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Rapid degradation of ecosystems and loss of ecosystem services have sparked interest in developing 
approaches to report and integrate such change with socio-economic information systems, such as the 
System of National Accounts. Here we describe an approach and application of ecosystem accounting 
for individual estuaries, building on approaches previously applied at national and bay levels. Using the 
Swartkops Estuary as a case study, the focus is on physical accounts for ecosystem extent and condition, 
as well as accounts for two important ecosystem services (carbon sequestration and recreational use). 
Pressure accounts are also introduced to demonstrate the value of identifying key areas for management and 
restoration interventions in response to changes in extent and/or condition accounts. Greater resolution in 
these account reports, achieved through zoning, provides spatially explicit information on ecosystem assets 
and their services within an estuary to also inform management decision-making at local level. Further, 
these accounts can also inform local restoration prioritisation, in support of the UN Decade on Ecosystem 
Restoration (2021–2030), for example offsetting irreversibly degraded areas in one zone with restoration or 
maintenance of similar habitats in another.

Significance:
• This study is the first to apply the ecosystem accounting approach at the individual estuary level.

• We provide spatially explicit information on ecosystem assets and their services in support of resource 
management.

• Physical accounts include extent and condition, as well as ecosystem service and pressure accounts.

• These accounts inform estuary management and restoration at the local governance level.

Introduction
Rapid degradation of ecosystems has sparked interest in developing information systems able to evaluate and 
report change, as well as the loss of valuable services they provide to people.1-3 From this stemmed the concept 
of ecosystem accounting (also referred to as natural capital accounting), a systematic approach by which to trace 
the contribution of natural capital to the productive system over time and space in an accounting structure.2,4 Hein 
et al.2 reflected on the diverse applications of these type of accounts, including the provision of a comprehensive 
overview of ecosystem assets and their use, measurement of sustainable use of ecosystems within the context 
of the sustainable development goals (SDGs), and provision of spatially explicit information in support of 
resource management. 

There is no single, universal method for ecosystem or natural capital accounting, although at its core is the measurement 
of the extent, condition and value of natural capital assets, as well as the services and benefits derived from them.5,6 
In turn, this information, provides the basis for the evaluation of environmental management and development options 
against pre-defined objectives.6 Internationally, emerging global ecosystem account approaches include the Global 
Ocean Accounts Partnership’s framework for ocean accounting and the UN’s System for Environmental-Economic 
Accounting (SEEA).7-9 The primary aim of the SEEA is to gather and organise environmental information consistently 
and enable its integration with socio-economic information, such as the System of National Accounts.10 The SEEA 
Ecosystem Accounting (SEEA-EA) poses five ecosystem accounts, including three physical accounts and two 
monetary accounts.11 The physical accounts comprise ecosystem extent, ecosystem condition, and ecosystem 
services supply and use, while the monetary accounts include ecosystem services supply and use (expressed in 
monetary terms) as well as ecosystem monetary asset accounts. How ecosystem accounts are presented mimics 
the internationally accepted accounting concepts of gathering and organising information consistent with the socio-
economic components of the System of National Accounts to ensure comparability. Wang et al.12 posed designs for 
marine ecosystem accounts, aligned with the SEEA-EA approach, while others demonstrated the application in marine 
and coastal ecosystems at national level and at bay level.13-15

Most ecosystem and natural capital accounting approaches have been designed for application at national level 
(e.g. SEEA-EA).4,11 However, application at the local scale is more challenging.2 For example, while ecosystem 
service and natural capital assessments are effective in facilitating collaboration among financiers, policymakers, 
conservationists and stakeholders to drive investment in natural assets16, this is still acknowledged as an obstacle 
at the local scale17. To this end, Burdon et al.18 demonstrated the use of participatory mapping to enable engagement 
among local stakeholders. Another common obstacle facing ecosystem accounting at the local scale is the lack of 
quality place-based natural capital data and environmental baselines, especially accurate ecological baselines of 
coastal and estuarine areas.17-19 In management interventions, reporting against baselines is especially pertinent 
for habitat restoration.17,20 In such instances, baselines can assist with the identification of scale and nature of 
investment required to restore or improve natural habitats.17 Thus the application of ecosystem accounting as a 
monitoring and reporting tool in restoration management is especially relevant in this UN Decade on Ecosystem 
Restoration (2021–2030).21,22
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Estuarine ecosystems provide disproportionate value to society in 
comparison to most other habitats, and as a result, they are highly utilised.17 
Poor management of anthropogenic impacts and ineffective conservation 
approaches, together with global economic changes, have resulted 
in many estuaries becoming both economically and environmentally 
degraded.17 The ecosystem services provided by estuaries often are 
essential to those relying on them, and with most reliant communities 
being under increasing economic stress, the pressures on these valuable 
systems are unlikely to decline.17 Estuaries, therefore, are viewed as ideal 
ecosystems for the implementation of natural capital approaches paving 
the way to green economic growth and improved well-being.17

Since 2014, South Africa has made significant progress in the 
development of ecosystem accounting as a subset of natural capital 
accounting. Formal structures and partnerships in government 
have been formed between Statistics South Africa (Stats SA), the 
South African National Biodiversity Institute (SANBI) and the Department 
of Forestry, Fisheries and the Environment (DFFE) to co-ordinate and 
lead the development of ecosystem accounts. In consultation with a 
range of national and sub-national stakeholders, they pilot tested SEEA 
Ecosystem Accounting in South Africa. Similar structures have yet to be 
formally proposed for ocean accounting, but it is envisaged to be the same 
partnerships with possible shifts in roles and responsibilities. In 2019, 
the Council for Scientific and Industrial Research (CSIR), in collaboration 
with DFFE and the Nelson Mandela University (NMU), in consultation 
with SANBI and Stats SA, undertook a project to develop ecosystem 
accounting methods for estuaries in South Africa, and prepared the first 
country-level physical accounts for estuaries.14 They largely used the 
country-level information generated as part of the National Biodiversity 
Assessment 2018 (NBA 2018) to populate accounts and to demonstrate 
the interlinkages between the NBA and Ecosystem Accounting.23

We investigate an approach and application of ecosystem accounting 
at the local estuary level using the Swartkops Estuary as a case study, 
focusing on physical accounts.8 Specifically, we demonstrate methods 
by which to collect and present place-based extent and condition data, 
identified as one of the obstacles facing ecosystem and natural capital 
approaches in local applications.17-19 Further, we build on the approach 
previously applied in the country-level accounting for South African 
estuaries14 primarily to enable seamless alignment between local to 
national assessments. As with the country-level accounting, we also 
introduce a local pressure account, and demonstrate the construct of 
two important local ecosystem services physical accounts. This is the 
first reported study for South Africa in which ecosystem accounting was 
investigated in detail at the local estuary level.

Approach and methods
Study approach
Ecosystem accounting relies on environmental monitoring data, often 
the same data that are applied in other environmental management 
domains, albeit presented in a different format. In this study, we use 
existing data on the Swartkops Estuary to construct the estuary-level 
ecosystem accounts, primarily derived from the NBA 201823, but refined 
with information from more recent high-resolution studies24,25.

To ensure comparability and integration across resource management 
initiatives2, it is important for ecosystem accounting approaches to 
align with other existing resource management tools. Therefore, in our 
approach and method for the estuary-level accounts developed in this 
study, we drew strongly on those applied in the country-level estuarine 
ecosystem accounts14, as well as key estuary-specific approaches 
adopted in South Africa’s estuarine environmental flow requirement 
method26-29. Previous methods adopted the estuarine functional zone (EFZ) 
(demarcating the official spatial boundaries of estuaries) as the basic 
spatial unit (BSU). In the estuary-level accounts, the EFZ also demarcates 
the estuary boundaries, but further spatial resolution is introduced 
through the demarcation of estuary zones (i.e. smaller BSUs). As with 
the environmental flow requirement methods, the estuarine ecosystem 
is resolved into the key abiotic components (hydrology, hydrodynamics, 
salinity, water quality, and physical habitat) and biotic components 

(microalgae, macrophytes, invertebrates, fish and birds) for the estuary-
scale extent and conditions accounts.

Extent accounting
Ecosystem extent accounts typically reflect change in the area cover 
of habitats, and abundance or biomass of associated biota. For the 
study, extent accounts distinguish between abiotic and biotic habitats 
within the EFZ, disaggregated into the smaller BSUs. Unfortunately, 
insufficient data were available to prepare extent accounts for other biotic 
components such as microalgae, invertebrates, fish, and birds. Based 
on the earliest available historical data on the extent of habitats in the 
Swartkops Estuary, the opening account dates from 1942.

Condition accounting
Condition accounts primarily reflect change in the health of ecosystems. 
In South Africa, the term ‘estuary health’ is used to describe an 
estuary’s condition – measured as the degree to which the present 
condition deviates from its pristine condition.26,27,30 The Estuarine Health 
Index (EHI) of South Africa was developed and reflects change as a 
percentage similarity (0–100%) to a defined natural state (referred to 
as the ‘Reference Condition’). Condition is estimated for both abiotic 
(hydrology, hydrodynamics, salinity, water quality and physical habitat) 
and biotic indicators (micro-algae, macrophytes, invertebrates, fish and 
birds) derived from various data and information sources. Ratings for 
indicators are weighted (25% for each abiotic and 20% for each biotic 
component) and aggregated (50:50) to provide an overall percentage 
deviation from natural.31 These percentage values are then translated into 
six ecological condition categories, ranging from natural (A) to critically 
modified (F). These categories also represent declining functionality in 
process and pattern, from natural to little remaining. To ensure alignment 
with existing health assessment processes for estuaries in South Africa, 
the construct of ecosystem condition accounts at the estuary level also 
adopted the EHI to express condition.26,30 In the case of the Swartkops 
Estuary, ecological condition data were not available for 1942. For this 
reason, the initial opening account assumes a pre-industrial natural, 
roughly estimated as 1750s in line with other national assessments.14

Pressure accounting
Pressure accounts are useful to understand the impacts that contribute 
to change in ecosystem extent and condition. They can also highlight 
where pressures have increased and where management intervention is 
needed, including more frequent monitoring and assessment. Six main 
pressure categories have been identified for South African estuaries, 
namely: flow modification, land use and development, exploitation of living 
resources (fishing), pollution (wastewater disposal), inlet manipulation, 
and biological invasion (plants and fish).32 To estimate the magnitude of 
pressure in these accounts, the method of Van Niekerk et al.32 was applied, 
using various indicators in the EHI as proxies (Table 1).

Ecosystem service accounting (physical)
In essence, ecosystem service accounts express the ‘amount’ of a 
service that can be delivered by specific environmental components, 
depending on both the extent and condition of the component. In this 
study, we investigated the construct of physical accounts for two 
important ecosystem services provided by estuaries, that is, carbon 
sequestration and recreational use.

In the case of carbon sequestration, the account requires information 
on ecosystem delivery capacity, e.g. carbon sequestration (C t/a) = 
Salt marsh extent (ha) * f (dependent on condition). Such information 
can then be used to translate the ‘amount’ of ecosystem service flows 
into a monetary value (if relevant), e.g. monetary value (R 000’K) = 
carbon sequestration (C t/a) * Unit market value. Carbon sequestration 
accounts distinguish between sediment and aboveground biomass.33 
Matching the biotic extent account, the initial opening account for carbon 
sequestration dates from 1942.

For recreational use, the account evaluates suitability of use by 
comparing microbiological indicator data against water quality guidelines 
for recreation, as summarised in Table 2.34,35 
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Table 2: Criteria for recreational use of coastal waters in South Africa34

STATUS
Enterococci (colony 

forming units/100 mL)
Escherichia coli (colony forming 

untis/100 mL)

Excellent < 100 (95th percentile) < 250 (95th percentile)

Good < 200 (95th percentile) < 500 (95th percentile)

Fair (minimum) < 185 (90th percentile) < 500 (90th percentile)

Poor > 185 (90th percentile) > 500 (90th percentile)

These are typically based on 95/90 percentile values calculated over 
a 12-month period (sampled twice monthly). The ‘fair’ category is 
accepted as the minimum requirement for contact recreational use in 
South Africa. For recreational use, the initial opening accounts assumes 
the pre-industrial natural conditions, roughly estimated as the 1750s.14

Study area
The Swartkops Estuary (Figure 1) was selected as a case study to 
demonstrate the application of ecosystem accounting at the individual 
estuary level based on the availability of extent (spatial) and condition 
data recently generated as part of a local flow requirement and restoration 
project24, thus providing a sound foundation for the development of a range 
of accounts. The estuary is a permanently open system located in the 
warm temperate region of the Eastern Cape on the outskirts of Gqeberha 
(previously called Port Elizabeth) with a catchment area of 1390 km2. 
The estuary’s length spans approximately 16.4 km, with the upper reaches 
being about 90 m wide with steep banks and winding channels becoming 
shallower, wider, and straighter towards the mouth. The lower reaches 
have extensive intertidal mudflats, islands, salt marshes and sandbanks. 
The estuary is relatively shallow with water depth generally ranging 
between 1 m and 2 m.24 The boundaries of the EFZ of the Swartkops 
Estuary, comprising an area of 2 861 ha, are defined by23:

• Downstream boundary – 33°51’53.14”S, 25°37’57.41”E 
(estuary mouth)

• Upstream boundary – 33°48’45.20”S, 25°31’29.20”E 
(at Perseverance)

• Lateral boundaries – 5 m contour above mean sea level along 
each bank

The zonation of the estuary used in the flow requirement and restoration 
study24 was also adopted as the three BSUs for the Swartkops Estuary 
ecosystem accounts (Figure 1). The zones were based on general 
homogeneity in bathymetry, salinity patterns and water retention. Zone A 
comprises the larger and deeper lower reaches (1103 ha), Zone B is 
the middle reaches (1015 ha), and Zone C (743 ha) is the shallower 
upper reaches.

Figure 1: Map of the Swartkops Estuary, showing the location of 
upstream wastewater treatment works (WWTWs), inflows from 
Motherwell Canal (MWC), Markman Canal (MMC), Chatty River 
(CR), recreation water quality sites (Perseverance, Redhouse 
Village and Swartkops Village), as well as zonation of the 
estuary (Zones A–C). 

Swartkops is a highly urbanised estuary with large areas transformed by 
industrial and residential development. Effluent from three wastewater 
treatment works – namely Kelvin Jones (21 120 m3/day), KwaNobuhle 
(1980 m3/day) and Despatch (4410 m3/day) – enters just upstream of the 
estuary.24 The estuary also receives contaminated urban run-off through 
the Chatty River, draining highly populated townships, the Markman 
Canal, draining industrial areas, and the Motherwell Canal that drains the 
township of Motherwell.35 As a result of these effluent discharges and 
increased stormwater run-off from hardened urban areas, the present 
mean annual run-off is approximately 41% higher than the natural mean 
annual run-off. Construction of roads, bridges, railways, and saltpans 
in the floodplain also contributed to habitat loss.24,36 The system is also 
heavily utilised by local communities for fishing and bait collection.24

Four abiotic habitats were considered, namely: open water areas, 
mud and sand flats, beach and dunes, and floodplains (distinguishing 
between undeveloped and developed floodplains).14 Floodplain 
habitat included all dynamic areas influenced by long-term estuarine 
sedimentary processes, as captured within the EFZ. Open water areas 
are highly dynamic and ephemeral, changing in response to numerous 
factors such as mouth state, river inflow conditions and state of the tide.

To account for biotic habitat extent, we used the key estuarine vegetation 
types as defined in Adams et al.37 and updated in the NBA 201823 and 
Adams et al.24, that is: intertidal salt marsh, supratidal salt marsh, 

Table 1: Indicators of magnitude and proxies for extent of impact of key pressures in estuaries (adapted from Van Niekerk et al.32)

Pressure Magnitude of pressure Proxy for extent of impact

Flow modification Modification in mean annual run-off
‘Hydrology’ in Estuarine Health Index (EHI), where ‘low’ >75% (similar to natural, Categories A–B), 
‘medium’ 75–60% (Category C), ‘high’ 6040% (Category D), ‘very high’ <40% (Categories E–F)

Land use and development Visual examination using Google Earth™ ‘Physical habitat’ in EHI, where ‘low’ >75%, ‘medium’ 75–60%, ‘high’ 60–40%, ‘very high’ <40%

Exploitation of living 
resources (fishing)

Available information on fish catch 
(tons), as well as illegal catch records

‘Fish’ in EHI, as well as fishing effort, catch composition and size, age distribution of fish in 
sample data sets, where ‘none’ = no fish present, ‘low’ = little fishing pressure, ‘medium’ = 
medium level of recreational/subsistence exploitation, ‘high’ = high recreational or subsistence 
exploitation, ‘very high’ = gillnetting or fish traps 

Pollution (wastewater)
Daily volume of municipal and indus-
trial wastewater discharges

‘Water quality’ (excluding salinity) in EHI, where ‘low’ >75%, ‘medium’ = 75–60%, ‘high’ 
60–40%, ‘very high’ <40%

Inlet manipulation Extent of artificial manipulation of inlet ‘Hydrodynamic’ in EHI, ‘low’ >75%, ‘medium’ = 75–60%, ‘high’ 60–40%, ‘very high’ <40%

Biological invasions

Alien plants: visual examination of 
extent along estuary

Three-tier scale, where ‘low’ = alien coverage <5% of estuarine functional zone (EFZ),  
‘medium’ = alien coverage 5–15% of EFZ, ‘high’ = alien coverage >15% of EFZ

Alien or extralimital fish: estimated 
from species lists

Number and type of fish species present, where ‘low’ = 1–2 species, ‘medium’ = 3–4 species, 
‘high’ = 5–6 species, or 1–2 predatory species, or sharptooth catfish Clarias gariepinus present 
(if translocated), ‘very high’ >7 species, or 3–4 predatory species

 Advancing ecosystem accounting in estuaries
 Page 3 of 11

https://doi.org/10.17159/sajs.2023/14303


4 Volume 119| Number 3/4
March/April 2023

Research Article
https://doi.org/10.17159/sajs.2023/14303

submerged macrophytes, and reeds and sedges. Unlike estuarine abiotic 
habitats, biotic habitats do not occur continuously within the EFZ. Rather 
they are a mosaic of biotic habitats ‘superimposed’ onto abiotic habitats, 
and as a result total biotic habitat area does not necessarily add up to 
‘total EFZ area’. For the Swartkops Estuary, aerial photographs of 50 cm 
resolution were used to manually digitise change in the extent of the key 
biotic habitats. This was done using ArcGIS 10.6.1 on an average scale 
of 1:2000. This fine-scale mapping is preferred over the supervised and 
unsupervised classification methods using satellite imagery because 
habitat in estuaries is often only a few square metres in extent. Present 
extent was verified with ground-truthing. Older aerial imagery and historical 
data were used to determine change in extent over time. Aerial photographs 
of 50 cm resolution were obtained from the Chief Directorate: National 
Geo-Spatial Information (http://www.cdngiportal.co.za/cdngiportal/; their 
images date back to the 1940s.

For the carbon sequestration accounts, available data were sourced 
from Van Niekerk et al.23, Adams et al.24 and Raw et al.25 The ecosystem 
account for recreation was constructed using available microbiological 
indicator data (Swartkops Conservancy, unpublished data) together with 
national water quality guidelines for recreation, evaluating suitability 
based on estimated gastrointestinal and febrile respiratory health risks.33

Results
Extent accounts
Table 3 presents the abiotic habitat extent account for the Swartkops 
Estuary, reflecting change from 1942 to 2018, and then 2021, while 
Figure 2 shows the geo-referenced maps from where data were derived.23,24 

Table 3: Extent account for abiotic habitat in the Swartkops Estuary 

TOTAL (ha)
HABITAT EXTENT (expressed in ha)

Zone A Zone B Zone C

OPENING STOCK (1942):

Open water area 409.1 225.1 107.3 76.7

Mud/sand banks 120.9 101.8 19.1 0.0

Beach and dunes 32.3 32.3 0.0 0.0

Floodplain 2316.2 761.3 888.6 666.3

Developed 37.5 37.5 0.0 0.0

Increase/decrease:

Open water area 0 0 0 0

Mud/sand banks 0 0 0 0

Beach and dunes 0.1 +0.1 0 0

Floodplain -844.8 -224.3 -393.2 -227.4

Developed +844.8 +224.2 +393.2 +227.4

CLOSING STOCK (2018):

Open water area 409.1 225.1 107.3 76.7

Mud/sand banks 120.9 101.8 19.1 0.0

Beach and dunes 32.4 32.4 0.0 0.0

Floodplain 1471.3 537.0 495.4 438.9

Developed 882.3 261.7 393.2 227.4

Reappraisal increase/decrease:

Open water area 0 0 0 0

Mud/sand banks 0 0 0 0

Beach and dunes 0 0 0 0

Floodplain 0 0 0 0

Developed 0 0 0 0

CLOSING STOCK (2021):

Open water area 409.1 225.1 107.3 76.7

Mud/sand banks 120.9 101.8 19.1 0.0

Beach and dunes 32.4 32.4 0.0 0.0

Floodplain 1471.3 537.0 495.4 438.9

Developed 882.3 261.7 393.2 227.4

Figure 2: Geo-referenced maps depicting change in abiotic and biotic 
habitat extent in the Swartkops Estuary between 1942, 2018 
and 2021.

Floods play a key role in maintaining sediment processes and the long-
term equilibrium of the sediment dynamics in the Swartkops system. 
Because floods have not been affected significantly by water resource 
developments in the catchments, the EFZ extent and associated abiotic 
habitats in the Swartkops Estuary did not change markedly between 
1942 and 2018, except in the floodplains. By 1942, about 37.5 ha of 
the floodplain had already been developed, mostly in the lower reaches 
(Zone A). Between 1942 and 2018, another 844.8 ha of floodplain was 
lost due to development, with most of this occurring in Zone B (393.2 ha). 
This loss was mainly attributed to residential and industrial development, 
stemming from housing, bridges, roads, railways, mining, and saltpans.38,39 
No additional losses were evident in the 2021 reappraisal, possibly owing 
to the relatively short time between 2018 and 2021.
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Table 4 presents the biotic habitat extent account for the Swartkops 
Estuary, reflecting change from 1942 to 2018, and to 2021, while Figure 2 
displays the spatial changes between the different periods.23,24 The estuary 
has extensive areas of supratidal and intertidal salt marsh and large stands 
of the endangered seagrass Zostera capensis. The latter occurs in the 
lower intertidal zone and is abundant in the middle and lower estuary 
reaches. An additional seagrass species Halophila ovalis is also present in 
subtidal areas, but its precise distribution is unknown. 

Table 4: Extent account for biotic habitat in the Swartkops Estuary

TOTAL 
(ha)

HABITAT EXTENT (expressed in ha)

Zone A Zone B Zone C

OPENING STOCK (1942):

Intertidal saltmarsh 536.9 230 260.4 46.5

Supratidal saltmarsh 642.6 359 196 87.6

Submerged macrophytes 53.6 49.3 4.3 0.0

Reeds and sedges 21.8 10.3 0.0 11.5

Floodplain/ecotone (>2.5 m) 881.4 95.3 90.5 695.6

Terrestrial 248.5 62.0 62.0 124.5

Increase/decrease:

Intertidal saltmarsh -344.5 -79.5 -226 -39

Supratidal saltmarsh -283.6 -180.4 -33.2 -70

Submerged macrophytes 0 0 0 0

Reeds and sedges 0 0 0 0

Floodplain/ecotone (>2.5 m) -670.1 -89.0 -46.6 -534.5

Terrestrial -237.2 -61.5 -61.1 -114.5

CLOSING STOCK (2018):

Intertidal saltmarsh 192.4 150.5 34.4 7.5

Supratidal saltmarsh 358.9 178.6 162.8 17.6

Submerged macrophytes 53.6 49.3 4.3 0.0

Reeds and sedges 21.8 10.3 0.0 11.5

Floodplain/ecotone (>2.5 m) 307.4 6.3 43.9 161.1

Terrestrial 11.7 0.5 0.9 10.0

Reappraisal increase/decrease:

Intertidal saltmarsh 0 0 0 0

Supratidal saltmarsh 0 0 0 0

Submerged macrophytes 0 0 0 0

Reeds and sedges 0 0 0 0

Floodplain/ecotone (>2.5 m) 0 0 0 0

Terrestrial 0 0 0 0

CLOSING STOCK (2021):

Intertidal saltmarsh 192.4 150.5 34.4 7.5

Supratidal saltmarsh 358.9 178.4 162.8 17.6

Submerged macrophytes 53.6 49.3 4.3 0.0

Reeds and sedges 21.8 10.3 0.0 11.5

Floodplain/ecotone (>2.5 m) 307.4 6.3 43.9 161.1

Terrestrial 11.7 0.5 0.8 10.0

The dominant species in the supratidal salt marsh include Salicornia 
pillansii, Suaeda fructicosa, Sporobolus virginicus and Disphyma 
crassifolium. Important intertidal species are Spartina maritima, Salicornia 
tegetaria, Triglochin spp. and Limonium spp. Cotula coronopifolia occurs 
amongst the salt marsh habitat in the middle reaches where the water 
is more brackish. Floodplain species such as Lycium cinereum and 
Suaeda fructicosa occur together with Stenotaphrum secundatum and 
S. pillansii in the upper reaches of the Swartkops Estuary.40 Supratidal 
salt marsh species such as Disphyma crassifolium grow best at a salinity 
of 1–19 under dry conditions.41 Reeds and sedges mainly occur in the 
upper reaches and at freshwater seepage sites but are not extensive due 
to the disturbance of the banks. The common reed Phragmites australis 
is dominant. Macroalgae (seaweeds) are common in the saline areas of 
the estuary and include Codium tenue (Kutzing) Kutzing, Ulva rigida C. 
Agardh, Gracillaria gracilis and Hypnea viridis Papenfuss.

The biotic extent account indicates that, overall, there has been a 
344.5 ha decrease in intertidal salt marsh and a 283.6 ha decrease in 
supratidal salt marsh area, with most losses occurring in Zones A and B. 
There was also a 670.1 ha and 237.2 ha loss in floodplain/ecotone and 
terrestrial habitat, respectively, but mostly in Zone C. As with changes in 
abiotic floodplain area, land use development was largely responsible for 
losses in biotic habitats, with most of the development occurring in the 
floodplain/ecotone and terrestrial habitats.39

Condition account
The condition account for the Swartkops Estuary is provided in Table 5, 
with Figure 3 providing a graphic overview of the changes from ~1750 
(natural), 2018 and 2021. At the estuary level, condition accounts should 
ideally also distinguish between different zones in a system. However, 
available data on estuary condition did not disaggregate ratings into 
the three zones, except for ‘salinity’, ‘water quality’ (including dissolved 
oxygen, turbidity, nutrients, and toxic substances) and ‘microalgae’ in 
the 2021 account. Notwithstanding, to demonstrate the construct of a 
condition account at the estuary level, the overall condition ratings for 
various indicators were used as proxies for condition in each zone, except 
for the above three indicators in the 2021 account. In the case of the 
Swartkops Estuary, data on the ecological condition of the system were 
not available for 1942. As a result, the opening account was equated to 
the pre-industrial natural, which has been assumed as ~1750. Comparing 
the opening account with the 2018 closing account, the condition of 
the Swartkops Estuary declined by 47%, with the deterioration in biotic 
condition (52%) being higher than the decline in abiotic condition (42%).

Figure 3: Change in condition in selected abiotic and biotic indicators 
across Zones A, B and C in the Swartkops Estuary between 
~1750 (natural), 2018 and 2021. 
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Following a reappraisal in 2021, the estuary’s condition across Zones 
A, B and C deteriorated further by 5%, 9% and 8%, respectively. Here 
the additional deterioration was most evident in the abiotic components 
(8%, 10% and 11%, respectively), driven by shifts in hydrodynamics 
and water quality indicators (Table 5) due to an increase in input from 
wastewater treatment works. The biotic condition across Zones A, B and 
C also deteriorated by a further 1%, 8% and 4%, respectively. This was 
largely associated with a deterioration in microalgae condition, linked to 
the deterioration in water quality (increased nutrient enrichment) during 
this period.

Pressure account
The pressure account for the Swartkops Estuary is provided in 
Table 6 and depicts the change from natural to 2018, and then 2021. 
As available data on pressures were not disaggregated into the smaller 
BSUs (or zones), the pressure account reverts to the EFZ as its BSU, and 
therefore reflects an overall pressure rating for the Swartkops Estuary. 
We focused on five of the six key pressure categories identified for 
South African estuaries, and encountered in the Swartkops, that is: flow 
modification, land use and development, exploitation of living resources 
(fishing), pollution (wastewater disposal), and biological invasion (plants 
and fish).32 The Swartkops Estuary is a permanently open system and, 
as yet, mouth manipulation has not emerged as a key pressure and was 
therefore not included here.

Flow modification increased freshwater inputs to the system by 41%, 
mainly from wastewater treatment works and urban stormwater 
discharges, resulting in very high pressure on the system. Similarly, land 
use and development within the EFZ have resulted in a loss of 847.7 ha, 
emerging as a very high pressure. Fishing pressures are also very high 
in this system with up to 47 tons of fish harvested annually, mostly 
consisting of undersized juveniles and/or threatened species, and through 
the use of unsustainable practices such as gill netting. Approximately 
27 510 m3 wastewater is discharged daily into the system, resulting in 
very high pollution pressures.

The Swartkops is also under high pressure from a combination of 
invasive aquatic and terrestrial plant species. Noteworthy is the high 
abundance of alien aquatic species such as Azolla filliculoides, Salvinia 
molesta and Eicchornia crassipes, especially in the upper reaches 
(Zone C). Two carnivorous invasive fish species – largemouth bass 
Micropterus salmoides and smallmouth bass Micropterus dolomieu 
–, recorded in the estuary contribute to the high pressure from such 
alien invasion, especially in the upper fresh and more brackish regions 
(Zones B and C), thereby also affecting connectivity between the estuary 
and river.

Table 5: Ecosystem condition account for the Swartkops Estuary 
based on selected abiotic and biotic indicators (derived from 
Van Niekerk et al. and Adams et al.23,24) 

ECOLOGICAL CONDITION (expressed as 
% similarity to natural)

Zone A Zone B Zone C

OPENING STOCK (~1750):

OVERALL 100 100 100

ABIOTIC CONDITION INDICATOR 100 100 100

Hydrology 100 100 100

Hydrodynamics 100 100 100

Salinity 100 100 100

Water quality 100 100 100

Sedimentary habitat 100 100 100

BIOTIC CONDITION INDICATOR 100 100 100

Microalgae 100 100 100

Macrophytes 100 100 100

Invertebrates 100 100 100

Fish 100 100 100

Birds 100 100 100

ECOLOGICAL CONDITION (expressed as 
% similarity to natural)

Zone A Zone B Zone C

Increase/decrease:

OVERALL -47 -47 -47

ABIOTIC CONDITION INDICATOR -42 -42 -42

Hydrology -62 -62 -62

Hydrodynamics -10 -10 -10

Salinity -20 -20 -20

Water quality -75 -75 -75

Sedimentary habitat -45 -45 -45

BIOTIC CONDITION INDICATOR -52 -52 -52

Microalgae -52 -52 -52

Macrophytes -60 -60 -60

Invertebrates -60 -60 -60

Fish -60 -60 -60

Birds -30 -30 -30

CLOSING STOCK (2018):

OVERALL 53 53 53

ABIOTIC CONDITION INDICATOR 58 58 58

Hydrology 38 38 38

Hydrodynamics 90 90 90

Salinity 80 80 80

Water quality 30 30 30

Sedimentary habitat 55 55 55

BIOTIC CONDITION INDICATOR 48 48 48

Microalgae 48 48 48

Macrophytes 40 40 40

Invertebrates 40 40 40

Fish 40 40 40

Birds 70 70 70

Reappraisal increase/decrease:

OVERALL -5 -9 -8

ABIOTIC CONDITION INDICATOR -8 -10 -11

Hydrology 6 6 6

Hydrodynamics -34 -34 -34

Salinity 15 11 5

Water quality -11 -21 -24

Sedimentary habitat -5 -5 -5

BIOTIC CONDITION INDICATOR -1 -8 -4

Microalgae 2 -33 -15

Macrophytes -5 -5 -5

Invertebrates 10 10 10

Fish 0 0 0

Birds -10 -10 -10

CLOSING STOCK (2021):

OVERALL 48 44 45

ABIOTIC CONDITION INDICATOR 50 48 47

Hydrology 44 44 44

Hydrodynamics 56 56 56

Salinity 95 91 85

Water quality 19 9 6

Sedimentary habitat 50 50 50

BIOTIC CONDITION INDICATOR 47 40 44

Microalgae 50 15 33

Macrophytes 35 35 35

Invertebrates 50 50 50

Fish 40 40 40

Birds 60 60 60
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Ecosystem service accounts

Carbon sequestration
Table 7 presents the physical ecosystem service account for the carbon 
sequestration of the Swartkops Estuary, based on the extent of important 
blue and teal carbon vegetation types (see Table 4), with Figure 4 
graphically showing change between 1942, 2018 and 2021. The data 
on storage per unit area were sourced from Raw et al.25 While results 
between 2018 and 2021 did not show any marked change in carbon 
sequestration potential, a nett loss of 266 356.8 Mg (sediment plus 
biomass [above]) occurred between 1942 and 2018, largely attributed 
to a loss in intertidal and supratidal salt marsh habitat (Table 4). 
The highest loss in carbon sequestration potential was encountered in 
Zone B (109 900.8 Mg), followed by Zone C (46 216.0 Mg) and then 
Zone A (10 197.6 Mg) (Table 4).

Recreational use
Table 8 demonstrates a physical ecosystem service account for 
recreational use in the Swartkops Estuary. Drawing on the extent account 

(Table 3), the open water area potentially available for water recreational 
activities may not have changed over time, although this does not mean 
that the entire area is suitable for recreational activities. To reflect change in 
condition, focusing on human health, Escherichia coli data – collected by 
the Swartkops Conservancy at popular recreation spots at Settlers Bridge 
and Swartkops Village (Zone A) and Perseverance (Zone C) (Swartkops 
Conservancy, unpublished data) – were consulted. However, only 
Swartkops Village (Zone A) and Redhouse Village (Zone B) had sufficient 
data over a one-year period (2019/2020) to demonstrate the application of 
the recreational guidelines to ecosystems accounting (using a percentile 
calculation approach developed globally – see Table 2) (Table 8).

Based on 2019/20 data, Swartkops Village (Zone A) was categorised as 
‘poor’ (Table 2 – not suitable for recreational use), representing a marked 
deterioration from natural when it was assumed that conditions would 
have been representative of ‘excellent’ without any human bacterial 
contamination. Conditions at Redhouse Village (Zone B) also showed 
deterioration but are still categorised as ‘fair’ (Table 2), meeting the 
minimum requirements for recreational use.

Table 6: Pressure account for the Swartkops Estuary

PRESSURE 
MAGNITUDE

DEGREE OF IMPACT ON ESTUARY 
(expressed as % of estuarine area affected)

Low Medium High Very high

OPENING STOCK (Pre-industrial natural):

Flow modification – 0 0 0 0

Land use and development – 0 0 0 0

Pollution: wastewater disposal – 0 0 0 0

Exploitation of living resources: fishing – 0 0 0 0

Invasive plants – 0 0 0 0

Alien or extralimital fish – 0 0 0 0

Increase/decrease:

Flow modification 0 0 0 +100

Land use and development 0 0 0 +100

Pollution: wastewater disposal 0 0 0 +100

Exploitation of living resources: fishing 0 0 +100 0

Invasive plants 0 0 +100 0

Alien or extralimital fish 0 0 +100 0

CLOSING STOCK (2018):

Flow modification (%MAR change) 41% 0 0 0 100

Land use and development (ha) 847.7 0 0 0 100

Pollution: wastewater disposal (m3/d) 27 510 0 0 0 100

Exploitation of living resources: fishing (t/a) 46.7 0 0 100 0

Invasive plants (# species) 13 0 0 100 0

Alien or extralimital fish (# species) 2 0 0 100 0

Reappraisal increase/decrease:

Flow modification 0 0 0 0

Land use and development 0 0 0 0

Pollution: wastewater disposal 0 0 0 0

Exploitation of living resources: fishing 0 0 0 0

Invasive plants 0 0 0 0

Alien or extralimital fish 0 0 0 0

CLOSING STOCK (2021):

Flow modification (%MAR change) 41% 0 0 0 100

Land use and development (ha) 847.7 0 0 0 100

Pollution: wastewater disposal (m3/d) 27 510 0 0 0 100

Exploitation of living resources: fishing (t/a) 46.7 0 0 100 0

Invasive plants (# species) 13 0 0 100 0

Alien or extralimital fish (# species) 2 0 0 100 0

MAR, mean annual run-off
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Table 7: Ecosystems services account for carbon sequestration potential in Swartkops Estuary

TOTAL

STORAGE (expressed as Mg)

Intertidal saltmarsh Supratidal saltmarsh Submerged macrophytes Reeds and sedges

Sediment
Biomass 
(above)

Sediment
Biomass 
(above)

Sediment
Biomass 
(above)

Sediment
Biomass 
(above)

Storage/unit area (Mg/ha) 169 255 169 255 125 108 n.d. 100

OPENING STOCK (1930/40s):

514786.8 90736.1 136909.5 108599.4 163863.0 6700.0 5788.8 n.d. 2190.0

Zone A 262252.9 38870.0 58650.0 60671.0 91545.0 6162.5 5324.4 n.d. 1030.0

Zone B 194515.5 44007.6 66402.0 33124.0 49980.0 537.5 464.4 n.d. 0.0

Zone C 58018.4 7858.5 11857.5 14804.4 22338.0 0.0 0.0 n.d. 1160.0

Gains/losses:

-266356.8 -58186.7 -87796.5 -47945.3 -72343.5 0.0 0.0 n.d. 0.0

Zone A -10197.6 -13435.5 -20272.5 -30487.6 -46002.0 0.0 0.0 n.d. 0.0

Zone B -109900.8 -38194.0 -57630.0 -5610.8 -8466.0 0.0 0.0 n.d. 0.0

Zone C -46216.0 -6591.0 -9945.0 -11830.0 -17850.0 0.0 0.0 n.d. 0.0

CLOSING STOCK (2018):

248430.0 32515.6 49062.0 60654.1 91519.5 6700.0 5788.8 n.d. 2190.0

Zone A 152055.3 25434.5 38377.5 30183.4 45543.0 6162.5 5324.4 n.d. 1030.0

Zone B 84614.7 5813.6 8772.0 27513.2 41514.0 537.5 464.4 n.d. 0.0

Zone C 11802.4 1267.5 1912.5 2974.4 4488.0 0.0 0.0 n.d. 1160.0

Gains/losses:

0 0 0 0 0 0 0 n.d. 0

Zone A 0 0 0 0 0 0 0 n.d. 0

Zone B 0 0 0 0 0 0 0 n.d. 0

Zone C 0 0 0 0 0 0 0 n.d. 0

CLOSING STOCK (2021):

248430.0 32515.6 49062.0 60654.1 91519.5 6700.0 5788.8 n.d. 2190.0

Zone A 152055.3 25434.5 38377.5 30183.4 45543.0 6162.5 5324.4 n.d. 1030.0

Zone B 84614.7 5813.6 8772.0 27513.2 41514.0 537.5 464.4 n.d. 0.0

Zone C 11802.4 1267.5 1912.5 2974.4 4488.0 0.0 0.0 n.d. 1160.0

n.d., no data

Table 8: Ecosystems services account for recreational use in Swartkops Estuary

AREA & SUITABILITY FOR CONTACT RECREATION 

(based on E. coli counts – see Table 2)

Zone A 
(Swartkops Village) 

Zone B 
(Redhouse Village)

Zone C 
(Perseverance)

OPENING STOCK (PRE-INDUSTRIAL NATURAL):

Open water area (ha) 225.1 107.3 76.7

90%ile for E. coli (counts per 100 mLl) 0 0 0

95%ile for E. coli (counts per 100 mL) 0 0 0

Suitability for recreational use Excellent Excellent Excellent

Increase/Decrease:

Open water area (ha) 0 0 0

90%ile for E. coli (counts per 100 mL) +290 +250 n.d.

95%ile for E. coli (counts per 100 mL) +2468 +898 n.d.

Suitability for recreational use   n.d.

CLOSING STOCK (2019/2020):

Open water area (ha) 225.1 107.3 76.7

90%ile for E. coli (counts per 100 mL) 754 282 n.d.

95%ile for E. coli (counts per 100 mL) 2255 817 n.d.

Suitability for recreational use Poor Fair n.d.

n.d., no data
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Discussion
Globally, most natural capital or ecosystem accounts amalgamate 
estuaries either into wetland accounts or coastal accounts. However, 
estuaries offer disproportionally higher socio-economic benefits to 
society per unit area compared to other natural systems (e.g. nursery 
areas for important fisheries, carbon sequestration).17 

Therefore, in South Africa, these important transitional water ecosystem 
types have been elevated through the provision of separate estuarine 
ecosystem accounts.14 This allows for reporting of change at meaningful 
scales, which is not possible if estuaries are combined in ecosystem 
accounting with freshwater wetlands or other marine habitats.

In this study, we built on the country-level ecosystem account previously 
developed for South African estuaries11 by developing an approach for 
physical ecosystem accounts at the local estuary level, addressing 
one of the key obstacles previously identified for application at this 
scale17-19. In so doing, we are introducing the advantages of ecosystem 
accounting for decision-making to local governance mechanisms.17 
Further, we demonstrated alignment of this method with other existing 
resource management tools in South Africa, such as the ecological flow 
requirement methods for estuaries26-29, the national Estuarine Health 
Index26,30 and the National Biodiversity Assessment23.

The method was then applied to the Swartkops Estuary, depicting 
ecosystem changes, drawing on available data and information but using 

an accounting format comparable with socio-economic information 
systems, such as the System of National Accounts. The abiotic habitat 
extent account showed a significant additional loss in intact floodplain 
(844.9 ha) between 1942 and 2018, especially in Zone B (393.2 ha 
loss). Over the same period, 344.5 ha of intertidal salt marsh and 
283.6 ha of supratidal salt marsh were lost, mainly from Zones A and B. 
The floodplain/ecotone and terrestrial habitats also decreased by 670.1 ha 
and 237.2 ha, respectively. No measurable habitat losses were evident 
between 2018 and the 2021 reappraisal. The condition account showed 
that the Swartkops Estuary declined about 47% in overall condition by 
2018 compared with pre-industrial natural, with a further loss of 5%, 
9% and 8% in Zones A, B and C, respectively, by 2021. The pressure 
account demonstrates a simple and practical manner to reflect possible 
causes of change in estuarine extent and condition, showing that, in 
the Swartkops flow modification, land use and development and 
pollution contribute most to the decline in ecosystem health. Because 
the pressure account largely categorises pressures on a sectoral basis 
it can easily inform sectoral management planning. For example, in 
South Africa, responsibility for flow modification management lies with 
the department responsible for water, while the department responsible 
for fisheries is mandated to address the exploitation of living resources 
(fisheries). Pollution (wastewater disposal) is a joint responsibility of the 
departments responsible for water and the environment. The ecosystem 
service account for carbon sequestration showed a nett loss of 
266 356.8 Mg in carbon sequestration potential between 1942 and 
2018, mostly driven by losses in intertidal and salt tidal saltmarsh. 

Figure 4: Change in carbon sequestration potential (aboveground biomass and in below ground sediment) across Zones A, B and C in in the Swartkops 
Estuary between 1942, 2018 and 2021.
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The account for recreational use showed that, in 2019/2020, water 
quality in the estuary had deteriorated significantly from natural across 
most zones.

While this study successfully demonstrated the application of ecosystem 
accounting at the estuary level, it can certainly benefit from incremental 
improvement in future, following an adaptive management approach. 
Specifically, to better resolve spatial resolution in the condition accounting, 
future research should focus on the disaggregation of condition ratings 
of ecosystem components into the different zone within an estuary. 
Greater spatial resolution in condition accounting will assist in trade-off 
interventions across zones within an estuary. Also, future research should 
investigate approaches by which to disaggregate conditions of abiotic and 
biotic components, requiring refinement of the EHI method. For carbon 
sequestration accounting, further research is needed on the refinement 
of carbon storage values for South African estuaries. Preliminary data 
suggest that storage values may be lower than those reported globally due 
to the more arid nature of South Africa’s estuaries. While the ecosystem 
service account for recreation does demonstrate the application of such 
an account, it is acknowledged that results are based on single data points 
within zones and may not represent conditions across the entire zones. 
Therefore, for future accounting, it is recommended that monitoring sites 
be extended to all important recreational sites within zones to better reflect 
broader zonal conditions. Also, it is recommended that microbiological 
data (E. coli, preferably also Enterococci) be collected routinely at bi-
weekly intervals in alignment with the national guideline requirements.33

Another critically important ecosystem service of estuaries is nursery 
function; it is therefore recommended that future research also focuses 
on the development thereof. Such accounts should consider fish lifecycle 
requirements and the location and condition of key habitats that support 
these. Internationally, ecosystem service accounts for fishing reflect 
only stock abundance as a measure of extent. However, fish stocks have 
geographical ranges which can expand, shrink or split through direct 
pressures (e.g. over-exploitation of fishing resources) or indirect causes 
(climate change). Therefore, it is important that the spatial element of 
a stock extent also be captured in these ecosystem accounts to reflect 
underlying ecosystem shifts in resource abundance. Further, given the 
socio-economic value of estuaries, and to reflect the opportunity cost 
of declining extent and condition at the estuary level, future monetary 
accounts for key ecosystem services such as carbon sequestration, 
recreational use, and nursery function should build and align with the 
physical ecosystem accounts presented here.

Finally, reflecting on the three primary applications previously identified 
for ecosystem accounting2, these accounts also can play a key role in 
informing decision-making in restoration prioritisation within individual 
estuaries in support of the UN Decade on Ecosystem Restoration (2021–
2030)21,22, for example, by assisting in the identification of the scale and 
nature of investment required for restoration17, or informing options 
for offsetting irreversibly degraded areas in one zone with restoration 
or maintenance of similar habitats in another. Many large-scale donor-
funded projects require strict project monitoring and reporting of both 
project efforts and project outcomes. Given that, for example, the 
restoration of blue carbon habitats may far exceed project lifespans, it 
is critically important that a standardised long-term reporting framework 
be introduced that can measure both short-term efforts (e.g. extent of 
restored land) and long-term benefits (e.g. increased carbon stock over 
time or contribution to climate mitigation). Ecosystems accounts applied 
at the local level provide such a standardised approach. The restoration 
of estuaries is urgent considering the increasing pressures and loss 
of ecosystem services such as nursery habitat provision, coastal 
protection, blue carbon storage and contributions towards climate 
change mitigation. Restoration of estuarine ecosystem services would 
contribute billions to the national economy.
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