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This study contributed to the development of a procedure for monitoring rehabilitated
wetlands. Eleven measurable indicators were identified that could be used with the
application of remote sensing techniques to monitor the impacts of rehabilitation
measures on selected wetlands, namely: erosion, sedimentation, open water, wet
surface area, water quality, wetland vegetation, terrestrial vegetation, alien vegetation,
bare soil, disturbances (e.g. cultivation) and rehabilitation structures. A general overview
enlightens the use of different sensors, their capabilities, limitations as well as
associated costs. The high resolution remote sensing sensors evaluated were:

o Airborne sensors (DuncanTech CIR and Kodak DCS 420 Near Infrared)

) Satellite recorded sensors (Landsat TM and Landsat ETM, EROS, SPOT 5).

A generalized land cover classification was done for all six study areas. The
classification was recoded into seven classes by using image interpretation and the

measurable indicators identified, namely:

Class 1: Erosion | bare soil | harvesting wetland vegetation,
Class 2: sedimentation,
Class 3: open water,
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Class 4: wetland vegetation that reflects the hydrological conditions of the wetland,
Class 5: terrestrial vegetation | bum scars,

Class 6: alien vegetation and

Class 7: cuftivation.

The exact location of the rehabilitation structures was recorded using a GPS.

Ten of the eleven selected indicators were represented in the wetland study areas, the
exception being water quality. Issues related to mapping these indicators are the
optimum time of year, the bands required and the spatial resolution to produce accurate
maps versus the cost of data and time to process the data. The resolution of the data
plays a vital role in the mapping process, depending on what the objective of the
mapping is. The structures were visible on all the images, but the best results were from
the Kodak DCS 420 Near Infrared and DuncanTech CIR images.

To map and monitor the status of the rehabilitation structures, the data should be of
resolution 1 m or better. This would make it possible to detect structural damage,
erosion activity, open water behind the structure and the movement of headcuts and
gully erosion. For mapping vegetation, multispectral data with band width 0.52 to 0.90
um is of great importance and should be of ground resolution 1.8 m or better. However,
indicators must be monitored over time. In order to monitor rehabilitated wetland
vegetation over a longterm period, the compatible images must represent the same
season but from different years. It is recommended that future possible studies include
the analysis of vegetation dynamics linked with the hydrology to investigate the change
in wetland vegetation after rehabilitation. The choice between the different remote
sensing sensors will largely depend on the application of the sensor, state of the
rehabilitation structure or the vegetation response to the rehabilitation measures.
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INTRODUCTION

The protection and wise use of South Africa’s wetlands will contribute to the
sustainable management of South Africa’s water resources. Wetlands are
nature’s way of purifying water from waterborne diseases, retaining and releasing
precious water supplies during times of drought, preventing siltation of dams and
slowing down severe flooding of river systems (Working for Water Programme
Eastern Cape, July 2002). As a result of bad land utilization and practices the
destruction of South Africa’s wetlands is estimated at approximately 50% in some
catchment areas. (Working for Water Programme Eastern Cape, July 2002). The
Working for Water and Working for Wetlands (WfWetlands) initiatives set out not
only to restore South Africa’s precious water resources in terms of wetlands but
also to help develop the country’s human resources. -

The WfWetlands programme is in fact a multi-departmental initiative between the
Working for Water Programme, the Department of Water Affairs and Forestry,
Department of Environmental Affairs and Tourism, Department of Agriculture and
the Mondi Wetlands Project (an NGO). The core function of WfWetlands is to
rehabilitate wetlands with the added benefits of poverty alleviation and creating
wetland awareness. (P.L. Grundling, pers. comm). Wetland-related rehabilitation
does not only imply the eradication of alien invasive trees from the sensitive
areas but also focuses more on technical and structural rehabilitation work.

(Working for Water Programme Eastern Cape, July 2002).

WifWetlands is the only major wetland initiative presently active in South Africa.
Millions of Rands are spent every year on wetland-related projects and it is of
great importance to measure their success. It is therefore crucial to determine the
most cost-effective procedure to audit and monitor rehabilitated wetlands. This
project is an ideal platform for the evaluation of various appropriate remote
sensing sensors on biophysical conditions, wetland utilization and structural
rehabilitation work to test whether they could be used as management tools in

the auditing and monitoring processes.
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NATIONAL AND INTERNATIONAL EFFORTS

The importance of wetlands are recognised on the national and international

scene, motivating the reasons for the research objectives on page 7.

1.2.1 Ramsar Convention on Wetlands
It was highlighted in the Strategic Plan for Working for Wetlands (2003)
that the growing concern over the extent of wetland loss around the world
eventually reached sufficient magnitude to prompt the creation of an

instrument of internationa! law, the Ramsar Convention on Wetlands, in
1971.

The Ramsar Convention, to which South Africa is one of 136 contracting
parties, has strongly and consistently emphasised the importance of
wetland rehabilitation. Resolutions adopted by Conferences of the Parties
on this subject have emphasised that wetland restoration programmes
that are ecologically, economically and socially feasible, and that are
coordinated with wetland protection, provide substantial benefits for both

people and wildlife.

Recognising that efforts to restore wetlands are still sporadic, and that
there is a lack of general planning at the national level, contracting parties
are urged to establish national programmes and priorities for wetland
restoration (Strategic Plan for Working for Wetlands, 2003). Wetland
rehabilitation is sometimes a cheaper option than trying to restore the
wetland and all it functions. Wetland rehabilitation works towards the

ultimate goal of wetland restoration.

It is significant that, for many years, the most powerful legislation to
protect wetlands was contained in the Conservation of Agricultural
Resources Act (1983). Much of the expertise required for designing

wetland rehabilitation interventions and monitoring their success is also
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found within the Department of Agriculture (DoA). This is not surprising,
since agriculture and wetlands are tightly ihtertwined in a number of
respects. The importance of this multi-dimensional relationship was
formally recognised by the Ramsar Convention, through the adoption of a
resolution on agriculture, wetlands and water resources at its 8"
Conference of Parties in 2002. The DoA thus has a clear mandate with
respect to wetland conservation and rehabilitation, primarily from the
perspective of ensuring the sustainable use of agricultural natural

resources (Strategic Plan for Working for Wetlands, 2003).

Wetland conservation and sustainable use comprises one of the eight
themes under the Environment Initiative of the New Partnership for
Africa’s Development (NEPAD). The draft strategy and action plan for
giving effect to this theme contains a number of objectives that incorporate
rehabilitation. Rehabilitation will be a core component of the actions taken
to move towards the strategy’s proposed vision that “African countries and
their people have healthy and productive wetlands and watersheds that
can support fundamental human needs (clean water, appropriate
sanitation, food security and economic development) in a healthy and
productive environment” (Strategic Plan for Working for Wetlands, 2003).
Presently the Water Act of 1998 sets the trend in legislation dealing with

wetlands.

Agenda 21.

Agenda 21 was adopted at the United Nations Conference on
Environment and Development (UNCED) in Rio de Janeiro in 1992.
Agenda 21 is the global environmental strategy for sustainable
development, which resulted from the Conference and called for improved
environmental information for decision making (Balance and King, 1999).

South Africa, as a signatory of Agenda 21, is committed to follow this
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approach, at national and local levels (Mzuri Consultants, 2002). Agenda
21 comments specifically on the need for indicators to be developed to
provide a solid base for decision making at all levels as well as the need

for countries to monitor water resources and water quality.

The support that the science can provide for the sustainable development
process is firstly: to strengthen the scientific basis for sustainable
management to be able to develop capacity for predicting the responses
of terrestrial, freshwater, coastal and marine ecosystems and biodiversity
to short-and long-term perturbations of the environment, and develop
further restoration ecology. Secondly to improve long-term scientific
assessment so that the knowledge acquired may be used to provide
scientific assessments (audits) of the current status and the range of

possible future conditions.

Countries have been requested to use Quality-of-life indicators {covering
e.g. health, education, social welfare, state of the environment, and the
economy) in their attempts to measure their progress in achieving
sustainable development. This worldwide commitment was again
confirmed at the Johannesburg Declaration on Sustainable Development,
2002:

"We, the representatives of the people of the world... assume a collective
responsibility to advance and strengthen the interdependent and mutually
reinforcing pillars of sustainable development - economic development, social
development and environmental protection - at local, national, regional and
global levels.”

The Plan of Implementation adopted by the World Summit on Sustainable
Development (WSSD) provides a further perspective on the potential for
wetland rehabilitation to provide benefits on a large scale. The plan

emphasises that actions are required at all levels to “reduce the risks of
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flooding and drought in vulnerable countries by, inter alia, promoting

wetland and watershed protection and restoration”.

The Working for Wetlands programme (WfWetlands) is actively involved
and strives to fulfil obligations of South Africa's national policy and South
Africa’s commitment to international conventions and regional
partnerships with conservation, rehabilitation and sustainable use of
wetland ecosystems. WfWetlands is also training its workforce on a variety
of wetland rehabilitation related aspects: wetland identification,
delineation, rehabilitation techniques, wise-use, monitoring, etc. in terms
of implementation of restoration measures. The vision of WfWetlands in
order to monitor rehabilitated wetlands forms the basis of the research in
this study to evaluate remote sensing sensors to determine whether they

can be used in monitoring and auditing rehabilitated wetlands.

1.3 RESEARCH OBJECTIVES

1.3.1

1.3.2

1.3.3

To identify various indicators that can be used to audit and monitor the
Impacts of rehabllltation on wetlands.

To evaluate high resolution remotely-sensed image data, such as two
airborne sensors (DuncanTech CIR and Kodak DCS 420) and four
satellite recorded sensors (Landsat TM and Landsat ETM, EROS, SPOT
5), to detect the rehabilitation structures and the selected indicators for the
monitoring of rehabilitated wetlands.

To make recommendations regarding the time of year for data acquisition,
the bands required and the spatial resolution to produce accurate maps
versus the most cost-effective procedure (cost of data and time to process

the data) for the auditing and monitoring of rehabilitated wetlands.
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The size of the wetlands storage component varies seasonally and
annually (large during the wet season or flood phase and small during the

dry season).

i) Sediment erosion, transportation and deposition.

2124

Running water has the ability to erode, transport and deposit sediment.
This ability is largely dependent upon stream velocity. The faster the runoff
the more sediment it is capable of carrying and when sediment-laden
runoff is slowed down (small gradient or the obstruction to free flow e.g.
dense vegetation), so its ability to carry sediment in suspension is
reduced. However, while some of this sediment is most useful in
reclaiming gullies in wetlands, excessive amounts of sediment will have a
negative effect on rehabilitation measures due to the smothering of

vegetation colonizing open areas.

Geomorphology.
Wetland soils.
o Soil forms common to South African wetlands are described by the Soil
Classification Working Group (1991) as follows:
°  Champagne (has an organic O horizon). The Champagne form
consists of a soil layer with greater than 10% organic carbon.
°  Katspruit, (has an Orthic A horizon over a G horizon).
°  Willowbrook (has a Melanic A horizon over a G horizon).

° Rensburg (has a Vertic A horizon over a G horizon).

° Soil forms common in temporary wetlands (and non-wetland

areas):
°  Kroonstad.
°  Westleigh.
¢ Longlands.

°  Estcourt.
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Availability of affordable data.

It is important that indicators should be feasible and cost-effective in data

collection, processing and dissemination.

Ability to aggregate information.

It would be better if an indicator can combine information on a range of

issues.

Freedom from bias.
Complete freedom from cultural and geographic bias is hard to achieve as
many indicators are rather ethnocentric and therefore, far from universally

applicable.

Sensitivity to changes and variability.

An important diagnostic quality of an indicator must be its sensitivity to
temporal changes and spatial variability. Can the indicator pick up small
changes in the system? For monitoring purposes, it would be necessary to
determine in advance how large or small changes can be.

Indicators must help detect rates of change over time and opportunity to
identify land management trends leading to or departing from conditions
identified as sustainable.

A time-sensitive indicator must also be a good predictor and an early-
warning tool to allow monitoring and anticipation, through extrapolation of
established time series or simulation modeling of undesirable evolution
any trends towards non-sustainable management conditions. Similarly, the
spatial variability of land conditions and the diversity of social structures

influence the selection of relevant indicators.

Provision of standard and threshold values.
The standard reference values of an indicator must be indicative of the
reversibility of a given land degradation process leading to non-

sustainability and the possible cost of controlling it. An indicator should
16
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damaged environments, and encourage
sustainable development.
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Figure 1: The “Driving Force-Pressure-State-Iimpact-Response” framework.

The Pressure-State-Response framework remains in a continuous state of
evolution, forming a feedback mechanism that can be monitored and used
for assessment of land quality (Nell et al., 2001).

In relation to the Driving Force-Pressure-State-Impact-Response
framework, rehabilitated wetlands are a response to the complexity of
driving forces, pressures and impacts that influence the function of the
wetland (Table 1). Response indicators provide standard and norms for
the rehabilitation done on wetlands. The response is the result of several
driving forces (e.g. water, wind, agriculture, peat mining) both past and
current on the biophysical condition of the wetland as well as on the
rehabilitation structures within the wetland.

18
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3.1 MATERIAL AND METHODS

3.1.1

3111

3.1.1.2

Study areas.

Major role-players like wetland researchers, Working for Wetlands and the
Working for Water Programme, the Department of Water Affairs and
Forestry, Department of Environmental Affairs and Tourism, Department
of Agriculture and the Mondi Wetlands Project (an NGO) were consulted
before the selection of the rehabilitated wetland sites for the project.
Suitable wetland sites had to reflect the many wetland types that differ in

complexity, size, biodiversity, geomorphology, hydrology and levels of
use, ranging from “pristine” to severely degraded.

Selection criteria for the different wetlands.

Site information:

e  Wetland rehabilitation work on the wetland had to be completed or in
progress. '

«  Baseline data for each wetland had to be available.

»  Different wetland shapes and sizes.

»  Rehabilitated wetlands had to fall in different climatic regions.

Selected rehabilitated wetlands (Figure 2).
Kromme River Wetland
Mbongolwane Wetland

Wilge River Wetland

Seekoeiviei Wetland

Zoar Wetland

Rietviei Wetland

o ok w N

Figure 3 (page 37) describes the location of the selected rehabilitated
wetlands within the different terrain units and wetland types and Table 5
(page 38, 39) gives a summary of the site description of the rehabilitated
wetlands that were selected.

35
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3.1.1.4 ldentification of test sites.

In order to measure the management action done on rehabilitated
wetlands it will be necessary for the responsible authority to monitor the
condition of the wetlands over the long term. Not only the biophysical
condition and the utilization of the wetland but also the rehabilitation
structures need to be monitored to determine if the management actions

taken were successful.

The general acceptance after the preliminary field visit (Appendix 4) was
to focus specifically on the problems that existed in each wetland and the
rehabilitation measures which had been implemented to address such
problems. It was therefore decided to use the rehabilitation structures
within each wetland as test sites. Topographical maps of each wetland
indicating the position of each rehabilitation structure, a summary of the
problems, the rehabilitation actions taken and the desired results to be
achieved after rehabilitation are mentioned in detail in section 3.1.2.

40
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3.1.2.2 Mbongolwane Wetland:

i) General description of the wetland site.

The Mbongolwane wetland in KwaZulu-Natal is situated 40 km west of
Eshowe. This wetland plays an important role in terms of its hydrological
importance to the Amatikulu catchment as well as its cultural and natural
resource value to the Ntuli Tribe.

Land use in the wetland area incorporates the utilization of the wetland as
an important resource in terms of.

o Water use.

s Grazing.

o Cultivating crops.

+ Forestation.

o Maedicinal plants.

¢ Plant material for craft making and thatching.

A diversity of different dominant vegetation types can be found on the
hydrological zones in the wetland, namely: reed marsh (Phragmites
australis [Cav.] Steud.), bulrush marsh in permanently waterlogged areas;
sedge marsh (Cyperus latifolius) in permanently to seasonally
waterlogged areas; and wet grassland in temporarily waterlogged areas
(Figure 17) (Kotze, 1999).

Mbongolwane wetland is situated in a summer rainfall region. The
maximum rainfall months are December, January and February (Figure b
in Appendix 2) (ARC-ISCW, 2002). Mbongolwane receives approximately
900 mm of rain annually.
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Figure 20 : Site 1 : Amatigulu. Aerial photographs depicting landscape changes.



1991

Figure 21 : Site 2 : Uvova. Aerial photographs depicting landscape changes.
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iv) Offsite actions required.

1. Stakeholder involvement.
2. Training and education, safety awareness and productivity control.
3. Catchment land use planning.

v} Monitoring & Maintenance.
1. Monitoring the rehabilitation structure by the Senior Project
Manager with assistance of a Technical Advisor.
Diseases like cholera and bilharzia need to be monitored.
Monitor flood retention and base flow support.
Monitor the headward movement of the headcut.

Poverty relief and skills development.

S T

Monitor the overall hydrological state of the upstream area of
Amatigulu and Uvova.

7. Monitor the deposition of sediment downstream of the structure.

vi) Wetland Rehabilitation site details.
The Mbongolwane wetland in KwaZulu-Natal meanders for 12 km. There
are two sites at Mbongolwane that had work scheduled for 2002/3. Two
large chutes were planned, one in the wetland at Amatigulu, the second is
on a stream which enters the wetland at Uvova. The concern at the
Amatigulu site is the area of wetland under threat from the continued and
extensive movement of the headcut and the associated gully. This wetland
area is largely permanently saturated and characterized by diffuse flow.
The hydrological consequences of further erosion are therefore potentially
very significant. it would therefore be important to monitor the overall

hydrological state of this upstream area.

Figure 23 describes the wetland rehabilitation site layout details and Table
7 gives a summary of the problems, rehabilitation actions taken and the
desired results to attain after the rehabilitation.
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Grazing is the main land-use activity within the wetland (Free State

- Department of Tourism, Environmental and Economic Affairs, 1997). The

maximum rainfall occurs during December, January and February (Figure
¢ in Appendix 2) (ARC-ISCW, 2002).

Rehabilitation information

The Wilge River Wetland is one of the last unspoiled wetlands in South
Africa. Since 1997 the Free State Department of Tourism, Environmental
and Economic Affairs has been actively involved in wetland rehabilitation
within this area with funding from Rand Water (N. Collins, pers comm.).
The wetland is situated in the valley bottom with a flat channel. In its
present state the wetland is used for grazing and watering of cattle and
game. These are the main land uses and disturbances in the area. The
wetland vegetation cover is 100% natural vegetation - not over-grazed
(Free State Department of Tourism, Environmental and Economic Affairs,
1997).

According to N. Collins (pers comm.), the extensive headcut erosion
(Figure 35) was possibly caused by the road crossing lower down the
wetland (Figure 36). Erosion causes open water bodies and vegetation
degradation. Tunnel erosion is evident in the seepages. These sensitive
areas are being trampled by cattle. The wetland is used for watering of
cattle; therefore the headcut area must be fenced off to prevent trampling
by cattle (N. Collins, pers comm.).
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Aspects that make this wetland special are the fact that it is the largest
wetland area on the escarpment and that it was declared under the
Ramsar Convention as a wetland of intemational importance in March
1996 (Collins and Thompson, 1996). Furthermore it serves as an
important water sponge for the Vaal River catchment area. The rainfall
varies between 700 and 1000 mm per year with the maximum long-term
average during December, January and February (Figure d in Appendix 2)
(ARC-ISCW, 2002). Eckhardt et al. (1993 a) documented that the
precipitation takes place, mostly in the form of thunderstorms, between
November and March and that midsummer droughts occur towards the
end of December until the middle of January.

This unique habitat is visited by scarce and endangered crane species.
The last hippopotamus was hunted down here in 1894. Iin 1999 hippos
were again introduced to the area (Seekoeivlei Nature Reserve Brochure,
2002).

Vegetation surveys done by Eckhardt ef al. (1993 a) observed a decrease
in species diversity if the species-richness of this community is compared
with that of other vegetation types. The wetland community, Eragrostis
plana-Eragrostis curvula grassland, occurs on wet, clay, eutrophic soils.
The Eragrostis plana-Agrostis lachnantha plant community was described
by Eckhardt et al. (1993 b) as a plant community associated with seasonal
waterlogged soils or flooded areas. This major community is characterized
by species in Table 9. Eckhardt et al. (1993 b) documented the silt and
alluvium deposits along the banks and in some areas even peatlands can
be found. The occurrence of peatlands in the environment gives the

environment a high conservation status (Eckhardt ef a/.,1993 b).
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iii) Rehabilitation objectives (Collins and Thompson, 1996).

1.

Howon

o

Improve the natural wetland functions (e.g. flood attenuation).
Prevent the deviation of the Kiip River.

Supply high quality water to the Gauteng region via the Vaal dam.
Employment opportunities for the local community and skills
development.

Revegetate the uncovered riverbanks.

Control and stabilise the erosion dongas and headcuts.

Regulate surface erosion, grazing and the cutting of vegetation for
fodder.

Prevent the increase of siltation in the wetland due to runoff from
the surrounding catchment area by offsite mitigation measures,
such as grazing control.

Improve the density and quality of the vegetation cover.

iv) Offsite actions required (Collins and Thompson, 1996).

1.
2.
3.

Stakeholder involvement.
Create ecotourism.

Catchment management.

v} Monitoring & Maintenance (Collins and Thompson, 1996).

1.

To monitor water purification, water samples will need to be taken
at the major inflows of the wetland.

Plant communities change because of the changes in the
hydrological regime of the wetland. Long-term fixed-point
photography by the Dept. Tourism, Environmental and Economic
Affairs, Free State are used for monitoring.

Follow-up visits to monitor the stability of the rehabilitation
structures by the Implementing Agent.

Monitor bank erosion by measuring the rate of sedimentation and
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the revegetation of wetland plant species.

5 Monitoring the ecological value (habitat for wetland dependent plant
and animal species, enhancing the biodiversity of the region)
through fixed-point photography, bird counts and vegetation
surveys.

6. Monitoring the economical value (record products provided to the
surrounding community and the amount of visitors to the
Seekoeivlei Nature Reserve). This would only be possible when the
rehabilitation of the wetland increases the biodiversity and the

ecological integrity of the wetland is restored.

vi) Wetland Rehabilitation site details.
The rehabilitation done at the Southern Seekoeivlei Wetland implied the
usage of eight channel plugs and two erosion prevention structures
(Collins and Thompson, 1996). The photos of each rehabilitation structure
were taken during the preliminary field visit (2 July 2002). Figure 42
describes the wetland rehabilitation site layout details and Table 10 gives
a summary of the problems, rehabilitation actions taken and the desired
results to attain after the rehabilitation.
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Offsite actions required.
Stakeholder involvement.
Training and education in wetlands awareness.
Ongoing environmental monitoring.
Improve catchment management (control fires, over-grazing, draining

wetlands and plantations in wetland areas).

Monitoring & Maintenance.
Follow-up monitoring and maintenance visits by the Implementing Agent
to monitor the stability of the structures.
Re-establishment of wetland plant species. Changes in plant
communities as a result of the change in the hydrological zones of the
wetland (long-term fixed point photography).
Monitor wetland bird life (“The return of the birds is a sure sign of

successful rehabilitation” — Duncan McKenzie, MWP field assistant in
KwaZulu-Natal).

Wetland Rehabilitation site details.

The photos of the rehabilitation structures were taken during the
preliminary field visit (3 July 2002).

Figure 57 describes the wetland rehabilitation site layout details and Table

11 gives a summary of the problems, rehabilitation actions taken and the
desired results to attain after the rehabilitation.
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3.1.2.6 Rietviei:

i) General description of the wetland site.

The Rietvlei Wetland Rehabilitation project lies within the 3800 ha Rietviei
Nature Reserve near Irene — owned and managed by the City Of Tshwane
(Rietvlei Nature Reserve Brochure, 2002). The Rietvlei Dam provides 15%
of Pretoria’s water and the wetlands on the reserve are regarded as a rare

asset (Rietvlei Nature Reserve Brochure, 2002).

The Rietvlei Wetland Complex falls within the Rocky Highveld Grassland
zone of the Grassveld Biome, with an average summer rainfali between
600 - 750 mm per annum (Low & Rebelo, 1996). The maximum rainfall for
the area occurs during November, December and January (Figure f in
Appendix 2) (ARC-ISCW, 2002).

It is underlain by dolomite of the Malmani Subgroup, and it supports (or
did historically) various dolomitic springs and with a terrain morphology
consisting of undulating plains and pans (Grundling and Marneweck,
2000).

According to Grundling and Mameweck (2000), the peatland complex
comprises three distinct sections: the southern and northern peatland
basins linked by a central floodplain wetland. Both peatlands can be
described as tall emergent (reed-sedge), valley-bottom fens and are
located in the catchment of the Sesmyl Spruit.

The Rietvlei peatland complex was dated at 1 290 BP at a depth of 0.23 m
and 7 130 BP at a depth of 1.3 m, indicating a peat accumulation rate of
about 0.18 mm/year (Scott and Vogel, 1983). The peat can be described

as a reed-sedge peat, fibrous to fine grained in texture and with an
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average pH of 4.5 (ranging from‘ pH 3.5 to pH 8) (Grundling and
Marneweck, 2000).

The Rietvlei Dam is located just downstream of the northem portion of the
wetland complex and was built during the Great Depression and
completed in 1934 (Rietviei Nature Reserve Brochure, 2002). A smaller
dam (the Marais Dam) is located in the central portions and serves as a
sludge dam for the Rietvlei dam (Rietvlei Nature Reserve Brochure, 2002).
Many smaller seeps and mixed grass / sedge meadows occur in the
nature reserve and they feed into the Rietviei Peatland Complex
(Grundling and Marneweck, 2000).

Rehabilitation information.

Grundling (2002) explained the important reasons for rehabilitating the
Rietvlei Wetland:

e promotes wastewater purification through the natural systems of
reeds and peat;

e  addresses the control of alien, invasive plant species;

® protects vital habitats associated with the globally important
grasslands biome,;

® exemplifies innovation in combating land degradation;
® stems the emission of carbon stored in the peat substrate; and

® creates wetland awareness and education.

This study will only focus on the southem peatland section where the

rehabilitation structures have been constructed.

The southern peatland is impacted by:

s infrastructure, » water abstraction activities,
e agriculture, s service roads

e sewage outfall, e power lines

e peat mining e Dpipelines
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The main areas of concern for rehabilitation were summmarised by

Grundling and Marneweck (2000) as:

L

abandoned peat mining activities,

water abstraction activities,

dry peat and peat fires;

drains and dams associated with the peat excavations;
drains and irrigation furrows associated with agriculture;

causeways and erosion associated with the peat excavation and
service roads;

the main stream diversion just upstream of the Rietviei dam;
sewage outfall, both quality and quantity, and

exotic invasive plant species.

iif) Rehabilitation objectives (Grundling and Marneweck, 2000).

1.

Restore the original geometry and topography (cross-sectional and
longitudinal profile) of the peatlands and the floodplain.
Re-vegetation o increase roughness, which has a strong effect on
water movement through the system. Using either specified seed
mix where appropriate and/or vegetation removed from other stable
sites within the wetland.

Arrest headcut and donga erosion within the complex and control
the preferential flow of water.

Re-wetting of desiccated (dry) peatland areas.

Sloping of steep slopes and edges of old peat mining work faces
and stream channels.

Backdilling with wetland soil of drains and trenches in places.
Where necessary, regularly spaced culverts (or pillars) should be
placed along the roads and causeways in order to limit channeling

of water along the roads, backing up of water behind the roads and
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desiccation of the peat below the roads.

8.  Runoff should rather be controlled and propagation of dormant
bulbous species encouraged.

9.  The rehabilitation measures should include both ecological and
engineering design principles in order to ensure that they are most

affected for the purpose they are intended.

iv) Offsite actions required (Grundling and Marneweck, 2000).
1. Impacts also need to be studied on a catchment level.

2. Removal of exotic invasive plant species.

v} Monitoring & Maintenance (Grundling and Marneweck, 2000).

1. The rehabilitation measures which are prescribed should be
audited during rehabilitation, and monitored for a period thereafter,
until full rehabilitation is assured and stability demonstrated.

2. Monitoring should also include the monitoring of changes in the

catchment and the potential impact thereof on the Rietvlei Peatland
Complex.
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identification of suitable indicators.

Kromme River Wetland

1.

©® N o ok w N

Decrease of sedimentation downstream of structure.
Stabilization of riverbank / donga erosion.
Stabilization of headcut erosion.

No further infestation of alien vegetation.

Recovery of wetland plants on riverbanks / donga.
Restore part of the wetland that has eroded away.
Higher water table.

Monitor the headward movement of the headcut at Kompanjesdrif.

Mbongolwane Wetland.

1. Stabilization of erosion.

2 Restoration of wetland vegetation.

3. Wetland vegetation zones.

4 Open water damming and sedimentation behind structures —
rewetting of the wetland area.

5. Increasing or decreasing of cullivated areas in the wetland.
Determine if cultivation takes place in sensitive areas in the
wetland.

Wilge River Wetland.

1. Stabilization of the erosion in the wetland.

2 Recovery of wetland vegetation.

3. Wetland vegetation zones.

4

Rewetting of the area behind the structure.
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SPOT: Kromme River wetland - site 5.

Bare soil

Wetland vegetation
Open water

Open water

Figure 87: Gabion structure at site 5 (Hudsonvale)
of the Kromme River Wetland.

Figure 88: Sedimentation downstream of the
gabion structure at site 5.

Wetland Wetland vegetation

vegetation

Structure
Structure

Sediment down-
stream of structure

Sediment down-
stream of structure

Bare soil Bare soil

Figure 89: Subset of the SPOT 5 satellite image at site 5. Figure 90: Subset of the classified SPOT 5 image.

Resolution: 10 m. Acquisition date: 10/02/2003.
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EROS example 1: Mbongolwane wetland - Uvova.

Figure 91: Erosion downstream at the Uvova
site.

Figure 92: Erosion and revegetation on the sides
at the Uvova site.

Figure 93: Subset of the EROSitellite image at the
Uvova site. Resoluti: 1.8 m. Acquisition date: 24/12/2002.

Figure 94: Concrete weir.

Figure 95: Earthen embankment.

Sedimentation

Figure 96: Sandbag groyne. Sediment
Down- and upstream of the
groyne.



Figure 97: Subset of the EROS satellite image at sites 3 and 4.
Resolution: 1.8 m. Acquisition date: 24/12/2002.

-lgure 98 S|te3 at Merel’s vlei. Figur9: aintenance on he
Photo taken July 2002. structure at site 3.

Photo: J.v.d. Schyff (July 2003).

Figure 100: ite 4 at Merel’s vlei. The
weir is drowned below the water surface.

3. —
Direction of water flow

‘igure 101: Aerial view of sites 3 and 4. Photo: G. Wandrag.
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http:0.52-0.90

Wetland Wetland
vegetation vegetation Wetland vegetation
Turbulent Turbulent Turbulent water
water down- water down- downstream of the
stream of the stream of the structure
structure structure

Structure
Structure Structure

Sediment
Sediment Sediment

Open water
Open water Open water

Figure 102: Subset of the EROS satellite image at
Site 5. Resolution: 1.8 m. Acquisition
date: 24/12/2002.

s ——
Speciral Profile for 169070_merg85_92.i

Pixel Value

Figure 103: Subset of thendsat satellite image
at Site §. Restion: 30 m. Acquisition
date: 1992, 1:and 2001.

Figure 104: Pan multispectral resolution merge
between EROS and Landsat.
Resolution: 1.8 m.

A
\

& -
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Figure 107: Maintenance on the structure at site 5.
Photo: J.v.d. Schyff (July 2003).

Profiles:
Healthy green vegetation (wetland vegetation)
~ Grassland — terrestrial vegetation
" Bare soil / degraded

Figure 106: Site 5 photo tn July 2002.

Figure 105: Spectral profile of Landsat TM layer
stack image.
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Bare soil

Wetland vegetation

Open water

R P

Figure 109: Gabion structure at site 5 (Hudsonvale)
of the Kromme River Wetland.

Wetland vegetation

Structure

Sediment downsteam of
structure

i Bare soil
Open water

Cultivation

Open water

iure 110: Sedimentation downstream of the

gabion structure at site 5.

Wetland vegetation

Open water
Structure

Sediment down-
steam of structure

Bare soil

Cultivation

Figure 111: S
Acquisition date: 22/01/2003.

ubset of the Kodak DCS 420 image at site 5. Resolution: 1 Figure 112: Subset of the classified Kodak DCS 420 image at site 5.




Open water

Openwater — ' Wetland vegetation

" Active headcut
erosion

Figure 115: Gin structure at site

Sedimentation 4 mpanjiesdrif).

Figure 1 13: Gabion structure at site 1 of the Kromme
River Wetland.

Figure 116: Active headcut erosion.

Sedimentation
Bare soil

7 Structure

Bare soll
Open water
Wetland vegetation

Flgure 114 Subset of the Kodak DCS 420 image at
site 1. Resolution: 1 m. Acquisition date: 22/01/2003 | Figure 117: Set of the Kodak DCS 420 image at site 4.
Ration: 1 m. Acquisition date: 22/01/2003
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Example 1: Mbongolwane wetland: Uvova.

Various wetland rehabilitation indicators and structures (Erosion - Figure 119;
Concrete weir - Figure 120; Earthen embankment - Figure 121 and Sandbag
groyne and sediment - Figure 122) are evident in Figures 123 and 124. They give
a good indication of the level of detail this sensor is capable of. Figure 125
illustrates the level of detail including erosion, rehabilitation measures and

sedimentation, using DuncanTech true colour imagery.

Example 2: Zoar wetland.

The main drain with clay plugs (Figure 126) and the road infrastructure (Figure
127) are evident in Figures 128 (DuncanTech CIR) and 129 (DuncanTech true
colour). Dominant terrestrial vegetation replaced the aquatic plants in the
wetland. Spectrally the wetland and grassland vegetation could not be
adequately distinguished.

Example 3: Rietviei wetland. The resolution for the DuncanTech CIR image of
Rietvlei wetland was 0.5 m and not 0.25 m (as with Mbongolwane and Zoar). The
Rietvlei wetland is situated near lrene and is therefore within the Johannesburg
International Airport’s Flight restriction area.

Site details at rehabilitation structure 4, 5.1 and 5.2 are shown in Figures 130 —
133. Figures 134 (DuncanTech CIR) and 135 (DuncanTech true colour) are
subsets of the DuncanTech imagery and display the different wetland vegetation
(tall and short emergent). It would be possible to map differences in vegetation
types using the detailed field data collected by Venter et al. (2003) in the different
wetland zones (permanent, seasonal and temporary). This could be processed
together with an image acquired during the wet summer rainfall season and
followed up with another image at the same time of the year but in a different
year. This could be used for change detection and to monitor the status of the
wetland. All the bands have been determined to be very useful in assessing
vegetation characteristics.
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Figure 123: Subset of the classified
DuncanTech CIR image at
Uvova.

Figure 124: Subset of the DuncanT CIR image at Uvova.
Resolution: 0.25 m. Aciition date: 09/06/2003.

Figure 121: Earthen embankment.

Figure 122: Sandbag groyne. Sediment
Down - and upstream of the
groyne.
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DuncanTech example 2: Zoar wetland.

Figure 127: Dirt road with sedimentation
Figu26: Drains with clay plugs and deposited upstream of the
evidence of wetness. Photo culvert.
taken 26/05/2003.

Figure 128: Subset of the DuncanTech CIR image at Uvova.
Resolution: 0.25 m. Acquisition date: 09/06/2003.

L]

Figu29: Subset of the DuncaTech true colour image Resolution: 0.25 m.
Acquisition Date: 09/06/2003.




DuncanTech CIR example 3: Rietvlei wetland.

Wetland
vegetation

(short
emergent)

Terrestrial
vegetation

o

Wetland
vegetation

(tall
emergent)

Direction of water flow .

Figure 134: Subset of the DuncanTech CIR image of sites 4 and 5.

Resolution: 0.5 m. Acquisition date: 09/06/2003.

Sedimentation

Site 5.2

" Sedimentation

Figure 131: Site no 5.1.. Sedimentation
taking place behind the structure.

Figure 1: Gabion structure at site 5.2.
Nothe difference in the water table
upeam and downstream of the
strirure.

Figure ’: Terrestrial vegetation
between structure 4 and
- 5.1and 5.2.

Figure : Concrete weir at site 4. Note
thretland vegetation (tall
erngent, Phragmites australis) =
bad the structure. Figure 135: Subset of the DuncanTech
true colour image. Resolution: 0.5 m.

Acquisition date: 09/06/2003.
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Table 19: Evaluation summary for the various remote sensing sensors usingi vunisEsiTar va preroria im and Poor for indicating user friendliness, Short, Medium, Long indicating

data processing time as well as High, Medium and-» L_ow effectiveness in the indication of indicators.

Landsa SPOTS ~ |EROS . DuncanTech CIR
Resolution 30m 10m 1.8 m 0.25-0.5m
Image cover area 185 x 185 km 60 x 60 km 12.5km x 12.5km
*Total Cost (R/ha) R6.15/ha R82.00/ ha R12.90 - R36.10/ ha R59.34 / ha Average R287.71/ha
covering wetland area )
*Total Cost (R/ha) R166.00/ ha R804.23 / ha R311.00 — R350.00 / ha R 582.00/ha Average R301.97 / ha
covering rehabilitation
structures
Availability of data Good Good Good Good Good
Quality of data Good Good Good Medium Good
Data processing time Short Short Short Long (Time consuming) Medium
. ¢ 8 Bands (different ° 4 Bands s Resolution ° Effective in mapping all e  Effective in mapping all the
classifications) e  Readily available (due to ¢ Readily available (due to the wetland indicators wetland indicators and
. Readily available (due to cloud cover not always on cloud cover not always and structures structures
cloud cover not always on specific date) on specific date) e  The primary reason for . Produce images with green,
specific date) . Good for regional mapping e Cheap cost using red (R) and near- red, and near IR bands ideal
e  Good for regional mapping e  Good for regional infrared (NIR) for vegetation mapping.
| mapping wavelengths is there e  The imaging sensors are
1 usefuln_ess for monitoring sensitive to wavelengths (400
vegetation nm to 1100 nm).
e Quality and availability
of data is good
. Resolution
o Cost
e Limitation e  Coarse resolution ¢ Very expensive «  Only one panchromatic [1. The image mosaic covering [1.Datasets being very big and
. Minimum of Y2 sene available | o Resolution is to coarse band is available (no the study area consisted of | processing time being relatively
. Expensive for small areas colour) - Not ideal for 47 separate images. A | long.
mapping vegetation. seamless mosaic  was [2.Expensive for relative small areas.
considered to be important. fBecoming available and
R. The differences in the pixel | competitive on areas 1000 ha and
values are a result of the | more.
different exposure values of [3. Dependent on weather conditions
the images. J4. Logistics (Airplane, camera crew)
High, Medium and Low effectiveness in the indication of indicators. 15 JAB7
e  Erosion Low Low - 2dium High . High
. Sedimentation Low Low adium High High
e Open water Low Low adium High High
o  Wetsurface area Medium Medium adium High High
e Water quality Low Low | w Low Low ]
e  Wetland Medium Medium w High High
vegetation |
e  Temestrial Medium Medium w High High
vegetation
e Alien vegetation Medium Medium | W High High
. Bare soil Medium Medium ﬂ_ adium High High
e Cultivation Medium Medium dium High High
Rehabilitation structure | Low Low | dium High | High
Alternatives A resolution merge between the Panchromatic band with 2.5 m 208 together with other PAR — Photosynthetic Active Radiation
best 3 bands form Landsat data (resampled) resolution is sltispectral data LAl — Leaf Area Index
and an EROS image (resolution available that could be used with avelengths bands 0.52- Spectrometer
1.8 m) will enable visual inspection | the multispectral data to map the )0) with lower resolution Soil moisture meter
of the rehabilitation structures structures in more detail. 5 meters or better) could be | Vegetation Temperature
(medium effectiveness) and the ed with success in
vegetation with high effectiveness. getation mapping.

* Refer to Table 15
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Figure 136: Gabion structure at site 5 (Hudsonvale)
of the Kromme River Wetland.

Wetland
vegetation

Structure
Sediment down-
stream of

structure
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Figure 137: Sedimentation downstream of the

gabion structure at site 5.

Wetland
vegetation

Structure
Sediment
downstream of

structure

Bare soil
Open water

Cultivation

. T ——

iu 13: Subet of the SPOT 5 satellite image at site 5.
Resolution: 10 m. Acquisition date: 10/02/2003.

Figure 139: Subset of the Kodak DSC 420 image. Resolution: 1 m.
Acquisition date: 22/01/2003.
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Figure 140: Headcut erosion feature.
Geocell chute

\ .
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preparations. : . B ; : g ; A Yol
! e - D rechonofwaterfw . gure 142: Subsistence farming.

Cultivation
Commercial

Figure 143: Harvesting (Phragmites Subsistence farming

australis).

Figure 146: Furrow diverting water
away from the erosion
feature for construction
purposes.

— iy Figure 145: Subset of the DuncanT true colour image at the Amatigulu
Figure 144: Subset of the site. Resolution: 0.25 mquisition date: 09/06/2003.
DuncanTech CIR image

At the Amatigulu site.
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CHAPTER 5: DISCUSSION



5.1 DISCUSSION

5.1.1 Description of selected indicators

Vegetation indicator mapping for relatively large areas.

The Multispectral data with band width 0.52 to 0.90 um is of great importance
and it should have a ground resolution of 1.8 m or better. It was possible to
map the differences between wetland vegetation and other land cover classes
with all the sensors. If detailed vegetation data were available it would be
possible to map the different wetland vegetation zones with the data
(resolution of 1.8 m — 0.5 m). This would make it easer to report on the status

of the wetland rehabilitation.

Wetland zone vegetation mapping.

The season in which the image was acquired is very important. Wetlands in
predominantly grassland biomes were very difficult to map because the
images were not recorded at the optimum time. Spectrally the wetland and

grassland vegetation were not adequately different.

Disturbance indicators.

The mapping and monitoring of disturbance indicators for land cover and land
use practices around the wetland should be part of the rehabilitation and
monitoring process. At the Kromme River and Mbongolwane wetlands,

agricultural activities were clearly detected by the remotely sensed data.

The wet surface area indicator.

Could be detected as a result of the vegetation response to the hydrological
conditions in the wetland. If the increase in flooding and increase in duration of
the floods is sufficient, the changes in the hydrological regime of the wetland
will imply a change in the plant communities (from terrestrial dominated
species to more aquatic species). It is extremely difficult to monitor the

functional value of stream flow regulation (flood attenuation, water storage,
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base flow maintenance and ground water recharge and discharge) because it
is influenced by external events such as rainfall, land use in the catchment
area and the wetness of the wetland. In order to monitor the success of re-
wetting and stream flow regulation, it is reasonable to assume that when the

channels flood more frequently, the objective has been achieved.

Rehabilitation structures.

To map and monitor the status of the physical rehabilitation structure, data
should be of a resolution of 1 m or better. The best results were from the
Kodac DCS 420 (Near infrared), and DuncanTech CIR images. This would
make it possible to detect structural damage, erosion activity, open water
behind the structure and the movement of headcuts and gully erosion. If a
sediment deposit is covered with water, the area will display dark and if
sediment banks are colonized with vegetation, the vegetation will display red.

In the last two examples the sediment deposit as such would not be evident.

Water quality

Open water areas were very small and the remote sensing images did thus
not possess a blue band necessary to detect water quality. The water quality

indicator was therefore not included in the classification scheme.

5.2 RECOMMENDATIONS

In South Africa, there are few monitored wetland rehabilitation projects.
Target objectives must be set for each wetland type or a process established

whereby the quality of wetlands overall is managed.

Close cooperation should be established between implementing agencies
(such as LandCare, Working for Water and Working for Wetlands),
Department of Water Affairs and Forestry, Department of Environmental

Affairs and Tourism, National Department of Agriculture and the Mondi
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Wetlands Project to compile a database with spatial rehabilitated wetland

indicator data, and to ensure that information / data are not duplicated or lost.

It is important to have adequate field points for the classification and

verification of vegetation data.

An indicator must be monitored over time. It is recommended that future
possible studies include the following:

° Determine the link between climate and spatial patterns of hydrology and

ecological processes.

° Analyses of the vegetation dynamics linked with the hydrology to
investigate the change in wetland vegetation after rehabilitation.
Recommended study areas and remote sensors for a possible study
would be DuncanTech CIR imagery for Mbongolwane, Rietvlei and

Seekoeivlei wetlands and Kodak DCS 420 for the Kromme River wetland.

°  Determining the ideal season to provide the optimum contrast between the
classes to be mapped. Possibly two or more image acquisition dates

might be required to separate all the classes of significance.

A workshop with appropriate parties to compile an action plan to integrate the
remote sensing data into wetland rehabilitation management. The results of
the workshop should be used as a basis to select the most appropriate sensor
for specific rehabilitated wetland areas as a practical comprehensive

monitoring case study.

Wetland rehabilitated indicators can only gain significance when changes in
the wetland condition are indicative of how people manage the wetland with
consequent detrimental or beneficial results. Disturbance indicators for land
use and land cover practices in the catchment area of each wetland need to

be investigated in the monitoring process of the rehabilitated wetlands.
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5.3

e |t is absolutely vital that the data are sufficiently retrospective, collected at the
right time intervals, readily available and sufficiently up-to-date to provide the

time series for trend analysis (Nell et al., 2001).

CONCLUSION

It became evident during the evaluation of the different sensors that the
resolution of the data would play a vital role in the mapping process, depending
on the objective of the mapping. The choice between the different remote
sensing sensors will largely depend on the application of the sensor; state of the

rehabilitation structure or the vegetation response to the rehabilitation measures.

Selected indicators for rehabilitated wetlands, except water quality, were
represented in all the wetland study areas. It can be concluded that the indicators
tested on all six of the different wetland study sites do represent rehabilitated

wetlands in general.

This report can be regarded as the first phase in the investigation of remote
sensing sensors with regard to rehabilitated wetlands. It gives a general overview
of the different sensors, their capabilities, limitations as well as associated costs.
However, it is important to carefully consider the different needs of assessment
for each rehabilitated wetland, before any of the high resolution remote sensing
sensors can be recommended as the ideal option for the monitoring and auditing

of rehabilitated wetlands.

Indication of the status of a rehabilitated wetland by the use of remote sensing
techniques will only be meaningful if the aims of a project have been met with
affordable and available data and if the monitoring process is done more
efficiently than on-ground techniques. However, ground truthing will always be a

requisite with the use of remote sensing techniques.
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ABBREVIATIONS.

AVHRR Advanced Very High Resolution Radiometer
ATSR Along Track Scanning Radiometer

CIR Colour Infrared

DEM Digital Elevation Model

DMSV Digital Multi-Spectral Video

ERS European Remote Sensing Satellite

ETM Enhanced Thematic Mapper

GIS Geographic Information System

GPS Global Positioning System

IRVI Infrared Vegetation Index

MODIS Moderate Resolution Imaging Spectroradiometer
MAS MODIS Airborne Simulator

MSS Multi Spectral Scanner

NASA National Aeronautics and Space Administration
NDVI Normalised Difference Vegetation Index

NIR Near Infrared

NOAA National Oceanic and Atmospheric Administration
PCA Principal Component Analysis

RGB True colour

RS Remote Sensing

SPOT Systeme Pour L’Observation de la Terre

TC Tasseled Cap Spectral Index

Terra MODIS Moderate Resolution Imaging Spectroradiometer
™ Thematic Mapper
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GLOSSARY OF TERMS.

Aerobic:

Having molecular oxygen (O3) present.

Anaerobic:

Not having molecular oxygen (O;) resent.

Biodiversity:
The variety of life in an area, including the number of different species, the genetic
wealth within each species, and the natural areas where they are found.

Bogs:

A mire (i.e. a peat accumulating wetland) that is hydrologically isolated, meaning that it
is only fed by water falling directly on it as rain or snow and does not receive any water
from a surrounding catchment.

Catchment:
All the land area from mountaintop to seashore, which is drained by a single river and
its tributaries.

Delineation (wetland):
To determine the boundary of a wetland based on soil, vegetation, and/or hydrological

indicators, usually on a map.
Estuary:

Where the river and sea meet and the fresh water from the river mixes with the

seawater.
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Monitoring:
The systematic acquisition of data on biotic and abiotic components of an ecosystem
over a time range.

Mottles:
Soils with variegated colour patterns are described as being mottled, with the
“background colour” referred to as the matrix and the spots or blotches of colour

referred to as mottles.

Orthorectified:

Corrected to the actual geo-referenced points on the ground.

Palustrine (System):

The palustrine system groups together vegetated wetlands traditionally called marshes,
swamps, bogs, fens and vleis, which are found throughout South Africa. Palustrine
wetlands may be situated shoreward of river channels, lakes or estuaries; on river
floodplains; in isolated catchments; or on slopes. They may also occur as islands in

lakes or rivers.

Panchromatic:

Sensitive to all colours.

Peatlands:
Wetlands with very high organic matter accumulation, which is referred to as peat.

Wetlands with peat soils are referred to as bogs or fens.

Rehabilitation:
Rehabilitation is used primarily to indicate improvements of a visual nature to a natural
resource; putting back the natural resource into good condition or working order.
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Remote sensing (RS):
A general term for techniques that are used for imaging the earth surface from an
airborne or space borne sensor.

Permanently wet soil:
Soil, which is flooded or waterlogged to the soil surface throughout the year, in most

years.

Resolution:
Spatial resolution of a remote sensing sensor, is an indication of how well a sensor can
record spatial detail.

Restoration:

Restoration is returning a site to approximately its condition before alteration, including
its predisturbance function and related physical, chemical, and biological characteristics;
full restoration is the compiete return of a site to its original state.

Riparian:
The area of land adjacent to a stream or river that is influenced by stream-induced or
related processes. Riparian areas, which are saturated or flooded for prolonged periods,

would be considered wetlands and could be described as riparian wetlands.

Runoff:

Total water yield from a catchment including surface and subsurface flow.

Seasonally wet soil:
Soil, which is flooded or waterlogged to the soil surface for extended periods (>1 month)
during the wet season, but is predominantly dry during the dry season.

Sedges:
Grass-like plants belonging to the family Cyperaceae, sometimes referred to as
nutgrasses. Papyrus is a member of this family.
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APPENDIX 4

FIELD VISIT AND PROGRESS REPORT.
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field observations to determine the accuracy of the indicators.

ii) Deliverables
A detailed suitability report (after approved draft in consultation with NDA and
ISCW) on the accuracy and suitability of the selected indicators per wetland,
with recommendations and possible other indicators to be investigated.

The deadline date for the final report is: 28 February 2002.

f) PHASE 6:
i) Reproduction of final maps and report by ISCW.

INTERNATIONAL SYMPOSIUM ON VEGETATION MONITORING

I will use this study as a basis for my MSc with Prof. George Bredenkamp (African
Vegetation and Plant Diversity Research Centre, Department of Botany, University of
Pretoria) and therefore wish to submit an abstract for a poster presentation at the:
International Symposium on Vegetation Monitoring

March 24 — 26, 2003,

Swiss Federal Research Institute WSL

Birmensdorf, Switzerland.
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Appendix 1: Contact details of key persons.
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Appendix 3: South African Wetland Action Group Meeting.
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