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EXECUTIVE SUMMARY

It is globally accepted that ecosystems, as natural features in the landscape, provide environmental,
social and economic benefits to associated communities. The value of ecosystems in providing these
ecosystem services is becoming increasingly evident. There is a growing recognition of the importance
of the services delivered by freshwater ecosystems to human well-being. Ecosystem services are
guantifiable benefits people receive from ecosystems. Wetlands are highly productive ecosystems. Due
to their ecological complexity, wetlands provide a variety of goods and services of value to society.
These services can be described as services of nature, directly enjoyed, consumed, or used to yield
human well-being.

Wetlands in South Africa are defined by the National Water Act, Act 36 of 1998, as a key component of
the water resources of South Africa. Wetlands have been shown to contribute to the livelihood of rural
communities by providing valuable grazing land, cultivation areas, building materials and medicinal
goods. In addition to these services, wetlands provide a host of other services, which are often indirectly
used by society and are therefore undervalued in economic markets. These services include among
others flood attenuation, water purification and the provision of fresh water.

Different wetland types provide ecosystem services based on their hydrogeomorphic characteristics.
Peatlands are one such wetland ecosystem. Peatlands represent a third of wetlands worldwide, which
contribute a range of ecosystem services. The most pronounced services are biodiversity conservation,
water quality and climate regulation. The addition of peat to a wetland allows these wetlands to have
additional ecosystem services. The unique properties of peat allow for a variation in the dynamics of
the ecosystem services provided, making peatlands major contributors to wetlandséincreased capacity
for climate, water quality and quantity regulation, biodiversity conservation and waste assimilation.

Peatlands cover approximately 3% of the earth& surface. The global carbon stored in peat is estimated
to be about 500 billion tonnes, which is approximately 30% of the world's soil carbon. Furthermore, peat
stores1 0% of t he waer. Althdugh péatlaads &re not common in South Africa where less
than 10% of the wetlands are peatlands, some peatlands are unique. The Mfabeni Mire, for example,
is 45 000 years old and is one of the oldest active peat-accumulating wetlands in the world.

Much of South Africa is semi-arid to arid with a highly variable rainfall, thus making water use efficiency
critically important. Rivers draining approximately 70.5% of South Africa® total area are shared with
neighbouring states, and these water resources are under enormous pressure in South Africa. The
destruction of peatlands causes a visible and immediate degradation in the integrity of the aquatic
ecosystems downstream of peatlands. This affects rivers and associated ecosystem health. Impacts
such as draining and erosion of peatlands change the hydrology of the system. The rewetting of these
systems will mitigate environmental change at a local level and climate change at a regional level in
accordance with the REDD+*! regulations supporting the objectives of, and South African commitments
to, the Climate Change and Ramsar Conventions.

In South Africa, there is less knowledge about peatlands than other less sensitive and less strategic
ecosystems such as forests. Thus, policy formulation and management decisions are not always
grounded on a good knowledge base and may inadvertently lead to further destruction of these
important ecosystems. Therefore, the first step in effective peatland conservation is to have accurate
scientific baseline information to draft effective management guidelines and to define the socio-
economic value of these ecosystems to society. Through this research project, eight case study
peatlands in the different peat ecoregions have been characterised, classified and mapped to compile

1 Reduce emissions from deforestation and forest degradation, and foster conservation, sustainable management
of forests, plus the enhancement of forest carbon stocks in developing counties



an inventory and determine their conservation status. The socio-economic value of peatlands in South
Africa was established using these scientific baseline values.

The project will not only support the current wetland inventory of the South African National Biodiversity
Institute (SANBI), t he Department of Environmental Affai
and the wetland rehabilitation initiatives of Working for Wetlands, but will also contribute to future
wetland research in South Africa. The contribution in understanding peatland systems will benefit the
southern African wetland community at large, for example, The National Freshwater Inventory
Geodatabase and Preliminary Guide for the Determination of Buffer Zones for Rivers, Wetlands and
Estuaries. Determining the socio-economic value of wetlands, such as peatlands, based on scientific
research contributes to the credibility of conservation protocols in a regulatory environment where the
value of ecosystems is forever competing in a losing battle with infrastructure and social development
initiatives.

Therefore, the aim of this study was to evaluate the characteristics of peatlands and related processes
and their contribution to South African wetland ecosystem services. The specific objectives of this
project, which were all achieved, were:

1. To improve the existing peatland ecoregion model to identify potential peatland areas based on
new recordings (recordings made since the ecoregion model was developed).

2. To upgrade the existing peatland database, collect data of new recordings generated in the past 15
years as well as future related research on South African peatlands.

3. Toinvestigate the processes and factors driving peat distribution and accumulation in South African
wetlands based on selected case studies.

4. To investigate the potential of South African peatlands as a carbon sequestration mitigation
mechanism.

5. To demonstrate the socio-economic value of peatlands in South Africa, based on the concepts of
ecological infrastructure and ecosystem services delivered (including carbon sequestration, other
regulating services, provisioning services and cultural services).

6. To recommend further research needs.

The existing peatland ecoregion model was improved by using expert knowledge in the modelling
process such as providing the boundary conditions (upper and lower limits) for each parameter,
resulting in a series of key indicator layers. These parameters were combined in a model that identified
areas where all criteria were met. Several variations on the key indicators of the selected parameters
were processed while trying to identify the best-fit model. The output of the model was a geographical
information system (GIS) coverage depicting potential peatland ecoregion distributions for South Africa.
This GIS map depicts areas where peatlands might possibly occur considering several spatial
parameters. An accuracy assessment was done using existing spatial peat points of known peatland
occurrence (such as the 635 known peatland points in the updated South African Peatland Database).
The greatest accuracy (87%) was attained when both models were combined.

New knowledge was generated through a process based on expert knowledge. The same criteria as
used in the 2001 model were used. The 2001 and the 2016 models were combined to provide the most
accurate representation of peatland distribution. The possibility of using terrain units as an indication of
where wetlands might occur was investigated. It was found that 54% occurred in Unit 3: Midslope, and
38% occurred in Unit 4: Foot slope.

The upgrade of the existing peatland database was designed to be compatible with the SANBI National
Wetland Inventory. A request for new peatland data was posted through the South African Wetland
Society. This yielded 990 additional data points that have been incorporated into the South African
Hydrogeology Database, of which the peatland database forms part. Of the 990 points, 116 qualified
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as peatlands and were added to the South African Peatland Database (of the 116 points, 106 still need
to be verified infield). The updated database now contains 635 peat points: 164 (25.83%) occur in
Ramsar sites; 222 (34.96%) in formally protected areas; 2 (0.31%) in informally protected areas; and
the rest on private and communal land.

The database, which is compatible with the SANBI Wetland Database, is hosted and maintained at the
Agricultural Research Council i Institute for Soil, Climate and Water. This updated peatland database
has added significant value to two current projects, namely, The National Freshwater Inventory
Geodatabase and the Preliminary Guide for the Determination of Buffer Zones for Rivers, Wetlands and
Estuaries.

The processes and factors driving peat distribution and accumulation in South African wetlands were
studied at eight selected peatlands. These peatlands represent different geology and climate regions
and land use associated with them to illustrate the various processes and factors driving peat
distribution and accumulation. A three-tiered approach to the sites was followed. Tier 1 consisted of the
study site with the most information, and Tier 3 of the study sites with the least information.

M1 Tier 1:
o Vazi North Peatland.
T Tier 2:

0 Lakenvlei Peatland.

o Matlabas Mire.

0 Kromme Peatland.

0 Malahlapanga Wetland.

1 Tier 3:
0 Colbyn Valley Peatland.

o Gerhard Minnebron Wetland.
o Vankervelsvlei Peatland.

Isotopic and dating results are discussed in detail for Vazi North Peatland (Section 4.3.1) and the
Matlabas Mire (Section 4.4.2). Two general sections on flow paths and peat formation and accumulation
rates in peatlands discuss the combined results of all the case studies.

The baseline data collected for all sites included:

Geological controls.

Hydrological controls.

Extent of peat body and collective amount of carbon in each peatland.

Biodiversity information (such as WET-Ecoservices and ecological importance and sensitivity).
Land use.

=A =4 =4 4 -4

Research findings confirmed that peatlands in South Africa are mostly groundwater-dependent
ecosystems that occur in the wetter eastern and southern parts of South Africa. Isotope analysis and
water flow measurements results support the fact that groundwater is the main driver. The isotope
signatures of the peatlands in both the interior and coastal regions strongly suggest that the source for
the sustained base flow is groundwater discharging in the wetlands; therefore, reiterating the
importance of conserving groundwater recharge areas for peatland protection.

The potential of South African peatlands as a carbon sequestration mitigation mechanism was
investigated by studying the 1*C ages of peatlands in South Africa. Peat accumulation during the past
50 000 years indicates variable conditions favouring peat formation in the Late Pleistocene and
Holocene with a significant gap from 35 000 to 15 000 years BP. This gap is most likely linked to the
colder and drier conditions of the last glacial maximum.
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The most favourable period for peat accumulation in South Africa was the Middle Holocene. There is,
however, a gap of approximately 20 000 years in the onset of peat formation between the Pleistocene
and the Holocene. Accumulation rates were found to vary between 0.5 mm/yr and 2 mm/yr. The
accumulation rate in the Matlabas Wetland in the Marakele National Park is estimated at 4 mm/yr. This
high rate is ascribed to the ingress of sediment into the peatland.

An ecosystem services approach was applied to demonstrate the socio-economic value of peatlands
in South Africa. The study did not aim to put a total value on peatlands, but rather to demonstrate a
range of possible peatland values at the hand of several models and case studies.

The ecosystem services identified as the most important peatland services were carbon sequestration,
water purification, knowledge and education, peat as a commaodity, hydrological regulation, tourism,
recreation and spirituality. The carbon sequestration of peatlands was evaluated by estimating the
annual carbon accumulation rates. The storage ability was evaluated by estimating the current levels
of carbon stocks in peatlands. Both estimations were done by acquiring specific physical data pertaining
to various peatlands across the country, thus building on the scientific analysis conducted through this
project. Where there were data gaps, peatland experts were consulted and ranges were determined.
In this way, data required was inferred across regions to ultimately demonstrate the value of peatlands
across South Africa.

In terms of their carbon storage ability, the stock was estimated to range between 4.2 million tonnes
and 431.5 million tonnes. Estimates of the accumulation rates ranged between approximately 2 500
and 45 000 tonnes of carbon per year. Although compared to global figures the climate regulation ability
is not remarkable, South African peatlands do play a substantial role in storing and sequestering
atmospheric carbon.

The value of carbon stocks present in peatlands displayed a proxy worth an average of R13 billion,
possibly being worth as much as R191.8 billion. The annual sequestration value of peatlands was
estimated to be between approximately R5.6 million with a possible maximum of R19.8 million a year.

Based on these results, the scope for payments for ecosystem services schemes based on the carbon
accumulation services alone is relatively low compared to the growing biomass carbon storage
schemes such as the Spekboom Project in the Eastern Cape. However, the ecological infrastructure
value of peatlands increases by more than an order of magnitude when the additional ecosystem
services are added.

The water quality (water purification and waste assimilation) service provided by peatlands
demonstrates a very significant value. An estimate based on the Klip River Peatland south of the
Witwatersrand indicates that the water purification value from an ecological infrastructure perspective
could be as much as R179 billion. This does not include any other South African peatlands. Thus, the
waste assimilation service value will almost certainly be larger than R179 billion, making this service
potentially more valuable than the carbon sequestration service for peatlands.

Compared to global abundance, peatlands are an extremely scarce ecosystem type in South Africa
with only 1% of total wetland area being peatlands. The regionally distinctive characteristics and local
variation of floral composition of South African peatlands influence the substitutability value of these
systems. This value is further enhanced by the knowledge service potential present in peat, which is
largely unequalled by any other terrestrial source of paleo-environmental data. Substitutability in
economics is the degree to which one goods or service is substitutable for another goods or service. In
the case of very scarce resources, substitutability is limited; in extreme cases, this would negate the
determination of an economic value. A landmark case was the St Lucia heavy minerals environmental
impact assessment completed in 1996, which determined that Lake St Lucia was so unique that mining-
related risks could not be allowed. The same case cannot be made for all peatlands, as there are many
across the country; however, on a case-by-case basis, there may be peatland systems that are so
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unique that a case for a zero degree of substitutability could be made. The irreplaceability value should
be handled with caution when valuating peatlands economically, but this value should not be ignored
when making management decisions as the value is highly significant.

Significant cropping within some ¢HoweSar, atthhtimé 6fthé
study, insufficient data did not allow for the value provided by this service to be demonstrated. The
commodity price of peat stocks and peat accumulation (i.e. the value of peat as an economic good for
use as a compost or similar use) was estimated as being as much as R6 billion and R0.6 million per
year respectively. These values are relatively low when compared to the cumulative economic values
indicated by other services. This finding is highly significant as it indicates that the gain of revenue
through peat harvesting is miniscule when compared to the loss of revenue due to replacing services
lost through peatland degradation.

The quantification and valuation of the hydrological regulation and cultural services including tourism,
recreation and spiritualism were not possible due to limited data. This is not to say that the services do
not exist. The ability for peat to provide additional hydrological regulation and cultural services needs
further quantitative investigations to logically include or exclude them as services enhanced by the
presence of peat.

ca

This study hast her ef ore demonstrated the value of services

Peatlands are more valuable due to the presence of peat stocks within them. Based on the services
evaluated and the available data, the value of the cumulative services provided by South African
peatlands was estimated to be as high as R174 billion, expressed as an ecological infrastructure value.
This means that for every R1 of carbon storage value, approximately another R12 can be added for
other ecosystem services. This value equates to approximately R5.7 million per hectare.

This is a substantial value that must be considered when making decisions regarding peatland
management in South Africa to conserve and sustain the peat and peat-forming conditions within them.
South Af ri cads peatlands are already at risk th
alterations of water courses and water tables, encroachment of infrastructure, urban and industrial
effluent, extraction (peat mining) and agricultural land transformation. These activities degrade
peatlands resulting in the exposure and subsequent loss of peat and peat-forming conditions.

The high economic value displayed has illustrated the importance of peatlands in the socio-economic
landscape of South Africa. In addition, there is also a major intrinsic value attached to the irreplaceability
of these features that cannot be ignored. The loss or degradation of peatlands would reduce natural
benefits significantly. This investigation has highlighted the importance of the protection, sustainable
use and maintenance of these natural features.

Recommendations for future research include the following:

1. Calculate the peatland change on a catchment scale. The depiction of percentage decrease or
increase in peatland area between the old 2001 and new 2014 model should be investigated as a
follow-up project.

2. Several peat points have been identified that still need to be verified. This needs to be done to
confirm these points.

3. Knowledge gaps identified during this project are:

a. The microbiology (for example, bacterial and fungal guilds) of peatlands.
b. The identification, description and barcoding of phyla (nematodes, spiders, mites and insects)
in peatlands.
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4. Knowledge generated through this project should guide the conservation of peatlands and build
research capacity in the South African wetland/conservation community. For example, assisting in
developing recommendations for listing peatlands as a national threatened ecosystem and
contribute to future wetland research in South Africa

5.

6.

The quantitative valuation ecosystem services provided by peatlands:

1

The investigation into the socio-economic value of peatlands only provided a qualitative
snapshot into the value of these natural features. This is what was possible given the limited
availability of appropriate data needed to indicate a more accurate and specific quantitative
value. Thus, there must be further investigations to quantify services provided using valuation
techniques as a framework for the approach. These investigations should focus specifically on
obtaining national data on the water quantity and quality regulation, the extent of cropping within
peatlands and the cultural services provided by peatlands.

The full spectrum of ecosystem services provided by peatlands can then be valued
quantitatively as opposed to qualitatively, thus allowing for an improved overall understanding
of the total value displayed by peatlands, as well as other wetland types, in South Africa. A key
way forward from the results described above will be towards informed decision-making
processes involving the use and development of environmental and water resources.
Understanding the value of ecosystem services, described in socio-economic terms, will result
in internalising all environmental risks, thus informing the feasibility of a proposed activity. A
comparison of the (typical) direct socio-economic consequences of an activity with the socio-
economic implications, into perpetuity, arising from impacted ecosystem services will empower
sustainable policy development and decision-making.

The peatland ecoregional model may be further verified using data for the wetlands mapped for
Mpumalanga and the Free State. However, as not all wetlands are peatlands, this would have
entailed work that was beyond the scope of this project.
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1 INTRODUCTION
P.-L. Grundling, A.T. Grundling and S. Mitchell

1.1 Introduction

Wor | dwi de, peatlands cover approximately 3% of

the worl dés s oietlal, 2042). Aroong tlfe ansydeimeearvices that peatlands deliver are
water storage (10% of global fresh water), regulation and filtration, biodiversity conservation, and carbon
sequestration and storage (30% of global terrestrial carbon). The use of peatlands for inter alia
agriculture, peat miningandf or estry has resulted in about 15
leaving them vulnerable to destruction through burning for instance. This loss is effectively irreversible,
with peat fires contributing about 25% of the emissions from entire land use. This makes peatland
conservation a low-hanging fruit for climate change mitigation (Joosten et al., 2012), as was indicated
under the REDD+2 agreement during the Durban Climate Convention.

Much of South Africa is semi-arid to arid with highly variable rainfall, making water use efficiency
critically important. Rivers draining approximately 70.5% of South Africa's total area are shared with
neighbouring states, and these water resources are under enormous pressure in South Africa (Ashton
et al., 2008). The ecosystem service of water regulation provided by peatlands serves to recharge
groundwater, maintains low flows during dry periods and mitigates floods. Marneweck et al. (2001)
found that most peatlands in South Africa occur in the eastern and southern coastal areas and the
north-central part of the country, with 11 peatland ecoregions covering the gradient from moist (annual
precipitation >1 500 mm) to arid (<100 mm) climate. The peatland ecoregion survey of Marneweck et al.
(2001) has drawn the attention of subsequent fieldworkers to the occurrence of additional peatlands not
located during this work.

1.2 Background

The first peatland ecoregion survey was driven by the Council for Geoscience, the National Department
of Agriculture, and the Inventory and Mapping of Peatlands in Southern Africa initiative through the
International Mire Conservation Group (IMCG). It was not possible to verify all identified peatlands
during this survey. However, the peatland ecoregion report (Marneweck et al., 2001) arising from this
study has raised awareness of the importance of peatlands. Since its publication, other studies have
not only located additional peatlands but have also drawn attention to the importance of these
ecosystems in maintaining biodiversity. It has also become apparent that other fields of natural science
(such as paleoecology) have peatland databases that could be incorporated into a single national
peatland database for South Africa.

Less is known about peatlands than other less sensitive and less strategic ecosystems, thus policy
formulation and management decisions are not always grounded on a good knowledge base and may
inadvertently lead to further destruction of these important ecosystems. The first step in effective
peatland conservation is having accurate information. Through this current research, eight case study
peatlands in the different peat ecoregions have been characterised, classified and mapped to compile
an inventory with their status. Impacts will include hydrological, geomorphological and vegetation
features that are typically used to assess wetland health.

The project will not only support the current wetland inventory of the South African National Biodiversity
Institute (SANBI), the wetland rehabilitation initiatives of Working for Wetlands and the obligations of
the Department of Environmental Affairs towards the Ramsar Convention, but also contribute to future

2 Reduce emissions from deforestation and forest degradation, and foster conservation, sustainable management
of forests, plus the enhancement of forest carbon stocks in developing counties
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wetland research in South Africa. The contribution in understanding peatland systems will benefit the
southern African wetland community including The National Freshwater Inventory Geodatabase and
the Preliminary Guide for the Determination of Buffer Zones for Rivers, Wetlands and Estuaries.

1.3 Study Area

The project will focus on two levels: Level 1 is the study area of South Africa to produce a national scale
product, and Level 2 will focus on local peatland case studies (Figure 50, Appendix 5).

1.4 Objectives

1 To improve the existing peatland ecoregion model to identify potential peatland areas based on
new recordings (recordings made since the ecoregion model was developed).

1 To upgrade the existing peatland database and collect data of new recordings generated in the past
15 years as well as future related research on South African peatlands.

1 Toinvestigate the processes and factors driving peat distribution and accumulation in South African
wetlands based on selected case studies.

1 To investigate the potential of South African peatlands as a carbon sequestration mitigation
mechanism.

1 To demonstrate the socio-economic value of peatlands in South Africa based on the concepts of
ecological infrastructure and ecosystem services delivered (including carbon sequestration, other
regulating services, provisioning services and cultural services).

1 To recommend further research needs.

1.5 Overview of Peatlands

Although peatlands are not common in South Africa, some are unique. The Mfabeni Mire, for example,
at ca. 45 000 BP (Grundling et al., 1998; Grundling, 2014), is one of the oldest active peat-accumulating
wetlands in the world. In South Africa, peatlands are under threat from many sources. Peatlands provide
productive agricultural land that is specifically targeted in rural areas where surrounding soils often have
marginal soil fertility (such as the sandy soils on the Maputaland Coastal Plain). Peatlands are
consequently targeted for clearing and draining where they play an important role in food security
(Grobler, 2009).

Peat is mined for fuel and mushroom cultivation, although mushroom cultivation has now largely ceased
in South Africa. Peatlands are also under threat from poorly managed grazing, excessive groundwater
abstraction and infestation by alien invasive biota. These threats expose peatlands to the danger of
desiccation that can cause peat to burn, causing irreversible damage. Although each of these activities
provides short-term gain, the benefits lost in the long term to society and the natural economy through
the contribution of the ecological infrastructure far outweigh this (Grundling & Grobler, 2005). Threats
are projected to increase in the future due to global (climate and demographic) change and
anthropogenic landscape transformations, specifically hydrological modifications to flow patterns, the
availability of water for ecosystems, and water quality.

Peatlands provide products such as water, building materials and medicinal plants directly to society,
particularly in rural areas where people rely on the stream of ecosystem services delivered by
peatlands. Improved conservation of peatlands will enable the formulation of effective policy and
management decisions, ensuring that the ongoing stream of benefits will be available for future
generations in a sustainable manner. Furthermore, improved conservation of peatlands will also ensure
the ongoing stream of benefits that the economy derives from these ecosystems. The study of peatlands
as natural archives could serve as indicators of environmental change over time and how we should
adapt with future change.



The ecosystem services delivered by peatlands will contribute towards maintaining the health of the
population through flow regulation, flood attenuation, filtering of water, specifically in the case of
impurities from mining and agriculture, as well as the sequestration and holding of carbon (30% of the
global terrestrial carbon 1 far more than in all forests or in the atmosphere), contributing to the global
carbon reduction initiative.

There are a variety of peatland habitat types in southern Africa T from tropical coastal valley bottom

systems to alpine seeps. However, scientific research into peatlands has been limited compared to

other aquatic ecosystems such as alluvial rivers and dams. Peatlands not only contribute to the diversity

of habitats available (from dense swamp forests to sparsely vegetated heaths), but also play a key role

in maintaining other associated habitats through thei
peatlands) and filtering of water (Rydin & Jeglum, 2006). In addition, there are many secondary benefits

to these contributions, such as downstream erosion co
capacity.

The destruction of peatlands causes a visible and immediate degradation in the integrity of the aquatic
ecosystems downstream of the peatland. This affects the river and associated ecosystem health.
Impacts such as draining and erosion of peatlands change the hydrology of the system. The rewetting
of these systems will mitigate environmental change at a local level, and climate change at a regional
level in accordance with the REDD+ regulations supporting the objectives of, and South African
commitments to, the Climate Change and Ramsar Conventions.

The project provides an opportunity for assessing characteristic peatland plant species, including
threatened and protected species, that can be expected to occur in peatland systems. It will also provide
better understanding of the biodiversity importance of peat systems from a floristic approach.



2 SOUTH AFRICAN PEATLAND DATABASE
A.T. Grundling, E.C. van den Berg and C. Dekker (ARC-ISCW)
2.1 Introduction

This chapter addresses the second objective of the project to:

1. Update the existing peatland database (Marneweck et al., 2001) by collecting data of new
recordings generated in the past 15 years.

2. Use the updates to assess the past and new models accurately (Refer to Section 3.3.1: Accuracy
Assessment).

3. Identify future related research on South African peatlands.
2.2 Background

Peatlands accumulate and store dead organic matter from wetland vegetation under almost permanent
water-saturated conditions and low oxygen content, thus making them a valuable resource for soil
carbon and fresh water (Figure 1). Peatlands serve as water regulators to recharge groundwater,
maintain base flows during dry periods and mitigate floods. However, not all wetlands are peatlands;
peatlands are not common in South Africa.

Figure 1: Photo from the Rietvlei Nature Reserve indicating the dark colour of accumulated organic matter and
high-water table found in peatlands (Soil Survey Staff, 2006)

2.3 Methodology

There were 519 records in the 2001 South African Peatland Database. After consultation and feedback
from wetland specialists and soil scientists specialising in hydropedology, it was decided to use the
following criteria to include additional sites in a hydropedology database of which the peat database
forms part:



1 Peat: at least >30% organic material (dry mass) with depth at least 300 mm. If only 15% to 29%
carbon, then profile depth should be at least 300 mm.

1 Champagne: 9.1-14.49% organic carbon and an average of 10% organic carbon over a depth of
200 mm.

1 High organic soil: if only 2-9.49% carbon, then profile depth should be at least 100 mm.

The wetland and soil science community was requested to contribute towards the South African
Peatland Database. A literature review was conducted to find new peatland recordings in literature for
the past 15 years. A requirement for the South African Peatland Database was that it should be
compatible with S A N B Natisnal Wetland Inventory. The South African Peatland Database is part of
the hydropedology database that is housed and maintained at the Agricultural Research Council
Institute for Soil, Climate and Water (ARC-ISCW) (Figure 31, Appendix 3). Appendix 2 lists the important
attributes to be recorded per site. Contributions were made using the South African Peatland Database
recording spreadsheet and Google MapE placemarks of possible peatland sites. Follow-up meetings
with stakeholders took place on 11 March 2015 in Bredasdorp to identify areas.

2.4 Results

Figure 32 (Appendix 3) indicates the spatial distribution of the 1509 records, 635 points of which are
peat sites in the hydropedology database of which the South African Peatland Database forms part. To
date, 116 additional points have been added to the South African Peatland Database, of which 106
points need to be verified infield (unconfirmed points). Only 40 peat sites include detailed profile
information. Nine peatlands in KwaZulu-Natal have 4C ages recorded at various depths. The ages vary
from 130 years BP to +45 000 years BP (Grundling et al., 1998). From the 79 literature records, 13
additional peat sites were included in the database. Additional sites to the hydropedology database
include 29 Champagne sites and 439 high organic soil sites. Other contributions include 300 sites with
organic soils (0-1.49% carbon).

2.5 Conclusion and Recommendations

By comparing the known peat sites with the National Freshwater Ecosystem Priority Areas (NFEPA)
wetlands layer, Ramsar sites and formal protected areas, it was indicated that 480 peat points fell in
NFEPA wetland polygons and could be classified as peatlands, 164 peat points fell in Ramsar sites and
222 peat points in formal protected areas. Only four Ramsar sites contained peat points, namely,
Verloren Vallei Nature Reserve, Kosi Bay System, St Lucia System and uKhahlamba-Drakensberg Park
(Figure 32) (Appendix 3). Although many points were acquired (990), 519 were already part of the 2001
peatland database. Some of the points are part of the same wetland/peatland system and can be only
a few meters apart. Although 116 verified additional peatland sites were added, 106 still need to be
verified. This study showed that to verify and add additional peatland points, a proper peatland inventory
is necessary for South Africa. It was clear that e-mail correspondence was not effective enough.



3 PEATLAND ECOREGION MODEL
A.T. Grundling, E.C. van den Berg and C. Dekker (ARC-ISCW)
3.1 Introduction

This chapter addresses the objective of the project to improve the existing peatland ecoregion model
(Marneweck et al., 2001) based on updated input layers since 2001. The 2001 peatland ecoregion map
and peatland database (Marneweck et al., 2001) were used as the baseline for the investigation to
identify possible areas where peatlands could occur in South Africa. Figure 33 (Appendix 3) depicts the
ecoregions of South Africa (IWQS, 1998) that serves as a basis (Level 1) to display the peatland
ecoregion model results. The primary objectives were to use the updated peatland database
(Chapter 2) in the accuracy assessment of the 2016 model and produce best available digital maps of
peatland ecoregions in South Africa.

3.2 Background

Wetland Consulting Services (Pty) Ltd (Marneweck et al., 2001) led the first peatland ecoregion model
project to define and classify the peatland ecoregions of South Africa. A peatland ecoregion model was
developed using a geographical information system (GIS) and available electronic data at a national
scale, which is between 1:750 000 and 1:250 000 scale. This is acceptable to produce a national scale
product at 1:1 000 000 scale. The peatland ecoregion model by Marneweck et al. (2001) is depicted in
Figure 34 (original map) (Appendix 3), and Figure 35 (original map with different legend colours)
(Appendix 3).

3.3 Methodology

The study area focuses on South Africa to produce a national scale product at a 1:1 000 000 scale.
Expert knowledge was used in the modelling process, namely, providing the boundary conditions (upper
and lower limits) for each parameter, resulting in a series of key indicator layers. The key indicators or
conditions (within each parameter) ideal for peatland occurrence are listed in Table 1.

These parameters were combined in a model that identified areas where all criteria were met. Several
variations on the key indicators of the selected parameters were processed while trying to identify the
best-fit model. The output of the model was a GIS coverage, depicting potential peatland ecoregion
distributions for South Africa.

The model was run using the criteria list favouring peatland occurrence (Grundling & Marneweck, 1999;
Marneweck et al., 2001). The dataset types for the 2016 peatland ecoregion mapping were similar to
those identified for the 2001 mapping exercise, but the latest spatial datasets were acquired and
applied. These datasets include the precipitation layer at 1 km resolution (Malherbe, 2014) and slope
information generated from the 90 m Shuttle Radar Topography Mission (SRTM) (Weepener et al.,
2011). Table 1 shows the datasets with their thresholds that would most likely create the most accurate
peatland probability map for South Africa.



Table 1: Peatland ecoregion defining parameters, key indicators and special data sources

Name of Layer Source Scale and Key Reference
Indicator
Precipitation: spatial rainfall ARC-ISCW G500 mm Malherbe, 2014

data grid at 1 km resolution per
month, average monthly (mm)

Geology (dolomite) Council for Dolomite, conglomerate, | CGS, 2014
Geoscience arenite, quartzite,
dolerites, mudstone,
other sedimentary

lithologies
Slope SRTM digital Q12% Weepener et al.,
elevation model 2011
Mean annual groundwater Recharge mean | &6 mm Vegter, 1995
recharge
Groundwater component of Base flow AL0 mm Vegter, 1995
river base flow
Depth to groundwater level Depth to Water level C20 m Vegter, 1995;
and springs groundwater combined with polygons | DWA, 2014
level; springs that overlap or intersect
with either thermal or
cold springs

The spatial software ArcGISE 10.1 was used to produce the models, spatial products and maps. The
2001 coverage was produced as a vector file (older spatial version), while the 2016 generated product
was in a shapefile format (copied on CD). The new 2016 product was buffered by 5 km, the same as
the 2001 product. The flow diagram given in Figure 36 (Appendix 3) was constructed using the Model
Builder function in ArcGISE 10.1. This model can be changed easily to include different parameter
thresholds and new parameters or processes.

Figure 37 (Appendix 3) includes the location of springs in the model, buffered by a 5 km radius. The
Eastern Uplands ecoregion of the 2016 model results did not confirm known peat occurrences.
Therefore, the area was reduced to account for overprediction, as per expert opinion (Figure 38B). The
product (Figure 39, Appendix 3) is a combination of the 2001 (Figure 38A) and 2016 peatland ecoregion
model results (Figure 38B). The final 2016 peatland ecoregion model spatial product (Figure 39) will be
supplied as a shapefile on CD. The larger scale map is included in Figure 40 (Appendix 3).

3.3.1 Accuracy assessment

Accuracy assessment was done by calculating the percentage known peatland points (635) in the
peatland database that do occur in the predicted peatland ecoregion areas (Figure 40, Appendix 3).

3.4 Results

The peatland ecoregion combined 2016 model was created by a visual combination, namely,
overlapping the 2001 and 2016 peatland ecoregion model results to produce the distribution of peatland
ecoregions in South Africa (Figure 40, Appendix 3). Of the 635 known peatland points in the peatland
database, 554 points were in the peatland ecoregions combined 2016 model, constituting an accuracy
of 87.24% (Figure 31, Appendix 3). The model improved by 10.86% from the 2001 to 2016 peatland
ecoregion combined model. Table 2 indicates the number and percentage known peatland points
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located within each of the 16 peatland ecoregions. The Natal Coastal Plain peatland ecoregion is the
highest (63%) followed by the Central Highlands peatland ecoregion (15%).

Table 2: Number and percentage known peatland points located within each of the final 2016 combined peatland

Ecoregions
Legend Ecoregion Count Percentage
Bushveld Basin 0.4
Cape Folded Mountains 15
Central Highlands 82 15.1
Eastern Coastal Belt 15
Eastern Uplands 1 0.2
Ghaap Plateau 0.0
Great Escarpment Mountains 31 5.7
Great Karoo 0 0.0
Highveld 38 7.0
Limpopo Plain 1 0.2
Lowveld 20 3.7
Nama Karoo 0 0.0
Natal Coastal Plain 343 63.1
Southern Coastal Belt 20 3.7
Southern Kalahari 0 0.0
Western Coastal Belt 0 0.0
Total Points on Model 554 100

3.5 Discussion and Conclusion

The terrain unit spatial raster dataset for KwaZulu-Natal (Weepener et al., 2011) was used with the
known peatland points in KwaZulu-Natal to investigate if terrain units could be an indication of where
possible peatlands could occur. Although most of the peatland points were located within terrain Unit 3:
Midslope (54%) and Unit 4: Foot slope (38%) in the KwaZulu-Natal Province, peatlands are not
restricted to these terrain units only. Therefore, the location of peatlands in terms of terrain units seems

to be site-specific.

The peatland ecoregion combined 2016 model was proven to have better accuracy results (10.86%)
and the aim to spatially display the distribution of peat ecoregions in South Africa was achieved. Figure

41 to Figure 49 in Appendix 3 give close-ups of the nine provinces.




4 PEATLAND CASE STUDIES: PROCESSES AND FACTORS DRIVING PEAT DISTRIBUTION

AND ACCUMULATION
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P. Rossouw Rossouw and Associates Soil and Water Science (Pty) Ltd
D. van Wyk University of the Free State

4.1 Introduction

Peatlands are maintained by hydrological processes and their position in the landscape determines
their character and response to change (Mitsch & Gosselink, 1993). Most peatlands occur in temperate
climates where precipitation exceeds evapotranspiration, although a significant proportion does occur
in subtropical climates with a water deficit.
(Lappalainen, 1996).

Southern Africa is a semi-arid region with an average rainfall of 497 mm/yr, which is well below the
world average of 860 mm/yr (DWAF, 1986). Wetlands are characterised by strong seasonal water table
variations and streamflow patterns reflecting the variability in precipitation and evapotranspiration.
Wetlands in South Africa are therefore mostly seasonal and temporarily wet and the occurrence of
peatlands in this semi-arid land must therefore be a function of a more complex interaction of
hydrological factors than just precipitation.

Previous studies on regions such as the Maputaland Coastal Plain (MCP) on the eastern seaboard in
the KwaZulu-Natal Province indicate that peatlands are often groundwater-dependant (Grundling,
2014). In addition, geological controls and geomorphological setting usually play a significant role in
groundwater supply to peatlands. It is important to determine the nature and importance of surface-
groundwater interactions within landscapes where rainfall is seasonal and there is high inter-annual
variability, as the dependency of these systems on groundwater leaves them vulnerable to catchment
changes and groundwater exploitation. Inadequate knowledge of these processes and their linkages
compromise our ability to make sound management decisions in the conservation of wetlands in semi-
arid regions.
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The aim of this chapter is to:

1 Highlight the variety of peatlands in South Africa.
1 Establish the main characteristics of South African peatlands.
1 Investigate the processes responsible for peat accumulation.

This is done based on eight selected case study sites:

Vazi North Peatland.
Lakenvlei Peatland.
Matlabas Mire.

Kromme Peatland.
Malahlapanga Wetland.
Colbyn Valley.

Gerhard Minnebron Wetland.
M Vankervelsvlei Peatland.

=A =4 =4 -4 A -4 -4

A three-tiered approach to the sites was followed, where Tier 1 consisted of the study site with the most
information (Vazi North Peatland), and Tier 3 of the study sites with the least information (Colbyn Valley,
Gerhard Minnebron and Vankervelsvlei). Isotope data was collected for all sites. There are age models
for many of the sites as well. However, isotopic and dating results were only discussed in detail in the
sections on the Vazi North Peatland and the Matlabas Mire. Two general sections on flow paths (Section
4.6) and peat formation and accumulation rates (Section 4.7) in peatlands discuss the combined results
of all the case studies.

For each case study site, there is a summary table of the peatland attributes. These are attached for
quick reference in Appendix 4. Land use is discussed in Appendix 6. Management recommendations
for each wetland are attached in Appendix 7.

4.2 Methods

The location of the eight case study sites is indicated in Figure 2. The sites were selected to represent
different peatland types in various parts of the country, ranging from temperate to subtropical coastal
areas, the Lowveld and Highveld on the plateau to the cooler mountains in the interior. The
hydrogeomorphic setting, geology, climatic conditions, predominant land use such as conservation,
agriculture, forestry, urbanisation and rural communal land; exceptional features, and literature
available at the sites were also considered during the selection process (Table 3).

The baseline data which was collected for all sites included:

Geological controls.

Hydrological controls.

Extent of peat body and collective amount of carbon in each peatland.

Biodiversity information (such as WET-Ecoservices and ecological importance and sensitivity).
Land use.

=A =4 -4 =4 A

Datasets such as the biodiversity information and peat volume estimations were collected for the sake
of Chapter 4. Data was collected for all the sites through literature reviews, fieldwork, and consultation
with other specialists.
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Table 3: The main characteristics considered during site selection

_ 1. 2. 3. 4. 5. 6. 7. 8.
Site Vazi Lakenvlei Matlabas Kromme Malahlapanga Colbyn Gerhard Vankervelsvlei
Minnebron
Location 27°1086.506 |2 5 A 33064 324°27#0.3605 | 3°5286.62¢5 | 22°53@0.045 5°4438.17¢5 26°28@8.00¢5 | 34°1%0.09¢5
32°43&.05¢E 30A06060 3 27°36®.59¢E 24°3d.86CE 31°026 2 5E 8| 28°15&@6.12¢E | 27°8®0.00cE 22°51d4.22¢E

Closest Manguzi/ Belfast Marakele Kareedouw/ Kruger Pretoria Potchefstroom | Sedgefield

town Mbazwane National Park | Joubertina National Park

Setting Coastal Coastal Coastal

Primary ore Agriculture Agriculture Urban Agriculture

land use infrastructure

Secondary Communal Tourism Tourism Tourism Education ore

land use

Exceptional | Deep peat High High Palmiet Hot spring Urban Karst Sphagnum

features biodiversity altitude/steep | vegetation mire peatland vegetation,
slopes deep peat

The colours are used to enable rapid identification of the various land use sectors, e.g. red = forestry; yellow = communal/urban; green = conservation; etc.
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Figure 2: The location of case study sites

This study describes the peat profiles by detailing the various horizons as identified by areas of change
in decomposition and organic or mineral content, colour, texture, and using the Von Post Humification
Scale. The Von Post Humification Scale ranges from H1 (completely undecomposed peat that releases
clear water when squeezed and plant remains easily identifiable) to H10 (completely decomposed peat
with no discernible plant structure, and when squeezed, all the peat escapes between the fingers).

The carbon content was determined (or in some cases, gained from previous studies) using either the
Loss on Ignition Method or the Walkley-Black Method (depending on the sources of data). Using this
information, the peat and carbon volume of the peatlands were determined. The volume of peat was
determined using constant values to represent the ratio of the peat basin. Peat samples were collected
using a Russian peat auger for radiocarbon age dating.

In some of the case studies (Vazi, Colbyn and Matlabas), hydrological networks were set in place. At
these points, PVC piezometers were installed to measure the hydraulic head i one within the peat
layer, and one within the mineral soil. PVC wells were also installed to measure water levels. The
hydraulic heads, water table and temperature profile transects were corrected for the elevation.

The water samples for chemical analysis were collected from the piezometers in 100 ml PVC? bottles.
The water samples for isotopic analysis were collected in 30 ml and 100 ml dark PVC bottles and filled
to the brim. Water samples were analysed for HCOs, Cl, NOs, SO4, Ca, Na, Mg, K, SiOz, Fe, and pH.
Natural isotopes 20 and ?H were analysed at the Centre for Water Resources Research, University of
KwaZulu-Natal. The isotopic composition of water samples was plotted in Microsoft ExcelE versus the
global meteoric water line and a rainwater sample.

During the vegetation analysis, the area was traversed on foot and all species or indications of plants
observed were recorded during the site visit. Floral surveys were conducted within the disturbed wetland
area and natural reference wetland habitat in the immediate area. In some of the case studies (Vazi,
Lakenvlei, Gerhard Minnebron), species were also classified according to their hydric status. In the
other case studies, only the dominant species was identified. Unknown species were taken to herbaria
for identification.

The WET-Ecoservices toolkit was applied to determine the general ecoservices for each of the
peatlands (Kotze et al., 2009).

3 Polyvinyl chloride

12



4.3 Tier 1: Vazi
4.3.1 Vazi North
Study area location

Vazi North is located 20 km to the south of the town Manguzi and 23 km north-west of the town Mseleni
in north-eastern KwaZulu-Natal (more commonly known as Maputaland) (Figure 3). Vazi North is
situated within the northern portion of the Manzengwenya State Plantation. This has led to a reduction
in the water table resulting in extensive peat fires in Vazi Pan. The geology in the Vazi area seems to
be dominated by the Kosi Bay and Isipingo formations from the mid-Late Pleistocene (Botha & Porat,
2007). The Kosi Bay formation and Mvelabusha quarry were examined (Elshehawi, 2015). The
Mvelabusha quarry comprise sandy silts and is enriched in ferricrete, which has probably enhanced the
presence of a perched groundwater table (Botha & Porat, 2007).

In Figure 3, the picture on the left shows the location of Vazi Pan. The picture on the right is an enlarged
view of the Vazi peatland complex, where the blue polygon indicates Vazi Pan, and the yellow polygon
indicates Vazi North (the focus of this study).

® Towns
I conservation Areas
w— Coastal
e National
=== Provincial

@ vazi peatiand
[ maputaland

0 25 50 100 Kiometers  py
| W T T S T -

Figure 3: Location of the Vazi Peatland complex

Wetland characteristics

Peat extent, carbon volume, age and accumulation rate

In the two transects crossing Vazi North, 24 profiles were described. Samples were collected from two
profiles in each of the transects by Mr Marvin Gabriel and Ms Camelia Toader from the Humboldt
Universitat zu Berlin, Germany (Gabriel, Undated; Toader, Undated). The write-up of their dissertations
is still in progress. The peat and carbon volume were determined.

The deepest core is 7.60 m. However, informal coring on other occasions has reported depths of more
than 8 m (Rosskopf, pers.comm., 2014). Vazi North is characterised by a top layer of approximately
20 cm of amorphous peat. This layer is earthified and aggregated, which is indicative of a high degree
of degradation taking place. This is followed by an uneven layer of root-peat. The water table can
generally be found at this depth. Root-peat is characterised by an undecomposed organic layer where
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many roots and fibrous plant material are still visible. This is indicative of a saturated peatland with
extensive vegetation growth at the surface. A thick layer of a mixture of root-peat and gyttja is
underneath the root-peat. The layer does not have the characteristics to classify as a pure form of either
peat or gyttja. This is an expected transition to the even deeper gyttja layer. The gyttja layer, which
constitutes most of the peat body, is indicative of limnic conditions. The edges of the peat body are
characterised by amorphous peat, sand- or root-peat-gyttja, and sand gyttja.

A previous estimation of peat volume for Vazi North was 111 000 m? using a peat thickness of 3.40 and
a basin factor of 3 (Grundling, 2002). An updated peat volume estimation of 355 182 mS3, which is more
than three times the original estimation, can be given with the additional information from this study.
The total carbon is estimated to be 20 182 tonnes. The estimated average peat-accumulation rate was
determined to be 1.15 mm/yr.

One peat core was taken for carbon dating. Peat samples were analysed at the Centre for Isotope
Studies in the University of Groningen (Elshehawi, 2015). Vazi North dates at 8490 years BP at a depth
of 7.58 m (Table 4). The top 0.47 m has already been aged at 1665 years BP. It can therefore be
assumed that an estimated 1200 y e a r s 6 of sadbonthhs already been lost through degradation
(Figure 4). The shaded area in Figure 4 indicates the period for which accumulated carbon has been
lost through degradation.

Table 4: Age of different depths within the Vazi Peatland (Elshehawi, 2015)

Elevation Cal BP 6 (%) 413C & Thickness Accumulation rate
(m as.l.) (yr) (m) (mmfyr)

53.32 1665 68.2 116.65 0.47 0.69

52.85 2350 56.5 120.72 0.34 0.63

52.51 2892 68.2 124.14 0.54 1.75

51.97 3200 57.5 126.17 0.32 151

51.65 3412 68.2 123.57 3.02 1.25

48.63 5830 68.2 119.83 2.89 1.09

45.74 8490 68.2 117.76 T T

Peat depth (m)
~ (2] o = w N =

[==]

o R?=0.9942

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

Years before present

Figure 4: Age of Vazi North
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Peatland hydrology

A hydrological network consisting of 16 measuring points was installed as part of the Water Research
Commission (WRC) project and student projects (Figure 5). PVC piezometers were installed to measure
the hydraulic head 7 one within the peat layer, and one within the mineral soil. PVC wells were also
installed to measure water levels. The water samples for chemical analysis were collected from the
piezometers in 100 ml PVC bottles. Water samples were analysed for HCOs, Cl, NOs, SO4, Ca, Na, Mg,

K, SiO2, Fe, and pH at the ARC-ISCW. Natural isotopes 80 and ?H were analysed at the Centre for
Water Resources Research, University of KwaZulu-Natal.

Figure 5: The hydrological network in Vazi North

The following section is taken from the MSc thesis of Elshehawi (2015), which was based on the

baseline water monitoring and surveying data collected during this WRC project. Figure 6 indicates the
topography of Vazi North with the water table.
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Figure 6: The topography and water level (adapted from Elshehawi, 2015)
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Figure 7 indicates the hydraulic pressure profiles. The hydraulic pressures in the mineral soil show the
flow to be following the regional pattern (westi east flow). When comparing the peat hydraulic pressures
with the mineral soil hydraulic pressures, a discharge of groundwater on the western flank of Vazi, and
a recharge from the peat to the groundwater in the eastern flank are visible. There is a through-flow in
the peat from valley flanks into the centre, as shown in the peat layer hydraulic pressures. P(d) indicates
the deep piezometer, and P(sh) indicates the shallow piezometer.
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Distance (M)

Figure 7: Hydraulic pressures and their corresponding vertical flow directions (Elshehawi, 2015)
Temperature profiles

The results of the temperature profiles are shown in Figure 8. The temperature gradient decreases from
west to east. The numbers indicate the surface temperature, which hardly changes from west to east.
On the other hand, there is a slope in the temperatures at a depth of 20-200 cm deep (Elshehawi, 2015).
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Figure 8: Temperature profile in Vazi North
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Macro ionic composition and stable isotopes

Figure 9 shows the principal component analysis (PCA) of the water chemical compositions. The
samples are classified according to their correlation from the PCA. There are five main groups:

1 Group A is the Siyadla river sample.

1 Group B is the water sample from the west of Vazi North, which shows purely anaerobic
groundwater exfiltration.

1 Group C is the water types affected by evaporation within the peat, and contains the most number
of samples.

1 Group D is the water samples on the western side of Vazi North showing more aerobic signature
as the iron and SO are no longer evident.

1 Group E is the water samples from the community wells and surroundings of Vazi Pan with low
evaporation patterns (except for Sample No. 3 which is more shifted).

In Figure 9, VA = Vazi Pan; VN (A or B) = Vazi North (transects); VC = community deep wells;
S = Siyadla river sample.
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Figure 9: PCA of the chemical composition data from Vazi (Elshehawi, 2015)

The chloride and sulphates concentrations and the oxygen were used to indicate the flow patterns
indicated by the evaporation and oxidation processes respectively. All illustrate flow directions indicative
of an exfiltration of groundwater in the western portion of Vazi Pan, with a subsequent through-flow of
water through the peat in the eastern direction. The results of the stable isotopes of hydrogen and
oxygen show that almost all indicators are subjected to evaporation processes.

Biodiversity and ecological assessment

The MCP lies i n what is considered as the Maput al
biodiversity hotspots and centres of endemism (Van Wyk & Smith, 2001). The Maputaland Centre of
endemism is located at the southern end of the African tropics, where many plant (and animal) species
reach the southernmost limit of their range (Van Wyk & Smith, 2001). Many of the sedge species
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recorded on the MCP are tropical of origin, and therefore restricted to the area (Baartman, 1997). Three
types of peatland vegetation are recognised in Maputaland, namely, reed-sedge fen (55%), grass-
sedge fen (15%), and swamp forest vegetation (30%). The main peat formers are thought to be Cyperus
papyrus, Phragmites australis, Ficus trichopoda, and Syzygium cordatum (Baartman, 1997). (Grundling
et al., 1998) report the following species composition from 1996 and 1997: one fern species, six
grasses, five sedge species, 12 herbaceous species, ten tree and shrub species, one parasitic species,
and one weedy species. Plant species encountered included:

Thelypteris interrupta, Pinus elliottii, Andropogon eucomis, Digitaria didactyla, Eragrostis inamoena,
Leersia hexandra, Panicum aequinerve, Cladium mariscus, Cyperus fastigiatus, Cyperus prolifer,
Pycreus nitidus, Scleria poiformis, Hyphaene coriacea, Commelina diffusa, Protasparagus setaceus,
Smilax anceps, Ficus natalensis, Ficus trichopoda, Ficus verruculosa, Polygonum plebeium,
Cissampelos torulosa, Capparis fascicularis, Abrus precatorius, Albizia adianthifolia, Grewia
flavescens, Peddiea africana, Syzygium cordatum, Centella asiatica, Strychnos spinosa, Carissa
bispinosa, Cuscuta campestris, Ipomoea sp., Solanum sisymbriifolium, Halleria lucida, Pentodon
pentandrus, Richardia brasiliensis, Spermacoce natalensis, Lobelia flaccida, and Conyza sp.

Grundling et al. (1998) report that peat-forming flora tends to be mono-specific. There is little uniformity
between peatlands, and each exhibits its own character. This statement is contradicted by the study of
Pretorius et al. (2014) that found that different wetland types on the MCP have very indicative wetland
vegetation (the study did however not only focus on peatlands). In 1998, species composition in the
northern section of Vazi North represented mixed bushveld (Baartman, 1997) invaded by exotic pines.
This has been shown to be a result of desiccation by the surrounding pine forests, where the peatland
has been dried out to such an extent that édrylandd c

Vegetation data was collected in April 2015. Only the dominant species were identified. Unknown
species were taken to the KwaZulu-Natal Herbarium for identification. Vazi North is defined as a grass-
sedge peatland. It is very heterogeneous, with no single dominant plant species. Figure 10 broadly
illustrates the vegetation communities. The ensuing list names the dominant plant species in each
community.

There are distinct seasonal zones on the edges of Vazi North where plant species more indicative of
seasonal wetness are dominant. In the northern section of Vazi North (Community 16), Cyperus
procerus forms a dominant stand. The rest of the peatland is a very heterogeneous mixture of species.
Many of the communities are vague, and do not have dominant and/or diagnostic species. Species that
have been found dominant in other interdunal peatlands on the MCP, namely, Cladium mariscus, and
Phragmites australis (Pretorius et al. 2014), were found in Vazi North, but only in small, insignificant
clusters. However, some of the dominant-edge species, namely, Leersia hexandra and Cynodon
dactylon, were consistent with what was found in the study of Pretorius (2011). Community 5 is a cluster
of invasive species that is found repeatedly throughout Vazi North.

The dominant species of the various communities are (Figure 10):

1. Cynodon dactylon; 2. Dactyloctenium giganteum, Cyperus natalensis; 3. Eriosema preptum,
Cynodon dactylon; 4. Leersia hexandra, Hydrocotyle bonariensis, Pycreus polystachyos; 5. Rubus
cuneifolius, Solanum mauritianum; 6. Panicum repens, Cladium mariscus; 7, 8, 9. Cynodon dactylon,
Cyperus procerus, Hydrocotyle bonariensis, Pycreus polystachyos, Cyperus sphaerospermus;
10. Panicum repens, Cyperus sphaerospermus; 11. Stenotaphrum secundatum, Cyperus
sphaerospermus; 12. Panicum repens, Typha capensis, Stenotaphrum secundatum; 13. Cynodon
dactylon, Leersia hexandra; 14 Leersia hexandra; 15. Cyperus procerus.
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Figure 10: The broad vegetation communities on Vazi North
Other species encountered in these communities in lesser abundances are:

Centella asiatica, Helichrysum kraussii, Eucalyptus sp., Pteridium aquilinum, Eragrostis heteromera,
Asclepias physocarpa, Fuirena umbellata, Schoenoplectus sp., Lantana camara, Ficus trichopoda,
Cuscuta campestris, Ipomoea sp., Rhynchospora holoschoenoides, Syzygium cordatum, Conyza
ulmifolia, Symphyotrichum squamatum, Cyperus prolifer, Phragmites australis, and Persicaria
attenuata.

Five services scored 6Highdé, with very high scores (
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