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Appendix W6:  Guidelines for delineating the boundaries of a wetland and the zones within a wetland in terms of the South African Water Act

W6.1
Introduction

This study forms part of the initial stage of the development of a protocol for determining the Ecological Reserve for Wetlands.  The aim was to develop a set of guidelines which could be used nationally to delineate wetlands.  The development of these guidelines  as part of the overall Ecological Reserve for Wetlands protocol forms part of the new Water Act Resource Protection and Assessment Policy Implementation Process.  The guidelines presented should be seen as the first in an incremental process in the development of the whole wetland reserve determination procedure.  

While to some extent these guidelines have been based on a modification of tried and tested protocols elsewhere in the world, they have been developed to take into account the relevant and often unique biophysical, economic and legal constraints applicable to South Africa.  The guidelines needed to provide a procedure which was practical, user-friendly, cost effective and legally defendable.  In addition, in order for the procedure to work, it needed to incorporate principles relating to a theoretical understanding of the  indicators which distinguish non wetlands from wetlands.  By using experience in the field, literature, scientific knowledge, tapping into initiatives already in place in South Africa and incorporating comments received, these guidelines represent the first attempt towards the development of a national applicable protocol for wetland delineation.  

It is expected that with time and usage, these guidelines will need to be modified or refined in order to deal with specific problems which may arise in certain regions of the country.  Possibly more soil forms and certainly additional plant species will need to be added to the lists provided in this document.  This should therefore be regarded as a working document. 

W6.2
General principles 

Before undertaking a wetland delineation it is important that the following general principles are understood.

· A wetland is defined as land which is transitional between terrestrial and aquatic systems where the water table is usually at or near the surface, or the land is periodically covered with shallow water, and which under normal circumstances supports or would support vegetation typically adapted to life in saturated soil (Water Act 36 of 1998).

· A wetland is therefore defined in terms of hydrology (flooded or saturated soils), plants (adapted to saturated soils) and soil (saturated).

· Much of South Africa has a very variable climate so that in some years the wetland is much wetter than in others.  This is particularly noticeable at the outer boundary areas of the wetland.  Thus, unless long term data are available, the direct presence of water is often an unreliable indicator of wetland conditions, particularly for wetlands in arid and semi-arid regions.

· Although data are often not available to describe the hydrology of a wetland directly, this can be reliably done in an indirect way using soil morphology or vegetation.  Prolonged saturation of soil has a characteristic effect on soil morphology, affecting soil matrix chroma and mottling in particular.

· Because of a wetland’s transitional nature, as one moves from outside into a wetland, the hydrology, soils and vegetation generally change gradually along a continuum of increasing wetness.  Thus, the boundary of the wetland is often not clearly apparent in the field and must be identified and placed across what is often a gradually changing gradient.  While it is recognized that this boundary may be a human construct, it is necessary from a management and legal point of view and can be undertaken on the basis of scientifically defensible criteria.

· The gradual change in the vegetation along a wetland boundary gradient means that the outer parts of the wetland often have a mixture of species that occur widely outside of wetlands (e.g. ngongoni grass [Aristida junciformis] and rooigras [Themeda triandra]) and species specifically adapted to saturated soil conditions and confined to wetlands (e.g. the sedge Pycreus macranthus).

· In the Water Act definition of wetlands, “normal circumstances” refers to that which would be present without human modifications.  Such modifications may include, for example: (a) the drying out of a wetland with artificial drains or (b) the removal of the natural vegetation through cultivation.  In the case of drying out of the wetland, it is important to note that even if the characteristic wetland vegetation is lost, the soil retains, for decades at least, indications of the hydric conditions under which it was formed.  Upon artificial drying out of a wetland, the vegetation tends to change more rapidly than soil morphology in response to the altered hydrology.

W6.3
Field procedure for delineating the wetland boundary and zones

The following items should be assembled for the fieldwork:

· 1:10 000 orthophotos, available from the Surveyor General, the most recent black and white aerial photographs, available from the Chief Directorate, Surveys and Land Information.

· Munsell colour chart

· Soil auger

· Plant species identification guide

· G.P.S.

· The soil, vegetation and other criteria given in the guidelines

· Spray bottle

· Hand lens

Undertake a preliminary delineation of the wetland boundary using an othophoto or topocadastral map together with airphoto interpretation.

Verify and adjust the preliminary delineation of the wetland using the following field verification or ground truthing methodology:

1 Place at least one lateral transect every 200 m to 800 m along the longitudinal length of the wetland.  This spacing may need to vary depending on the complexity of the wetland.  If a high level of accuracy is required in the delineation, and/or the wetland has been altered by artificial disturbance and land-use practices, then transects at more regular intervals may be required.  Ensure that all transects are geographically referenced and marked on the orthophotos or topocadastral maps;

2 Start each transect well outside the perceived boundary of the wetland, and describe the soil and vegetation at regular intervals along the transect.  If the soils provide clear evidence of wetness, a simple description of vegetation changes based on the identification of plant species along the transect may be adequate to improve confidence in the delineation.  Alternatively, one may need to proceed to Figure 3 and calculate the relative percentage dominance  of each Indicator Category or calculate the Prevalence Index value.  One problem at this stage is that the index values for each of the Indicator Categories still needs to be assigned.  This would require further work and testing before the Prevalence Index is fully integrated into these guidelines.  Expert input will be requirement in this regard.

3 Locate the point on the transect where the first clear signs of wetness are encountered.  The boundary of the wetland may be unclear and it may be necessary to go back along the transect and take further samples.

4 Once the boundary has been determined continue with the transect through the wetland describing the soil and vegetation at regular intervals using Table 5.  For each transect note the percentage distance occupied by the temporary, seasonal and permanent zones respectively.  Finally, locate the far boundary of the wetland at the end of the transect using the same procedure employed to determine the initial boundary.

When sampling the transects also take particular note of features not easily visible from the air- or orthophotos, including: artificial drains; the extent and species of alien plants; details of crops (e.g. annual or perennial) and important localized features such as headcuts of erosion gullies and point sources of pollution.  Mark the location of these features on the map.
Once all transects have been completed, use topographic, vegetative and soil features to establish lines connecting boundary points of the outer limits of the wetland and the zones within the wetland.  This is best done from a vantage point (e.g. on a hill next to the wetland) with the aid of features visible on the orthophotos.  Make any changes to the preliminary delineation on the map.

W6.4
An overall framework and criteria for delineating the wetland boundary

A framework for the cost-effective delineation of wetlands was developed (see Figure 1) so as to minimize the lengthy collection of data by specialists.  This was done by: (1) making optimal use of existing information; and (2) allowing non-specialists with basic training to undertake most delineations, while drawing on specialists when difficult cases were encountered.  Thus, one does not have to be a wetland specialist to delineate a wetland but one should have a basic biological/ agriculture training and should have attended at least four days of practical wetland field description, such as that run by the Rennies Wetlands Project.  

The process suggested here follows the sequence shown in Figure 1.  When no existing soil information exists or the soil form is sometimes associated with wetlands, one will need to refer to Figure 2 for further checking for compliance with hydric soil conditions.  This stage of the delineation (step 4 in Figure 1) represents the first technical step in the identification of hydric conditions.  With basic training in pedology and a few weeks practical delineation experience in the field, it will be possible to tackle this level of the delineation process.  

If after this stage, there are still only possible signs of hydric conditions, then the next step in the process is to examine the vegetation (Figure 3) and classify the soil according to the South African system (Soil Classification Working Group, 1991).  Verification at this level will require specialist input .  It is often these cases that are problematic.  These are generally cases where the wetland does not have clearly apparent indications of hydric conditions.  One may also need to refer to or look for other wetland indicators at this level (see Table 4).

It is important to note that the process as set out above is aimed at cost effectiveness.  Time and costs will be saved by stopping as soon as hydric conditions are encountered at highest level.  However it is important to note that the two levels of investigation shown in Figures 2 and 3 are not mutually exclusive and can generally be carried out together.  The mere presence of hydric vegetation together with hydric soil indicators is likely to add confidence to the delineation.  It is therefore recommended that signs of wetness are looked for at both levels in order to strengthen the case in terms of the boundary delineation.  The 50 % rule in particular is relatively easy to measure and apply and is recommended for all delineations if possible.  

The Prevalence Index should be restricted to difficult cases where there is uncertainty about the boundary or when a very detailed or accurate delineation is required.
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Table 1.
Soil forms associated with wetlands

Soil forms always associated with wetlands

Champagne
Katspruit
Willowbrook
Rensburg

Soil forms sometimes associated with wetlands

Inhoek

Klapmuts

Dresden

Bloemdal

Dundee
Longlands

Tukulu

Avalon

Witfontein
Wasbank

Cartref

Pinedene

Sterkspruit
Lamotte

Fernwood

Glencoe

Sepane
Estcourt

Westleigh

Bainsvlei

Valsrivier

Table 2.
Classification of plants according to occurrence in wetlands, based on U.S. Fish and Wildlife Service Indicator Categories (Reed, 1988)
Obligate wetland (ow) species:
almost always grow in wetlands (>99% of occurrences).

Facultative wetland (fw) species:
usually grow in wetlands (67-99% of occurrences) but occasionally are found in non-wetland areas.

Facultative (f) species:
are equally likely to grow in wetlands and non-wetland areas (34-66% of occurrences).

Facultative dryland (fd) species:
usually grow in non-wetland areas but sometimes grow in wetlands (1-34% of occurrences).



Note: only the ow and fw species are considered as wetland indicator species.

W6.5
The classification of an organic soil as peat

South African peat consists mainly of the stems and roots of grasses,sedges and swamp forest species, leaves, dead trees, fruit, pollen, and even animal remains  The organic matter is easily identified because the structure is maintained as a result of the slow and halted decomposition rates.

Peat can be easily distinguished from clay or organic sand.  When fibrous peat is squeezed lightly in the hand, clear water oozes out and the peat remains, leaving the hand still fairly clean.  With clay and organic sand, muddy water oozes through the fingers and the clay and soil clings to the hand. Highly humified peat will also be squeezed out through the fingers, but it will leave the hand fairly clean compared to clay.  
W6.6
Distinguishing hydrological zones within a wetland

Wetlands range from areas which remain permanently flooded or saturated to the soil surface for the entire year to areas which are flooded or saturated at or close to the soil surface for only a few weeks in the year but still long enough to develop anaerobic conditions.  Thus, many wetland areas are not wet all the time.  For convenience wetlands should be divided into three primary zones based on the degree of wetness.

Table 3.
Grass, rush and sedge species occurring in the upland areas of the eastern Seaboard and in the Highveld which indicate wetland conditions. 

Agrostis eriantha  fw

Agrostis lachnantha  ow

Andropogon appendiculatus  fw

Andropogon eucomis  fw

Arundinella nepelensis  fw

Brachiaria eruciformis  fw

Diplachne fusca  ow

Echinochloa crus-galli   fw

Echinochloa jubata  fw

Eragrostis lappula  fw

Eragrostis plana   fw(dry climate); f (wet climate)

Eragrostis planiculmis  ow

Festuca caprina  fw

Fingerhuthia sesleriiformis  ow

Helictotrichon turgidulum   fw

Hemarthria altissima  fw

Imperata cylindrica w(dry climate); f(wet climate)

Ischaemum fasciculatum  ow

Koeleria capensis  fw

Leersia hexandra   ow

Merxmuellera macowanii  fw

Miscanthus capensis  fw

Miscanthus junceus  ow

Panicum coloratum   fw

Panicum hymeniochilum  ow

Panicum repens  ow

Panicum schinzii  fw

Paspalum dilatatum   fw

Paspalum distichum  ow

Paspalum scrobiculatum   fw

Paspalum urvillei  fw

Pennisetum macrourum  ow

Pennisetum natelense  ow

Pennisetum sphacelatum  ow

Pennisetum thunbergii  ow

Pennisetum unisetum  fw

Phalaris arundinacea  ow

Phragmites australis  ow

Phragmites mauritianus  fw

Setaria sphacelata  fw

Stiburus alopecuroides  fw

JUNCACEAE (RUSHES)

Juncus dregeanus  w

Juncus effusus  w

Juncus exsertus/oxycarpus  w

Juncus krausii  w

Juncus lomatophyllus  w

Juncus punctorius  w

Juncus tenuis  w
CYPERACEAE (SEDGES)

Ascolepis capensis  ow

Bulbostylis schoenoides  ow

Carex acutiformis  ow

Carex austro-africana  ow

Carex cognata  ow

Carex glomerabilis   ow

Cyperus articulatus   fw

Cyperus denudatus   ow

Cyperus difformis   ow

Cyperus dives   ow

Cyperus fastigiatus   ow

Cyperus latifolius   ow

Cyperus longus   fw?

Cyperus marginatus   fw

Cyperus pulcher   ow

Cyperus sexangularis   fw

Cyperus sphaerospermus   ow

Eleocharis acutangular   ow

Eleocharis dregeana   ow

Eleocharis limosa   ow

imbristylis complanata   fw

Fuirena pubescens   ow

Isolepis costata   ow

Isolepis fluitans   ow

Isolepis prolifera   ow

Kyllinga erecta    fw

Kyllinga melanosperma   ow

Kyllinga pauciflora    ow

Mariscus congestus   fw

Mariscus solidus    ow

Pycreus cooperi    ow

Pycreus macranthus   ow

Pycreus mundii   ow

Pycreus nitidus   ow

Pycreus sp1   ow

Pycreus unioloides   ow

Rynchospora brownii   ow

Schoenoplectus brachyceras   ow

Schoenoplectus decipiens   ow

Schoenoplectus paludicola ow

Scirpus burkei   fw

Scirpus ficinioides  fw

Scleria dietelenii   ow

Scleria dregeana   ow

Scleria welwitschii   ow

Scleria woodii   ow

TYPHACEAE (BULRUSHES)

Typha capensis    w

Table 4. 
Other indicators of wetland conditions.
Other indicators that an area may be a wetland besides vegetation and soil morphology include the following.

1.
Water stained leaves, which are usually dull grey or black and flattened compared with those in nonwetland areas, and water marks on trees, boulders and other objects.  Water marks may be stained or silt covered areas ending at a consistent elevation.  Water marks and water stained leaves do not, however, provide an indication of the frequency and duration of inundation;

2.
Direct observation of inundation.  Only if observed over a period of weeks will this provide a clear indication that the area is wetland;

3.
Free water at a depth shallower than 50 cm below the soil surface. Only if observed over a period of weeks will this provide a clear indication that the area is wetland;

4.
The presence of surface encrustations of algae, usually blue-green algae or remains of aquatic invertebrates within the upper 40cm of the soil surface.  These are particularly useful indicators for pan wetlands in arid and semi-arid regions;

5.
Recorded data on water level fluctuations;

6.
Visual observation of saturation;

a.)
Sediment deposits;

b.)
Plant morphological features;

c.)
Photographic records including aerial photographs; and

d.)
Sulfidic material.

In all of the above indicators, recent weather conditions and  variations in the rainfall, hydrology etc. need to be taken into account.  Also, absence of surface water or a shallow water table in a once-off visit can under no circumstances be used to demonstrate that a particular area is not a wetland.  As indicated in under section 2, certain wetlands may remain dry for extended periods, particularly where the climate is variable.



Table 5.
Criteria for distinguishing different soil saturation zones within a wetland.  Within an area that has been identified as a wetland, use the descriptions given below to determine which of the different zones are represented.


DEGREE OF WETNESS



SOIL
 Temporary
  Seasonal
Permanent/Semi-

permanent

Soil depth

0-10 cm
Matrix brown to greyish brown (chroma 0-3, usually 1 or 2)  Few/no mottles

Nonsulphidic
Matrix brownish grey to grey (chroma 0-2)

Many mottles

Sometimes sulphidic
Matrix grey (chroma 0-1)

Few/no mottles

Often sulphidic

Soil depth

30-40 cm
Matrix greyish brown (chroma 0-2, usually 1)

Few/many mottles
Matrix brownish grey to grey (chroma 0-1)

Many mottles
Matrix grey (chroma 0-1)

No/few mottles

Matrix chroma: 0-1

VEGETATION

If herbaceous:
Predominantly grass species; mixture of species which occur extensively in non-wetland areas, and hydrophytic plant species which are restricted largely to wetland areas (see TABLE 3 )
Hydrophytic sedge and grass species which are restricted to wetland areas, usually <1m tall.
Dominated by: (1) emergent plants, including reeds  (Phragmites australis), sedges and bulrushes (Typha capensis), usually >1 m tall (marsh); or (2) floating or submerged aquatic plants.

If woody:
mixture of woody species which occur extensively in non-wetland areas, and hydrophytic plant species which are restricted largely to wetland areas (see TABLE 3)
Hydrophytic woody species which are restricted to wetland areas
Hydrophytic woody species which are restricted to wetland areas.  Morphological adaptations to prolonged wetness (e.g. prop roots).

Key to Table 5:
· Sulphidic soil material has sulphides present which give it a characteristic "rotten egg" smell, and nonsulphidic material lacks sulphides.

· Soil material (usually in the seasonal zone) may be so greatly mottled that the mottles make up a greater area than the matrix, which may be confusing when determining the chroma of the matrix.

· Chroma refers to the relative purity of the spectral colour, which decreases with increasing greyness.  To determine chroma, a Munsell colour chart is required.

· In some wetlands, mottles are very scarce throughout the wetness zones.  Nevertheless, the general trend is likely to be encountered of an increase and then a decrease in mottle abundance as one moves from outside the wetland and through the temporary and seasonal zones into the permanent zone.

· Several different factors determine the occurrence of the zones and their distribution, including local climate and landform.  Under high rainfall conditions all three of the zones are likely to be represented, while under arid climatic conditions the permanently/semi-permanently wet zone is often absent.


W6.7 These guidelines in relation to other guidelines and initiatives

In developing the Department of Water Affairs and Forestry (DWA&F) guidelines extensive use was made of U.S. wetland delineation procedures and current South African initiatives.  The following documents were used in compiling the DWA&F guidelines: Wetland Training Institute (1987) Fish and Wildlife Service et al. (1989); Jackson (1995); Anon (1999); Van der Walt (1999); Kotze et al. (in press).

A Department of Environmental Affairs and Tourism (DEA&T) initiative is underway concerning hydric soils and vegetation in support of the National Wetlands Classification System (Van der Walt, 1999).  Through the means of two stakeholder workshops, definitions for hydric soils and vegetation and criteria for their identification were agreed upon.  For hydric vegetation, the U.S. Fish and Wildlife Service categorization of individual species according to their occurrence in wetlands relative to nonwetlands was adopted (see Table 2).  Criteria for determining whether the overall vegetation in a particular area is hydric was not, however, developed.  Furthermore, although a list of hydric species is being compiled, at present these comprise predominantly aquatic species and they have not yet been assigned to the hydric categories shown in Table 2.  Thus, as it stands the list is of little value at this stage in terms of wetland delineation.  For hydric soils, criteria for their identification were developed based largely on Tiner (1993).  In addition, soil forms in the South African system (Soil Classification Working Group, 1991) were categorized according to whether they were predominantly, occasionally or not associated with wetlands.

A further initive relating to wetland delineation is that of the guidelines being developed by the South African Timber Growers Association (Anon, 1999). The forestry guidelines include the use of soil vegetation and terrain. The guidelines follow the categorization of soils into temporarily, seasonally and permanently wet according to Kotze et al. (1996).  They include a listing of the soil forms of the South African soil classification system (Soil Classification Working Group, 1991) according to the particular zones they are commonly associated with.  These guidelines rely on a high level of competancy in the South African Soil Classification system for delineations to be undertaken.  A draft of the gudelines is currently under revision, following a workshop to solicit comment.  Participants involved in the development of the DWA&F guidelines were present at the workshop.

The DWA&F guidelines build on both of these initiatives, and through collaboration, the details of the criteria in all of these initiatives have largely been standardized.  Several new elements have however been introduced by the DWA&F guidelines, including the following.

· An overall framework within which to apply the criteria;

· A hierachical approach for the cost-effective delineation of wetlands, such that the level of expertise and intensity of descriptive effort are comensurate with the level of accuracy and detail required;

· An explicit field procedure for gathering the information required;

· Inclusion of the underlying principles behind the delineation of wetlands; and

· A comprehensive glossary of terms used in the guidelines.
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