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Introduction 

In ecological, social and economic terms, wetlands are among the most valuable and productive ecosystems on Earth, providing important opportunities for sustainable development. Despite these values, however, wetlands in South Africa are rapidly being lost or degraded as a result of human activities. 

Recognizing the importance of these ecosystems, as well as their threatened status in South Africa, the Wetlands Conservation Programme of the Department of Environmental Affairs and Tourism (DEAT) has launched a project to compile a national wetland inventory. The project aims to determine the distribution and current status of our wetlands. This baseline information is vital for the development, implementation and monitoring of integrated wetland conservation strategies at national, provincial and local levels.

Inventory and classification 

The inventory will proceed by mapping and classifying wetlands, using aerial photographs, existing inventory information and field surveys. In order to accomplish this, a system by which the various wetland habitat types can be ordered into groups with certain homogenous natural attributes is required. The use of such a wetland classification system will enhance the value of spatial data gathered through mapping, and will provide a means to standardise and define terms used to describe various wetland types. A classification system is an essential prerequisite for wetland inventory (Finlayson and van der Valk 1995), furnishing the information required by scientists, managers and policy makers to be able to make sound decisions.

Existing classification systems 

Several classification systems are used for purposes of wetland inventory in various parts of the world. The Ramsar Classification System for Wetland Type (Ramsar Convention Bureau 1997) is used to varying degrees for a number of applications by over one hundred signatory countries to the Ramsar Convention, but its usefulness for inventory purposes is limited (Costa et al 1996). 

The system successfully used by the United States National Wetland Inventory for almost twenty years, known as the Cowardin system (Cowardin et al 1979), is widely regarded as being one of the most comprehensive and versatile wetland classification systems (Finlayson and van der Valk 1995). More recently, MedWet refined the Cowardin system to produce a Habitat Description System (Farinha et al 1996) for application in an inventory of wetlands in the Mediterranean basin.

The Cowardin system 
The form of the Cowardin system is a departure from almost all previous wetland classification systems, being structured around the determinants of wetland diversity rather than the needs of a particular group of users. Cowardin and Golet (1995) elaborate on this issue by asserting that, "wetland classifications must facilitate mapping and inventory because these data gathering functions are essential to management and protection of the wetland resource, but the definitions and taxa must have ecological basis". 

The Cowardin system was designed for inventory purposes, and to be of equal use in decision-making involving wetland conservation, management and utilization. Despite problem areas within this classification system, Cowardin and Golet (1995) argue that its basic framework is sound, and that review and modification will serve to strengthen its utility.

Wetland classification and the South African inventory 

The development from first principles of a unique system for the classification of southern African wetlands is generally considered unnecessary and an unwise use of limited resources (Breen 1988). Classification systems already exist which may, with relatively little modification, be able to satisfactorily accommodate the full range of South African wetland diversity. In a review of the subject, Morant (1983) proposed the Cowardin system be used in South Africa, being sufficiently broad and adaptable to be applied with precision to local conditions. 

During a national workshop held in November 1997, the Cowardin system was adopted for the South African inventory. Its acceptance was based on it possessing the following desirable attributes:

1. a hierarchical structure; 

2. an open structure able to be adapted to South African conditions; 

3. simpleness and clearness; 

4. consistency: the types in the same hierarchical level indicate the same degree of detail; and 

5. comprehensiveness: covering all wetland types and habitats in the region after minor modification. 

A working group consisting of Geoff Cowan and John Dini of DEAT and Peter Goodman of KwaZulu-Natal Nature Conservation Service was mandated by the workshop to examine the classification in more detail. The working group has subsequently proposed modifications to the structure of the Cowardin system in order to ensure that it is appropriate to South African conditions. This adapted classification system is presented below for discussion.

Proposed South African wetland classification system 

Aims 

The classification system used in the South African national wetland inventory aims to:

1. describe wetland ecological units with certain homogenous natural attributes; 

2. arrange those units in a hierarchical system that will aid decision-making for conservation and management; 

3. provide easily recognisable units for inventory and mapping purposes; 

4. describe and define wetland habitats in a way that provides uniformity in concepts and terminology throughout the country; and 

5. provide wetland categories that can be compared directly with existing classification systems in South Africa, such as the Ramsar system. 

Definitions 

The wetland definition developed by Cowardin, which forms an integral component of the Cowardin classification system, will be used as the working definition in order to identify and delineate wetlands. By this system, wetlands are defined as:

lands transitional between terrestrial and aquatic systems where the water table is usually at or near the surface or the land is covered by shallow water. 
In order for an area to be classified as a wetland, it must meet at least one of the following criteria:

1. at least periodically, the land supports predominantly hydrophytes; 

2. the substrate is predominantly undrained hydric soil; 

3. the substrate is nonsoil and is saturated with water or covered by shallow water at some time during the growing season. 

The wetland definition to be used in the inventory will also incorporate what Cowardin et al (1979) termed "deepwater habitats", which are defined as:

permanently flooded lands lying below the deepwater boundary of wetlands. They include environments where surface water is permanent and often deep, so that water, rather than air, is the principal medium within which the dominant organisms live, whether or not they are attached to the substrate.
The inclusion of Cowardin's deepwater habitats within the wetland definition for the South African inventory ensures compatibility with the definition for wetlands used by the Ramsar Convention on Wetlands. South Africa, as a Contracting Party to the Convention, already makes use of this definition for a variety of applications, making compatibility of definitions an important issue. Under the Convention, wetlands are defined as:

areas of marsh, fen, peatland or water, whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh, brackish or salt, including areas of marine water the depth of which at low tide does not exceed six metres.
Classification system structure 

Using the Cowardin and MedWet systems (Costa 1996) as a basis from which to work, a classification has been developed which accommodates the physical and ecological diversity of South African wetland systems. The structure of this classification is hierarchical, progressing from Systems at the most general level to Subsystems and Classes. Each level has a specific descriptive purpose:

Systems: wetlands which share the influence of similar hydrologic, geomorphologic, chemical or biological factors 

Subsystems: which reflect hydrologic conditions within Systems 

Classes:which describe the appearance of the wetland based on vegetation structure and composition, or the substrate where vegetation is absent 

Figure 1 illustrates the proposed South African classification structure to the Class level. Each of the systems is explored in more detail in the following sections. 

Six Systems are identified: Marine, Estuarine, Lacustrine, Riverine, Palustrine and Endorheic.

Wetland Systems and Subsystems 

1. Marine System 

Definition
The Marine System consists of the open ocean overlying the continental shelf and its associated exposed coastline.

Description
Marine habitats are exposed to the waves and currents of the open ocean and the water regimes are determined primarily by the ebb and flow of oceanic tides. Shallow coastal indentations or bays without appreciable freshwater inflow are also considered part of the Marine System because they generally support typical marine biota.

Boundaries
The Marine System extends from the outer edge of the continental shelf shoreward to one of the following:

1. the landward limit of tidal inundation (extreme high water of spring tides); 

2. the seaward limit of wetland emergents, trees or shrubs; 

3. the seaward limit of the Estuarine System, where this limit is determined by factors other than vegetation 

Subsystems
Subtidal: the substrate is continuously submerged.
Intertidal: the substrate is exposed and flooded by tides, including the splash zone 

Classes
Water Surface, Non-vegetated, Aquatic Bed, Reef 
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Figure 1: Proposed South African wetland classification system, to Class level



Figure 1: South African Wetland Classification System

2. Estuarine System 

Definition
The Estuarine System consists of tidal wetlands that are usually semi-enclosed by land but have open, partly obstructed or sporadic access to the open ocean, and in which ocean water is at least occasionally diluted by freshwater runoff from the land.

Description
The Estuarine System includes both estuaries and lagoons, and is more strongly influenced by its association with land than is the Marine System. In terms of wave action, estuaries are generally considered to be low energy systems. Salinity and temperature regimes tend to be highly variable, and salinities may periodically be increased above that of the sea by evaporation. Estuarine systems are often highly turbid and contain distinctive fauna. Salt marshes and mud and sand flats bordering estuaries and with an intertidal character are also considered Estuarine.

Boundaries
The Estuarine System extends:

1. upstream and landward to where ocean-derived salinity measures less than 0,5 g/l during the period of annual average low flow; 

2. downstream, in the absence of salinity data, to an imaginary line closing the mouth of a river, bay or sound; 

3. to the seaward limit of wetland emergents, trees or shrubs where they are not included within the imaginary line drawn in (2) 


The Estuarine System also includes offshore areas of continuously diluted sea water.

Subsystems
Subtidal: the substrate is continuously submerged.
Intertidal: the substrate is exposed and flooded by tides, including the splash zone 

Classes
Water Surface, Non-vegetated, Aquatic Bed, Reef, Emergent, Scrub-Shrub, Forested

3. Riverine System 

Definition
The Riverine System includes all wetlands contained within a channel. A channel is an open conduit, either natural or artificial, which periodically or continuously contains flowing water. The following two exceptions are not considered Riverine wetlands:

1. wetlands dominated by mosses or lichens, persistent emergents (eg. Phragmites australis), shrubs or trees (greater than 30% surface area coverage); and 

2. habitats with sea-derived salinity in excess of 0,5 g/l. 

Description
Water is usually, but not always, flowing in the Riverine System. Non-wetland islands or Palustrine islands may occur in the channel, or on adjacent flooded plains, but they are not included in the Riverine System. Oxbow lakes are placed in the Lacustrine or Palustrine Systems unless they are connected to a Riverine System by an open channel at both ends, either permanently or intermittently. Floodplain wetlands are included in the Palustrine System.

Boundaries
The Riverine System is bounded:

3. on the landward side by: 

1. non-wetland; or 

2. channel banks including natural and artificial levees; or 

3. wetlands dominated by mosses or lichens, persistent emergents, shrubs or trees; 

4. at the downstream end where: 

1. sea-derived salinity exceeds 0,5 g/l during the period of annual average low flow; or 

2. the channel enters a lake; 

5. at the upstream end where: 

1. tributary streams originate; or 

2. the channel leaves a lake. 

Subsystems
The Riverine System is divided into five Subsystems: Tidal, Lower Perennial, Upper Perennial, Lower Intermittent and Upper Intermittent. Each is defined in terms of water permanence, gradient, water velocity, substrate, and the extent of floodplain development. The Subsystems have characteristic flora and fauna. All five Subsystems are not necessarily present in all rivers, and the order of occurrence may be other than that given below.

Tidal: 

· Gradient is low and water velocity fluctuates under tidal influence. 

· The streambed is mainly mud with occasional patches of sand. 

· Oxygen deficits may sometimes occur 

· Fauna is similar to that in the Lower Perennial Subsystem 

· Floodplain is typically well developed 

Lower Perennial:
· Gradient is lower than that of the Upper Perennial Subsystem and water velocity is slow 

· There is no tidal influence and some water flows throughout the year 

· The substrate consists mainly of sand and mud 

· Oxygen deficits may sometimes occur 

· Fauna is typically composed of species that reach their maximum abundance in still water. True planktonic organisms are common 

· Floodplain is well developed 

Upper Perennial:
· Gradient is high and water velocity is fast 

· There is no tidal influence and some water flows throughout the year 

· The substrate consists of rock, cobbles, or gravel with occasional patches of sand 

· Natural dissolved oxygen concentration is normally near saturation 

· Fauna is characteristic of running water, and there are few or no planktonic forms 

· Very little floodplain development 

Upper Intermittent:
· Gradient is similar to that of Upper Perennial 

· Channel contains non-tidal flowing water for only part of the year, although isolated pools may persist when water is not flowing 

· Substrate similar to that of Upper Perennial 

Lower Intermittent:
· Gradient is similar to that of Lower Perennial 

· Channel contains non-tidal flowing water for only part of the year, although isolated pools may persist when water is not flowing 

· Substrate similar to that of Lower Perennial 

Classes
Water Surface, Non-vegetated, Aquatic Bed, Emergent

Rationale
The Riverine System has been divided into five Subsystems, whereas the Cowardin system makes use of four. The additional Subsystem is the result of Intermittent being divided into Lower and Upper Intermittent. Participants in the national workshop proposed that this would allow the distinction drawn between Upper and Lower Perennial Subsystems to be extended to the Intermittent Subsystem. Considering the prevalence of non-perennial Riverine ecosystems in South Africa, it was felt that some dissection of the broad category of Intermittent should take place. Valuable information would otherwise be lost by grouping together, under the heading of Intermittent, ecosystems with similar hydrological regimes but widely differing physical and ecological attributes.

4. Lacustrine System 

Definition
The Lacustrine System includes wetlands possessing all of the following characteristics:

1. situated in a topographic depression or a dammed river channel; 

2. total area greater than 8 ha; and 

3. surface area coverage by mosses, lichens, trees, shrubs or persistent emergents of less than 30%. 

Similar wetlands of less than 8 ha are also included in the Lacustrine System if they possess at least one of the following characteristics:

4. water depth in the deepest part of the basin exceeds 2 m at low water; or 

5. a wave-formed or bedrock feature makes up all or part of the shoreline boundary 

If a wetland qualifies as Lacustrine under the above criteria, but additionally possesses all of the following characteristics, then it is classified within the Endorheic System:

6. roughly circular to oval in shape, sometimes kidney-shaped or lobed; 

7. flat basin floor; 

8. less than 3 m deep when fully inundated; and 

9. closed drainage (lacking any outlet). 

Description
The Lacustrine System includes permanently flooded lakes and dams. Lacustrine waters may be tidal or non-tidal, but ocean-derived salinity is always less than 0,5 g/l. Typically, there are extensive areas of deep water, and there may be considerable wave action. Islands of Palustrine wetlands may lie within the boundaries of the Lacustrine System

Boundaries
The Lacustrine System is bounded by:

10. non-wetland; 

11. wetland dominated by mosses, lichens, trees, shrubs or persistent emergents; or 

12. a Riverine wetland entering or leaving the wetland. 

Subsystems
Limnetic: all habitats lying at a depth of greater than 2 m below low water within the Lacustrine System. Many small Lacustrine ecosystems have no Limnetic Subsystem.
Littoral: all wetland habitats in the Lacustrine System extending from the shoreward boundary of the system to a depth of 2 m below low water, or to the maximum extent of non-persistent emergents, if these grow below depths of 2 m. 

Classes
Water Surface, Non-vegetated, Aquatic Bed, Emergent

Rationale
The boundary between the Limnetic and Littoral Subsystems was selected by Cowardin because it represents the maximum depth to which emergent plants normally grow.

5. Palustrine System 

Definition
The Palustrine System includes:

1. all non-tidal wetlands dominated by trees, shrubs, persistent emergents, mosses or lichens (greater than 30% surface area coverage); 

2. tidal wetlands where salinity due to ocean-derived salts is less than 0,5 g/l; and 

3. wetland habitats lacking the vegetation listed in (1), but with all of the following characteristics: 

1. area less than 8 ha; 

2. water depth in the deepest part of the basin less than 2 m at low water; 

3. lacking active wave-formed or bedrock shoreline features; and 

4. salinity due to ocean-derived salts less than 0,5 g/l 

If a wetland qualifies as Palustrine under the above criteria, but additionally possesses all of the following characteristics, then it is classified within the Endorheic System:

4. roughly circular to oval in shape, sometimes kidney-shaped or lobed; 

5. flat basin floor; 

6. less than 3 m deep when fully inundated; and 

7. closed drainage (lacking any outlet). 

Description
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. The erosive forces of wind and water are of minor importance except during severe floods.

Boundaries
The Palustrine System is bounded by:

8. non-wetland; or 

9. Marine, Estuarine, Lacustrine or Riverine Systems. 

Subsystems
Flat: wetland habitats occurring on areas of comparatively level land (slope less than 1%) with little or no relief, but not directly associated with either a valley bottom or floodplain feature 

Slope: wetland habitats occurring on areas with a gradient of greater than 1%, but not directly associated with either a valley bottom or floodplain feature. Usually slopes will be found along the topographical continuum between the plateau or crest and the valley bottom (see Figure 2). 

Valley bottom: wetland habitats occupying the bottom of the topographical sequence in Figure 2. They are not necessarily associated with a river channel.

Floodplain: wetland habitats falling within areas which are: 

10. adjacent to a well-defined river channel; 

11. built of sediments during the present regimen of the stream; and 

12. covered with water when the river overflows its banks during a 1-in-10 year magnitude flood event. 


Distinct morphological features, such as levees and oxbow lakes may be present and the substrate is dominated by alluvial or hydric soils. 

Classes
Water Surface, Non-vegetated, Aquatic Bed, Emergent, Scrub-Shrub, Forested
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5c. Mature/old valley 

Figure 2
: Terrain units comprising the topographical continuum from upland to valley bottom(Kotze et al 1994).


Rationale
Cowardin did not divide the Palustrine System into any Subsystems. However, considering the palustrine nature of the majority of South Africa's wetlands, concern was expressed that valuable information would be lost by not distinguishing this System into more finely resolved Subsystems. As a result, four Subsystems have been defined, primarily on the basis of the position of the wetland in the landscape. Kotze et al (1994) considered a hydrogeomorphological approach to be valuable, "because of the important influence that geomorphology has on local surface and groundwater movement patterns and the degree to which wetlands are open to lateral exchanges of sediments, nutrients and other pollutants". This emphasis on the geomorphological aspects of classification has been attempted in other parts of the world (eg. Semeniuk and Semeniuk 1995).

Floodplain systems were explicitly distinguished in order to emphasize the interconnectedness between riverine systems and their associated floodplain wetlands. This Subsystem permits an ecologically-meaningful distinction to be drawn between Palustrine and Lacustrine wetlands which have particular hydrological relationships to Riverine Systems as a result of their position on floodplains, and those with no association with, or directly connected to a river channel. In terms of information for conservation and management purposes, this is a valuable distinction. It was decided to place floodplain wetlands within the Palustrine rather than the Riverine System, as these wetlands share hydrological, geomorphological and ecological features more characteristic of the former System, although these attributes are strongly influenced by the latter. 

The boundary of the Floodplain Subsystem was limited to within the 1-in-10 year floodline, as this line is often easily identified from aerial photographs. The use of this floodline to define the floodplain matches the definition used in regulations made under the Conservation of Agricultural Resources Act. In terms of these regulations (Government Notice R1048, 25 May 1984), no cultivation may take place within the 1-in-10 year "flood area". Compatibility of definitions used in the classification system and inventory with those contained in legislation will optimise the usefulness of the inventory for a wide range of applications.

6. Endorheic System 

Definition
The Endorheic System comprises wetlands that would otherwise be classified as Palustrine or Lacustrine, but which possess all of the following additional characteristics:

1. circular to oval in shape, sometimes kidney-shaped or lobed; 

2. flat basin floor; 

3. less than 3 m deep when fully inundated; and 

4. closed drainage (lacking any outlet). 

Description
Wetlands of the Endorheic System are commonly referred to as pans in South Africa, and as small closed basins or playas in geomorphological literature. The majority of pans in the country occur in the area with a mean annual rainfall of less than 500 mm and an average net evaporation loss greater than 1000 mm per annum (Shaw 1988). Being located largely in dry regions, pans display characteristic patterns of ephemeral and irregular inundation. Pans in the arid western regions of South Africa may remain dry for years between temporary flooding, while those in the higher rainfall regions display seasonal inundation regimes, and may remain flooded over a number of seasons. Some of the larger pans on the Mpumalanga highveld are permanently inundated, large, deep and have rooted vegetation (Allan et al 1995). As such, these pans would be classified as Lacustrine if their water depth exceeds 3 m. Being endorheic, pans lose water largely by evaporation, which also contributes to the high salinity observed in many of these systems.

Boundaries
The Endorheic System is bounded by non-wetland

Subsystems
None

Classes
Water Surface, Non-vegetated, Aquatic Bed, Emergent, Scrub-Shrub

Rationale
The Endorheic System has been added to Cowardin's original complement of five Systems in recognition of the significant ecological role played by pan ecosystems in southern Africa (Goudie and Thomas 1985). The addition of another System is a significant departure from the original framework, but was viewed as necessary. 

With South African realities in mind, the addition was considered necessary in order to be able to distinguish endorheic ecosystems from other Lacustrine and Palustrine wetlands. Using the Cowardin system in its original form, it is not possible to make this distinction, even though these ecosystems exhibit unique hydrological properties and play an indispensable ecological role in arid areas. As such, valuable information for conservation and management will be lost if the shared determinants and attributes of pan ecosystems are not explicitly accommodated in the classification hierarchy. It is to be expected that, given the scarcity of permanent waters in arid regions, temporary waters will have an ecological significance much greater in those regions than in more temperate zones (Williams 1985). A possible bias towards wetlands in wetter, more temperate regions may provide the reason why less emphasis was placed on pan or playa ecosystems by Cowardin.

Endorheic was created at System level because, by the original classification, these ecosystems would fit into both Palustrine and Lacustrine Systems, depending on size. This would have made it impossible to capture all pans within one Subsystem under either Palustrine or Lacustrine. More importantly, the basis for division of Systems into Subsystems is primarily hydrological differences, such as water depth and permanence (Breen 1988, Cowardin and Golet 1995). Although endorheic ecosystems are primarily influenced by hydrological variability, they share a number of additional determinant factors (Allan et al 1995). To assign Endorheic at the level of Subsystem would place most of the emphasis on hydrologic aspects and ignore the range of geomorphologic, chemical and biological features that are common to these ecosystems. The System level, which describes the overall complex of hydrological, geomorphological, physical, chemical, and biological features that certain groups of wetlands share (Cowardin and Golet 1995), therefore seems a more appropriate level of the hierarchy at which to introduce endorheic ecosystems. 

The advantage of placing Endorheic at System rather than Subsystem level can be illustrated by examining the attributes that a large shallow ephemeral pan would be expected to share with a deep similarly-sized permanent lake, and with a much smaller ephemeral pan. Were Endorheic to be considered a Subsystem, a pan larger than 8 ha would be classified within the Lacustrine System, while smaller pans would be considered Palustrine. Intuitively, however, it makes more sense that a large pan and a small pan will share between them more common attributes and determinants than either will with a deep permanent lake. Taxonomically, this should result in the pans being classified within one taxon on the basis of shared characteristics, rather than the large pan being classified with lakes.

The characteristics used to define the Endorheic System are considered to be those that clearly and easily distinguish pans from other ecosystems. Allan et al (1995) report that endorheic pans are relatively easily defined ecosystems, having a distinctive range of shapes and usually being less than 3 m deep, even when fully inundated. Shaw (1988) states that, although there is slight variability in shape, a characteristic of all pans is a flat basin floor within the depression. The lack of external drainage provides another crucial factor in distinguishing Endorheic ecosystems.

Wetland Classes 

The Classes are the most important part of the system for many users and are basic to wetland mapping. They have been designed to be easily recognizable by users in a wide variety of disciplines, during field surveys or mapping from aerial photography. The Classes describe the general appearance of the habitat either in terms of the dominant life form of the vegetation or the physiography and composition of the substrate. These are features that can be recognized from most aerial photographs and without the aid of detailed environmental measurements.

If vegetation covers less than 30% of the substrate, Classes are distinguished on the basis of the characteristics of the substrate (Water Surface, Non-vegetated and Reef). If vegetation covers more than 30% of the substrate, Classes are distinguished on the basis of the life form of the plants (Aquatic Bed, Moss-Lichen, Emergent, Scrub-Shrub and Forested) that constitute the uppermost layer of vegetation and possess a coverage greater than 30%. For example, an area with 50% coverage of trees over a shrub layer with a 60% coverage would be classified as Forested Wetland, while an area with 20% coverage of trees over the same (60%) shrub layer would be regarded as Scrub-Shrub Wetland. Pioneer species that briefly invade wetlands when conditions are favourable are treated at the Subclass level because they are transient and often not true wetland species.

Water Surface
This Class is found in all Systems and includes all water surfaces with a vegetative cover of less than 30%. It replaces the Classes Rock Bottom and Unconsolidated Bottom originally used by Cowardin, as it is often difficult to distinguish the nature of the substrate beneath the water when using aerial photographs.

Subclasses
Mud, Sand, Gravel-Cobbles, Rock, Organic, Salt Crust

Non-vegetated
This Class includes surfaces with less than 30% surface area cover of vegetation other than pioneer species. Common examples include rocky shores along Marine coastlines, Marine and Estuarine mud and sand flats, exposed shores on the margins of lakes and dams, and riverine sand bars.

Subclasses
Mud, Sand, Gravel-Cobbles, Rock, Organic, Salt Crust, Vegetated Pioneer

Reef
This Class includes ridge-like or mound-like structures formed by the colonization and growth of sedentary invertebrates. Reefs are characterised by their elevation above the surrounding substrate and their interference with normal wave flow.

Subclasses
Mollusc, Worm, Coral

Aquatic Bed
This Class includes habitats dominated by plants that grow principally on or below the water surface for most of the growing season in most years. These habitats are usually found in water less than 2 m deep. They represent a diverse group of plant communities that require surface water for optimal growth and reproduction. They are best developed in relatively permanent water or areas that are subjected to repeated regular flooding. The plants may be attached to the substrate or float freely in the water on or below the surface.

Subclasses
Algal, Aquatic Moss, Rooted Vascular, Floating-leaved, Floating Vascular

Moss-Lichen
This Class includes areas where mosses or lichens cover substrates other than rock and where emergents, shrubs or trees comprise less than 30% of the surface area coverage.

Subclasses
Moss, Lichen

Emergent
This Class is characterised by erect, rooted, herbaceous hydrophytes, excluding mosses and lichens. This vegetation is present for most of the growing season in most years, usually maintaining the same appearance from one year to another. Perennial species tend to dominate Emergent habitats. Areas that are dominated by pioneer species which become established during periods of low water are not Emergent Wetlands and should be classified as Non-vegetated.

Subclasses
Persistent, Non-persistent

Scrub-Shrub
This Class includes areas dominated by woody vegetation less than 6 m tall. It is characterised by true shrubs, young trees, and trees or shrubs that are small or stunted as a result of environmental conditions. Such communities may represent a successional stage leading to Forested Wetland, or they may be relatively stable.

Subclasses
Deciduous, Evergreen, Dead

Forested
This Class is characterised by woody vegetation that is taller than 6 m. These habitats normally possess an overstorey of trees, an understorey of young trees or shrubs, and a herbaceous layer.

Subclasses
Deciduous, Evergreen, Dead

Further Classification Levels 

Below the Class level, the Cowardin system is further divided into Subclasses, Dominance Types and Modifiers. These will not be defined in any detail, in order to keep this document as concise as possible. Detailed descriptions of these levels can be found in Cowardin et al (1979) and Farinha et al (1996). They are generally of less importance in the stage of the inventory that relies on mapping by remote sensing, as there is often insufficient detail in aerial photographs to classify beyond the Class level. The information necessary to complete these levels would be gathered during field surveys. For purposes of analysis on a national scale, it will not be necessary (although it will still be desirable) to classify wetlands beyond Class.

Wetland Subclasses 

The Subclasses describe more detailed differences within Classes based on the predominant life form or substrate type. Subclasses designated on the basis of vegetation are Vegetated Pioneer, Algal, Aquatic Moss, Moss, Lichen, Floating Vascular, Rooted Vascular, Floating-leaved, Non-persistent, Persistent, Deciduous, Evergreen and Dead. The Reef Class can be further distinguished into Mollusc, Worm and Coral Subclasses. Subclasses defined on the basis of substrate are Mud, Sand, Gravel-Cobbles, Rock, Organic and Salt Crust.

Dominance Types 

The Dominance Type is the level below Subclass and is determined on the basis of the dominant species. This is usually a plant species in the case of a vegetated Subclass, or a sedentary or sessile macroinvertebrate species when the Subclass is based on substrate material. The Dominance Type is most important to users interested in more detailed studies.

Modifiers 

In order to fully describe wetland habitats it is necessary to apply certain Modifiers inthe classification hierarchy. There are three groups: Water Regime, Water Chemistry and Artificial Modifiers. 

Water Regime Modifiers
These require detailed knowledge of the duration and timing of inundation, both yearly and long term. Tidal Modifiers are determined largely by oceanic tides and are divided into Subtidal, Irregularly Exposed, Regularly Flooded and Irregularly Flooded. Nontidal Modifiers include Permanently Flooded, Semi-permanently Flooded, Seasonally Flooded, Temporarily Flooded, Intermittently Flooded and Saturated. Habitats may also be Artificially Flooded. 

For the Estuarine System, two additional modifiers have been defined: Permanently Open and Temporarily Open/closed. As the permanence of the connection between the Estuarine system and ocean will significantly influence the ecology of the estuary, these modifiers were considered important (R. Taylor, KZNNCS, Pers. comm)

Water Chemistry Modifiers
The accurate characterization of water chemistry in wetlands is difficult because of problems in measurement and fluctuation of the parameters according to season, time of day, or other factors. Despite these problems, the description of water chemistry is important, as it determines species composition of habitats and has implications for utilization and management of wetlands. The term "haline" is used to describe ocean-derived (NaCl-dominated) salinity, while "saline" is used for inland waters. Both of these terms are then used in combination with the prefixes Oligo-, Meso-, Poly-, Mixo- (Brackish), Eu- or Hyper- to describe salinity. The Cowardin system extends water chemistry to pH, using Acid, Circumneutral and Alkaline Modifiers.

Artificial Modifiers
Many wetlands are man-made, while others have been modified from a natural state to some degree by the activities of humans. Since the nature of these alterations often greatly influences the character of such habitats, the inclusion of modifying terms to accommodate human influence is important. In addition, many human modifications, such as dam walls and drainage ditches, are visible in aerial photographs and can be easily mapped. The following Artificial Modifiers are defined and can be used singly or in combination wherever they apply to wetlands:

Farmed: the soil surface has been physically altered for crop production, but hydrophytes will become reestablished if farming is discontinued
Artificial: substrates placed by humans, using either natural materials such as dredge spoils or synthetic materials such as concrete. Jetties and breakwaters are examples of Non-vegetated Artificial habitats
Excavated:habitat lies within an excavated basin or channel 
Diked/Impounded:created or modified by an artificial barrier which obstructs the inflow or outflow of water
Partially Drained: the water level has been artificially lowered, usually by means of ditches, but the area is still classified as wetland because soil moisture is sufficient to support hydrophytes. 

Conclusion 

The classification system as proposed above is in its infancy. The working group responsible for the modifications to the Cowardin system presented in this document does not purport to possess specialist knowledge of all the wetland types that are covered by the classification. Instead it is hoped that those with this knowledge will comment on the adequacy with which the classification accommodates the wetland types that they know best. This process of critical review by those with expertise in South African wetlands will comprise a crucial first step in ensuring the ultimate production of a classification that is able to fulfill its purpose. 

The second step in producing a capable classification will be the field testing of the system once it has been reviewed. Ideally this will take the form of a mini-inventory exercise covering selected areas which contain a representative variety of wetland types. How effectively the classification accommodates the range of wetland habitats encountered during this trial will determine its suitability for application in a full-scale national wetland inventory.
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