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Appendix R2:
Stream Classification

R2.1
Introduction

Classification
, in the strictest sense, means ordering or arranging objects into groups or sets on the basis of their similarities or differences (Platts, 1980; Gauch, 1982).  It is a tool which has been used in virtually all sciences, particularly in their early stages of development.

Rivers have been a frequent subject for classification by practitioners from a wide range of disciplines including both ecologists and geomorphologists (Mosley, 1987).  Motivations for identifying different types or classes of river have varied widely, from the desire of the scientist to enhance his understanding of river behaviour and morphology by highlighting common characteristics of a given river type, to the need of an engineer or freshwater fishery manager to extrapolate experience and knowledge of a given river to rivers which behave in a similar fashion (Mosley, 1987).  The classification of fluvial systems remains in a formative stage because of the dynamic changes that occur over broad spatial and temporal scales (Salo, 1990), and because classification systems only reflect the current state of knowledge on river function (Frissell et al., 1986).

Implicit in the endeavour to classify any natural feature or ecological system is the assumption that relatively distinct boundaries exist and that the boundaries may be identified by a set of discrete variables.  However, the classification of streams is complicated by both longitudinal and lateral linkages, by changes that occur in the physical features over time, and because boundaries between apparent patches in fluvial systems are often indistinct (Naiman et.al.., 1988;  Pringle et.al.., 1988;  Decamps and Naiman, 1989).  Connectivity and variability are fundamental for the long-term maintenance and vitality of stream systems, and become essential but complicating factors in developing an enduring classification scheme (Naiman et al., 1992).

R2.2
Theoretical background

Stream classification has been attempted by many researchers from different disciplines who have used a number of variables at different spatial scales. 

Brussock et.al.. (1985) proposed a system to classify running water habitats into longitudinal classes based on their channel form which can be considered in three different sedimentological settings: a cobble and boulder bed channel, a gravel bed channel, or a sand bed channel.  Three physical factors (relief, lithology and runoff) were selected as state factors that control all other interacting parameters associated with channel form such as temperature, depth, velocity and substrate.  This work confirmed much of the earlier work of Leopold et.al.. (1964) that stream channel-form can be predicted along the length of the river within geographic regions.

Schumm (1979) envisaged an idealised fluvial system as consisting of three channel zones: an upper zone of sediment production (source), where the major controls were climate, diastrophism and land use; a middle zone (transfer) essentially in equilibrium; a lower zone (sink or depositional area), where controls were base level and diastrophism. This idealised and simplistic description has been adopted by numerous researchers for the classification of river systems.

The simple model of Schumm (1979) was further extended by another geomorphologist, Pickup (1984), and used to explain variation in bedload characteristics and movement in the Fly and Purari Rivers of Papua New Guinea. 

The result of this study was the identification of five separate zones, each with its own characteristic particle size distribution.  Pickup stresses that these zones reflected variations in the controls of gradient, bed material, stream power potential along the channel, and the ability to move different sized materials at different frequencies. The resultant zones had a distinctive set of slope, sinuosity and width depth ratio values.

A pervasive theme in recently developed stream classification systems in North America has been a hierarchical perspective that links large regional scales (ecoregions) with small microhabitat scales (Naiman et.al.., 1992).  A number of such schemes, which incorporate geomorphological concepts, have been developed as tools for effective water management, the most common ones in use include Lotspeich (1980), Bailey (1978), Cupp (1989), Brussock et.al.. (1985), Rosgen (1985 and 1994) and Kellerhals and Church (1989).  Many of these classifications incorporate the ideas of Frissell et.al.. (1986), who extended an earlier approach of Warren (1979) by incorporating spatially nested levels of resolution, and produced a framework which addresses form or pattern within a number of hierarchical levels, as well as origins and processes of development.  

Naiman et.al.. (1992) provide a useful summary of three working hierarchical systems which have gained a fairly wide usage in North America.  Brussock et.al.'s. (1985) and Rosgen's (1985) stream classifications provide detailed descriptions of the reach within the context of the stream network. Unfortunately the systems are not linked to hillslope processes and the boundaries are relatively indistinct.  On the other hand Cupp's (1989) classification is specific to a portion of a stream (or reach) and has relatively distinct boundaries.  Unfortunately, although it places the reach within the local valley topography, it does not relate the reach to the catchment. These systems fall short of the view held by many researchers ( Van Deusen, 1954; Slack, 1955; Hynes, 1970; Platts, 1974 and 1979; Morisawa and Vemuri, 1975; Lotspeich and Platts, 1982 and Frissell et.al, 1986 ), that the structure and dynamics of the stream are determined by the surrounding catchment as illustrated in Figure 1. 
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Figure 1. Variables in a catchment influencing the dynamics and morphology of the fluvial system. From Morisawa and Vemuri (1975)

A modification of Frissel's model has been proposed as a procedure for the classification of the geomorphological components of lotic ecosystems within selected South African river systems.  This model is comprised of six nested levels: the catchment, the stream segment, the zone, the channel reach, the morphological unit and the hydraulic biotope.  The hydraulic biotope scale component within this hierarchy  provides the essential link between geomorphology and ecology.  The morphological unit and associated hydraulic biotopes provide the basic building blocks of the system whilst the catchment and its sub zones control the driving forces.  The channel network, composed of segments and reaches, provides the link between the two.   This system not only allows a structured description of spatial variation in stream habitat but also provides a scale based link between the channel and the catchment so as to account for catchment dynamics.  The hierarchical model provides the spatial framework of physical features upon which process models of catchment hydrology, flow hydraulics and sediment transport can be based.
R2.3
A hierarchical geomorphological model for South African river systems.

The brief historical review of the literature relating to river classification given above  forms the basis of a management tool for South African rivers.  Of particular significance is the realisation  that in the traditional or conventional sense of the word, there are very few "true" classifications of rivers because this implies the identification and grouping of objects at the same spatial scale.  When one links the longitudinal and lateral variables within the catchment, which interact somewhat inconsistently through space and time to produce a hierarchical network making up a river system, any attempt at river classification is made extremely difficult.  A geomorphological model proposed here is the first stage of a classification, whereby it provides the framework for the description of the various components of the fluvial system, at any scale.  The following discussion introduces the various components of the hierarchical model.

Table 1. The hierarchical structure with definition of terms.

THE  HIERARCHY
DEFINITION OF TERMS USED.

Catchment
The land surface which contributes water and sediment to the specified stream network.

Segment
A length of channel along which there is no significant change in the imposed flow discharge or sediment load.

Geomorphological Zones
Zonation concepts are based on downstream changes in the river long profile.

Reach
A length of channel within which the constraints on channel form are uniform so that a characteristic assemblage of channel forms occur.

Morphological unit
The basic structures comprising the channel morphology for example pools, riffles, runs, rapids, waterfalls etc.

Hydraulic biotope
The habitat assemblages with a characteristic range of temporarily variable hydraulic and substrate characteristics which can be equated to the morphological units.

R2.3.1
The catchment

The catchment is defined by the topographic divide except where groundwater is a major component of streamflow.  The development and physical characteristics of a stream system are dependent upon the geological history and climate of its drainage basin (Hack 1957, Schumm and Lichty 1965, Douglas 1977).  Thus, stream systems might be classified on the basis of the biogeoclimatic region in which they reside (Warren 1979, Bailey 1983), the slope and shape of the longitudinal profiles (Hack 1957), and some index of drainage network structure (Strahler 1964).

R2.3.2
The segment

The catchment is the source area for runoff and sediment whereas the channels provide the network through which flows of water and sediment are routed.  The channel network can be subdivided into segments, where a segment is a length of channel along which there is no significant change in the imposed flow discharge or sediment load. 

R2.3.3
The Geomorphological Zone

In South Africa, longitudinal rivers long profiles reflect regional geological events and long term fluvial action.  Uplift and tectonic warping provide the template upon which the profile develops over geological time the profile becomes adjusted (or graded) to transport the sediment that becomes available to the river channel.  A typical graded profile developed on homogenous bedrock is concave in shape.  The steep headwaters are in equilibrium with coarse materials being transported by relatively low flows in low order streams, whereas the lower gradient lowland areas are in equilibrium with the transport of finer materials by increasing flows in high order streams.

This classic long profile may be disrupted by a number of features including local outcrops of more resistant rock and rejuvenation due to tectonic uplift or a fall in sea level.  In South Africa widespread rejuvenation occurred due to uplift and tilting during both the Pliocene and Miocene.  The axis of uplift runs more or less parallel to the east and south coast and reached a maximum of 800m in the Natal midlands in the middle Pliocene, about 4 million years ago.

Rowntree and Wadeson (1998) have developed a zonal classification system for South African rivers modified from Noble and Hemens (1978).

Table 2:  Zonal classification system for South African rivers (Rowntree & Wadeson 1998)

1.
Source zone
not specified
Low gradient, upland plateau or upland basin able to store water.  Spongy or peaty hydromorphic  soils.

2.
Mountain headwater stream
 0.1 - 0.7
A very steep gradient stream dominated by vertical flow over bedrock with  waterfalls and plunge pools. Normally first or second order. Reach types include bedrock fall and cascades.

3.
Mountain stream
 0.01 - 0.1
Steep gradient stream dominated by bedrock and boulders, locally cobble or coarse gravels in pools.  Reach types include cascades, bedrock fall, step-pool, plane bed, pool-rapid or pool riffle.   Approximate equal distribution of >vertical= and >horizontal= flow components.

4.
Foothills (cobble bed)
0.005 - 0.01
Moderately steep, cobble-bed or mixed bedrock-cobble bed channel, with plane bed,  pool-riffle, or pool-rapid reach types. Length of pools and riffles/rapids similar. Narrow flood plain of sand, gravel, or cobble often present.

5.
Foothills (gravel bed)


 0.001 - 0.005 
Lower gradient mixed bed alluvial channel with sand and gravel dominating the bed, locally may be bedrock controlled.   Reach types typically include pool- riffle or pool-rapid,  sand bars common in pools.   Pools of significantly greater extent than rapids or riffles.  Flood plain often present.

6.
Lowland sand bed or Lowland fllodplain 
 0.0001- 0.001
Low gradient alluvial sand bed channel, typically regime reach type. Often confined, but fully developed meandering pattern within a distinct flood plain develops in unconfined reaches where there is an increased silt content in bed or banks.  

Additional zones associated with a rejuvenated profile



7.
Rejuvenated bedrock fall / cascades
0.01 - 0.5
Moderate to steep gradient, often confined channel (gorge) resulting from uplift in the middle to lower reaches of the long profile, limited lateral development of alluvial features, reach types include bedrock fall, cascades, and pool-rapid. 

8.
Rejuvenated foothills
0.001 - 0.01
Steepened section within middle reaches of the river caused by uplift, often within or  downstream of gorge; characteristics similar to foothills (gravel/cobble bed rivers with pool-riffle/ pool-rapid morphology)  but of a higher order.  A compound channel is often present with an active channel contained within a macro-channel activated only during infrequent flood events. A flood plain may be present between the active and macro-channel.

9.
Upland flood plain (UFP)
0.0001- 0.001
An upland low gradient channel, often associated with uplifted plateau areas as occur beneath the eastern escarpment.

R2.3.4
The reach 

Variations in channel morphology may occur within a segment due to changes in perimeter conditions which determine the next level of the hierarchy, the reach.  For the purpose of this model, a reach is defined as a length of channel within which the constraints on channel form are uniform so that a characteristic assemblage of channel forms occur within identifiable channel patterns.  Reach characteristics determine the possible direction of the response to changes in flow and/or sediment load, in particular whether it acts as a source, transfer zone or sink for sediment.  These include valley gradient, geology, local side slopes, valley floor width, riparian vegetation and bank material. 
R2.3.5
The morphological unit  
This level of the hierarchy involves the identification of individual morphological units and related “hydraulic biotopes” within the reach.  The morphological units are the basic structures recognised by fluvial geomorphologists as comprising the channel morphology, and are formed from the erosion of bedrock (rapids, waterfalls, plunge pools etc.) or from the deposition of alluvium (sand or gravel bars, riffles, pools etc.).  The characteristics and range of morphological units in a reach moderates the ecological impact of a change in flow/sediment regime as they determine the available habitat at any given discharge.  The relationship of a given sedimentary feature to its larger-scale (pool/riffle or reach) environment is also important in understanding its dynamics (Laronne and Carson 1976, Jackson and Beschta 1982), so that a description of the different morphological features in a reach is an important input into sediment models.

R2.3.6
Ecological habitat or “hydraulic biotope”

The hydraulic biotope may be defined as a spatially distinct in-stream flow environment characterised by specific hydraulic attributes (Wadeson, 1994).  This level of the hierarchy is the key to the successful conservation of rivers to maintain ecological integrity within South African fluvial environments because it provides the crucial link between catchment geomorphology and lotic ecology.  

R2.4
Methods for categorising river geomorphology

For a classification system to be successful it must be based on valid process-form relationships, objectively defined units, clear identification procedures and readily accessible data.  These features of the hierarchical model are described in Chapter 7 of Rowntree and Wadeson (1998).  The chapter describes the methods or techniques used to derive and analyse data and classify features at each level of the hierarchy.
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� Editor’s note:  Author to explain that stream classification on geomorphology should not be confused with the water resource management classification system.





� Editor’s note:  Author to provide additional text to demonstrate procedural aspects and links to RDM determination through site selection and ecoregional typing





� Editor’s note:  Author to provide brief summary of methods referred to.
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