zone is shown on the map as a FEPA, indicated by a turquoise outline around the
wetland or estuary. The associated sub-quaternary catchment is not shown in dark green
(unless it contains a river FEPA). Connected freshwater ecosystems and surrounding land
that need to be managed in order to maintain wetland and estuary FEPAs in good condition
need to be identified at a finer scale and in management plans for individual wetland or
estuary FEPAs. In some cases it may be the whole sub-quaternary catchment and in others
it may be a smaller area.
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Atlas of Freshwater
Ecosystem Priority Areas

Implementation Manual
for Freshwater Ecosystem
Priority Areas

Shows all maps developed by
the NFEPA project, including
FEPA maps per Water
Management Area, national
map products, and maps of
input data layers. A brief
explanation of each map is
provided.

Explains how to use FEPA
maps in different sectors, and
provides freshwater ecosystem
management guidelines for
river FEPAs and wetland FEPAs.

NFEPA DVD

NFEPA
Technical Report

Supplies GIS shapefiles and
metadata, A3 jpegs of FEPA
maps per Water Management
Area, slide presentations of
NFEPA, and an open-source
map viewer. The data is also
available on SANBI’s
Biodiversity GIS website
(http://bgis.sanbi.org).

Describes the technical
approach used to develop the
maps, the stakeholder
engagement process, the legal
and policy analysis, and
guiding concepts for
institutional uptake.

Figure 5.1: NFEPA products at a glance
The NFEPA Atlas (Nel et al. 2011a), Implementation Manual (Driver et al. 2011) and Technical
Report (Nel et al. 2011b) are available in hard copy format from the Water Research Commission.
The data are also available of the NFEPA DVD (enclosed as part of the Atlas) or on SANBI’s
Biodiversity GIS site (http://bgis.sanbi.org).
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Figure 5.2: FEPA map example showing some
of the Mzimvubu Water Management Area
FEPA maps for each Water Management Area are available from the Water Research Commission in
hard copy format in the NFEPA Atlas (Nel et al. 2011a), or can be downloaded from SANBI’s
Biodiversity (BGIS) website (http://bgis.sanbi.org).
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Wetland FEPAs were identified using ranks that were based on a combination of special
features and modelled wetland condition. Special features included expert knowledge on
features of conservation importance (e.g. extensive intact peat wetlands, presence of rare
plants and animals) as well as available spatial data on the occurrence of threatened frogs
and wetland-dependent birds. Wetland condition was modelled using the presence of
artificial water bodies as well as by quantifying the amount of natural vegetation in and
around the wetland (within 50m, 100m and 500m of the wetland). Based on these factors,
wetlands were ranked in terms of their biodiversity importance. Biodiversity targets for
wetland ecosystems were met first in high-ranked wetlands, proceeding to lower ranked
wetlands only if necessary.
Although wetland condition was a factor in selection of wetland FEPAs, wetlands did not
have to be in a good condition to be chosen as a FEPA. Wetland FEPAs currently in a good
ecological condition should be managed to maintain this condition. Those currently not in a
good condition should be rehabilitated to the best attainable ecological condition.
Estuary FEPAs are the national priority estuaries identified in the estuary component of the
NBA 2011 (Van Niekerk and Turpie 2012). The functional zone for each estuary is shown on
the map, which includes the main channel or open water as well as the zone to which the
estuary may expand during flood (guided largely by the 5m coastal contour line). Estuary
FEPAs are shown on the map in the same way as wetland FEPAs, with turquoise outlines.
The recommended ecological category for priority estuaries is listed in Turpie et al. (2012). It
varies according to importance, sensitivity and feasibility of implementation, and is not
necessarily an A or B ecological condition.

5.2.3

Wetland cluster

Wetland clusters are groups of wetlands embedded in a relatively natural landscape. This
allows for important ecological processes such as migration of frogs and insects between
wetlands. In many areas of the country, wetland clusters no longer exist because the
surrounding land has become too fragmented by human impacts. An orange outline is
shown around groups of wetlands that belong to a wetland cluster. Wetlands do not
have to have FEPA status to belong to a wetland cluster (although clusters with a high
proportion of wetland FEPAs were favoured in identifying wetland clusters).

5.2.4

Fish sanctuary and associated sub-quaternary catchment

Fish sanctuaries are rivers that are essential for protecting threatened and near-threatened
freshwater fish that are indigenous to South Africa (also see Section Section 6). The
associated sub-quaternary catchment is marked with a red or black fish symbol on the
map. A red fish indicates that there is at least one population of a critically endangered or
endangered fish species within that sub-quaternary catchment. A black fish indicates the
presence of vulnerable or near-threatened fish populations. Some fish sanctuaries are
FEPAs, with their associated sub-quaternary catchments shown in dark green; others are
71

Section 5: Spatial priorities

Fish Support Areas, with their associated sub-quaternary catchments shown in medium
green (see explanation of Fish Support Areas below). A goal of NFEPA was to keep further
freshwater species from becoming threatened and to prevent those fish species that are
already threatened from going extinct. In order to achieve this, there should be no further
deterioration in river condition in fish sanctuaries and stocking invasive alien fish in farm
dams in the associated sub-quaternary catchment should be avoided.

Fish management plans should be developed for all fish sanctuaries to protect the fish
they contain, with priority given to those fish sanctuaries containing critically endangered or
endangered fish species (indicated by the red fish symbol on the map). These plans should
address issues such as management of a particular stretch of river habitat within the subquaternary catchment, the contruction of weirs to prevent invation of invasive alien fish
species (following an environmental impact assesssment), and promoting environmentally
responsible aquaculture and angling. In some cases it may be appropriate to publish a
formal Biodiversity Management Plan for a fish species in terms of the Biodiversity Act.
Please contact the provincial conservation authority for further guidance if you intend to
develop a fish management plan. The South African Institute for Aquatic Biodiversity
(SAIAB) can also provide input into making informed decisions in this regard.

5.2.5

Fish Support Area and associated sub-quaternary catchment

Fish sanctuaries in a good condition (A or B ecological category) were identified as FEPAs,
and the whole associated sub-quaternary catchment is shown in dark green. The remaining
fish sanctuaries in lower than an A or B ecological condition were identified as Fish Support
Areas, and the associated sub-quaternary catchment is shown in medium green. Fish
Support Areas also include sub-quaternary catchments that are important for migration of
threatened or near-threatened fish species – these are not marked with a fish symbol.

5.2.6

Upstream Management Area

Upstream Management Areas, shown in very pale green, are sub-quaternary catchments
in which human activities need to be managed to prevent degradation of downstream river
FEPAs and Fish Support Areas. Upstream Management Areas do not include management
areas for wetland FEPAs, which need to be determined at a finer scale.

5.2.7

Phase 2 FEPA

Phase 2 FEPAs were identified in moderately-modified rivers (C ecological category), only in
cases where it was not possible to meet biodiversity targets for river ecosystems in rivers
that were still in good condition (A or B ecological category). The river condition of these
phase 2 FEPAs should not be degraded further, as they may in future be considered for
rehabilitation once FEPAs in good condition (A or B ecological category) are considered fully
rehabilitated and well managed. Phase 2 FEPAs and their associated sub-quaternary
catchments are shown in dark green with white dots.
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5.2.8

Free-flowing river

Free-flowing rivers are rivers without dams. These rivers flow undisturbed from their source
to the confluence with a larger river or to the sea. Dams prevent water from flowing down a
river and disrupt ecological functioning, with serious knock-on effects for downstream river
reaches and users. Free-flowing rivers are a rare feature in the South African landscape and
part of the country’s natural heritage. Free-flowing rivers are NOT shown on the FEPA
maps, but are mapped separately (see Part 3 of the NFEPA Atlas). Nineteen flagship freeflowing rivers were identified based on their representativeness of free-flowing rivers across
the country, as well as their importance for ecosystem processes and biodiversity value.
These flagship rivers should receive top priority for retaining their free-flowing character.
Flagship free-flowing rivers are listed in the NFEPA Atlas and technical report, and coded in
the river shapefile on the NFEPA DVD available as part of the NFEPA Atlas (Nel et al.
2011a).

5.3 Finer scale plans
At a finer scale of planning, FEPA maps can be used as the basis for identifying Critical
Biodiversity Areas and Ecological Support Areas used in provincial biodiversity plans and
bioregional plans. These plans integrate priority areas for freshwater ecosystems with those
for terrestrial ecosystems. Critical Biodiversity Areas are similar to FEPAs and need to
remain in a natural or near-natural condition to conserve biodiversity and ecological
functioning. Ecological Support Areas are similar to Fish Support Areas and Upstream
Management Areas on the FEPA maps (Section 5.2.5 and 5.2.6), and need to be managed
to prevent degradation of Critical Biodiversity Areas.
Provincial biodiversity plans and bioregional plans integrate priority areas for freshwater
ecosystems with those for terrestrial ecosystems. Using FEPA maps as a basis for
identifying Critical Biodiversity Areas and Ecological Support Areas requires, at a minimum,
setting a rule for generating variable-width buffers around FEPAs, and assigning Ecological
Support Areas to the smaller stream network within sub-quaternary catchments containing
river FEPAs (using the 1:50 000 river GIS layer). FEPAs should be favoured in the
identification of Critical Biodiversity Areas and Ecological Support Areas. All river and
wetland FEPAs should at least be considered to be Ecological Support Areas.
Several finer-scale plans have been produced prior to the release of FEPA maps. In
implementing conservation action in these areas, BOTH FEPA maps and the fine-scale
plans should be assessed. Information on the fine-scale plans that have been completed for
various areas of the country can be downloaded from SANBI’s Biodiversity (BGIS) GIS
website (http://bgis.sanbi.org). FEPA maps should never replace existing maps of Critical
Biodiversity Areas, but should rather supplement these maps.
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Section 6.

Species of special concern

6.1 Introduction
Species of special concern are species that require conservation action because they are
vulnerable to human actions (species of socio-economic importance or listed as threatened),
or because they serve as biodiversity surrogates for other unmappable species (umbrella
species), or because they play a critical role in the structure and functioning of ecological
communities (keystone species). This section shows species information collated by the
NFEPA project, which informed the identification of FEPAs (Nel et al. 2011b).
The NFEPA project did not collate a comprehensive list of species of special concern, owing
to the lack of nationally consistent data available on freshwater species. The paucity in
freshwater species data has been highlighted as a global concern (Abell 2002). The state of
species data for freshwater ecosystems in South Africa is indeed very patchy:

•

•

•
•

•

Substantial investment has gone into collating a strategic national database for
freshwater fish. South Africa has a long history of freshwater fish data collected over
the last century, which has been collated by SAIAB and the Albany Museum. The
database is available on request to environmental scientists and is easy to use.
Information on waterbirds is relatively easy to access using Coordinated Waterbirds
Counts (CWAC) of BirdLife South Africa and the Animal Demography Unit. The
information is served in a way that is easier to access for specific areas of the country,
but can be manipulated to give information for the whole country.
The Endangered Wildlife Trust collates data on Wattled, Grey Crowned and Blue
Cranes, all of which are threatened and highly dependent on large healthy wetlands.
An atlassing project has invested in collating frog species data across the country
(Animal Demography Unit). This database is easy to use, but data sharing issues have
not been resolved and there appears to be confusion over access to the data. Users
need to go through a lengthy process of applying to museums for access, although there
are only two museums that need approaching: Bloemfontein National Museum and
Transvaal Museum. Thus, it seems as though this data sharing issue could be a
relatively easy obstacle to overcome for future biodiversity assessments.
While the River Health Programme has focussed attention on collation of aquatic
invertebrate data, this is mainly at the family, not species, level of taxonomy. Familylevel data are insubstantial for biodiversity assessments and planning because of the
high heterogeneity of species distribution patterns within taxonomic groups of
invertebrates (Roux et al. 2008). Although the collation of species-level invertebrate data
is beginning to receive more attention (Dallas pers. comm.), no nationally
comprehensive electronic database yet exists. A range of museums and other
institutions house a large amount of information on aquatic invertebrates across the
country (sometimes electronic, but still much on hard copy). A concerted investment
should be made to collate these data into a single strategic national species database –

74

Section 6: Species of special concern

•

•

not only to improve future biodiversity assessments and plans, but also for improved
ability of river health monitoring.
A national dataset of riparian or wetland vegetation species is lacking. While the
vegetation map of South Africa, Lesotho and Swaziland do include some riparian
vegetation types within the azonal category, this is not mapped at a consistent scale
across the country. A Water Research Commission project is underway by Freestate
University to collate species data for wetland vegetation, which will be an important
dataset for improving the classification of wetland ecosystem types (Sieben pers.
comm.).
Since the completion of NFEPA data collation, the IUCN have also released a report
(and species data) for a southern African study on the conservation status of major
freshwater-dependent taxonomic groups (fishes, molluscs, dragonflies, crabs and
vascular plants). This report and database will add substantially to future assessments
(Darwall et al. 2009).

With the above data availability in mind, the species of special concern data collated for
NFEPA and presented in this assessment used threatened freshwater fish, threatened
wetland-dependent bird species, and threatened wetland-dependent frog species.

6.2 Threatened freshwater fish
The IUCN red list of threatened fish species (http://www.iucnredlist.org/initiatives/freshwater)
was used as a starting point for identifying threatened fish species in South Africa, which
included those that are critically endangered, endangered, vulnerable and near threatened.
Unique populations of those species classified according to IUCN criteria as data deficient,
but deemed threatened by South African fish biologists who participated in the NFEPA
regional workshops, were also included. In addition, some species are in the process of
taxonomic revision that will split them into several species, e.g. Galaxias zebratus may well
be split into more than ten species. These were considered as separate lineages and fish
biologists across the country assigned each lineage a preliminary conservation status that
was guided by the IUCN criteria. This resulted in a list of 66 freshwater fish species or
species lineages that were considered to be threatened or near-threatened for which
sanctuaries were identified. Table 6.1 shows the IUCN list of threatened or near threatened
fish species, including those which contain distinct lineages for which fish sanctuaries were
also delineated.
The current taxonomic problems with fish species makes it difficult to assess the exact
proportion of threatened fish species in South Africa. Based on the IUCN assessment and
this assessment, at least one third of the fish species in South Africa are threatened – this
can be said with or without consideration of the different species lineages. These levels of
threat are far higher than for the rest of the southern African region (Darwall et al. 2009).
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Table 6.1. Threatened freshwater fish species indigenous to South Africa
Species marked with an asterisk require taxonomic updating as recent research shows that they contain several distinct lineages, many of which are
threatened. IUCN status was based on the 2007 IUCN assessment (Darwall et al. 2009). For this study, the IUCN status was further refined by regional fish
biologists to include new taxonomic information on different lineages within species. All IUCN species listed as threatened – those that are critically
endangered (CR), endangered (EN) and vulnerable (VU) – were included. Species classified as data deficient (DD) by IUCN, but which contain several
distinct lineages that are considered threatened were also included, as well as near threatened species (NT) – fish sanctuaries for each distinct lineage
considered threatened or near threatened were also mapped, to bring the final list to 66 mapped fish species or subsets of species
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To address these high threat levels, fish sanctuary maps were identified for each threatened
12
or near-threatened species and species lineage at a sub-quaternary catchment scale (Nel
et al. 2011b). These areas were combined into a single map of fish sanctuaries, showing
sub-quaternary catchments that are essential for protecting threatened and near-threatened
freshwater fish that are indigenous to South Africa (Figure 6.1). Five possible categories
were identified, listed here from the highest to lowest level of protection:

•

Fish sanctuaries: Sub-quaternary catchments required to meet explicit fish population
13
targets . Fish sanctuaries in a good condition (A or B ecological category) were
selected as FEPAs, and the remaining ones became Fish Support Areas. Fish
sanctuaries are depicted on the FEPA maps using a fish symbol; see FEPA maps in
Part 2 of the NFEPA Atlas (Nel et al. 2011a), or an example of a FEPA map in Figure
5.2. A red fish denotes a fish sanctuary that contains at least one critically endangered
or endangered population; the remaining fish sanctuaries are shown with a black fish.

•

Fish rehabilitation areas: Sub-quaternary catchments which are highly suitable for the
re-introduction of threatened fish species that once occurred there, but have since been
extirpated, were identified as fish sanctuaries. All of these require some level of habitat
rehabilitation and/or the eradication of alien fish species before re-introduction can take
place. Fish rehabilitation areas were treated in the same way as fish sanctuaries in the
planning process and are depicted on the FEPA maps (Nel et al. 2011a) using the fish
symbols as explained in the previous bullet point.

•

Fish translocation areas: Sub-quaternary catchments where threatened fish species
have already been translocated to, outside the known indigenous range. These
populations were only selected if the translocation formed part of a conservation
intervention and only when the intervention is still seen as a valuable contribution to the
conservation of the species. Fish translocation zones were treated in the same way as
fish sanctuaries in the planning process and are depicted on the FEPA maps (Nel et al.
2011a) using the fish symbols as explained in the previous bullet point.

•

Fish migration corridors: Provide links between certain habitats (usually between
mainstem and tributary habitat) necessary for the migration of threatened migratory fish
species. Fish migration corridors are shown as Fish Support Areas on the FEPA maps,
but differ from fish sanctuaries, and fish rehabilitation and translocation areas in that

12

Sub-quaternary catchments are watersheds that are approximately nested in the Department of Water Affairs
quaternary catchments (Midgley et al. 1994). The watershed of a sub-quaternary catchment is delineated around
each river reach, where a river reach is defined as the portion of river between river confluences on the
Department of Water Affairs 1:500 000 river network GIS layer.
13
For critically endangered or endangered species, a target of 100% of all confirmed existing populations was
set. For other threatened and near threatened species, the target was specified as a minimum of ten populations
(or maximum confirmed existing populations), coinciding wherever possible with sub-catchments selected for
critically endangered and endangered species. This target was derived from the IUCN criteria for threatened
status which specifies that as soon as a species drops below ten populations it becomes vulnerable
(http://www.iucnredlist.org/initiatives/freshwater).
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they do not contain a fish symbol (Nel et al. 2011a). Fish migration corridors were
considered to be lower priority areas compared to fish sanctuaries, and fish rehabilitation
and translocation areas, but higher than fish upstream management areas.

•

Fish upstream management areas: These are sub-quaternary catchments in which
human activities need to be managed to prevent degradation of downstream fish
sanctuaries, fish rehabilitation and translocation areas, and fish migration corridors. All
fish upstream management areas became Upstream Management Areas on the FEPA
maps, although some of the fish upstream management areas were subsequently
identified as FEPAs to represent river ecosystem types. Fish upstream management
areas were considered the lowest priority areas for the conservation of fish species.

Figure 6.1: Fish sanctuary areas identified by the NFEPA project
After Nel et al. (2011b). Fish sanctuaries in rivers of good condition (A or B ecological category)
became FEPAs, with the remaining being allocated to Fish Support Areas.
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6.3 Threatened wetland-dependent bird and frog species
Species data for threatened wetland-dependent bird and frog species were collated by the
NFEPA project to rank wetlands so that certain wetlands would be favoured for selection of
FEPAs over others.
For waterbirds, the IUCN red data list for threatened waterbirds was used to draw locality
records for threatened waterbirds from the Coordinated Waterbirds Counts (CWAC)
database (http://cwac.adu.org.za/cwac_map.php?Pv=GP). Any wetland within 500 m of one
of these threatened species records was considered to have a threatened waterbird species
association, regardless of its condition. In addition to the CWAC data, good or moderately
good condition wetlands in sub-quaternary catchments that contained breeding and sighting
localities for Wattled Crane (critically endangered), Grey Crowned Crane (vulnerable) and
Blue Crane (vulnerable) were identified using data obtained from the Endangered Wildlife
Trust (EWT).
Approximately 17 000 point locality records were extracted from the frog collection data of
the Animal Demography Unit with permission from the Bloemfontein National Museum and
Transvaal Museum (representing 40% of the total number of records). Critically
endangered, endangered and vulnerable species were classified according to the 2004 frog
IUCN red data listing (Minter et al. 2004). Any wetland within 500 m of one of these
threatened species records was considered to have a threatened frog species association,
regardless of its condition. Wetlands associated with threatened waterbirds, cranes and
frogs are shown in Figure 6.2.
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Threatened species association
No threatened species association

Figure 6.2: Wetlands associated with threatened waterbirds, cranes and frogs
This information was collated and used to inform the selection of wetland FEPAs (Nel et al. 2011b).
Original species information was drawn from BirdLife South Africa and the Animal Demorgraphy
Unit (waterbirds), Endangered Wildlife Trust (cranes), and the Transvaal Museum, Bloemfontein
National Museum and Animal Demography Unit (frogs). The outlines around wetland polygons have
been accentuated for visual purposes.
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Section 7.

Invasive alien species: freshwater fish

7.1 Introduction
The spread of invasive alien plants and animals is recognised as a major threat to
freshwater biodiversity (Dudgeon et al. 2006). This section does not give an extensive
overview of the invasive alien species that threaten freshwater biodiversity in South Africa,
but rather focuses on one of the most problematic groups: invasive alien fish.
South Africa has long recognised the threats that invasive alien plants pose to water
resources. Incremental water use of invasive alien plants has been estimated to be 3.3
3
million m – almost 7% of of the national mean annual runoff (Versfeld et al. 1998). Invasive
alien plants in mountain catchment areas and riparian zones alone were estimated to result
3
in a 695 million m loss in water yield – 4% of the registered total water use, and this could
increase to 16% if not controlled (Cullis et al. 2007). Less awareness exists around the
threats posed to freshwater ecosystems by invasive alien fish, such as trout, bass and carp.
These species are often introduced to river systems for aquaculture and recreational fishing.
Even when invasive alien fish are not directly introduced in rivers, they often escape from
farm dams in which they are stocked (e.g. when the dam wall is breached in floods).
Invasive alien fish are now widely distributed across most large river systems in South
Africa, and impact on indigenous freshwater plants and animals through altering habitats,
competing for resources, and eating indigenous plants and animals. Invasive alien fish
present a critical threat to indigenous fish species and have led to local extinctions in some
river systems. They have also been associated with loss of invertebrates such as
dragonflies. Un-invaded streams (often the smaller tributaries of large rivers) frequently
serve as the last remaining refuges for indigenous freshwater species. Preventing invasions
of alien fish in un-invaded streams is crucial, as controlling or eradicating invasive alien fish
is difficult and expensive. Weirs can be useful for preventing upstream invasions, although
an assessment of the environmental impact of the weir to the entire freshwater ecosystem
should be done prior to construction.
Invasive alien fish come from all over the world. Some have indigenous populations
elsewhere in South Africa or the rest of the continent, but nonetheless pose a significant
threat to local diversity. In biological terms for rivers, it makes no difference whether the
invasive alien species is from another continent or from a nearby catchment – invasive alien
species could even have indigenous populations in neighbouring catchments, because river
systems, or even sections of isolated water bodies, act as islands in the landscape that
usually evolve unique diversity. The only relevance of the origin of the invasive alien species
in conservation management is whether the species can hybridise with the native species. In
this regard, invasive alien species with indigenous populations nearby tend to be more
closely related to native species and therefore can hybridise more easily, posing an
additional threat to biodiversity. All the other potential impacts of invasive alien species can
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be assessed by examining the ecology of the particular species (e.g. what it eats, where it
lives).

7.2 Key invasive alien freshwater fish species
There are at least 25 invasive alien freshwater fish species in South Africa that are
negatively impacting on the country’s biodiversity and ecosystem health (Table 7.1). Of the
25 species listed in Table 7.1, 11 have indigenous populations in Africa. All species in Table
7.1 pose a threat to the genetic integrity of native populations. Predatory species also pose
a major threat to smaller species or early life stages of larger species through direct
predation. Bass and trout species are the best examples of predatory species. For example,
in the Western Cape Province alone, smallmouth and spotted bass are directly responsible
for at least ten indigenous fish species being threatened with extinction. Whilst trout
sometimes pose less of a direct threat to indigenous fish species, they occur in colder
upstream reaches of catchments, leaving very little space for indigenous species when other
invaders have taken over more mainstem reaches. Trout also have strong dispersal ability.
Other species, such as common and grass carp, can change aquatic habitats through their
feeding mechanism, reducing aquatic vegetation and disturbing sediments that increase the
turbidity of water bodies.
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Table 7.1. The most important invasive alien freshwater fish species of South Africa
These are the species that have been introduced into river systems where they are now having
negative impacts. Species that also have indigenous populations somewhere in Africa are indicated
with an asterisk. The alien regulations listing describes the category given to the species in the
invasive alien regulations in terms of the Biodiversity Act, where category 1b indicates species that
are declared weeds and no longer tolerated, and categories 2 and 3 indicate species with commercial
or ornamental value (respectively) that may be given permits under certain circumstances.
Common name

Main use

Rainbow Trout
Brown Trout
Atlantic Salmon
Largemouth Bass
Florida Bass
Smallmouth Bass
Spotted Bass
Bluegill Sunfish
Common Carp
Grass Carp (fertile or sterile)
Silver carp
Mozambique Tilapia *
Nile Tilapia *
Banded Tilapia *
Redbreast tilapia *
Sharptooth Catfish *
Smallmouth Yellowfish *
Clanwilliam Yellowfish *
Clanwillliam Sawfin *
Orange River mudfish *
Moggel *
Cape Kurper *
Armoured catfish
Tench
Mosquitofish

Fisheries and aquaculture
Fisheries and aquaculture
Aquaculture
Fisheries
Fisheries
Fisheries
Fisheries
Fisheries
Fisheries and aquaculture
Biological control
Fisheries
Fisheries and aquaculture
Aquaculture
Fisheries
Aquaculture
Fisheries and aquaculture
Fisheries
Fisheries
Fisheries
Fisheries
Fisheries
Biological control
Ornamental trade
Fisheries
Biological control

Alien
regulations
listing category
2
2
2 or 3
2
2
2
1b
1b
2
2 or 3
1b
2
2
1b
1b
2
2
2
2
1b
1b
1b
1b
1b
1b

There are 11 Category 1 invaders that have no economic value to South Africans and their
presence is detrimental to freshwater biodiversity. Category 1a requires immediate
eradication, which is seldom achievable for fish without massive technological, capital and/or
human resource investments. Thus, invasive alien fish are assigned to Category 1b, which
requires control as far as technologically possible. The bluegill sunfish is a good example of
a Category 1b species. It was originally introduced as a fodder species for bass, but in many
cases, some of the indigenous species are better. Bluegill sunfish are now threatening
indigenous species and can even impact negatively on bass fisheries due to predation on
bass fry and juveniles.
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The majority of the invasive alien fish were introduced for economic reasons (Category 2 or
3 in Table 7.1), mainly for recreational angling, aquaculture, ornamental trade or biological
control. For most of these invasive alien species, the economic reason for introducing them
is still valid and valuable industries have been built around them. Several of these Category
2 species are indigenous to South Africa, but have been moved within their natural range.
Even though this may not lead to species level extinction, loss of genetic integrity and/or
diversity through species hybridization is a major threat. Any fish movements are therefore
potentially damaging to environmental integrity. For example, some of the yellowfish species
have been moved in the past as part of fisheries developments associated with state-owned
hatcheries. The Clanwilliam yellowfish is an example where the genetic integrity of
populations could have been affected by introductions. Some introductions above natural
barriers could have affected ecosystems that naturally did not have a large predatory fish
species. This species is also negatively impacting on the critically endangered Twee River
redfin, due to introduction above waterfalls that previously isolated the latter species.
Dams present particularly good opportunities for allowing economic activities to continue
around Category 2 or 3 species, without harming biodiversity. This is because the most
economically important fisheries rely on invasive alien fish that are often associated with
dams. These human-made habitats are usually associated with rivers in poor condition that
have low conservation value. Upper reaches of catchments that are usually more pristine
with lower economic value compared to lower reaches can then be targeted for
conservation. For example, largemouth and Florida bass have adapted well to the lake-like
conditions in South African dams, but they have not become a major invader of critical
riverine habitats to the same extent as smallmouth and spotted bass. The former two
species can therefore be widely managed as an important fisheries species, supporting a
very valuable recreational fishery with associated industries. Even some aquaculture
activities can be associated with artificial structures or be placed below major dams,
reducing the potential area that an invasive alien species can invade.
The spread of invasive alien species within a catchment can be somewhat controlled by a
physical barrier - either natural (e.g. waterfalls) or artificial (e.g. dams or weirs). However,
this method of control is easier when dealing with smaller tributaries. The protection of
mainstem habitats of conservation importance and their associated species presents a more
difficult challenge, due to accumulation of invasive alien species in a downstream direction.
It therefore also becomes important to keep some catchments and associated mainstem
rivers of conservation importance un-invaded; thus, trade-offs need to be made on which
catchments to allow permits for Category 2 or 3 invaders, and which ones to exclude from
permits. For example, permit allocation can be restricted to those catchments that are
already heavily invaded by invasive alien fish species, and avoided in catchments that are
not yet invaded.
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7.3 Emerging alien fish invaders
The risk of new invasions will increase as new species are introduced for aquaculture,
without close regard of the consequences. For example, an armoured catfish has been
reported as potentially invading some rivers in KwaZulu-Natal. The species is likely to have
escaped from an aquaculture facility or the ornamental trade. This species has almost no
economic value other than in the ornamental trade, and can therefore destroy fisheries
potential.
There is thus an urgent need for the development of an effective risk assessment system
whereby new species can be evaluated for their invasion potential. An alternative is to allow
importation of new species, but under the “polluter pays” principle. The potential
environmental damage and excessive costs of eradicating alien populations would then
have to be considered by developers.

7.4 Balancing economic potential and control of spread
Because most of the invasive alien fish in South Africa have economic potential, complete
eradication is not a possibility. However, their impact on biodiversity can be reduced with
careful planning to identify areas where economic activities can continue, without having a
major impact on biodiversity. Invasive alien fish are very prevalent in South African
freshwater ecosystems and are mostly very under-utilised. There is therefore little need to
develop fisheries in new areas before current potential has been assessed and developed.
Any new fisheries or aquaculture developments should therefore be located in areas that
are currently invaded, and should not be permitted in catchments that are not yet invaded.
A spatial approach for managing Category 2 invasive alien fish according to this rationale is
currently being finalised to inform the invasive alien species regulations in terms of the
Biodiversity Act. Two spatial products and accompanying guidelines are available to inform
such decisions:

•

Regulatory zones for major Category 2 invasive alien fish species. The
management of invasive alien fish movements can become quite complicated because
of the range of different impacts that can occur in different areas. To account for this,
three to four regulatory zones have been mapped for each species. Within each of these
zones a list of permissible activities for each has been developed, based on the potential
impact that each species may have within the specific zone. The zones are delineated
using sub-catchment boundaries, and include: an open zone that allows automatically
for the issue of permits in areas where biodiversity impact is minimal given the level of
invasion that has already proceeded; a cautionary zone calls for further site investigation
of the biodiversity impacts before a decision can be made; a prohibited zone flags subcatchments where permits should be denied; and an indigenous zone that includes
indigenous species that may be utilised commercially. The first three of these zones are
linked to species-specific tables that list the activities that can be permitted for each
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species. The indigenous zones of utilised species should be managed under the
Threatened or Protected Species (TOPS) regulations in terms of the Biodiversity Act. An
example of the zoning for rainbow trout is shown in Figure 7.1.

•

Maps of biodiversity priority areas. FEPA maps (Section 5) and maps of Critical
Biodiversity Areas (http://bgis.sanbi.org) provide an additional layer of information to the
permitting process. Fisheries or aquaculture developments should not be permitted in
FEPAs or Critical Biodiversity Areas, particularly if they contain threatened fish species.

Figure 7.1: Regulatory zones proposed for rainbow trout in the Western Cape
Regulatory zones are in the process of being finalised for all majory Category 2 invasive alien fish
species to inform permitting processes for new fisheries or aquaculture developments.
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Section 8.

Key findings

This section provides a summary of the key findings of the National Biodiversity Assessment
2011 for rivers and wetlands. Many of these key findings relate to the findings of the NFEPA
project. The key findings of the NFEPA project (Nel et al. 2011b), in conjunction with the key
findings of this assessment, provide a good overview of the most recent findings pertaining
to spatial assessment of freshwater ecosystems and associated biodiversity.

8.1 Tributaries are generally in a better condition than main rivers
•
•
•

Using 1:500 000 rivers, only 35% of mainstem length is in good condition (A or B
ecological category), compared to 57% of the tributary length.
Tributaries sustain working rivers by providing natural flow and sediment pulses. They
also offer refuge for many freshwater biota and hold good conservation potential.
Mainstem rivers may still need to be managed in a state that supports connectivity
between tributaries, particularly if they have been selected as a Fish Support Area on
the FEPA maps.

8.2 River and wetland ecosystems are highly threatened
•

•

•

•

•
•

This assessment found that respectively 55% and 65% of South Africa’s river and
wetland ecosystem types are threatened (critically endangered, endangered or
vulnerable).
Wetland ecosystems are more threatened than their estuarine, marine and terrestrial
counterparts (44%, 59%, 41% and 40% of estuarine, coastal and inshore, offshore and
terrestrial ecosystem types are threatened respectively).
Wetlands are the most threatened of all South Africa’s ecosystems, with 48% of wetland
ecosystem types critically endangered. Wetlands in South Africa’s landscape today
(those that have not been drained or concreted) make up only 2.4% of the country’s
area. This small area represents high-value ecological infrastructure that provides critical
ecosystem services such as water purification and flood regulation.
Lowland river ecosystem types and floodplain wetlands are the most threatened river
and wetland ecosystem types. This is particularly concerning, as they are also the least
protected of the ecosystem types.
Threatened ecosystem distribution patterns coincide with areas of intense land-use
pressure, generally with these pressures accumulating from source to sea.
A worsening trend in river condition (from River Health data) indicates that threat levels
are unlikely to improve without concerted effort to manage these ecosystems more
effectively (Strydom et al. 2006).
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8.3 Very few river and wetland ecosystems are moderately to well protected
•

•

•

•

•

Assessment of ecosystem protection levels found that less than a quarter of the
country’s river and wetland ecosystem types could be considered moderately to well
protected (respectively 21% and 17%).
Lowland river ecosystem types are the least protected: 62% of these river ecosystem
types are not protected at all. Mountain streams are the best protected with 36% of
these river ecosystem types being moderately to well protected.
Floodplain wetland ecosystem types are the least protected and most threatened of all
the wetland ecosystem types. Over 80% of the country’s floodplain wetland ecosystem
types are not protected and 60% of these are critically endangered.
Using the focus areas identified by the National Protected Area Expansion Strategy
(Government South Africa 2010) in planning for protected area expansion, together
with FEPA maps and maps of free-flowing rivers (Nel et al. 2011a), which were
completed after the National Protected Area Expansion Strategy, will help to
address the gaps in the protected area system for freshwater ecosystems.
Some simple changes to the way protected areas are designed could help to make
protected areas work better for both freshwater ecosystems, for example: avoiding
the use of a river as the boundary to a protected area; encouraging expansion of
existing protected areas to incorporate whole river reaches that are currently only
partially protected; and incorporating natural large-scale catchment processes into
protected areas where possible.

8.4 Freshwater Ecosystem Priority Areas comprise only a small proportion of
the country
•

•

•

FEPAs comprise only 22% of the country’s river length and 38% of wetland area, and
represent strategic spatial priorities for conserving freshwater ecosystems and
supporting sustainable use of water resources.
FEPAs need to be managed in a good ecological condition to conserve and manage
freshwater ecosystems, and protect water resources for human use. This does not mean
that they need to be fenced off from human use, but rather that they should be
supported by good planning, decision-making and management so that human use does
not impact on ecosystem condition.
By managing less than a quarter of South Africa’s rivers as priority areas and ensuring
that they are minimally used, South Africa will be able to conserve natural examples of
its diverse freshwater ecosystems while contributing to sustainable development of
water resources in the country.
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8.5 Only 18% of high water yield areas have any form of formal protection
•

•
•

•

•

•

High water yield areas are South Africa’s water factories, making up less than 4% of the
country’s area. These areas should be regarded as cornerstones for water supply in
catchments, and managed to support sustainability of downstream activities.
Currently, only 18% of high water yield areas have any form of formal protection despite
their strategic importance for water security.
South Africa is still fortunate to have almost 60% of the country’s rivers in high water
yield areas in a good condition (A or B ecological category), which represents a major
opportunity for managing water security in the country.
Less optimistically, nearly a third of the rivers in high water yield sub-quaternary
catchments are considered to be in a heavily-modified condition (D, E, F or Z ecological
condition). The potential of rehabilitating these rivers and their associated subquaternary catchments should be investigated.
Almost a third of the high water yield areas (31%) overlap with FEPAs. These areas are
spatial priority areas for strategic management of both water supply and freshwater
ecosystem conservation.
Options for extending and strengthening protection of high water yield areas, such as
declaring parts of them as Protected Environments in terms of the Protected Areas Act,
should be explored.

8.6 Protecting only 15% of South Africa’s river length will protect the
country’s fish on the brink of extinction
•
•
•

•

Fish sanctuaries have been selected to conserve South Africa’s threatened freshwater
fish species. Many of these coincide with FEPAs.
Fish sanctuaries also perform the function of conserving the widespread and common
species.
Fish sanctuaries do not need to be in an A or B ecological condition, but each (or groups
of them) require species management plans to manage issues that impact on the
persistence of the fish species it supports.
Control of invasive alien fish species is a critical issue. Although some of the worst
invasive alien fish are also economically valuable (for aquaculture and recreational
angling), with careful planning it is possible to support their associated economies and
conserve indigenous fish species.

8.7 Streams free of invasive alien fish offer the last refuges for indigenous
freshwater fish
•

There are at least 25 invasive alien freshwater fish that pose a severe threat to South
Africa’s indigenous fish, and which have led to local extinctions in some river systems.
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•

•

•

•

For alien fish with no economic potential (11 of the 25 species, or 44%), options should
be explored within the natural resource management programmes for control and/or
eradication coupled with job creation and ecosystem service benefits.
For invasive alien fish with economic potential (e.g. angling or aquaculture species), the
impact on biodiversity can be reduced with careful planning to identify areas where
economic activities can continue, without having a major impact on biodiversity, such as
in catchments or dams that are already heavily invaded and where threatened species
do not survive.
Catchments currently free of invasion and of conservation importance should be kept
that way as there are ample opportunities for economic development of the invasive
alien fish industry in other invaded catchments.
Regualtory zones and associated permissible activities, developed as part of the Alien
and Invasive Species regulations, should be used together with the FEPA maps to guide
permitting decisions around stocking of invasive alien fish species with economic
potential (Section 7.4).

8.8 Ecological monitoring requires quantitative data and cannot be based on
expert evaluation alone
•

•

•
•

The present ecological status (PES) category of the Department of Water Affairs (Table
2.1) is based on an evaluation of key drivers of ecosystem modification using existing
data where possible, combined with expert evaluation. The present ecological state
category was designed specifically for use in water resources planning and management
as a relative index of ecological integrity. When based entirely on expert evaluation, it is
not a very reliable metric to use for reporting on trends in ecological condition of rivers
and wetlands over time.
In the regional expert workshops in which the 1999 present ecological status
assessment were reviewed, Nel et al. (2011b) found that trends in present ecological
status frequently had their origin in improved expert knowledge rather than being
grounded in actual reality.
Monitoring trends in ecological condition of rivers and wetlands should therefore be
based on quantitative metrics that can be measured over time at the same site.
Strategic field sampling sites and metrics for both rivers and wetlands should be chosen
and an implementation plan (including a financing plan) for monitoring these over time
should be developed and put into action. The River Health Programme offers an ideal
platform from which to begin, however the scope of this programme should be expanded
(see recommendations in Section 10.2).

90

Section 9: Information gaps and research priorities

Section 9.

Information gaps and research
improving future assessments

priorities

for

This section provides a summary of the information gaps encountered in this assessment,
with the aim of strategically directing science towards addressing these limitations and
improving future assessments. Although data limitations are provided systematically
throughout the report, they are repeated here to provide a consolidated chapter on
information gaps, ending with some guidance on the priority information gaps that need to
be pursued.

9.1 Data limitations and information gaps
9.1.1

River network GIS layer

The 1:500 000 river network GIS layer was used as the basis for developing the river
network GIS layer used in this assessment. The choice was influenced by its availability and
because it is the GIS layer that is used by the Department of Water Affairs for water
resource planning and decision-making processes. A finer river network layer for biodiversity
planning and land-use planning may be preferable, as this would pin-point smaller stream
networks and habitats within the sub-quaternary catchments that need to be managed and
conserved. A 1:50 000 river network GIS layer exists but this has no hydrological river
orders and no flow paths (i.e. river network topology) that can be used to define upstream
and downstream linkages of each river reach. Refining the 1:50 000 river network GIS layer
in a similar manner to what has been done for the 1:500 000 rivers would be useful to future
updates of the NBA assessments as well as fine-scale biodiversity planning excercises.

9.1.2

Classification of river ecosystem types

River ecosystem types were based on combining existing spatial data. These river
ecosystem types could be improved by either: (1) focussing on improving the underpinning
GIS layers used to derive ecosystem types; or (2) exploring new scientific approaches that
have been developed for ecosystem classification.
The first approach would aim to refine and test spatial predictions for ecoregions (Kleynhans
et al. 2005), flow variability (DLA:CDSM 2005-7) and slope categories (Rowntree and
Wadeson 1999). For example, ecoregion boundaries (especially Level 2 ecoregions) could
be refined using a more recent vegetation map of South Africa, Lesotho and Swaziland
(Mucina and Rutherford 2006); flow variability could be defined through developing
hydrological indices for sub-quaternary catchments similar to those for quaternary
catchments (Hannart and Hughes 2003); and longitundinal zones could be consolidated (at
the moment there are GIS slivers in the layer) and verified.
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The second approach involves exploring new technologies such as those of Generalised
Dissimilarity Modelling (GDM), which can be used to classify ecosystems across large
regions using biological data to partition biophysical GIS data layers (Ferrier et al. 2007).
This approach has recently been applied to classify river ecosystem types in New Zealand
(Snelder et al. 2007). It has the advantage of explicitly combining biophysical data layers
(e.g. climate, vegetation, soils, water chemistry) with species distribution patterns and
compositional turnover, which is appealing for use in freshwater biodiversity planning.
Whichever method is used, a comprehensive assessment freshwater biodiversity using river
ecosystem types ultimately also depends on identifying the characteristic biota and/or biotic
communities associated with each ecosystem. In this respect, the current river ecosystem
types are severely lacking, and this limits the application of the proposed IUCN criteria
(Rodríguez et al. 2011) to identifying threatened river ecosystems. A future river ecosystem
type classification, analogous to the vegetation types of South Africa, Lesotho and
Swaziland (Mucina and Rutherford 2006), that characterises the key biota and/or biotic
communities will offer a major contribution to not only assessing the state of river
biodiversity but also to planning for river biodiversity in a much more explicit manner.

9.1.3

Deriving river condition for each 1:500 000 river reach

The Department of Water Affairs has developed several pragmatic approaches to
estimating river condition across large regions in South Africa, the most common are the
present ecological status category (Kleynhans 2000; Table 2.1) and ecostatus determination
(Kleynhans et al. 2005). These approaches bring together groups of regional river health
experts to evaluate drivers of change that affect river condition, using data where it exists.
Expert scores are then combined to produce an overall assessment of the condition of the
river, based on the extent it has changed from its natural state. This information was used
and updated where necessary, to estimate condition of quaternary mainstem rivers. For the
tributaries of the 1:500 000 that are nested within quaternary catchments, this assessment
used existing data where possible, and filled the data gaps using estimates modelled from
land cover (Section 2.3.2). While all these data provide the best available science on river
condition, the ideal still remains to verify these data in the field through stratified river health
sampling.
Importantly, expert-derived data are unreliable for monitoring trends in ecological condition
because changes may be based on a change in the understanding or knowledge of experts,
rather than actual quantitative changes in condition. It is crucial for monitoring to use
quantitative measures for assessing trends in river condition.
Improved collation of river condition data is also necessary – there were many problems with
access to original river health data, as well as with correct geographic coordinates of
sampling sites (Section 2.3.2). This is a relatively easy coordination task and should be a
number one priority to get right for future assessments.
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9.1.4

Mapping wetland localities

Although enormous progress have been made over the last several years there are still
gaps in mapping wetlands in South Africa, particularly in the areas that relied solely on
remote sensing. The minimum mapping unit for a wetland using remote sensing is 0.02 ha,
and smaller wetlands (such as seeps), or thin longitudinal wetlands (such as valley bottoms)
smaller than this tend not to get detected. Remote sensing also detects wetlands better in
some landscapes than others – for example, wetlands in forested areas or areas invaded by
alien trees are not easily detected. Improved remote sensing techniques for wetlands exist
since 2000 and these should be explored. Finer resolution seems not to be as important a
factor for detection compared to sourcing seasonal images from the same area (Mark
Thomson, pers. comm.). In addition, wetland localities based on remotely sensed imagery
do not include historic wetlands lost through drainage, ploughing and concreting. Irreversible
loss of wetlands is especially high in some areas, such as urban centres and intensively
cultivated areas.
To tackle this challenge of mapping wetland localities in a meaningful way, it is
recommended that emphasis be given to strengthening Working for Wetland’s nationallycoordinated wetland inventorying programme at the provincial level. National coordination
should afford attention to producing standards to guide provinces in their wetland
inventorying. Although the beginnings of such a programme exist through SANBI’s
freshwater programme, far more resourcing is needed both at the national coordination and
provincial level, to make the programme successful and sustainable in the long term.

9.1.5

Classifying wetland ecosystem types

This desktop classification is a good step towards classifying wetlands across the country,
but still needs to be considerably refined. Wetland vegetation groups, derived by expert
grouping of the vegetation types of South Africa, Lesotho and Swaziland (Mucina and
Rutherford 2006), should be refined using more scientific methods, e.g. grouping of
wetlands according to plant community analyses. Landform types, used to classify the
hydrogeomorphic unit of a wetland, was assessed in the field and found to be only 50-60%
accurate – future improvements should strive for better accuracy in this regard.
The utility of the national wetland classification system (SANBI 2009a) also needs to be
tested in the field, as this is a recently defined framework. In addition, more recent novel
methods for wetland ecosystem classification need to be explored – such as the use of
Generalised Dissimilarity Modelling, which combines biophysical data layers (e.g. climate,
vegetation, soils, water chemistry) with species distribution patterns and compositional
turnover.
Classifying wetland ecosystem types depends on collation of reliable field data. Again,
strengthening Working for Water’s nationally coordinated wetland inventorying programme,
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which is implemented at the provincial level (as outlined in the previous Section 9.1.4) would
be invaluable in coordinating the collection of such data.

9.1.6

Deriving estimates of wetland condition

The GIS layer of wetland condition provides an estimate of the likely condition of a wetland
given the surrounding land cover and river condition. The accuracy of the model has not
been tested. Research exploring the effectiveness of indices for estimating wetland
condition at a landscape level should be explored to advance wetland research beyond the
site-by-site assessment approach. This research depends on collation of reliable field data.
Strengthening Working for Water’s nationally coordinated wetland inventorying programme,
which is implemented at the provincial level (as outlined in the previous Section 9.1.4) would
be invaluable in coordinating the collection of such data.

9.1.7

High water yield areas GIS layer

The map of high water yield areas represents an initial draft and is based on Mean Annual
Runoff as determined by interpolated weather station data (Section 2.9). Although this has
been validated against quaternary catchment Mean Annual Runoff as per the Department of
Water Affairs, there is room for further interrogation of the results and refinement. The areas
identified as high water yield areas should be verified with field data wherever possible, and
a consensus reached as to their validity. Additional areas (where necessary) should also be
identified. From this process, an endorsed Department of Water Affairs GIS layer of high
water yield areas should be produced. Research is also required on the use of high water
yield areas in protecting water supply, which includes quantifying the benefits derived, the
costs of protection, and the affected parties for each of these. Such research should aim to
identify an explicit set of criteria whereby priority high water yield areas could be identified.
Options for formal protection of these priority high water yield areas should then be
explored, for example by declaring them as Protected Environments in terms of the
Protected Areas Act. Such options include exploring incentives for managing privatelyowned and communally-owned land.

9.1.8

Assigning biodiversity targets and thresholds for ecosystem threat status

There is a range of uncertainty in the setting of thresholds used for devising the different
ecosystem threat status categories. These include issues such as the existence of
ecological thresholds and the ability to identify them, the variation in response to thresholds
at different scales, and the variation in the response of different species or ecosystems to
the same disturbances (Huggett 2005). Uniform thresholds do not refect the relative
responses of different ecosystems to the same disturbances.
The 20%, 35%, and 60% thresholds in this assessment (Table 3.1) have a pragmatic rather
than empirical origin. Thresholds used in this assessment should therefore be refined as
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new research becomes available. Research should aim to improve scientific understanding
of river and wetland ecology, ecosystem functioning, and the response of ecological
variables to disturbances. Such research may also be particularly important in ecosystembased approaches to adaptation, e.g. for determining thresholds for flow regulation based
on wetland condition.

9.1.9

Criteria for identifying threatened ecosystems

Several criteria have been used in South Africa for the listing of threatened terrestrial
ecosystems in terms of the Biodiversity Act (SANBI 2009b). In addition, the IUCN are in the
process of developing a set of criteria that can be applied around the world for identifying
threatened ecosystems at a range of different scales (Rodrígues et al. 2011). Within the
current constraints of data availability, this assessment only applied thresholds to the
proportion of an ecosystem still in natural/good condition. Further criteria need consideration
in the identification of threatened freshwater ecosystems, such as the rate of loss of each
river and wetland ecosystem type, a measure of the imminent future threat of each river and
wetland ecosystem type, and species associations and losses within each river and wetland
ecosystem type. This research should align to the existing global initiative coordinated by
IUCN, that is currently underway (Rodrígues et al. 2011).

9.1.10

Collation of freshwater species data

Reasonable species locality databases have been established for freshwater fish, frogs and
waterbirds, making the investment in collecting these data in the field over the course of
decades freely accessible to government planners. These databases represent strategic
national databases for managing the countries freshwater ecosystems, and should continue
to receive funding for ongoing maintenance and upgrading. Similar effort is also needed to
harness the wealth of species data that exists for macro-invertebrates, and possibly riparian
vegetation – data that has been collected for many decades. These data are currently
dispersed across the country in museums, universities and government departments
rendering them virtually inaccessible to planners. With the retirement or imminent retirement
of key scientists in the field, we are in severe danger of losing this source of knowledge. A
concerted and urgent investment should be made to collate these data into a single
strategic national species database – not only to improve future biodiversity assessments
and plans, but also for improved ability of river health monitoring.

9.1.11

Mapping distribution and understanding impact of invasive alien fish

Current efforts to map invasive alien fish rely too heavily on expert opinion and projections
based on similar situations or species. Continued monitoring and geo-referenced surveys
are required to document invasive alien fish occurrence, and assess where threatened
species or habitats can be best conserved. In addition, there is a poor understanding of the
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ecology of both indigenous and invasive alien fish species, making it difficult to predict what
impact invasive alien species will have and how the indigenous species are likely react.
Risk assessment will be required for the introduction of any new invasive alien fish species.
Apart from developing a reliable risk assessment process for fish movements and new
introductions, capacity will also be required within the provincial conservation authorities and
other government departments to either do the assessments themselves, or at least to
interpret results from the assessments received by external consultants.

9.1.12

Mapping freshwater ecosystem services

Biodiversity plans to date have focussed mainly on representing species, ecosystems and
the natural processes that maintain these. The role of functioning freshwater ecosystems in
providing ecosystem services for human well-being has largely been implicit in the planning
process. Healthy freshwater ecosystems provide many benefits, especially through
regulating ecosystem services such as preventing floods and easing the impacts of
droughts, removing excess nutrients and toxic substances from water, trapping sediments,
and stabilising riverbanks. Broadening the scope of biodiversity assessments and plans to
incorporate these ecosystem services will require mapping the ecological infrastructure
underpinning these ecosystem services at an appropriate scale, and quantifying the
ecosystem services and their relative benefit to society.
As an example, the GIS layer of high water yield (Section 2.9) shows areas in the country
that are highly valuable to catchment water supply. This provides the opportunity to explore
trade-offs between water, energy and food supply (see Section 9.1.7 which discusses some
of the information gaps and future work to improve this GIS layer). Examples of other
ecological infrastructure that contributes towards regulating ecosystem services (MA 2005)
include: high groundwater recharge zones for assurance of water supply in the dry season
through ensuring that baseflows are not depleted; and healthy riparian zones and wetlands
that help regulate water quality and flow. Methods for identifying and mapping these areas
should be developed from national to local scale, and importantly, research is required to
measure the contribution these mapped areas make to particular ecosystem services under
different ecological conditions, and the relative benefits they deliver to society.
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9.2 Research priorities
The preceding section listed several data limitations and information gaps for improving
future assessments and planning for freshwater biodiversity. From this set, the top priorities
– according to the authors – have been identified to address some of the most important
limitations in the next five to seven years.

9.2.1

Developing and implementing stratified sampling for wetland inventorying

Wetland inventorying helps tackle some of the major gaps in wetland locality mapping,
estimating wetland ecosystem condition and classification of wetland ecosystem types.
Working for Wetlands has a national wetland inventorying programme on which to build and
coordinate provincial level efforts. As a first step, a stratified field sampling strategy
(representative of wetland diversity across the country) should be developed so that field
surveys are conducted in a systematic fashion that aids transferability of results to
unsurveyed wetlands. Inventorying data should, at a minimum, include the mapping the
wetland boundary, collection of data on wetland ecological condition and characteristic
species, and mapping of wetland ecosystem types according to the national wetland
classification system (SANBI 2009). Standard data collection methods should be developed
based on existing information through SANBI’s freshwater programme.

9.2.2

Strategically expanding the monitoring nodes for rivers and wetlands

Several river health monitoring nodes have already been established under the auspices of
the River Health Programme. These nodes should be reassessed, refined and
supplemented according to an explicit set of criteria that also includes consideration of
wetlands and other new information, e.g. FEPAs. In addition to the refinement of this
monitoring network, there needs to be substantial investment into implementing repeated
monitoring at these nodes – the River Health Programme nodes have themselves rarely
been re-vistited due to funding, coordination and human capacity constraints (Strydom et al.
2006).

9.2.3

Mapping freshwater ecosystem services

Considerable advancement has been made in mapping ecosystem services in the last few
years (Karieva et al. 2011). Research should build on this work and test its application for
mapping freshwater ecosystem services in South Africa and quantifying the benefits derived
from these mapped areas. Ecosystem service infrastructure could include, for example,
areas to manage for maintenance of groundwater and its ecosystem services; riparian zone
and wetland contribution to water quality maintenance; wetland contribution to flood and
drought mitigation. In addition, research is needed on how to best incorporate freshwater
ecosystem services into existing and new land use and water resource planning and
management mechanisms.
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9.2.4

Collating macro-invertebrate data

The collation of species databases with geographically referenced data collected in the field
(preferably with latitude and longitude coordinates) should be viewed as a national priority
for all freshwater species. In so doing, the collation of the vast amount of macro-invertebrate
species data that exists (primarily within the Albany Museum) should be seen as a top
priority to collate, as the institutional memory is slowly eroding with the retirement or
imminent retirement of key invertebrate taxonomists. There is an enormous amount of data,
some in electronic format and much only in hard-copy museum records. The interpretation
of all these records requires the skill of a handful of taxonomists that need to be part of this
process.
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Section 10.

Key messages and priority actions

This section draws together and highlights some of the key recommendations that have
emerged from NFEPA, which are also aligned with the recommendations of this
assessment. Recommendations that pertain to the use of FEPA maps in various different
policy mechanisms are cross-referenced to the relevant sections of the NFEPA
implementation manual (Driver et al. 2011), where most of them have been discussed in
more detail.

10.1 Key messages
10.1.1

Healthy tributaries and wetlands support the sustainability of hard-working rivers

With effective planning, freshwater ecosystems in a catchment can be designed to support
multiple levels of use, with natural rivers and wetlands that are minimally-used supporting
the sustainability of heavily-used rivers, wetlands and estuaries that often form the economic
hub of the catchment. Healthy tributaries can improve water quality by ‘flushing’ pollutants
when they join their mainstem rivers, and they also replenish water supply in the mainstem.
Wetlands filter pollutants and sediments from the surrounding landscape thus preventing
them from entering the river. They also regulate flow of water from the surrounding
landscape which helps to reduce the effects of flood (by slowing down run-off) and droughts
(by reducing evaporation).

10.1.2

Freshwater inputs are critical to estuarine and marine environments

Fresh water flowing to estuaries and the sea provide important inputs such as nutrients,
sediments and carbon, which in turn maintain important ecological processes that keep
marine resources healthy. Healthy marine and coastal ecosystems sustain commercial and
recreational fish stocks, and provide a source of food to poor coastal communities that
depend directly on marine resources for food. A certain amount of water is also required to
scour the mouth of most estuaries – without this scouring effect, sediments build up at the
mouth and the risk of back-flooding during storms increases. Artificial breaching of an
estuary mouth to minimise this risk is expensive and damages estuarine ecosystems. This is
why water running out to sea should not be considered wasted.

10.1.3

Freshwater Ecosystem Priority Areas are a valuable national asset

Managing FEPAs in a good condition is not just about conserving freshwater plants and
animals – it should also be regarded as a comprehensive approach to sustainable and
equitable development of water resources. Keeping strategically-chosen freshwater
ecosystems in a good condition serves a dual purpose of meeting government objectives for
both sustainable water resource development (National Water Act) and freshwater
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biodiversity conservation (Biodiversity Act).The current and recommended ecological
category for all river FEPAs is A or B. Wetland FEPAs that are currently in a condition lower
than A or B should be rehabilitated to the best attainable ecological condition.

10.1.4

High water yield areas play a critical role in securing South Africa’s water supplies

High water yield areas and high groundwater areas generally occur in mountain catchment
areas. These are the ‘water factories’ of the catchment and generate a large proportion of
the water for human and ecological use. Maintaining these areas is a healthy state will allow
for the use of clean water downstream that can also maintain ecosystem functioning and
biodiversity.

10.1.5

Free-flowing rivers are an important part of South Africa’s natural heritage

A free-flowing river is a long stretch of river that has not been dammed. It flows undisturbed
from its source to the confluence with another large river or to the sea. Today there are very
few large rivers that remain dam-free, or ‘free-flowing’ in South Africa and globally. Freeflowing rivers are rare features in South Africa’s landscape and an important part of the
country’s natural heritage. They offer considerable social, economic and conservation value,
supporting the livelihoods of people in the catchment. Poor rural populations with close
livelihood links to the river are likely to be impacted most and benefit least from dams. The
flagship free-flowing rivers identified by NFEPA should receive top priority for maintaining
their dam-free status.

10.1.6

Healthy buffers of natural vegetation mitigate the impact of land-based activities

Freshwater ecosystems are generally the lowest point in the landscape, making them the
‘receivers’ of wastes, sediment and pollutants in runoff. This combined with the strong
connectivity of freshwater ecosystems means that they are highly susceptible to upstream,
downstream and upland impacts. Managing land-based impacts in the whole catchment is
therefore essential. While it is seldom feasible for entire catchments to be ‘locked away’
from human use, catchments can be designed to incorporate varying levels of use and
impacts on freshwater ecosystems. Buffers of vegetation surrounding all freshwater
ecosystems, even heavily used ones, go a long way to reducing the effects of deleterious
land-use practices. The effective width of the management buffer should be determined on
a site-specific basis. The NFEPA implementation manual provides some recommendations
for delineating management buffers.

10.1.7

Groundwater sustains river flows particularly in dry seasons

Groundwater abstracted from river beds, close to streams, and from shallow alluvial aquifers
has a very direct influence on river flow, and should be not be viewed as an additional water
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resource. Such groundwater plays an important role in sustaining wetlands and river flows
(‘base flows’) and supporting refuge pools in the dry season. Apart from the human benefits
of maintaining river flows in the dry season, refuge pools in seasonal rivers support waterdependent animals that would otherwise not survive when the rivers dry up. Healthy riparian
areas, which filter pollutants that drain from the land, are also often maintained by
groundwater. It is only when groundwater has very weak links to surface water (such as in
deep, confined aquifers) that it may be possible to abstract it without significantly impacting
on river flow; however, long-term impacts are not well understood.

10.1.8

Healthy freshwater ecosystems support resilience and adaptation to climate change

Healthy natural ecosystems can increase resilience to the impacts of climate change, by
allowing ecosystems and species to adapt as naturally as possible to the changes and by
buffering human settlements and activities from the impacts of extreme weather events.
Freshwater ecosystems are likely to be particularly hard hit by rising temperatures and
shifting rainfall patterns, and yet healthy, intact freshwater ecosystems are vital for
maintaining resilience to climate change and mitigating its impact on human well-being. In
the western part of South Africa, which is likely to become dryer, intact rivers and wetlands
will help to maintain a consistent supply of water; in the eastern part of the country, which is
likely to become wetter, intact rivers and wetlands will be important for reducing flood risk
and mitigating the impact of flash floods.

10.2 Priority actions

10.2.1

Employ aquatic ecologists in provinces, Catchment Management Agencies and
municipalities

Such human capacity will serve to promote sustainable water development decisions. A
concerted effort is required to improve management of freshwater ecosystems if we are to
halt and reverse the deterioration of freshwater ecosystems and ensure sustainable use of
water resources. A good understanding of aquatic ecosystem functioning is needed. As
discussed in the NFEPA implementation manual, provincial conservation authorities play an
especially pivotal role in implementing and monitoring freshwater ecosystem priorities, as
they have the major line function responsibility for ecosystem management and
conservation. Provincial conservation authorities ideally require at least six to eight aquatic
scientists and technicians, with expertise in limnology, hydrology, fish biology, aquatic
invertebrate biology, aquatic plant biology and other aspects of aquatic ecology, in order to
play an effective role in managing and conserving freshwater ecosystems. At the time of
writing, most provincial conservation authorities had only one aquatic scientist. It is also
essential to employ aquatic scientists in Catchment Management Agencies, and preferably
in municipalities.
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10.2.2

Strengthen freshwater inventorying and monitoring programmes

This recommendation should seek to create a nationally coordinated strategic inventory and
monitoring programme for both rivers and wetlands, building on the model and structures
set up through the River Health Programme. While the programme should be nationally
coordinated, it should strive to be implemented at a provincial level, and should have a
funding strategy for this to be a sustainable and long term monitoring programme. Within
the scope of this programme, some attention should be given to the improved collation of
the vast array of river condition data that already existis and is being collected in an ongoing
basis as there were many problems with access to original river health data, as well as with
accuracy of geographic coordinates of sampling sites (Section 2.3.2).

10.2.3

Set up mechanisms to support uptake of FEPA maps

This will require special attention by provincial conservation authorities and Catchment
Management Agencies. SANBI’s freshwater programme has an important role to play in
coordinating, catalysing and facilitating the use of FEPA maps, and in convening relevant
stakeholders to share knowledge and lessons. However, this programme has limited
resources, and is dependent to a large extent on support from provincial conservation
authorities.

10.2.4

Use FEPA maps in assessing land and water resource development processes

Using the 20% biodiversity target as a threshold for identifiying critically endangered
ecosystem types means that, by definition, all critically endangered and most endangered
ecosystem types for rivers and wetlands have been identified as FEPAs. Therefore, by
considering FEPAs in the land and water resource development processes, many of the
most threatened ecosystems will be included. FEPA maps should be used in making
decisions regarding land use (e.g. Environmental Impact Assessments), as discussed in
Sections 5.4 and 5.6 of the NFEPA implementation manual (Driver et al. 2011). FEPA maps
should also be used in water resource planning and management processes, such as
classification of water resources, ecological reserve determinations, resource quality
objectives, water use authorisations, and development of Catchment Management
Strategies, as discussed in Section 5.1 of the NFEPA implementation manual.

10.2.5

Use FEPA maps in evaluating applications for mining and prospecting

Applications for mining and prospecting in FEPAs and associated sub-quaternary
catchments should be subject to rigorous environmental and water assessment and
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authorisation processes, as mining has a widespread and major negative impact on
freshwater ecosystems. See Section 5.7.2 of the NFEPA implementation manual (Driver et
al. 2011) as well as those aspects of the ecosystem management guidelines in Chapter 6 of
the NFEPA implementation manual that relate to mining and prospecting. By considering
FEPAs in these processes, many of the most threatened ecosystem types for rivers and
wetlands will be included since all critically endangered, and most endangered, ecosystem
types were identified as FEPAs.

10.2.6

Pilot formal mechanisms for the management and protection of FEPAs and high
water yield areas

Such mechanisms include the use of biodiversity stewardship programmes and fiscal
incentives as discussed in Section 5.3.3 of the NFEPA implementation manual (Driver et al.
2011). Options should also be explored for extending and strengthening protection of high
water yield areas, such as declaring parts of them as Protected Environments in terms of
the Protected Areas Act.

10.2.7

Review general authorisations in FEPAs

General authorisations of the National Water Act should be reviewed in relation to their
impact on FEPAs. See Section 5.7.1 of the NFEPA implementation manual (Driver et al.
2011).

10.2.8

Strengthen collaboration of DWA and DEA around managing and conserving
freshwater ecosystems

The single Minister for the two departments provides an ideal opportunity for formalising cooperation around freshwater ecosystem management, and NFEPA provides tools on which
to focus such combined efforts. The NFEPA stakeholder engagement process went some
way towards developing and strengthening the necessary relationships between
stakeholders in the water and biodiversity sectors. The recently established InterDepartmental Liaison Committee for Freshwater Ecosystems provides an opportunity for the
various key role-players in freshwater ecosystem management and conservation to
establish shared objectives and to collaborate actively, and to tease out respective roles and
responsibilities in more detail. See Chapter 4 of the NFEPA implementation manual (Driver
et al. 2011).
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Appendix A:
Aligned NFEPA meetings, workshops and presentations between
2008 and 2011
Meeting or workshop

Date

Place

Participants

26 August 2008

SANBI, Pretoria

Stakeholders from freshwater
biodiversity sector and
stakeholders with a mandate to
conserve, protect and manage
inland water resources

National governance: DWAF
and the identification of NFEPA

22 September
2008

DWAF, Pretoria

Dirk Roux, Chris Swiegers

National governance: Meeting to
discuss Strategic Framework
Agreement between DEAT an
DWAF

30 September
2008

Pretoria

NFEPA Inception Workshop

Meeting to explore alignment of
DWAF and DEAT policy
mechanisms

Barbara Schreiner, Dirk Roux,
Nikki Funke

Mandy Driver, Jeanne Nel, Cate
Brown, Dana Grobler, Jenny
Day, Mao Amis, John Dini

9 October 2008

Kirstenbosch

1 NFEPA WRC reference
group meeting

17 November
2008

WRC offices,
Pretoria

Sub-national governance:
Meeting with Mpumalanga
Tourism and Parks Agency
(MTPA)

28 January 2009

MTPA, Lydenburg

Nikki Funke, Ernita van Wyk,
Liesl Hill, Kevin Murray

5-6 February
2009

Cape Town

Western Cape water resource
managers, Mandy Driver,
Jeanne Nel (presentation by
Mandy)

st

CAPE capacity building
workshop for using the water
resource classification system
Meeting to align DWAF
technical tools (including PESEIS update) with NFEPA

16 February
2009

SANBI, Pretoria

NFEPA Symposium at National
Biodiversity Planning Forum

4 March 2010

Warmbaths
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Reference group members,
project team members

Barbara Weston, Neels
Kleynhans, Dana Grobler,
Jeanne Nel, Mandy Driver

Biodiversity Planners, technical
project team
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Meeting or workshop

NFEPA WRC Steering
Committee meeting

Date

Place

10 March 2010

WRC, Pretoria

Biodiversity Planning Forum:
NFEPA update presentation

12 March 2009

Pumula Beach,
KZN

SAIAB NFEPA launch and
progress reporting

19 March 2009

SAIAB,
Grahamstown

Fish sanctuaries delineation
workshop: Cape and Arid
interior regions

16 to 20 March
2009

SAIAB,
Grahamstown

Landforms Accuracy
Assessment Technical
Workshop

30-31 March
2010

CSIR, Pretoria

NFEPA Map Products Meeting

13 April 2010

SANBI,
Kirstenbosch

24 April 2009

Kirstenbosch, Cape
Town

4 May 2010

SANBI,
Kirstenbosch

NFEPA wetland task team

Presentation of NFEPA to the
Biodiversity Stewardship
Working Group

NFEPA Project Planning
meeting

5 to 6 May 2009

SANBI, Pretoria
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Participants

Liesl Hill, Jeanne Nel, Mandy
Driver and WRC Steering
Committee

Biodiversity planning forum
members (approximately 30
people attended the NFEPA
session)
Scientists and anglers from
SAIAB and Rhodes University
(approximately 30 people)
Ashton Maherry, Ernsta Swartz,
Jeanne Nel, Jim Cambray,
Johan Engelbrecht
Roger Bills, Sherwin Mack,
Willem Coetzee
Heidi van Deventer, Ashton
Maherry, Devlyn Hardwick,
Jeanne Nel, Lindie Smith-Adao,
Chantel Petersen

Jeanne Nel, Mandy Driver,
Stephen Holness

Ashton Maherry, Jeanne Nel,
Justine Ewart-Smith, Mao Amis,
Namhla Mbone
Nancy Job, Pete Illgner

Mandy Driver, Jeanne Nel,
Tracey Cummings, Provincial
Biodiversity Stewardship
managers
Ashton Maherry, Chantel
Petersen, Devlyn Hardwick, Dirk
Roux, Heidi Van Deventer,
Jeanne Nel, Kevin Murray, Liesl
Hill, Lindie Smith-Adao, Mandy
Driver, Namhla Mbona, Nikki
Funke, Nokuthula Wistebaar,
Smiso Bhengu
John Dini; Tammy Smith,
Tshifhiwa Tshusa, Nhlanganiso
Biyela
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Meeting or workshop

Fish Sanctuaries Delineation
workshop: KZN, Limpopo and
Mpumalanga regions
NFEPA Expert workshop:
Western & Eastern Cape
regions

NFEPA Expert workshop: KZN

Wetland typing task team
meeting

Date

Place

13 May 2009

SANBI, Pretoria

27 to 28 May
2009

SANBI, Cape Town

2 to 3 June 2009

Institute for Natural
Resources,
Pietermaritzburg

19 June 2009

24-25 June 2009

NFEPA Expert workshop:
Lowveld region

22-23 July 2009

University of the
Freestate,
Bloemfontein
Lowveld Botanical
Gardens, Nelspruit

28-29 July 2009

SANBI, Pretoria

August 2009

Club Mykonos,
Saldanha

3 Annual Grasslands Partners
Forum

10-12 November
2009

SANBI

Meeting with the South African
Risk and Vulnerability Atlas
(SARVA)

1 December
2009

DWA, SANBI, DEA meeting re
NFEPA and listing of threatened
river ecosystems

2 December
2009

DWA Pretoria

3 February 2010

Villa Paradiso,
Hartbeespoort Dam

rd

Crocodile Marico WMA
Implementation meeting

See Appendix B

See Appendix B

See Appendix B

See Appendix B
See Appendix B
Jeanne Nel
Heidi van Deventer
Chantel Petersen
Lindie Smith-Adao
Ashton Maherry
Namhla Mbona

October 2009

National Wetlands Indaba

Ashton Maherry, Ernst Swartz,
Mick Angliss
Mike Coke, Neels Kleynhans,
Stan Rogers, Francois Roux

Ashton Maherry
Donovan Kotze
Heidi van Deventer
Jeanne Nel
Justine Ewart-Smith
Namhla Mbone
Nancy Job
Pete Illgner

NFEPA Expert workshop: Arid
regions

NFEPA Expert workshop:
Highveld region
Workshop for developing the
NFEPA conceptual and GIS
planning protocol
(1 day workshop that will be
back-to-back with a 2-day
National Biodiversity
Assessment 2011 planning
workshop)

Participants
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Heidi van Deventer Ashton
Maherry Jeanne Nel
Namhla Mbona
Jeanne Nel and Mandy Driver
(presentation by Jeanne)
Wilma Strydom
Jeanne Nel
Mandy Driver
Rebecca Massemurule
Dirk Roux
Liesl Hill
Wilma Lutsch
Barbara Weston (acting for
Harrison Pienaar)
Sidimo Manamela
Jeanne Nel
Mandy Driver
John Dini
Dirk Roux, Hermien Roux, Liesl
Hill, Linda Downsborough, Nikki
Funke, Jeanne Nel, Piet Muller,
Ray Schaller
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Meeting or workshop

Date

Place

Participants

Inkomati CMA Implementation
Meeting

5 February 2010

Lowveld Botanical
Gardens, Nelspruit

Brian Jackson, Harry Biggs,
Anton Linstrom, Mervyn Lotter,
Tolmay Hopkins, Jeanne Nel,
Dirk Roux, Nikki Funke, Liesl
Hill, Ursula Franke

NFEPA Symposium at National
Biodiversity Planning Forum

4 March 2010

Bela Bela

Biodiversity Planners, technical
project team

10 March 2010

WRC Offices,
Pretoria

Steering Committee members,
project team members

Heidi van Deventer, Ashton
Maherry, Devlyn Hardwick,
Jeanne Nel, Lindie Smith-Adao,
Chantel Petersen

NFEPA 2
Meeting

nd

Steering Committee

Landforms Accuracy
Assessment Technical
Workshop

30-31 March
2010

CSIR, Pretoria

NFEPA Map Products
Workshop (to explore how to
summarise the spatial analyses
visually)

13 April 2010

SANBI,
Kirstenbosch

Jeanne Nel, Mandy Driver,
Stephen Holness, Kerry Sink

Breede/Overberg CMA
Implementation meeting

29 April 2010

SANBI,
Kirstenbosch

Phakamain Buthelzi, Jannie Van
Staden, Dean Impson, Wilna
Kloppers, Jeanne Nel, Mandy
Driver, Dirk Roux, Kevin Murray

National governance: DWASANParks Liaison Committee
(discussion on expanding the
committee to DWA Liaison
Committee on Freshwater
Ecosystems)

6 May 2010

SANParks Head
Office, Pretoria

C.A.P.E. Ecological Reserve
Implementation Component and
CMA Component: Meeting to
discuss lessons learnt and way
forward. Substantial discussion
on ensuring uptake of NFEPA
products and mechanisms for
implementation of freshwater
ecosystem priorities.

17 May 2010

CapeNature,
Jonkershoek
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Committee Members, Mandy
Driver

Convened by Pierre de Villiers
and Dana Grobler (Mandy Driver
attended)
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Meeting or workshop

Date

Place

Participants

National governance: Meeting
with Barbara Western re
alignment between NFEPA and
DWA processes, including
PES/EIS update and preliminary
reserve determination

25 May 2010

SANBI,
Kirstenbosch

Barbara Weston, Jeanne Nel,
Mandy Driver

NFEPA Presentation to Western
Cape Wetlands Forum quarterly
meeting

2 June 2010

SANBI,
Kirstenbosch

Jeanne Nel, Western Cape
Wetland Forum members

Breede/Overberg CMA Followup Implementation meeting with
CMS team including CMS
consultants (Pegasys), to
explore integration of NFEPA
outputs in BOCMA CMS

3 June 2010

SANBI,
Kirstenbosch

Jeanne Nel, Mandy Driver, Guy
Pegram, Marcia Gouws

28 June 2010

WRC, Pretoria

Barbara Weston, National DWA
RDM staff, Neels Kleynhans,
consultants that will do the
PES/EIS updates, WRC
management team

26 July 2010

Southern Waters,
Cape Town

Jeanne Nel, Mandy Driver, Cate
Brown, Alison Joubert

27 and 28 July
2010

SANBI, Pretoria

30 July 2010

CapeNature,
Jonkershoek

Southern Waters, SANBI, CSIR
meeting to refine NFEPA
incorporation into water
resource assessment for
BOCMA catchment
management strategy

11 August 2010

Southern Waters,
Cape Town

Meeting with SANBI’s
Biodiversity GIS website (BGIS)
project manager re preparation
for serving NFEPA maps on
BGIS

16 August 2010

SANBI,
Kirstenbosch

Jeanne Nel, Mandy Driver,
Ashton Maherry, Sediqa Khatieb

NFEPA atlas Writing Retreat

17-19 August
2010

CSIR, Pretoria

Jeanne Nel, Mandy Driver, Dirk
Roux, Wilma Strydom, Ashton
Maherry

CSIR Conference showcasing
NFEPA to government
departments and other
stakeholders

3 September
2010

CSIR, Pretoria

Jeanne Nel

DWA PES/EIS updates:
discussion on how NFEPA
products could be used
Southern Waters, SANBI, CSIR
meeting to incorporate NFEPA
into water resource assessment
for BOCMA catchment
management strategy (Southern
Waters = sub-consultants on
BOCMA CMS)
NFEPA National Expert Review
Workshop
CapeNature meeting on
integrating NFEPA and
Biodiversity Sector Plans into
institutional activities and policy
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Jeanne Nel

Jeanne Nel, Mandy Driver,
Alison Joubert
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Meeting or workshop
York Conference, York, UK –
using systematic conservation
planning to inform freshwater
ecosystem protection in South
Africa
SANBI’s Biodiversity Information
Management Forum
SANBI Freshwater Programme
Strategy Development session –
seeking potential institutional
home for NFEPA products
NFEPA presentation at DEA’s
Working Group 1 (part of DEA’s
decision-making structures,
involves all provincial env affairs
depts and conservation
authorities)
Breede-Overberg Reference
Group meeting – developing a
conservation management substrategy for the catchment
management strategy
National Wetlands Indaba 2010:
NFEPA products: progress and
way forward
NFEPA progress and potential
mechanisms for uptake by
WWF
BOCMA catchment
management strategy
Reference Group Meeting
NFEPA Presentation at DEA
MinTech (DG of DEA and all
provincial HODs, also reps from
other national departments
including DWA)

Date

Place

Participants

6 September

UK

20-23
September 2010

SANBI, Pretoria

Mandy Driver

12 October 2010

SANBI, Pretoria

Mandy Driver, Jeanne Nel, Dirk
Roux

13 October 2010

Johannesburg,
Emperor’s Palace

14 October 2010

Arabella Estate,
Kleinmond

27 October 2010

Kimberley

29 October 2010

WWF,
Stellenbosch

4 November
2010

Caledon

Mandy Driver

5 November
2010

Johannesburg

Mandy Driver

NFEPA: Implementation
meeting: Crocodile (west)
Marico WMA

10 November
2010

Hartbeespoort
Dam: Kurperoord

NFEPA Ecosystem
Management Guidelines
workshop

15 November
2010

SANBI,
Kirstenbosch

NFEPA: Implementation
meeting: Inkomati WMA

16 November
2010

Nelspruit, Lowveld
Botanical Gardens
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Jeanne Nel, Dirk Roux

Mandy Driver

Jeanne Nel

Jeanne Nel, Heidi van Deventer,
Namhla Mbona
Jeanne Nel

Jeanne Nel, Mandy Driver, Dirk
Roux, Kevin Murray, Linda
Downsborough, Liesl Hill,
Shanna Nienaber + see
spreadsheet
Kate Snaddon, Barbara Weston,
Charl de Villiers, Doug
MacFarlane, Jeanne Nel, Jeff
Manuel, Kerry Maree, Liz Day,
Mandy Driver, Mervyn Lotter,
Nancy Job, Jeanne Gouws,
Susie Brownlie, Wilna Kloppers,
Sam Ralston, Donovan Kotze,
Namhla Mbona and Dean Ollis
Jeanne Nel, Mandy Driver, Dirk
Roux, Kevin Murray, Linda
Downsborough, Nikki Funke,
Liesl Hill, Shanna Nienaber
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Appendix B:
Attendees at aligned NFEPA expert review workshops, 2009
ATTENDANCE REGISTER
NFEPA WORKSHOP
EASTERN CAPE / WESTERN CAPE, 27 & 28 May 2009
DAY 1
NAME

ORGANISATION

EMAIL ADDRESS

Chantel Petersen

CSIR

crpetersen@csir.co.za

Kululwa Mkosana

DWA

mkosank@dwaf.gov.za

Lindie Smith-Adao

CSIR

lsmithadao@csir.co.za

Mandy Uys

Laughing Waters

laughingh2o@icon.co.za

Nancy Job

Private

nancymjob@gmail.com

Patsy Scherman

Scherman Consulting

patsy@itsnet.co.za

Zanele Sishuba

DWA

sishubaz@dwaf.gov.za

DAY 2
NAME

ORGANISATION

EMAIL ADDRESS

Ashton Maherry

CSIR

amaherry@csir.co.za

Dean Impson

CapeNature

dimpson@capenature.co.za

Ernst Swartz

SAIAB

e.swartz@saiab.ac.za

Fulufhelo Mafelatshuma

DWA

mafelatshumaf@dwa.gov.za

Helen Dallas

FCG/UCT

helen.dallas@uct.ac.za

Jeanne Gouws

CapeNature

jgouws@capenature.co.za

Jeanne Nel

CSIR

jnel@csir.co.za

Kate Snaddon

FCG

katesnaddon@telkomsa.net

Martine Jordaan

CapeNature

mjordaan@capenature.coza

Mandy Uys

Laughing Waters

laughingh2o@icon.co.za

Michael Radzilani

CapeNature

mradzilani@capenature.co.za

Nosiphiwo Ketse

CapeNature

nketse@capenature.co.za

Pumza Buwa

CapeNature

pbuwa@capenature.co.za

Sean Marr

UCT

sean.marr@uct.ac.za

Tovho Nyamande

DWA

ndiitwt@dwa.gov.za
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ATTENDANCE REGISTER
NFEPA WORKSHOP
KWAZULU – NATAL, 2 & 3 June 2009
DAY 1
NAME

ORGANISATION

EMAIL ADDRESS

Anton Bok

Anton Bok & Associates cc

antonbok@aquabok.co.za

Ashton Maherry

CSIR

amaherry@csir.co.za

Cameron McLean

Ethekwini Municipality

mcleanc@durban.gov.za

Chris Dickens

INR

dickensc@ukzn.ac.za

Donovan Kotze

UKZN

kotzed@ukzn.ac.za

Ernst Swartz

SAIAB

e.swartz@saiab.ac.za

Mark Graham

Ground Truth

mark@ground-truth.co.za

Mike Coke

Ex EKZNW

mdcoke@futurenet.co.za

Nick Rivers-Moore

Private

riversmooren@hotmail.com

Vaughan Koopman

MWP

koopman@wetland.org.za

DAY 2
NAME

ORGANISATION

EMAIL ADDRESS

Anton Bok

Anton Bok & Associates cc

antonbok@aquabok.co.za

Doug MacFarlane

INR

macfarlaned@ukzn.ac.za

Japie Buckle

SANBI-WfWet

buckle@sanbi.org

Kirsten Oliver

EWT

kirsteno@ewt.org.za

Mbali Goge

SANBI-WfWet

goge@sanbi.org

Nancy Job

Private

nancymjob@gmail.com

Nick Rivers-Moore

Private

riversmooren@hotmail.com
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ATTENDANCE REGISTER
NFEPA WORKSHOP
ARID REGIONS, 24 & 25 June 2009
DAY 1
NAME

ORGANISATION

EMAIL ADDRESS

Ashton Maherry

CSIR

amaherry@csir.co.za

Ben Benade

Eco Impact

ekoimpak@intekom.co.za

Chantel Petersen

CSIR

crpetersen@csir.co.za

Ernst Swartz

SAIAB

e.swartz@saiab.ac.za

Johann du Preez

UFS, Department of Plant Sciences

dpreezpj.sci@ufs.ac.za

Klaas Mampholo

DoA

klaasm@nda.agric.za

Maitland Seaman

UFS, CEM

seamanmt.sci@ufs.ac.za

Marie Watson

UFS, CEM

watsonm.sci@ufs.ac.za

Marinda Avenant

UFS, CEM

avenantmf.sci@ufs.ac.za

Marthie Kemp

UFS, CEM

kempm.sci@ufs.ac.za

Nacelle Collins

FS DTEEA

collinsn@dteea.fs.gov.za

Nomasonto Nsibande

ESKOM Transmission

nsibann@eskom.co.za

Peter Ramollo

DTEC

pramollo@half.ncape.gov.za

Thilivhali Nyambeni

SANBI-WfWet

nyambeni@sanbi.org

DAY 2
NAME

ORGANISATION

EMAIL ADDRESS

Johann du Preez

UFS, Department of Plant Sciences

dpreezpj.sci@ufs.ac.za

Marie Watson

UFS, CEM

watsonm.sci@ufs.ac.za

Marinda Avenant

UFS, CEM

avenantmf.sci@ufs.ac.za

Nacelle Collins

FS DETEA

collinsn@dteea.fs.gov.za

Peter Gavhi

SANBI

gavhi@sanbi.org

Tshilidzi Netshisaulu

SANBI

netshisaulu@sanbi.org
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ATTENDANCE REGISTER
NFEPA WORKSHOP
LOWVELD EXPERT WORKSHOP, 22 & 23 July 2009
DAY 1
NAME

ORGANISATION

EMAIL ADDRESS

Andre Beetge

SANBI

beetge@sanbi.org

Andrew Deacon

SANParks

andrewd@sanparks.org

Anton Linström

Golden

alinstrom@golden.co.za

Ashton Maherry

CSIR

amaherry@csir.co.za

Brian Jackson

ICMA

jacksonb@inkomaticma.co.za

Ernst Swartz

SAIAB

e.swartz@saiab.ac.za

Mervyn Lotter

MTPA

mervyn@intekom.co.za

Tolmay Hopkins

DWA

hopkinst@dwa.gov.za

DAY 2
NAME

ORGANISATION

EMAIL ADDRESS

Andrew Deacon

SANParks

andrewd@sanparks.org

Anton Linström

Golder Associates

alinstrom@golder.co.za

Ashton Maherry

CSIR

amaherry@csir.co.za

Brian Jackson

ICMA

jacksonb@inkomaticma.co.za

Ernst Swartz

SAIAB

e.swartz@saiab.ac.za

Francois Roux

MTPA

hydrocynus@mweb.co.za

Johan Engelbrecht

Golder Associates

jengelbrecht@golder.co.za

Mervyn Lotter

MTPA

mervyn@intekom.co.za

Tolmay Hopkins

DWA

hopkinst@dwa.gov.za
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ATTENDANCE REGISTER
NFEPA WORKSHOP
HIGHVELD & LIMPOPO, 28 & 29 July 2009
NAME

ORGANISATION

EMAIL ADDRESS

Anton Linström

Golder Associates

alinstrom@golder.co.za

Ashton Maherry

CSIR

amaherry@csir.co.za

Christa Thirion

DWA-RQS

thirionc@dwa.gov.za

Dirk Roux

SANParks

dirkr@sanparks.org

Eric Munzhedzi

SANBI

munzhedzi@sanbi.org

Gerhard Diedericks

Environmental Services

gerhardd@mweb.co.za

Heidi van Deventer

CSIR

hvdeventer@csir.co.za

Hermien Roux

NWDACERD

hroux@nwpg.gov.za

Jerry Theron

MTPA

spookpadda@vodamail.co.za

John Dini

SANBI

dini@sanbi.org

Kevin Murray

WRC

kevinm@wrc.org.za

Lani van Vuuren

WRC

laniv@wrc.org.za

Liesl Hill

CSIR

lhill@csir.co.za

Linda Downsborough

Monash, SA

linda.downsborough@adm.monash.edu

Mick Angliss

LEDET

anglissmk@ledet.gov.za

Mike Silberbauer

DWA-RQS

silberbauerm@dwa.gov.za

Namhla Mbona

SANBI

mbona@sanbi.org

Nikki Funke

CSIR

nfunke@csir.co.za

Piet Muller

GDARD

piet.muller@gauteng.gov.za

Ray Schaller

NWDACERD

rschaller@nwpg.gov.za

Ronell Niemand

MTPA

ronell@mtpa.co.za

Siyabonga Buthelezi

GDARD

siyabonga.buthelezi@gauteng.gov.za

Stan Rodgers

LEDET

rodgersssm@ledet.gov.za

Tammy Smith

SANBI

smitht@sanbi.org

Thomani Manungufala

SANBI

manungufala@sanbi.org

Ursula Franke

EWT

ursulaf@ewt.org.za
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ATTENDANCE REGISTER
NFEPA WORKSHOP
27 & 28 July 2010
NAME

ORGANISATION

EMAIL ADDRESS

Althea Grundling

ARC-ISCW

althea@arc.agric.za

Andre Hoffman

MTPA

andre.hoffman@vodamail.co.za

Anna Mampye

DEA

amapye@deat.gov.za

Anton Bok

Anton Bok & Associates cc

antonbok@aquabok.co.za

Anton Linström

Private

alinstrom@vodamail.co.za

Ashton Maherry

CSIR

amaherry@csir.co.za

Babara Weston

DWA-RDM

westonb@dwa.gov.za

Batumelo Sejamoholo

DWA-RDM

sejamoholob@dwa.gov.za
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Appendix C:
Ecosystem threat status and protection level for each river
ecosystem type
Ecosystem threat status and ecosystem protection levels for each river ecosystem type. The
combination of Level 1 ecoregion (Kleynhans et al. 2005), flow variability (DLA-CDSM 20052007) and slope category (Rowntree and Wadeson 1999) made up 223 different river
ecosystem types. The river type code refers to the coding system used in the NFEPA rivers
GIS layer (available on the SANBI Biodiversity GIS website, http://bgis.sanbi.org).
Ecosystem threat status (ETS) categories are critically endangered (CR), endangered (EN),
vulnerable (VU) and least threatened (LT). Ecosystem protection level (EPS) categories are
well protected (WP), moderately protected (MP), poorly protected (PP) and not protected
(NP).
River type code

Level 1 ecoregion

Flow variability

Slope category

ETS

EPL

1_N_F

Limpopo Plain

Ephemeral

Lowland river

EN

NP

1_N_L

Limpopo Plain

Ephemeral

Lower foothill

LT

PP

1_N_M

Limpopo Plain

Ephemeral

Mountain stream

CR

NP

1_N_U

Limpopo Plain

Ephemeral

Upper foothill

LT

PP

1_P_F

Limpopo Plain

Perennial/Seasonal

Lowland river

CR

PP

1_P_L

Limpopo Plain

Perennial/Seasonal

Lower foothill

EN

NP

1_P_M

Limpopo Plain

Perennial/Seasonal

Mountain stream

LT

WP

1_P_U

Limpopo Plain

Perennial/Seasonal

Upper foothill

LT

MP

10_N_L

Northern Escarpment Mountains

Ephemeral

Lower foothill

LT

NP

10_N_M

Northern Escarpment Mountains

Ephemeral

Mountain stream

LT

WP

10_N_U

Northern Escarpment Mountains

Ephemeral

Upper foothill

LT

PP

10_P_L

Northern Escarpment Mountains

Perennial/Seasonal

Lower foothill

CR

PP

10_P_M

Northern Escarpment Mountains

Perennial/Seasonal

Mountain stream

LT

WP

10_P_U

Northern Escarpment Mountains

Perennial/Seasonal

Upper foothill

LT

MP

11_N_F

Highveld

Ephemeral

Lowland river

EN

NP

11_N_L

Highveld

Ephemeral

Lower foothill

EN

NP

11_N_M

Highveld

Ephemeral

Mountain stream

VU

NP

11_N_U

Highveld

Ephemeral

Upper foothill

VU

NP

11_P_F

Highveld

Perennial/Seasonal

Lowland river

CR

NP

11_P_L

Highveld

Perennial/Seasonal

Lower foothill

EN

NP

11_P_M

Highveld

Perennial/Seasonal

Mountain stream

EN

NP

11_P_U

Highveld

Perennial/Seasonal

Upper foothill

EN

NP

12_N_F

Lebombo Uplands

Ephemeral

Lowland river

LT

NP

12_N_L

Lebombo Uplands

Ephemeral

Lower foothill

LT

WP

12_N_M

Lebombo Uplands

Ephemeral

Mountain stream

LT

PP

12_N_U

Lebombo Uplands

Ephemeral

Upper foothill

LT

WP

12_P_F

Lebombo Uplands

Perennial/Seasonal

Lowland river

LT

MP
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River type code

Level 1 ecoregion

Flow variability

Slope category

ETS

EPL

12_P_L

Lebombo Uplands

Perennial/Seasonal

Lower foothill

LT

WP

12_P_M

Lebombo Uplands

Perennial/Seasonal

Mountain stream

LT

NP

12_P_U

Lebombo Uplands

Perennial/Seasonal

Upper foothill

LT

NP

13_N_F

Natal Coastal Plain

Ephemeral

Lowland river

LT

WP

13_N_L

Natal Coastal Plain

Ephemeral

Lower foothill

LT

WP

13_N_U

Natal Coastal Plain

Ephemeral

Upper foothill

LT

NP

13_P_F

Natal Coastal Plain

Perennial/Seasonal

Lowland river

LT

WP

13_P_L

Natal Coastal Plain

Perennial/Seasonal

Lower foothill

VU

PP

13_P_M

Natal Coastal Plain

Perennial/Seasonal

Mountain stream

VU

NP

13_P_U

Natal Coastal Plain

Perennial/Seasonal

Upper foothill

EN

PP

14_N_F

North Eastern Uplands

Ephemeral

Lowland river

LT

NP

14_N_L

North Eastern Uplands

Ephemeral

Lower foothill

LT

PP

14_N_M

North Eastern Uplands

Ephemeral

Mountain stream

VU

NP

14_N_U

North Eastern Uplands

Ephemeral

Upper foothill

VU

NP

14_P_F

North Eastern Uplands

Perennial/Seasonal

Lowland river

LT

PP

14_P_L

North Eastern Uplands

Perennial/Seasonal

Lower foothill

LT

PP

14_P_M

North Eastern Uplands

Perennial/Seasonal

Mountain stream

LT

PP

14_P_U

North Eastern Uplands

Perennial/Seasonal

Upper foothill

LT

PP

15_N_F

Eastern Escarpment Mountains

Ephemeral

Lowland river

CR

NP

15_N_L

Eastern Escarpment Mountains

Ephemeral

Lower foothill

EN

NP

15_N_M

Eastern Escarpment Mountains

Ephemeral

Mountain stream

LT

PP

15_N_U

Eastern Escarpment Mountains

Ephemeral

Upper foothill

VU

NP

15_P_F

Eastern Escarpment Mountains

Perennial/Seasonal

Lowland river

EN

NP

15_P_L

Eastern Escarpment Mountains

Perennial/Seasonal

Lower foothill

VU

NP

15_P_M

Eastern Escarpment Mountains

Perennial/Seasonal

Mountain stream

LT

MP

15_P_U

Eastern Escarpment Mountains

Perennial/Seasonal

Upper foothill

VU

PP

16_N_L

South Eastern Uplands

Ephemeral

Lower foothill

LT

NP

16_N_M

South Eastern Uplands

Ephemeral

Mountain stream

LT

NP

16_N_U

South Eastern Uplands

Ephemeral

Upper foothill

LT

NP

16_P_F

South Eastern Uplands

Perennial/Seasonal

Lowland river

EN

NP

16_P_L

South Eastern Uplands

Perennial/Seasonal

Lower foothill

EN

PP

16_P_M

South Eastern Uplands

Perennial/Seasonal

Mountain stream

VU

PP

16_P_U

South Eastern Uplands

Perennial/Seasonal

Upper foothill

VU

PP

17_N_M

Eastern Coastal Belt

Ephemeral

Mountain stream

CR

NP

17_N_U

Eastern Coastal Belt

Ephemeral

Upper foothill

CR

NP

17_P_F

Eastern Coastal Belt

Perennial/Seasonal

Lowland river

VU

PP

17_P_L

Eastern Coastal Belt

Perennial/Seasonal

Lower foothill

VU

PP

17_P_M

Eastern Coastal Belt

Perennial/Seasonal

Mountain stream

LT

NP

17_P_U

Eastern Coastal Belt

Perennial/Seasonal

Upper foothill

LT

PP

18_N_F

Drought Corridor

Ephemeral

Lowland river

LT

NP

18_N_L

Drought Corridor

Ephemeral

Lower foothill

EN

NP

18_N_M

Drought Corridor

Ephemeral

Mountain stream

LT

NP

18_N_U

Drought Corridor

Ephemeral

Upper foothill

LT

NP
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River type code

Level 1 ecoregion

Flow variability

Slope category

ETS

EPL

18_P_F

Drought Corridor

Perennial/Seasonal

Lowland river

LT

NP

18_P_L

Drought Corridor

Perennial/Seasonal

Lower foothill

CR

NP

18_P_M

Drought Corridor

Perennial/Seasonal

Mountain stream

LT

NP

18_P_U

Drought Corridor

Perennial/Seasonal

Upper foothill

EN

NP

19_N_F

Southern Folded Mountains

Ephemeral

Lowland river

LT

WP

19_N_L

Southern Folded Mountains

Ephemeral

Lower foothill

EN

PP

19_N_M

Southern Folded Mountains

Ephemeral

Mountain stream

LT

WP

19_N_U

Southern Folded Mountains

Ephemeral

Upper foothill

LT

PP

19_P_F

Southern Folded Mountains

Perennial/Seasonal

Lowland river

CR

NP

19_P_L

Southern Folded Mountains

Perennial/Seasonal

Lower foothill

CR

PP

19_P_M

Southern Folded Mountains

Perennial/Seasonal

Mountain stream

LT

WP

19_P_U

Southern Folded Mountains

Perennial/Seasonal

Upper foothill

LT

MP

2_N_F

Soutpansberg

Ephemeral

Lowland river

LT

NP

2_N_L

Soutpansberg

Ephemeral

Lower foothill

VU

WP

2_N_M

Soutpansberg

Ephemeral

Mountain stream

LT

NP

2_N_U

Soutpansberg

Ephemeral

Upper foothill

VU

PP

2_P_F

Soutpansberg

Perennial/Seasonal

Lowland river

LT

NP

2_P_L

Soutpansberg

Perennial/Seasonal

Lower foothill

LT

MP

2_P_M

Soutpansberg

Perennial/Seasonal

Mountain stream

CR

NP

2_P_U

Soutpansberg

Perennial/Seasonal

Upper foothill

EN

PP

20_N_F

South Eastern Coastal Belt

Ephemeral

Lowland river

VU

WP

20_N_L

South Eastern Coastal Belt

Ephemeral

Lower foothill

LT

PP

20_N_M

South Eastern Coastal Belt

Ephemeral

Mountain stream

LT

MP

20_N_U

South Eastern Coastal Belt

Ephemeral

Upper foothill

LT

PP

20_P_F

South Eastern Coastal Belt

Perennial/Seasonal

Lowland river

CR

PP

20_P_L

South Eastern Coastal Belt

Perennial/Seasonal

Lower foothill

CR

PP

20_P_M

South Eastern Coastal Belt

Perennial/Seasonal

Mountain stream

LT

WP

20_P_U

South Eastern Coastal Belt

Perennial/Seasonal

Upper foothill

LT

WP

21_N_F

Great Karoo

Ephemeral

Lowland river

LT

NP

21_N_L

Great Karoo

Ephemeral

Lower foothill

EN

NP

21_N_M

Great Karoo

Ephemeral

Mountain stream

LT

PP

21_N_U

Great Karoo

Ephemeral

Upper foothill

LT

PP

21_P_F

Great Karoo

Perennial/Seasonal

Lowland river

CR

NP

21_P_L

Great Karoo

Perennial/Seasonal

Lower foothill

CR

NP

21_P_M

Great Karoo

Perennial/Seasonal

Mountain stream

LT

WP

21_P_U

Great Karoo

Perennial/Seasonal

Upper foothill

LT

NP

22_N_L

Southern Coastal Belt

Ephemeral

Lower foothill

CR

NP

22_N_M

Southern Coastal Belt

Ephemeral

Mountain stream

CR

NP

22_N_U

Southern Coastal Belt

Ephemeral

Upper foothill

CR

NP

22_P_F

Southern Coastal Belt

Perennial/Seasonal

Lowland river

EN

PP

22_P_L

Southern Coastal Belt

Perennial/Seasonal

Lower foothill

CR

NP

22_P_M

Southern Coastal Belt

Perennial/Seasonal

Mountain stream

LT

WP

22_P_U

Southern Coastal Belt

Perennial/Seasonal

Upper foothill

CR

PP
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River type code

Level 1 ecoregion

Flow variability

Slope category

ETS

EPL

23_N_F

Western Folded Mountains

Ephemeral

Lowland river

CR

NP

23_N_L

Western Folded Mountains

Ephemeral

Lower foothill

CR

NP

23_N_M

Western Folded Mountains

Ephemeral

Mountain stream

LT

WP

23_N_U

Western Folded Mountains

Ephemeral

Upper foothill

VU

PP

23_P_F

Western Folded Mountains

Perennial/Seasonal

Lowland river

EN

NP

23_P_L

Western Folded Mountains

Perennial/Seasonal

Lower foothill

VU

PP

23_P_M

Western Folded Mountains

Perennial/Seasonal

Mountain stream

LT

WP

23_P_U

Western Folded Mountains

Perennial/Seasonal

Upper foothill

LT

WP

24_N_F

South Western Coastal Belt

Ephemeral

Lowland river

CR

NP

24_N_L

South Western Coastal Belt

Ephemeral

Lower foothill

CR

NP

24_N_M

South Western Coastal Belt

Ephemeral

Mountain stream

EN

PP

24_N_U

South Western Coastal Belt

Ephemeral

Upper foothill

CR

NP

24_P_F

South Western Coastal Belt

Perennial/Seasonal

Lowland river

CR

PP

24_P_L

South Western Coastal Belt

Perennial/Seasonal

Lower foothill

CR

NP

24_P_M

South Western Coastal Belt

Perennial/Seasonal

Mountain stream

LT

WP

24_P_U

South Western Coastal Belt

Perennial/Seasonal

Upper foothill

CR

NP

25_N_F

Western Coastal Belt

Ephemeral

Lowland river

CR

NP

25_N_L

Western Coastal Belt

Ephemeral

Lower foothill

EN

PP

25_N_M

Western Coastal Belt

Ephemeral

Mountain stream

LT

PP

25_N_U

Western Coastal Belt

Ephemeral

Upper foothill

LT

PP

25_P_F

Western Coastal Belt

Perennial/Seasonal

Lowland river

CR

NP

25_P_L

Western Coastal Belt

Perennial/Seasonal

Lower foothill

EN

NP

26_N_F

Nama Karoo

Ephemeral

Lowland river

LT

NP

26_N_L

Nama Karoo

Ephemeral

Lower foothill

LT

NP

26_N_M

Nama Karoo

Ephemeral

Mountain stream

LT

PP

26_N_U

Nama Karoo

Ephemeral

Upper foothill

LT

NP

26_P_F

Nama Karoo

Perennial/Seasonal

Lowland river

EN

PP

26_P_L

Nama Karoo

Perennial/Seasonal

Lower foothill

LT

NP

26_P_M

Nama Karoo

Perennial/Seasonal

Mountain stream

EN

NP

26_P_U

Nama Karoo

Perennial/Seasonal

Upper foothill

LT

NP

27_N_F

Namaqua Highlands

Ephemeral

Lowland river

LT

NP

27_N_L

Namaqua Highlands

Ephemeral

Lower foothill

LT

PP

27_N_M

Namaqua Highlands

Ephemeral

Mountain stream

LT

WP

27_N_U

Namaqua Highlands

Ephemeral

Upper foothill

LT

MP

28_N_L

Orange River Gorge

Ephemeral

Lower foothill

LT

MP

28_N_M

Orange River Gorge

Ephemeral

Mountain stream

LT

WP

28_N_U

Orange River Gorge

Ephemeral

Upper foothill

LT

WP

28_P_F

Orange River Gorge

Perennial/Seasonal

Lowland river

LT

WP

28_P_L

Orange River Gorge

Perennial/Seasonal

Lower foothill

LT

MP

28_P_U

Orange River Gorge

Perennial/Seasonal

Upper foothill

EN

NP

29_N_F

Southern Kalahari

Ephemeral

Lowland river

LT

WP

29_N_L

Southern Kalahari

Ephemeral

Lower foothill

EN

NP

29_N_M

Southern Kalahari

Ephemeral

Mountain stream

EN

NP
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River type code

Level 1 ecoregion

Flow variability

Slope category

ETS

EPL

29_N_U

Southern Kalahari

Ephemeral

Upper foothill

LT

NP

29_P_F

Southern Kalahari

Perennial/Seasonal

Lowland river

CR

NP

29_P_L

Southern Kalahari

Perennial/Seasonal

Lower foothill

CR

NP

29_P_U

Southern Kalahari

Perennial/Seasonal

Upper foothill

CR

NP

3_N_F

Lowveld

Ephemeral

Lowland river

CR

MP

3_N_L

Lowveld

Ephemeral

Lower foothill

LT

WP

3_N_M

Lowveld

Ephemeral

Mountain stream

VU

MP

3_N_U

Lowveld

Ephemeral

Upper foothill

LT

WP

3_P_F

Lowveld

Perennial/Seasonal

Lowland river

CR

MP

3_P_L

Lowveld

Perennial/Seasonal

Lower foothill

LT

WP

3_P_M

Lowveld

Perennial/Seasonal

Mountain stream

VU

MP

3_P_U

Lowveld

Perennial/Seasonal

Upper foothill

VU

PP

30_N_F

Ghaap Plateau

Ephemeral

Lowland river

LT

NP

30_N_L

Ghaap Plateau

Ephemeral

Lower foothill

EN

NP

30_N_M

Ghaap Plateau

Ephemeral

Mountain stream

LT

NP

30_N_U

Ghaap Plateau

Ephemeral

Upper foothill

EN

NP

31_N_M

Eastern Coastal Belt

Ephemeral

Mountain stream

LT

NP

31_N_U

Eastern Coastal Belt

Ephemeral

Upper foothill

LT

NP

31_P_F

Eastern Coastal Belt

Perennial/Seasonal

Lowland river

EN

PP

31_P_L

Eastern Coastal Belt

Perennial/Seasonal

Lower foothill

LT

PP

31_P_M

Eastern Coastal Belt

Perennial/Seasonal

Mountain stream

VU

NP

31_P_U

Eastern Coastal Belt

Perennial/Seasonal

Upper foothill

LT

NP

4_N_F

North Eastern Highlands

Ephemeral

Lowland river

CR

NP

4_N_L

North Eastern Highlands

Ephemeral

Lower foothill

CR

NP

4_N_M

North Eastern Highlands

Ephemeral

Mountain stream

EN

PP

4_N_U

North Eastern Highlands

Ephemeral

Upper foothill

CR

PP

4_P_F

North Eastern Highlands

Perennial/Seasonal

Lowland river

VU

NP

4_P_L

North Eastern Highlands

Perennial/Seasonal

Lower foothill

EN

PP

4_P_M

North Eastern Highlands

Perennial/Seasonal

Mountain stream

EN

PP

4_P_U

North Eastern Highlands

Perennial/Seasonal

Upper foothill

EN

PP

5_N_L

Northern Plateau

Ephemeral

Lower foothill

CR

NP

5_N_M

Northern Plateau

Ephemeral

Mountain stream

CR

NP

5_N_U

Northern Plateau

Ephemeral

Upper foothill

CR

NP

5_P_L

Northern Plateau

Perennial/Seasonal

Lower foothill

CR

NP

5_P_M

Northern Plateau

Perennial/Seasonal

Mountain stream

CR

NP

5_P_U

Northern Plateau

Perennial/Seasonal

Upper foothill

CR

NP

6_N_L

Waterberg

Ephemeral

Lower foothill

EN

NP

6_N_M

Waterberg

Ephemeral

Mountain stream

LT

NP

6_N_U

Waterberg

Ephemeral

Upper foothill

LT

PP

6_P_F

Waterberg

Perennial/Seasonal

Lowland river

CR

PP

6_P_L

Waterberg

Perennial/Seasonal

Lower foothill

EN

PP

6_P_M

Waterberg

Perennial/Seasonal

Mountain stream

LT

WP

6_P_U

Waterberg

Perennial/Seasonal

Upper foothill

LT

PP
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River type code

Level 1 ecoregion

Flow variability

Slope category

ETS

EPL

7_N_F

Western Bankenveld

Ephemeral

Lowland river

CR

NP

7_N_L

Western Bankenveld

Ephemeral

Lower foothill

EN

NP

7_N_M

Western Bankenveld

Ephemeral

Mountain stream

LT

WP

7_N_U

Western Bankenveld

Ephemeral

Upper foothill

LT

MP

7_P_F

Western Bankenveld

Perennial/Seasonal

Lowland river

CR

NP

7_P_L

Western Bankenveld

Perennial/Seasonal

Lower foothill

CR

PP

7_P_M

Western Bankenveld

Perennial/Seasonal

Mountain stream

LT

PP

7_P_U

Western Bankenveld

Perennial/Seasonal

Upper foothill

EN

NP

8_N_F

Bushveld Basin

Ephemeral

Lowland river

CR

NP

8_N_L

Bushveld Basin

Ephemeral

Lower foothill

CR

NP

8_N_M

Bushveld Basin

Ephemeral

Mountain stream

EN

PP

8_N_U

Bushveld Basin

Ephemeral

Upper foothill

EN

NP

8_P_F

Bushveld Basin

Perennial/Seasonal

Lowland river

CR

PP

8_P_L

Bushveld Basin

Perennial/Seasonal

Lower foothill

CR

NP

8_P_M

Bushveld Basin

Perennial/Seasonal

Mountain stream

CR

NP

8_P_U

Bushveld Basin

Perennial/Seasonal

Upper foothill

CR

NP

9_N_F

Eastern Bankenveld

Ephemeral

Lowland river

CR

NP

9_N_L

Eastern Bankenveld

Ephemeral

Lower foothill

LT

PP

9_N_M

Eastern Bankenveld

Ephemeral

Mountain stream

LT

MP

9_N_U

Eastern Bankenveld

Ephemeral

Upper foothill

VU

PP

9_P_F

Eastern Bankenveld

Perennial/Seasonal

Lowland river

CR

NP

9_P_L

Eastern Bankenveld

Perennial/Seasonal

Lower foothill

CR

NP

9_P_M

Eastern Bankenveld

Perennial/Seasonal

Mountain stream

LT

PP

9_P_U

Eastern Bankenveld

Perennial/Seasonal

Upper foothill

LT

PP

127

Appendix D: Wetland ecosystem threat status and protection levels

Appendix D:
Ecosystem threat status and protection level for each
wetland ecosystem type
Ecosystem threat status and ecosystem protection levels for each wetland ecosystem type.
The combination of wetland vegetation group and hydrogeomorphic unit made up 791
different wetland ecosystem types. Ecosystem threat status (ETS) categories are critically
endangered (CR), endangered (EN), vulnerable (VU) and least threatened (LT). Ecosystem
protection level (EPS) categories are well protected (WP), moderately protected (MP),
poorly protected (PP) and not protected (NP).

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Albany Thicket Bontveld
Albany Thicket Bontveld
Albany Thicket Bontveld
Albany Thicket Bontveld
Albany Thicket Bontveld
Albany Thicket Escarpment
Albany Thicket Escarpment
Albany Thicket Escarpment
Albany Thicket Escarpment
Albany Thicket Escarpment
Albany Thicket Escarpment
Albany Thicket Valley
Albany Thicket Valley
Albany Thicket Valley
Albany Thicket Valley
Albany Thicket Valley
Albany Thicket Valley
Albany Thicket Valley
Central Bushveld Group 1
Central Bushveld Group 1
Central Bushveld Group 1
Central Bushveld Group 1
Central Bushveld Group 1
Central Bushveld Group 1
Central Bushveld Group 1
Central Bushveld Group 2
Central Bushveld Group 2
Central Bushveld Group 2
Central Bushveld Group 2
Central Bushveld Group 2
Central Bushveld Group 2
Central Bushveld Group 2
Central Bushveld Group 3
Central Bushveld Group 3
Central Bushveld Group 3

Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat

LT
LT
CR
CR
LT
CR
LT
CR
CR
CR
CR
CR
EN
CR
CR
EN
CR
CR
CR
EN
EN
CR
EN
CR
CR
CR
LT
VU
LT
LT
VU
LT
CR
LT
VU

PP
WP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
PP
NP
PP
PP
NP
NP
NP
NP
NP
PP
NP
NP
NP
PP
PP
NP
PP
MP
PP
PP
PP
MP
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Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Central Bushveld Group 3
Central Bushveld Group 3
Central Bushveld Group 3
Central Bushveld Group 3
Central Bushveld Group 4
Central Bushveld Group 4
Central Bushveld Group 4
Central Bushveld Group 4
Central Bushveld Group 4
Central Bushveld Group 4
Central Bushveld Group 4
Central Bushveld Group 5
Central Bushveld Group 5
Central Bushveld Group 5
Central Bushveld Group 5
Central Bushveld Group 5
Central Bushveld Group 5
Central Bushveld Group 5
Central Bushveld Group 6
Central Bushveld Group 6
Central Bushveld Group 6
Central Bushveld Group 6
Central Bushveld Group 6
Central Bushveld Group 6
Central Bushveld Group 7
Central Bushveld Group 7
Central Bushveld Group 7
Central Bushveld Group 7
Central Bushveld Group 7
Central Bushveld Group 7
Central Bushveld Group 7
Central Bushveld Group 8
Central Bushveld Group 8
Central Bushveld Group 8
Central Bushveld Group 8
Central Bushveld Group 8
Central Bushveld Group 8
Central Bushveld Group 8
Central Bushveld Group 9
Central Bushveld Group 9
Central Bushveld Group 9
Central Bushveld Group 9
Central Bushveld Group 9
Drakensberg Grassland Group 1
Drakensberg Grassland Group 1
Drakensberg Grassland Group 1
Drakensberg Grassland Group 1
Drakensberg Grassland Group 1
Drakensberg Grassland Group 1
Drakensberg Grassland Group 1
Drakensberg Grassland Group 2

Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland

EN
CR
EN
LT
EN
LT
LT
LT
CR
VU
VU
LT
LT
LT
CR
LT
CR
CR
CR
LT
CR
CR
CR
CR
CR
EN
CR
LT
CR
CR
CR
EN
LT
EN
CR
EN
CR
CR
CR
LT
CR
CR
LT
LT
LT
VU
CR
LT
CR
CR
EN

WP
NP
MP
WP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
WP
NP
MP
NP
PP
NP
NP
NP
NP
NP
NP
NP
PP
NP
NP
NP
PP
NP
NP
NP
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Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Drakensberg Grassland Group 2
Drakensberg Grassland Group 2
Drakensberg Grassland Group 2
Drakensberg Grassland Group 2
Drakensberg Grassland Group 2
Drakensberg Grassland Group 3
Drakensberg Grassland Group 3
Drakensberg Grassland Group 3
Drakensberg Grassland Group 3
Drakensberg Grassland Group 3
Drakensberg Grassland Group 3
Drakensberg Grassland Group 4
Drakensberg Grassland Group 4
Drakensberg Grassland Group 4
Drakensberg Grassland Group 4
Drakensberg Grassland Group 4
Drakensberg Grassland Group 5
Drakensberg Grassland Group 5
Drakensberg Grassland Group 5
Drakensberg Grassland Group 5
Drakensberg Grassland Group 5
Drakensberg Grassland Group 5
Drakensberg Grassland Group 5
Dry Highveld Grassland Group 1
Dry Highveld Grassland Group 1
Dry Highveld Grassland Group 1
Dry Highveld Grassland Group 1
Dry Highveld Grassland Group 1
Dry Highveld Grassland Group 1
Dry Highveld Grassland Group 2
Dry Highveld Grassland Group 2
Dry Highveld Grassland Group 2
Dry Highveld Grassland Group 2
Dry Highveld Grassland Group 2
Dry Highveld Grassland Group 2
Dry Highveld Grassland Group 2
Dry Highveld Grassland Group 3
Dry Highveld Grassland Group 3
Dry Highveld Grassland Group 3
Dry Highveld Grassland Group 3
Dry Highveld Grassland Group 3
Dry Highveld Grassland Group 3
Dry Highveld Grassland Group 3
Dry Highveld Grassland Group 4
Dry Highveld Grassland Group 4
Dry Highveld Grassland Group 4
Dry Highveld Grassland Group 4
Dry Highveld Grassland Group 4
Dry Highveld Grassland Group 4
Dry Highveld Grassland Group 4
Dry Highveld Grassland Group 5

Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland

LT
CR
CR
CR
CR
EN
EN
VU
VU
VU
CR
VU
LT
LT
LT
VU
CR
LT
CR
CR
LT
CR
CR
CR
LT
CR
CR
CR
CR
CR
LT
CR
CR
CR
CR
CR
LT
LT
EN
CR
EN
LT
CR
CR
LT
CR
VU
CR
CR
CR
EN

NP
NP
NP
NP
NP
NP
MP
MP
PP
NP
NP
WP
WP
WP
WP
PP
NP
WP
NP
NP
WP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
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Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Dry Highveld Grassland Group 5
Dry Highveld Grassland Group 5
Dry Highveld Grassland Group 5
Dry Highveld Grassland Group 5
Dry Highveld Grassland Group 5
Dry Highveld Grassland Group 5
East Coast Alluvium Renosterveld
East Coast Alluvium Renosterveld
East Coast Alluvium Renosterveld
East Coast Alluvium Renosterveld
East Coast Alluvium Renosterveld
East Coast Alluvium Renosterveld
East Coast Granite Renosterveld
East Coast Granite Renosterveld
East Coast Shale Renosterveld
East Coast Shale Renosterveld
East Coast Shale Renosterveld
East Coast Shale Renosterveld
East Coast Shale Renosterveld
East Coast Shale Renosterveld
East Coast Shale Renosterveld
East Coast Silcrete Renosterveld
East Coast Silcrete Renosterveld
East Coast Silcrete Renosterveld
East Coast Silcrete Renosterveld
East Coast Silcrete Renosterveld
East Coast Silcrete Renosterveld
East Coast Silcrete Renosterveld
Eastern Fynbos-Renosterveld Conglomerate Fynbos
Eastern Fynbos-Renosterveld Conglomerate Fynbos
Eastern Fynbos-Renosterveld Conglomerate Fynbos
Eastern Fynbos-Renosterveld Conglomerate Fynbos
Eastern Fynbos-Renosterveld Conglomerate Fynbos
Eastern Fynbos-Renosterveld Granite Fynbos
Eastern Fynbos-Renosterveld Granite Fynbos
Eastern Fynbos-Renosterveld Granite Fynbos
Eastern Fynbos-Renosterveld Granite Fynbos
Eastern Fynbos-Renosterveld Granite Fynbos
Eastern Fynbos-Renosterveld Granite Fynbos
Eastern Fynbos-Renosterveld Granite Fynbos
Eastern Fynbos-Renosterveld Quartzite Fynbos
Eastern Fynbos-Renosterveld Quartzite Fynbos
Eastern Fynbos-Renosterveld Quartzite Fynbos
Eastern Fynbos-Renosterveld Quartzite Fynbos
Eastern Fynbos-Renosterveld Quartzite Fynbos
Eastern Fynbos-Renosterveld Sand Fynbos
Eastern Fynbos-Renosterveld Sand Fynbos
Eastern Fynbos-Renosterveld Sand Fynbos
Eastern Fynbos-Renosterveld Sand Fynbos
Eastern Fynbos-Renosterveld Sand Fynbos
Eastern Fynbos-Renosterveld Sandstone Fynbos

Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland

LT
CR
LT
EN
EN
VU
CR
LT
CR
LT
CR
CR
CR
CR
CR
CR
EN
CR
EN
EN
EN
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
EN
CR
CR
CR
LT
CR
CR
CR
CR
CR
CR
CR
LT
EN

NP
NP
NP
NP
NP
NP
PP
NP
NP
WP
NP
NP
NP
NP
NP
NP
PP
NP
MP
NP
PP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
PP
PP
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Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Eastern Fynbos-Renosterveld Sandstone Fynbos
Eastern Fynbos-Renosterveld Sandstone Fynbos
Eastern Fynbos-Renosterveld Sandstone Fynbos
Eastern Fynbos-Renosterveld Sandstone Fynbos
Eastern Fynbos-Renosterveld Sandstone Fynbos
Eastern Fynbos-Renosterveld Sandstone Fynbos
Eastern Fynbos-Renosterveld Shale Band Vegetation
Eastern Fynbos-Renosterveld Shale Band Vegetation
Eastern Fynbos-Renosterveld Shale Band Vegetation
Eastern Fynbos-Renosterveld Shale Band Vegetation
Eastern Fynbos-Renosterveld Shale Band Vegetation
Eastern Fynbos-Renosterveld Shale Band Vegetation
Eastern Fynbos-Renosterveld Shale Fynbos
Eastern Fynbos-Renosterveld Shale Fynbos
Eastern Fynbos-Renosterveld Shale Fynbos
Eastern Fynbos-Renosterveld Shale Fynbos
Eastern Fynbos-Renosterveld Shale Fynbos
Eastern Fynbos-Renosterveld Shale Fynbos
Eastern Fynbos-Renosterveld Shale Fynbos
Eastern Fynbos-Renosterveld Shale Renosterveld
Eastern Fynbos-Renosterveld Shale Renosterveld
Eastern Fynbos-Renosterveld Shale Renosterveld
Eastern Fynbos-Renosterveld Shale Renosterveld
Eastern Fynbos-Renosterveld Shale Renosterveld
Eastern Fynbos-Renosterveld Shale Renosterveld
Eastern Fynbos-Renosterveld Shale Renosterveld
Eastern Kalahari Bushveld Group 1
Eastern Kalahari Bushveld Group 1
Eastern Kalahari Bushveld Group 1
Eastern Kalahari Bushveld Group 1
Eastern Kalahari Bushveld Group 1
Eastern Kalahari Bushveld Group 1
Eastern Kalahari Bushveld Group 1
Eastern Kalahari Bushveld Group 2
Eastern Kalahari Bushveld Group 2
Eastern Kalahari Bushveld Group 2
Eastern Kalahari Bushveld Group 2
Eastern Kalahari Bushveld Group 2
Eastern Kalahari Bushveld Group 2
Eastern Kalahari Bushveld Group 2
Eastern Kalahari Bushveld Group 3
Eastern Kalahari Bushveld Group 3
Eastern Kalahari Bushveld Group 3
Eastern Kalahari Bushveld Group 3
Eastern Kalahari Bushveld Group 3
Eastern Kalahari Bushveld Group 3
Eastern Kalahari Bushveld Group 3
Eastern Kalahari Bushveld Group 4
Eastern Kalahari Bushveld Group 4
Eastern Kalahari Bushveld Group 4
Eastern Kalahari Bushveld Group 4

Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep

EN
LT
LT
LT
CR
CR
CR
LT
CR
CR
CR
CR
CR
LT
CR
CR
LT
CR
CR
CR
CR
EN
CR
CR
CR
EN
LT
LT
LT
LT
LT
LT
LT
EN
LT
EN
CR
EN
LT
LT
LT
LT
LT
CR
LT
LT
VU
LT
LT
LT
LT

PP
WP
WP
WP
PP
NP
NP
NP
NP
NP
NP
NP
PP
NP
PP
NP
MP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
PP
PP
PP
NP
PP
PP
NP
NP
NP
NP
NP
NP
NP
NP
PP
NP
NP
PP
NP
NP
NP
NP
NP
NP
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Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Eastern Kalahari Bushveld Group 4
Eastern Kalahari Bushveld Group 4
Eastern Kalahari Bushveld Group 5
Eastern Kalahari Bushveld Group 5
Eastern Kalahari Bushveld Group 5
Eastern Kalahari Bushveld Group 5
Eastern Kalahari Bushveld Group 5
Eastern Kalahari Bushveld Group 5
Eastern Kalahari Bushveld Group 5
Eastern Kalahari Bushveld Group 6
Eastern Kalahari Bushveld Group 6
Eastern Kalahari Bushveld Group 6
Eastern Kalahari Bushveld Group 6
Eastern Kalahari Bushveld Group 6
Eastern Kalahari Bushveld Group 6
Gariep Desert (Dg)
Gariep Desert (Dg)
Gariep Desert (Dg)
Gariep Desert (Dg)
Gariep Desert (Dg)
Gariep Desert (Dg)
Gariep Desert (Dg)
Indian Ocean Coastal Belt Group 1
Indian Ocean Coastal Belt Group 1
Indian Ocean Coastal Belt Group 1
Indian Ocean Coastal Belt Group 1
Indian Ocean Coastal Belt Group 1
Indian Ocean Coastal Belt Group 1
Indian Ocean Coastal Belt Group 1
Indian Ocean Coastal Belt Group 2
Indian Ocean Coastal Belt Group 2
Indian Ocean Coastal Belt Group 2
Indian Ocean Coastal Belt Group 2
Indian Ocean Coastal Belt Group 2
Indian Ocean Coastal Belt Group 2
Indian Ocean Coastal Belt Group 2
Indian Ocean Coastal Belt Group 3
Indian Ocean Coastal Belt Group 3
Indian Ocean Coastal Belt Group 3
Indian Ocean Coastal Belt Group 3
Indian Ocean Coastal Belt Group 3
Indian Ocean Coastal Belt Group 3
Indian Ocean Coastal Belt Group 4
Indian Ocean Coastal Belt Group 4
Indian Ocean Coastal Belt Group 4
Indian Ocean Coastal Belt Group 4
Indian Ocean Coastal Belt Group 4
Indian Ocean Coastal Belt Group 4
Indian Ocean Coastal Belt Group 4
Kalahari Duneveld
Kalahari Duneveld

Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression

LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
CR
LT
CR
EN
CR
EN
CR
LT
LT
LT
LT
LT
LT
LT
CR
CR
CR
CR
CR
CR
CR
LT
LT
VU
LT
CR
CR
LT
LT
VU
CR
CR
EN
CR
LT
LT

NP
NP
NP
NP
NP
NP
PP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
PP
NP
WP
WP
WP
WP
MP
WP
WP
PP
NP
NP
NP
NP
PP
NP
MP
NP
WP
MP
NP
NP
NP
WP
NP
NP
NP
NP
NP
PP
PP
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Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Kalahari Duneveld
Kalahari Duneveld
Kalahari Duneveld
Kalahari Duneveld
Kalahari Duneveld
Karoo Dolerite Renosterveld
Karoo Dolerite Renosterveld
Karoo Dolerite Renosterveld
Karoo Dolerite Renosterveld
Karoo Dolerite Renosterveld
Karoo Shale Renosterveld
Karoo Shale Renosterveld
Karoo Shale Renosterveld
Karoo Shale Renosterveld
Karoo Shale Renosterveld
Karoo Shale Renosterveld
Knersvlakte (Skk)
Knersvlakte (Skk)
Knersvlakte (Skk)
Knersvlakte (Skk)
Knersvlakte (Skk)
Knersvlakte (Skk)
Knersvlakte (Skk)
Lower Nama Karoo
Lower Nama Karoo
Lower Nama Karoo
Lower Nama Karoo
Lower Nama Karoo
Lower Nama Karoo
Lower Nama Karoo
Lowveld Group 1
Lowveld Group 1
Lowveld Group 1
Lowveld Group 1
Lowveld Group 1
Lowveld Group 1
Lowveld Group 1
Lowveld Group 10
Lowveld Group 10
Lowveld Group 10
Lowveld Group 10
Lowveld Group 10
Lowveld Group 10
Lowveld Group 10
Lowveld Group 11
Lowveld Group 11
Lowveld Group 11
Lowveld Group 11
Lowveld Group 11
Lowveld Group 11
Lowveld Group 11

Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep

LT
LT
LT
LT
LT
LT
LT
LT
CR
LT
LT
LT
LT
LT
EN
LT
LT
EN
LT
CR
VU
VU
LT
CR
LT
EN
LT
CR
CR
CR
CR
LT
CR
CR
CR
CR
CR
LT
LT
LT
EN
LT
LT
LT
LT
VU
VU
CR
LT
CR
CR

PP
MP
WP
PP
PP
NP
NP
NP
NP
NP
PP
NP
NP
NP
NP
NP
MP
NP
PP
NP
NP
PP
MP
NP
NP
NP
NP
NP
PP
NP
NP
NP
NP
NP
WP
NP
NP
PP
WP
PP
PP
NP
PP
WP
WP
WP
WP
WP
WP
WP
WP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Lowveld Group 2
Lowveld Group 2
Lowveld Group 2
Lowveld Group 2
Lowveld Group 2
Lowveld Group 2
Lowveld Group 3
Lowveld Group 3
Lowveld Group 3
Lowveld Group 3
Lowveld Group 3
Lowveld Group 3
Lowveld Group 3
Lowveld Group 4
Lowveld Group 4
Lowveld Group 4
Lowveld Group 4
Lowveld Group 4
Lowveld Group 4
Lowveld Group 5
Lowveld Group 5
Lowveld Group 5
Lowveld Group 6
Lowveld Group 6
Lowveld Group 7
Lowveld Group 7
Lowveld Group 7
Lowveld Group 7
Lowveld Group 7
Lowveld Group 7
Lowveld Group 7
Lowveld Group 8
Lowveld Group 8
Lowveld Group 8
Lowveld Group 8
Lowveld Group 8
Lowveld Group 8
Lowveld Group 9
Lowveld Group 9
Lowveld Group 9
Lowveld Group 9
Lowveld Group 9
Lowveld Group 9
Lowveld Group 9
Mesic Highveld Grassland Group 1
Mesic Highveld Grassland Group 1
Mesic Highveld Grassland Group 1
Mesic Highveld Grassland Group 1
Mesic Highveld Grassland Group 1
Mesic Highveld Grassland Group 1
Mesic Highveld Grassland Group 1

Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Seep
Unchannelled valley-bottom wetland
Flat
Seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep

CR
LT
CR
CR
CR
CR
CR
LT
CR
CR
CR
CR
CR
CR
LT
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
LT
CR
CR
CR
CR
CR
CR
LT
CR
CR
CR
CR
EN
LT
LT
LT
LT
EN
LT
CR
EN
CR
LT
CR
EN
CR

NP
WP
PP
PP
PP
NP
NP
MP
NP
NP
NP
NP
NP
NP
WP
PP
NP
NP
NP
NP
PP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
WP
NP
NP
NP
NP
NP
PP
NP
NP
MP
NP
NP
WP
PP
PP
NP
WP
PP
NP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Mesic Highveld Grassland Group 10
Mesic Highveld Grassland Group 10
Mesic Highveld Grassland Group 10
Mesic Highveld Grassland Group 10
Mesic Highveld Grassland Group 11
Mesic Highveld Grassland Group 11
Mesic Highveld Grassland Group 2
Mesic Highveld Grassland Group 2
Mesic Highveld Grassland Group 2
Mesic Highveld Grassland Group 2
Mesic Highveld Grassland Group 2
Mesic Highveld Grassland Group 2
Mesic Highveld Grassland Group 2
Mesic Highveld Grassland Group 3
Mesic Highveld Grassland Group 3
Mesic Highveld Grassland Group 3
Mesic Highveld Grassland Group 3
Mesic Highveld Grassland Group 3
Mesic Highveld Grassland Group 3
Mesic Highveld Grassland Group 3
Mesic Highveld Grassland Group 4
Mesic Highveld Grassland Group 4
Mesic Highveld Grassland Group 4
Mesic Highveld Grassland Group 4
Mesic Highveld Grassland Group 4
Mesic Highveld Grassland Group 4
Mesic Highveld Grassland Group 4
Mesic Highveld Grassland Group 5
Mesic Highveld Grassland Group 5
Mesic Highveld Grassland Group 5
Mesic Highveld Grassland Group 5
Mesic Highveld Grassland Group 5
Mesic Highveld Grassland Group 5
Mesic Highveld Grassland Group 5
Mesic Highveld Grassland Group 6
Mesic Highveld Grassland Group 6
Mesic Highveld Grassland Group 6
Mesic Highveld Grassland Group 6
Mesic Highveld Grassland Group 6
Mesic Highveld Grassland Group 6
Mesic Highveld Grassland Group 7
Mesic Highveld Grassland Group 7
Mesic Highveld Grassland Group 7
Mesic Highveld Grassland Group 7
Mesic Highveld Grassland Group 7
Mesic Highveld Grassland Group 7
Mesic Highveld Grassland Group 8
Mesic Highveld Grassland Group 8
Mesic Highveld Grassland Group 8
Mesic Highveld Grassland Group 8
Mesic Highveld Grassland Group 8

Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Flat
Seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep

CR
CR
CR
CR
CR
LT
CR
CR
CR
CR
CR
EN
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
EN
CR
CR
EN
CR
EN
CR
CR
LT
EN
LT
LT
LT
LT
EN
LT
CR
LT
VU
LT
CR
CR
LT
LT
LT
LT
LT

NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
PP
PP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Mesic Highveld Grassland Group 8
Mesic Highveld Grassland Group 8
Mesic Highveld Grassland Group 9
Mesic Highveld Grassland Group 9
Mesic Highveld Grassland Group 9
Mesic Highveld Grassland Group 9
Mesic Highveld Grassland Group 9
Mopane Group 1
Mopane Group 1
Mopane Group 1
Mopane Group 1
Mopane Group 1
Mopane Group 1
Mopane Group 1
Mopane Group 2
Mopane Group 2
Mopane Group 2
Mopane Group 2
Mopane Group 2
Mopane Group 2
Mopane Group 2
Mopane Group 3
Mopane Group 3
Mopane Group 3
Mopane Group 3
Mopane Group 3
Mopane Group 3
Mopane Group 3
Mopane Group 4
Mopane Group 4
Mopane Group 4
Mopane Group 4
Mopane Group 4
Mopane Group 4
Mopane Group 4
Nama Karoo Bushmanland
Nama Karoo Bushmanland
Nama Karoo Bushmanland
Nama Karoo Bushmanland
Nama Karoo Bushmanland
Nama Karoo Bushmanland
Nama Karoo Bushmanland
Namaqualand Cape Shrublands Granite Fynbos
Namaqualand Cape Shrublands Granite Fynbos
Namaqualand Cape Shrublands Granite Renosterveld
Namaqualand Cape Shrublands Granite Renosterveld
Namaqualand Cape Shrublands Granite Renosterveld
Namaqualand Cape Shrublands Quartzite Fynbos
Namaqualand Hardeveld (Skn)
Namaqualand Hardeveld (Skn)
Namaqualand Hardeveld (Skn)

Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Flat
Seep
Channelled valley-bottom wetland
Flat
Seep
Flat
Channelled valley-bottom wetland
Depression
Flat

LT
LT
LT
LT
LT
LT
CR
CR
LT
LT
CR
CR
EN
EN
CR
LT
LT
LT
CR
CR
CR
LT
LT
LT
EN
LT
CR
VU
CR
LT
CR
CR
CR
CR
CR
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
CR
LT
LT
LT

NP
NP
PP
NP
WP
WP
NP
PP
WP
MP
NP
NP
MP
MP
NP
WP
MP
PP
NP
NP
PP
WP
WP
WP
WP
WP
NP
WP
NP
WP
PP
NP
PP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
MP
NP
NP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Namaqualand Hardeveld (Skn)
Namaqualand Hardeveld (Skn)
Namaqualand Hardeveld (Skn)
Namaqualand Hardeveld (Skn)
Namaqualand Sandveld (Sks)
Namaqualand Sandveld (Sks)
Namaqualand Sandveld (Sks)
Namaqualand Sandveld (Sks)
Namaqualand Sandveld (Sks)
Namaqualand Sandveld (Sks)
Namaqualand Sandveld (Sks)
Northwest Alluvium Fynbos
Northwest Alluvium Fynbos
Northwest Alluvium Fynbos
Northwest Alluvium Fynbos
Northwest Alluvium Fynbos
Northwest Alluvium Fynbos
Northwest Quartzite Fynbos
Northwest Quartzite Fynbos
Northwest Quartzite Fynbos
Northwest Quartzite Fynbos
Northwest Quartzite Fynbos
Northwest Sand Fynbos
Northwest Sand Fynbos
Northwest Sand Fynbos
Northwest Sand Fynbos
Northwest Sand Fynbos
Northwest Sand Fynbos
Northwest Sand Fynbos
Northwest Sandstone Fynbos
Northwest Sandstone Fynbos
Northwest Sandstone Fynbos
Northwest Sandstone Fynbos
Northwest Sandstone Fynbos
Northwest Sandstone Fynbos
Northwest Shale Band Vegetation
Northwest Shale Band Vegetation
Northwest Shale Band Vegetation
Northwest Shale Band Vegetation
Northwest Shale Fynbos
Northwest Shale Fynbos
Northwest Shale Fynbos
Northwest Shale Fynbos
Northwest Shale Fynbos
Rainshadow Valley Karoo (Skv)
Rainshadow Valley Karoo (Skv)
Rainshadow Valley Karoo (Skv)
Rainshadow Valley Karoo (Skv)
Rainshadow Valley Karoo (Skv)
Rainshadow Valley Karoo (Skv)
Rainshadow Valley Karoo (Skv)

Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep

LT
LT
LT
LT
LT
LT
LT
LT
LT
EN
LT
CR
CR
CR
CR
CR
LT
EN
LT
CR
CR
VU
CR
CR
EN
CR
CR
EN
EN
LT
CR
LT
LT
EN
EN
CR
LT
EN
LT
CR
CR
CR
CR
CR
CR
LT
EN
CR
EN
CR
EN

NP
NP
NP
MP
NP
NP
PP
NP
PP
NP
PP
NP
NP
NP
NP
NP
NP
NP
PP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
MP
NP
MP
MP
PP
PP
NP
WP
NP
WP
NP
NP
NP
NP
NP
NP
WP
NP
NP
MP
PP
NP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Richtersveld (Skr)
Richtersveld (Skr)
Richtersveld (Skr)
Richtersveld (Skr)
Richtersveld (Skr)
South Coast Limestone Fynbos
South Coast Limestone Fynbos
South Coast Limestone Fynbos
South Coast Limestone Fynbos
South Coast Limestone Fynbos
South Coast Limestone Fynbos
South Coast Limestone Fynbos
South Coast Sand Fynbos
South Coast Sand Fynbos
South Coast Sand Fynbos
South Coast Sand Fynbos
South Coast Sand Fynbos
South Coast Sand Fynbos
South Strandveld Sand Fynbos
South Strandveld Sand Fynbos
South Strandveld Sand Fynbos
South Strandveld Sand Fynbos
South Strandveld Sand Fynbos
South Strandveld Sand Fynbos
South Strandveld Sand Fynbos
South Strandveld Western Strandveld
South Strandveld Western Strandveld
South Strandveld Western Strandveld
South Strandveld Western Strandveld
South Strandveld Western Strandveld
South Strandveld Western Strandveld
South Strandveld Western Strandveld
Southern Namib Desert (Dn)
Southern Namib Desert (Dn)
Southern Namib Desert (Dn)
Southern Namib Desert (Dn)
Southern Sandstone Fynbos
Southern Sandstone Fynbos
Southern Sandstone Fynbos
Southern Sandstone Fynbos
Southern Sandstone Fynbos
Southern Sandstone Fynbos
Southern Shale Band Vegetation
Southern Shale Band Vegetation
Southern Shale Band Vegetation
Southern Shale Band Vegetation
Southern Shale Band Vegetation
Southern Shale Fynbos
Southern Shale Fynbos
Southern Shale Fynbos
Southern Shale Fynbos

Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Flat
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland

LT
LT
LT
CR
CR
EN
LT
LT
LT
LT
LT
LT
EN
EN
LT
CR
CR
CR
LT
LT
LT
EN
LT
LT
CR
EN
LT
EN
EN
LT
LT
LT
LT
LT
LT
CR
LT
LT
LT
LT
VU
VU
CR
CR
LT
LT
LT
CR
CR
CR
VU

WP
NP
NP
NP
NP
PP
MP
PP
NP
MP
WP
MP
NP
WP
NP
NP
PP
NP
NP
NP
WP
PP
NP
WP
NP
NP
MP
PP
MP
MP
PP
WP
NP
NP
PP
NP
WP
NP
WP
WP
WP
NP
MP
NP
WP
WP
NP
NP
NP
NP
NP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Southern Silcrete Fynbos
Southern Silcrete Fynbos
Southern Silcrete Fynbos
Southern Silcrete Fynbos
Southern Silcrete Fynbos
Southern Silcrete Fynbos
Southwest Alluvium Fynbos
Southwest Alluvium Fynbos
Southwest Alluvium Fynbos
Southwest Alluvium Fynbos
Southwest Alluvium Fynbos
Southwest Alluvium Fynbos
Southwest Ferricrete Fynbos
Southwest Ferricrete Fynbos
Southwest Ferricrete Fynbos
Southwest Ferricrete Fynbos
Southwest Ferricrete Fynbos
Southwest Ferricrete Fynbos
Southwest Ferricrete Fynbos
Southwest Granite Fynbos
Southwest Granite Fynbos
Southwest Granite Fynbos
Southwest Granite Fynbos
Southwest Granite Fynbos
Southwest Granite Fynbos
Southwest Granite Fynbos
Southwest Quartzite Fynbos
Southwest Quartzite Fynbos
Southwest Sand Fynbos
Southwest Sand Fynbos
Southwest Sand Fynbos
Southwest Sand Fynbos
Southwest Sand Fynbos
Southwest Sand Fynbos
Southwest Sand Fynbos
Southwest Sandstone Fynbos
Southwest Sandstone Fynbos
Southwest Sandstone Fynbos
Southwest Sandstone Fynbos
Southwest Sandstone Fynbos
Southwest Sandstone Fynbos
Southwest Sandstone Fynbos
Southwest Shale Band Vegetation
Southwest Shale Band Vegetation
Southwest Shale Band Vegetation
Southwest Shale Band Vegetation
Southwest Shale Fynbos
Southwest Shale Fynbos
Southwest Shale Fynbos
Southwest Shale Fynbos
Southwest Shale Fynbos

Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep

CR
CR
LT
LT
CR
LT
EN
CR
CR
EN
CR
CR
CR
EN
LT
CR
EN
EN
EN
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
VU
CR
CR
EN
CR
CR
CR
LT
LT
CR
LT
VU
CR
LT
LT
LT
CR
CR
CR
LT
CR
CR

PP
NP
WP
WP
NP
WP
MP
NP
PP
WP
PP
NP
NP
WP
MP
NP
PP
WP
WP
MP
NP
NP
NP
NP
PP
NP
NP
NP
PP
NP
MP
NP
PP
PP
PP
MP
WP
WP
NP
MP
WP
PP
WP
WP
WP
NP
PP
PP
WP
NP
NP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Soutwest Sand Fynbos
Sub-Escarpment Grassland Group 1
Sub-Escarpment Grassland Group 1
Sub-Escarpment Grassland Group 1
Sub-Escarpment Grassland Group 1
Sub-Escarpment Grassland Group 2
Sub-Escarpment Grassland Group 2
Sub-Escarpment Grassland Group 2
Sub-Escarpment Grassland Group 2
Sub-Escarpment Grassland Group 2
Sub-Escarpment Grassland Group 2
Sub-Escarpment Grassland Group 2
Sub-Escarpment Grassland Group 3
Sub-Escarpment Grassland Group 3
Sub-Escarpment Grassland Group 3
Sub-Escarpment Grassland Group 3
Sub-Escarpment Grassland Group 3
Sub-Escarpment Grassland Group 3
Sub-Escarpment Grassland Group 3
Sub-Escarpment Grassland Group 4
Sub-Escarpment Grassland Group 4
Sub-Escarpment Grassland Group 4
Sub-Escarpment Grassland Group 4
Sub-Escarpment Grassland Group 4
Sub-Escarpment Grassland Group 4
Sub-Escarpment Grassland Group 4
Sub-Escarpment Grassland Group 5
Sub-Escarpment Grassland Group 5
Sub-Escarpment Grassland Group 5
Sub-Escarpment Grassland Group 5
Sub-Escarpment Grassland Group 5
Sub-Escarpment Grassland Group 5
Sub-Escarpment Grassland Group 5
Sub-Escarpment Grassland Group 6
Sub-Escarpment Grassland Group 6
Sub-Escarpment Grassland Group 6
Sub-Escarpment Grassland Group 6
Sub-Escarpment Grassland Group 6
Sub-Escarpment Grassland Group 6
Sub-Escarpment Grassland Group 6
Sub-Escarpment Grassland Group 7
Sub-Escarpment Grassland Group 7
Sub-Escarpment Grassland Group 7
Sub-Escarpment Grassland Group 7
Sub-Escarpment Grassland Group 7
Sub-Escarpment Grassland Group 7
Sub-Escarpment Grassland Group 7
Sub-Escarpment Grassland Group 8
Sub-Escarpment Grassland Group 8
Sub-Escarpment Grassland Group 8
Sub-Escarpment Grassland Group 8

Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland

LT
EN
LT
LT
CR
LT
LT
LT
LT
LT
EN
VU
CR
LT
LT
CR
CR
EN
CR
LT
LT
LT
CR
EN
EN
LT
EN
LT
LT
CR
LT
EN
CR
LT
CR
LT
LT
EN
LT
LT
CR
CR
EN
CR
EN
EN
CR
CR
LT
CR
CR

NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
PP
NP
PP
NP
PP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

Sub-Escarpment Grassland Group 8
Sub-Escarpment Grassland Group 8
Sub-Escarpment Grassland Group 8
Sub-Escarpment Grassland Group 9
Sub-Escarpment Grassland Group 9
Sub-Escarpment Grassland Group 9
Sub-Escarpment Grassland Group 9
Sub-Escarpment Grassland Group 9
Sub-Escarpment Grassland Group 9
Sub-Escarpment Savanna
Sub-Escarpment Savanna
Sub-Escarpment Savanna
Sub-Escarpment Savanna
Sub-Escarpment Savanna
Sub-Escarpment Savanna
Sub-Escarpment Savanna
Swamp Forest
Swamp Forest
Swamp Forest
Swamp Forest
Trans-Escarpment Succulent Karoo (Skt)
Trans-Escarpment Succulent Karoo (Skt)
Trans-Escarpment Succulent Karoo (Skt)
Trans-Escarpment Succulent Karoo (Skt)
Trans-Escarpment Succulent Karoo (Skt)
Trans-Escarpment Succulent Karoo (Skt)
Upper Nama Karoo
Upper Nama Karoo
Upper Nama Karoo
Upper Nama Karoo
Upper Nama Karoo
Upper Nama Karoo
Upper Nama Karoo
West Coast Alluvium Renosterveld
West Coast Alluvium Renosterveld
West Coast Alluvium Renosterveld
West Coast Alluvium Renosterveld
West Coast Alluvium Renosterveld
West Coast Granite Renosterveld
West Coast Granite Renosterveld
West Coast Granite Renosterveld
West Coast Granite Renosterveld
West Coast Granite Renosterveld
West Coast Granite Renosterveld
West Coast Granite Renosterveld
West Coast Shale Renosterveld
West Coast Shale Renosterveld
West Coast Shale Renosterveld
West Coast Shale Renosterveld
West Coast Shale Renosterveld
West Coast Shale Renosterveld

Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Flat
Floodplain wetland
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Flat
Floodplain wetland
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland

CR
CR
CR
CR
LT
CR
CR
CR
VU
EN
LT
EN
CR
EN
CR
CR
LT
LT
CR
LT
LT
LT
LT
VU
LT
LT
EN
LT
VU
VU
CR
VU
VU
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR

NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
WP
WP
NP
WP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
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Appendix D: Wetland ecosystem threat status and protection levels

Wetland Vegetation Group

Hydrogeomorphic unit

ETS

EPL

West Coast Shale Renosterveld
West Coast Silcrete Renosterveld
West Coast Silcrete Renosterveld
West Coast Silcrete Renosterveld
West Coast Silcrete Renosterveld
West Coast Silcrete Renosterveld
West Coast Silcrete Renosterveld
Western Fynbos-Renosterveld Conglomerate Fynbos
Western Fynbos-Renosterveld Conglomerate Fynbos
Western Fynbos-Renosterveld Limestone Renosterveld
Western Fynbos-Renosterveld Limestone Renosterveld
Western Fynbos-Renosterveld Limestone Renosterveld
Western Fynbos-Renosterveld Limestone Renosterveld
Western Fynbos-Renosterveld Quartzite Fynbos
Western Fynbos-Renosterveld Quartzite Fynbos
Western Fynbos-Renosterveld Quartzite Fynbos
Western Fynbos-Renosterveld Quartzite Fynbos
Western Fynbos-Renosterveld Sandstone Fynbos
Western Fynbos-Renosterveld Sandstone Fynbos
Western Fynbos-Renosterveld Sandstone Fynbos
Western Fynbos-Renosterveld Sandstone Fynbos
Western Fynbos-Renosterveld Sandstone Fynbos
Western Fynbos-Renosterveld Shale Band Vegetation
Western Fynbos-Renosterveld Shale Band Vegetation
Western Fynbos-Renosterveld Shale Fynbos
Western Fynbos-Renosterveld Shale Fynbos
Western Fynbos-Renosterveld Shale Fynbos
Western Fynbos-Renosterveld Shale Fynbos
Western Fynbos-Renosterveld Shale Renosterveld
Western Fynbos-Renosterveld Shale Renosterveld
Western Fynbos-Renosterveld Shale Renosterveld
Western Fynbos-Renosterveld Shale Renosterveld
Western Fynbos-Renosterveld Shale Renosterveld
Western Fynbos-Renosterveld Shale Renosterveld
Western Fynbos-Renosterveld Shale Renosterveld
Western Strandveld
Western Strandveld
Western Strandveld
Western Strandveld
Western Strandveld
Western Strandveld
Western Strandveld

Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Flat
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Flat
Seep
Unchannelled valley-bottom wetland
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep
Channelled valley-bottom wetland
Depression
Flat
Floodplain wetland
Seep
Unchannelled valley-bottom wetland
Valleyhead seep

CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
CR
VU
CR
LT
CR
EN
CR
CR
LT
LT
CR
CR
CR
VU
CR
CR
CR
CR
VU
CR
CR
CR
EN
CR
EN
CR
LT
LT

NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
NP
WP
NP
WP
PP
NP
WP
WP
NP
NP
NP
NP
MP
NP
MP
NP
NP
NP
MP
MP
PP
NP
WP
NP
MP
NP
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Appendix E: Ecosystem threat status for wetland vegetation groups

Appendix E:
Ecosystem threat status based on classifying wetlands
according to wetland vegetation groups alone
Ecosystem threat status for wetland vegetation groups used wetlands classified only
according to wetland vegetation groups. The ecosystem threat status categories are
critically endangered (CR), endangered (EN), vulnerable (VU) and least threatened (LT).
Wetland vegetation group
Albany Thicket Bontveld
Albany Thicket Escarpment
Albany Thicket Valley
Central Bushveld Group 1
Central Bushveld Group 2
Central Bushveld Group 3
Central Bushveld Group 4
Central Bushveld Group 5
Central Bushveld Group 6
Central Bushveld Group 7
Central Bushveld Group 8
Central Bushveld Group 9
Drakensberg Grassland Group 1
Drakensberg Grassland Group 2
Drakensberg Grassland Group 3
Drakensberg Grassland Group 4
Drakensberg Grassland Group 5
Dry Highveld Grassland Group 1
Dry Highveld Grassland Group 2
Dry Highveld Grassland Group 3
Dry Highveld Grassland Group 4
Dry Highveld Grassland Group 5
East Coast Alluvium Renosterveld
East Coast Granite Renosterveld
East Coast Shale Renosterveld
East Coast Silcrete Renosterveld
Eastern Fynbos-Renosterveld Conglomerate Fynbos
Eastern Fynbos-Renosterveld Granite Fynbos
Eastern Fynbos-Renosterveld Quartzite Fynbos
Eastern Fynbos-Renosterveld Sand Fynbos
Eastern Fynbos-Renosterveld Sandstone Fynbos
Eastern Fynbos-Renosterveld Shale Band Vegetation
Eastern Fynbos-Renosterveld Shale Fynbos
Eastern Fynbos-Renosterveld Shale Renosterveld
Eastern Kalahari Bushveld Group 1
Eastern Kalahari Bushveld Group 2
Eastern Kalahari Bushveld Group 3
Eastern Kalahari Bushveld Group 4
Eastern Kalahari Bushveld Group 5
Eastern Kalahari Bushveld Group 6
Gariep Desert (Dg)
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Ecosystem
threat status
LT
CR
CR
CR
VU
EN
VU
VU
CR
LT
CR
VU
VU
EN
LT
LT
CR
CR
CR
VU
EN
LT
CR
CR
CR
CR
CR
CR
CR
CR
LT
CR
CR
CR
LT
LT
LT
LT
LT
LT
EN
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Wetland vegetation group
Indian Ocean Coastal Belt Group 1
Indian Ocean Coastal Belt Group 2
Indian Ocean Coastal Belt Group 3
Indian Ocean Coastal Belt Group 4
Kalahari Duneveld
Karoo Dolerite Renosterveld
Karoo Shale Renosterveld
Knersvlakte (Skk)
Lower Nama Karoo
Lowveld Group 1
Lowveld Group 10
Lowveld Group 11
Lowveld Group 2
Lowveld Group 3
Lowveld Group 4
Lowveld Group 5
Lowveld Group 6
Lowveld Group 7
Lowveld Group 8
Lowveld Group 9
Mesic Highveld Grassland Group 1
Mesic Highveld Grassland Group 10
Mesic Highveld Grassland Group 11
Mesic Highveld Grassland Group 2
Mesic Highveld Grassland Group 3
Mesic Highveld Grassland Group 4
Mesic Highveld Grassland Group 5
Mesic Highveld Grassland Group 6
Mesic Highveld Grassland Group 7
Mesic Highveld Grassland Group 8
Mesic Highveld Grassland Group 9
Mopane Group 1
Mopane Group 2
Mopane Group 3
Mopane Group 4
Nama Karoo Bushmanland
Namaqualand Cape Shrublands Granite Fynbos
Namaqualand Cape Shrublands Granite Renosterveld
Namaqualand Cape Shrublands Quartzite Fynbos
Namaqualand Hardeveld (Skn)
Namaqualand Sandveld (Sks)
Northwest Alluvium Fynbos
Northwest Quartzite Fynbos
Northwest Sand Fynbos
Northwest Sandstone Fynbos
Northwest Shale Band Vegetation
Northwest Shale Fynbos
Rainshadow Valley Karoo (Skv)
Richtersveld (Skr)
South Coast Limestone Fynbos
South Coast Sand Fynbos
South Strandveld Sand Fynbos
South Strandveld Western Strandveld
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Ecosystem
threat status
LT
CR
EN
EN
LT
LT
LT
LT
CR
CR
EN
VU
CR
CR
CR
CR
CR
CR
CR
VU
EN
CR
LT
CR
CR
CR
EN
LT
EN
LT
LT
CR
LT
LT
CR
LT
LT
LT
CR
LT
LT
CR
EN
CR
LT
LT
CR
CR
LT
LT
EN
LT
EN
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Wetland vegetation group
Southern Namib Desert (Dn)
Southern Sandstone Fynbos
Southern Shale Band Vegetation
Southern Shale Fynbos
Southern Silcrete Fynbos
Southwest Alluvium Fynbos
Southwest Ferricrete Fynbos
Southwest Granite Fynbos
Southwest Quartzite Fynbos
Southwest Sand Fynbos
Southwest Sandstone Fynbos
Southwest Shale Band Vegetation
Southwest Shale Fynbos
Soutwest Sand Fynbos
Sub-Escarpment Grassland Group 1
Sub-Escarpment Grassland Group 2
Sub-Escarpment Grassland Group 3
Sub-Escarpment Grassland Group 4
Sub-Escarpment Grassland Group 5
Sub-Escarpment Grassland Group 6
Sub-Escarpment Grassland Group 7
Sub-Escarpment Grassland Group 8
Sub-Escarpment Grassland Group 9
Sub-Escarpment Savanna
Swamp Forest
Trans-Escarpment Succulent Karoo (Skt)
Upper Nama Karoo
West Coast Alluvium Renosterveld
West Coast Granite Renosterveld
West Coast Shale Renosterveld
West Coast Silcrete Renosterveld
Western Fynbos-Renosterveld Conglomerate Fynbos
Western Fynbos-Renosterveld Limestone Renosterveld
Western Fynbos-Renosterveld Quartzite Fynbos
Western Fynbos-Renosterveld Sandstone Fynbos
Western Fynbos-Renosterveld Shale Band Vegetation
Western Fynbos-Renosterveld Shale Fynbos
Western Fynbos-Renosterveld Shale Renosterveld
Western Strandveld
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Ecosystem
threat status
LT
LT
LT
CR
EN
EN
CR
CR
CR
CR
EN
LT
CR
LT
LT
LT
CR
EN
EN
LT
CR
CR
CR
EN
LT
LT
LT
CR
CR
CR
CR
CR
CR
CR
EN
LT
CR
CR
EN

