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THE KRUGER NATIONAL PARK RIVERS RESEARCH PROGRAMME

The Kruger National Park Rivers Research Programme is a co-operative,

interdisciplinary endeavour. It is directed at contributing to the conservation of the

natural environment of rivers through developing skills and methodologies required

to predict the response of the systems to natural and anthropogenic factors affecting

water supply (quantity and quality); skills and methodologies required to establish

the social acceptability of predicted changes; and through directed research, to

develop the understanding of the ecological functioning of these systems required to

improve the quality of prediction and advice to resource-use managers, researchers

and stakeholders.



EXECUTIVE SUMMARY

This document is the final report of the Water Research Commission and Kruger National Park

Rivers Research Programme (KNPRRP) project entitled;

ABIOTIC-BIOTIC LINKS IN THF. SABTE RIVER:

THE RESPONSES OF RIVERINE III OTA TO CHANGING HYDROLOGY AND

GEOMORPHOLOGY

The project arose as a result of a realisation by participants of the KNPRRP that links between the

respective research components regarding the biotic and abiotic processes, were not clearly defined and

were not being adequately addressed by the existing projects encompassed by the programme.

The stated project objectives were:

1. To draw together the abiotic and biotic information and knowledge collected by the KNPRRP into

a suite of models which will improve the ability of researchers and resource managers to predict

biotic response to geomorphological and hydrological changes in the Sabie River.

2. To use the above synthesised information to begin an implementation phase of the KNPRRP, in

which environmental recommendations for the Sabie River can be supported by information and

predictions from the Programme.

3. To contribute, by means of examples specific to the Sabie River, to the project of Dr. Jackie King,

investigating abiotic/biotic links in other rivers.

The overall purpose of the project was to develop integrative modelling skills within the KNPRRP

which could be transferred to the broader freshwater research community. Several innovative

methods and techniques were explored in generating an integrated suite of models to estimate the

responses of fish and riparian vegetation to changing hydrology and geomorphology of the Sabie

River. These include:

1. The use of qualitative rule-based models (QRBMs) to simulate changes in geomorphology, fish

and riparian vegetation,

2. The development of new techniques for relating fish habitat to river channel morphology,

3. The development of a geomorphology-based riparian vegetation model, and



4. The development of new tools and use of recent computing advances, such as graphical

programming, hypertext documents and the internet, to aid in the transfer of data and information

and the visualisation of model results.

As the project neared the end of its one-year lifespan, it became clear that many of the techniques

developed, and methodologies applied, could not be rigorously iested before the final report was due.

Consequently, the development and application of these methods is reported and it is accepted that

their testing is incomplete. This document concentrates on the processes and methodologies

developed in forging links between abiotic processes and abiotic responses, and in developing

predictive potential, rather than on the application and testing of the resulting models.

The project was known as the KNPRRP Biotic Links project and is referred to in this document as

the BLINKs project. A brief overview of the final report follows.

1. LINKING ABIOTIC PROCESSES AND BIOTIC RESPONSES IN THE RIVERS OF THE

KRUGER NATIONAL PARK

The Kruger National Park (KNP) is South Africa's premier national park and a major drawcard to local

and foreign tourists. The Park is dependent upon several rivers for its water supply, all of which rise

outside of the Park's borders (Figure I). Agricultural, forestry and industrial development as well as an

urgent need to develop water supplies for a burgeoning human population increasingly affect these

catchments. This increasing demand has affected water quality and quantity in the KNP rivers and is

placing its riparian ecosystems under threat.

"The Kruger National Park Rivers Research Programme (KNPRRP) is a multi-disciplinary and

co-operative endeavour aimed at contributing to the conservation of the natural environment of rivers

through developing skills and methodologies required to predict responses of the systems to natural and

anthropogenic influences affecting water supply and to improve the quality of the advice to resource

managers, researchers and stakeholders" (Breen, et al. 1994).

The flow of water forms the major connecting link between the various catchment components (Figure

2). Water, its quality and quantity, is the common concern in all the disciplines involved in KNPRRP.

Thus, the development of an hydrology-based catchment modelling system in which "modules" from

other disciplines may be incorporated will provide a particularly useful tool to bring together products

from different KNPRRP projects, as well as providing an aid to managers and planners in identifying

effective sustainable management options for the rivers of the KNP.



Figure 1. Location of the Kruger National Park and Sabie River Catchment.
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Figure 2. Conceptual flow of the linkages between abiotic and biotic components of a river system.



Since the inception of the KNPRRP, there has been an awareness of the need to relate aquatic biotic

responses to abiotic channel and catchment conditions. The ultimate aim in forging these links is to

establish the flow requirements of the aquatic ecosystems.

Project Goals and Structure

Usually, attempts to predict the environmental flow requirements of riparian biota have concentrated

on establishing the discharge regime, which will maintain or enhance the habitat for riverine flora

and fauna. However, others have recognised that fluvial geomorphology is the logical integrating

discipline to link river response to ecological functioning, as it is the geomorphology that forms the

physical template for habitat development. This recognition was developed in this project and the

habitat provided by the geomorphic template is a significant component of all the models developed.

The final product of this project is a suite of models which consists of an hydrology model and three

qualitative rule-based models (QRBMs) to describe the geomorphic function (Chapter 3), fish

response (Chapter 4) and riparian vegetation response (Chapter 5) of the Sabie River. The ACRU

agro-liydrological modelling system is used to simulate catchment hydrological processes in order to

provide input information to the QRBMs viz. daily streamflow and sediment yield. Planning of the

models was guided by development of conceptual models of the fundamental components that influence

the components themselves.

The KNPRRP BLINKs project consisted of three core working groups and a larger workshop group.

The three core groups were small groups which corresponded regularly whilst developing QRBMs of

geomorphology, fish and riparian vegetation. The larger workshop group met at approximately

three-monthly intervals and provided guidance to the core groups.

The important role of models in various aspects of the project is recognised. Models which provide a

quantifiable response to a given catchment development scenario are sought within many disciplines in

order to aid objectivity in planning exercises. Also, models may be used as tools to assist in developing

and nurturing communication between scientists of different disciplines. Amongst other benefits,

models are known to identify shortfalls in understanding and data availability and thus stimulate further

research and monitoring.

Coupled with powerful visualisation techniques, such predictive tools have been successfully

incorporated in natural resource management information systems. An additional aim of this project has



been to contribute to the development of an effective integrated predictive system for support of

management and planning decisions in rivers and catchments where such decisions must be made.

Such an Integrated Catchment Information System (1CIS) may then become a fundamental part of any

decision support systems developed for the management of the rivers of the Kruger National Park and

ultimately other rivers in South Africa.

Scale Issues

Scale has heen identified as an important issue in each of the scientific disciplines directly involved in

the K.NPRRP, viz. ecology, geomorphology and hydrology, as has the problem of the "management

scale" and application of scientific findings to il. The question of appropriate scales for integration of

ecological, geomorphological and hydrologieal simulations is a complicated one. The question "How

can one most efficiently link predictive models from various disciplines, when these may operate on

differing and varying spatial and temporal dimensions?" is often asked. This question is especially

important in the link between biotic and abiotic processes. In an effort to address problems associated

with scale, all the models developed in this project utilise the concept of the representative reach and

operate at asynchronous time steps. A representative reach is a stretch of river assumed to be

representative of all similar stretches of the river. The use of asynchronous time-steps allows the model

to simulate important processes at time-scales appropriate to those processes, and not at some pre-

determined and arbitrary time scale.

2. THK SABIE RIVER CATCHMENT

The Sabie River drains a catchment area of over 6000km- at the international border between South

Africa and Mozambique on the eastern boundary of the Kruger National Park (Figure 1). The river

flows throughout the year and is fed by two major tributaries in the Lowveld zone, viz., the perennial

Marite River and the seasonal Sand River.

Vegetation and landuse are varied, with much of the upper reaches of the catchment afforested with

exotic tree species. Large-scale irrigation, chiefly of citrus crops, is found in the mid-regions of the

catchment. The catchment also contains six game or nature reserves, several small towns and a

number of rural settlements.

Flow in the Sabie River is subject to discharge extremes similar lo other semi-arid systems in the

area. The Sand River contributes significant amounts of sediment to the Sabie River. The Sabie

River Catchment is typical of many in South Africa in that the quality of available catchment

hydrometeorological information is generally of poor quality.



The Sabie River in the semi-arid Mpumulanga Lowveld is a mixed bedrock/alluvial system (van

Niekerk el ai, 1995). Five different primary channel types have been identified, namely single thread,

braided, pool/rapid, with varying degrees of bedrock influence (van Niekerk et al.y 1995) ranging from

fully alluvial braided through to bedrock dominated anastomosing.

Forty-five indigenous species of freshwater fish are resident in the Sabie-Sand system, of which 39 are

recorded in the Lowveld reaches. Using standard electro-fishing techniques and data spanning three and

a half years, eleven species were found typically to make up more than 75% of the catch in shallow

water habitats. These species have been defined as the Lowveld baseline assemblage for the system.

There are six vegetation types that include all the species within the riparian zone (riparian as well as

terrestrial species), and each vegetation type is associated with certain hydrological and

geomorphological characteristics of the river.

Some exotic invasives have become a concern along the Sabie River riparian zone, in particular

Lantana camara and Melia azedarach. Higher up in the catchment, outside of the KNP, many Pinus

and Eucalypt species occur as a result of forestry practices

Towns
Rivers

I 1 ACRU
Subcatchmerits

Figure 3. Subcatchment breakdown of the Sabie River catchment.



The Sabie catchment was further divided into 56 relatively homogenous sub-catchments for the

purposes of simulating its hydrology and sediment production with the ACRU model (Figure 3).

3. THE GEOMORPHOLOGY MODEL

The use of a geomorphological approach to relate habitat suitability to river channel morphology, and

thus integrate abiotic and biotic catchment components in the KNPRRP BLINK programme required

that some form of geomorphic predictive system must exist in order to provide input to the fish and

riparian vegetation models.

The approach followed in this project has been to develop a QRBM in which rules, based on the

expert knowledge of geomorphologists familiar with the Sabie River, are used to predict the

dynamics of a selected representative reach of the river. Expert knowledge gained through extensive

field experience, detailed examination of temporal aerial photographic sequences and space for time

substitution techniques, have allowed rules to be developed concerning morphological change in the

Sabie River in the Kruger National Park in response to changing flow and sediment regimes. The

geomorphology model is designed to accept flow and sediment input tor any point on the Sabie

River. The rules are presented as a set of matrices defined by two simple indices, which were

generated to define the relative levels of sedimentation, expected in each channel type segment along

the river. These indices were then used to calculate the range of potential sedimentation values

experienced over the hist 40 years on the Sabie River.

Use of the geomorphological template to predict fish habitat takes place at three spatial scales (Figure

4). Initially, the channel type is recognised (as a representative reach), secondly, geomorphological units

within it arc identified. These units are in turn characterised by a sub-set of cover and substrate

categories.

The mode! utilises a baseline geomorphological template consistent with the distribution of channel

types along the Sabie River and this is used as the basis on which to route sediment inputs from the

sub-catchments. Internally, the changing sediment balance within each channel type causes a change

in the geomorphological composition at the scale of morphologic unit.

g
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Figure 4. Utilisation of the geomorphological template to predict fish habitat operates at three scales.

At present the model suffers from several limitations as listed below:

• Inaccurate matrix rules due to limitations in available expert knowledge.

• Uncalibrated sediment input predictions.

• Untested geomorphological change hierarchies.

• Inadequate system of predicting the degree of local erosion and deposition at the channel-type

scale.

• Model testing does not cover the full range of channel types recorded on the Sabie River in the

Lowveld.

The geomorphological model could be improved in the following ways:

• Continued testing and refinement of the operating matrices based on simulations of each of the 40

channel type segments on the Sabie River.

• Improved correlation between the morphologic unit and fish habitat composition through field

data collection.

• An investigation of the dynamics of sediment erosion and deposition at each of the channel type

sections on the Sabie River utilisiim data alreadv available.



4. THE KNPRRP FISH MODEL

The fish model is another version of a QRBM. It uses "rules" to predict the responses of specific fish

groups characteristic of shallow Lowveld sections of the Sabie-Sand river system to varying flow

conditions in the catchment and potential changes in the channel type of the representative reach.

It is the changing patterns of abundance established for these groups, both for normal and extreme

seasonal conditions, which form the basis of the predictive model. To facilitate interpretation, the eleven

shallow-water species important in the Lowveld are, where possible, grouped according to shared

lifestyles largely based on their taxonomic and life history traits. Thus, six fish groups were identified.

viz.;

1) Cichlids
2) Minnows
3) Ycllowfish
4) Mudfish
5) Rock Catlcts
6) Robbers

Methods were developed which allowed the translation of the channel geomorphic template into fish

habitat suitability (Figure 5). Ultimately a Habitat Suitability Index to allow for the incorporation of

information relating a change in fish habitat to geomorphic change was developed for inclusion in the

model.

The model operates at a twice-annual time step, thus accounting for different fish responses for summer

or winter seasons. Each season is assessed and classified as normal, wetter than normal, or drier than

normal. Input to the model is a file describing the hydrological status of each season in which the fish

response is to be estimated and a description of the habitat suitability of the river channel at the

simulation site, by way of the I kibitat Suitability Index. A conceptual view of this is shown in Figure 6.

The rules developed relate the response of each fish group to these varying physical conditions.

Model output is presented in a graphical form consisting of an hypertext trace of the rules invoked at

each time step, and an output file of the abundance of each fish group for each time step. The files are

presented to the user using a hypertext browser, in the case of the rule trace, and a colour area graph in

the case of the fish state information.
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Figure 5. Geomorphoiogical associations (a) translated into related fish habitat (b).
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It is important to note the following limitations of the model:

• The model is simulates fish response to seasonal hydrological variation in shallow reaches of the

Lowveld section of the Sabie-Sand system only.

• The morphologic unit - fish habitat correlation figures developed are based on limited field data.

• The model has 3 possible input parameters for each time step i.e. dry, normal or wet, and these

may result in one of 5 possible changes in "states" for each fish group, i.e. increase, increase a lot,

decrease, decrease a lot, decrease a little. Consequently, the model output is highly sensitive to

the input value

5. THE RIPARIAN VEGETATION MODEL

The riparian vegetation model is a QRBM that predicts a response of riparian vegetation to

geomorphological change, as a result of an altered hydrological regime. Vegetation distribution

patterns and the identified relationships of these patterns with tluvial geomorphology (Figure 7) have

played a major role in the definition of rules that govern vegetation response in the model.

Vegetation types were selected as response units for the model instead of species. There are six

vegetation types that have been defined:

1) The Breonadia salicina vegetation type

2) The Phragmites mauritianus vegetation type

3) The Phyllanthus reticulatus vegetation type

4) The Combretum erythrophyllum vegetation type

5) The Diospyros mespiliformis vegetation type

6) The Spirostachys africana vegetation type.

Mode! inputs consist of five states of geomorphological features or units, which have been grouped

according to their functionality and ability to support vegetation. These five functional groupings of

geomorphological units are:

1) bedrock outcrop

2) consolidated bars with alluvial influence

3) consolidated bars with bedrock influence

4) unconsolidatcd bars with alluvial influence

5) macro channel bank.

The model rules relate the prevalence of these functional groups to a state of abundance for each of

the vegetation types. Thus, model output consists of a state of abundance for each of the vegetation



types listed above. These vegetation states were defined for each of the vegetation types, and range

through "not present", "uncommon", "intermediate", to "abundant".

Responses of vegetation predicted by the model arc generally in accordance with evident trends in

available data, as well as current understanding of vegetation distribution patterns.

Several a priori model constraints were recognised at the conceptualisation stage of the model:

• The model only accounts for hydrological influence on the distribution of riparian vegetation in

an indirect way.

• Although the model output is given on an annual basis, the vegetation change is independent of

time and dependent on a geomorphological state change.

• The riparian vegetation model will not explicitly include finer-scale vegetation dynamics such as

regeneration and mortality.

• Along llie Sabie River there is a clear geological influence on the distribution patterns of

vegetation types. This will not be included in the riparian vegetation model in this exercise, and it

is suggested that a geological mediatory effect would be an improvement to the model.

Clearly a model with a high degree of simplicity such as the riparian vegetation model will have a

number of fundamental assumptions and associated limitations. These include:

• A particular channel type or geomorphological unit will always be functionally the same in terms

of a riparian vegetation response to that geomorphological feature, irrespective of its position in

space. This assumption facilitates Ihe functional grouping of geomorphological units.

• It is assumed in the model that the dispersal and presence of vegetation propagules is not limiting

to a vegetation response.

• it is also assumed that once geomorphological change has occurred, site availability for

recruitment will not limit a vegetation response. This means that as sites become available they

are occupied by relevant vegetation types. The riparian vegetation model assumes therefore that

these vegetation dynamics are taking place and predicts the expected outcome without modelling

smaller-scale dynamics.



Figure 5.1 Diagrammatic profiles of the distribution of the six vegetation types on different

morphological units at different channel types. The vegetation types are indicated by the

shaded boxes which represent their distribution as a relative proportion.
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6. SIMULATION OF RESPONSES TO POTENTIAL DEVELOPMENT SCENARIOS IN

THE SABIE RIVER CATCHMENT

The eventual role of these models is to provide catchment managers and stakeholders with a tool that

will assist them in quantifying the amount of water required by the aquatic ecosystems of the KNP

and to assess the suitability of various catchment planning scenarios in fulfilling this requirement. In

order to demonstrate the effectiveness of this suite of models, the modelling system developed was

used to simulate the effects of various flow scenarios in the Sabie Catchment

The results from scenarios where the models were used to simulate the effects of the construction of

a large dam on the Sabie River reflect the overriding response of the fish of the Sabie River to

seasonal hydrological conditions. The geomorphic response is one of increasing sedimentation to

most of these scenarios. Associated riparian vegetation response is a slow increase in the abundance

of the Phragmites vegetation type. The riparian vegetation response is the least dynamic of all those

simulated.

7. CONCLUSIONS, FUTURE MODEL REFINEMENTS AND FURTHER RESEARCH

NEEDS

The project has been successful in achieving many of its aims and as well as the aims of the KNPRRP.

It has been successful in forging links between catchment hydrology, geomorphology and fish and

riparian vegetation of the Sabie River, in line with the aims identified by the project proposal.

Furthermore, in terms of the KNPRRP goals, the modelling system provides a means of "predicting the

response of systems to natural and anthropogenic factors affecting water supply".

The modelling system incorporates both "traditional" modelling techniques, in the form of the ACRU

model, as well as knowledge-based systems. These have been integrated into a single modelling

system, forming part of the KNPRRP ICIS.

Some of the rules developed and used may be applicable to areas outside of the Lowveld regions of

the KNP, however much testing would be necessary to establish this. Far more transferable than the

rules and models developed, is the modelling methodology and expertise. The development of

qualitative models using rules to represent the assumptions made by experts in their fields, seems to

hold great promise in other areas where a link between biotic responses to abiotic components of a

catchment is a requirement.

n



In addition to model development, a higher level goal of the BLINK project, was the development of

an effective interdisciplinary project. The facilitation of successful interdisciplinary research is in

effect, a form of resolution of a scale problem. It has been noted that higher levels of systems such

as a river are characterised by broad perspective and broad detail, while the lower levels have fine

detail and narrow perspective. The focus of individual disciplines tends towards high detail levels of

a system. The BLINK project builds on the belief that effective interdisciplinary research requires

that participating individuals expand their vantage points toward levels which have broad

perspective and relatively lower detail. In the BLINK project, the links between abiotic and biotic

components required the movement o\' ecological, and to a lessor extent, geomorphological

information to broader levels, where detail is obscured, but broad patterns were identifiable and

comparable.

A major and significant product of this project has been the development of expertise in integrative

modelling of biotic and abiotic responses to changing catchment conditions in South Africa.

The following recommendations arc considered the most important future research needs pertaining

to further refinement and development of the Sabie models.

1. Intensive mapping of geomorphological units in the Held in order to further explore the

relationship between geomorphological units and fish habitat.

2. Incorporation of direct hydrologica! input into the riparian vegetation model.

3. Improved resolution of geomorphology output and subsequent improved input to the riparian

vegetation model.

4. Further refinement and testing of (he matrices which form the basis of the geomorphology model.

5. Linking of upstream and downstream reaches to provide for movement of sediment through the

reach under consideration in the geomorphology model.

6. Refinement of hydrological input parameters to the fish model.

7. Inclusion of biotic responses to critical water quality parameters.

o
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GLOSSARY OF TERMS

1:100 Yr Storm

ACRU

Backwater Rating Curve

Base Flow

Biodiversity

Biotope

Catchment

Catchment Variable

Channel Change Matrix

Channel Type

Competence

Confluence

Cover/Substrate
Category

DSS

Rainfall event that occurs only once every 100 years on
average (similarly for 1:25 yr storm, flood etc.)

Agricultural Catchments Research Unit

Water surface profile generated using a hydraulic modelling
procedure.

The flows that exist in a river all year. Base flows are
generally the flow that exists in a river when there is no
rainfall or runoff Base flow is primarily provided by the
groundwater system.

The variety of life found in an area. It includes variety in
genetic strains in populations, the richness of different
species, the distribution and abundance of plant and animal
communities and the processes through which all living
things interact with one another and with the environment.

An homogeneous environment that satisfies the habitat
requirements of a biological community

The region drained by or contributing water to a stream, lake
or other body of water.

Parameter that may act to influence conditions in the
riparian zone, (land use).

Rules relating flow and sediment regimes to
geomorphologie unit change states .

'Reach' of channel containing a characteristic assemblage of
geomorphological units

Ability of a river 'reach' to transport unconsolidated
material downstream.

Junction of two river channels where the discharges merge.

Sub-division of geomorphologie units based on their cover
and sediment character.

Decision Support System, a set of tools (usually computer
based) to aid..
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and for short periods.

Erosion

Fauna

FIN

Flood Plain

Flora

Flow Index

FORTRAN

Freshet

Generic Channel Type

Geology

Geomorphological
Template

GIS

GrounUwater Table

GUI

Holistic

Hydraulic Conditions

The process by which the ground surface is worn away by
the action of wind and water; also the process by which the
bed and banks of a stream are worn away by the action of
water.

Animal life of a locality or region, or, animals taken
collectively as distinguished from plants (flora).

Fish Index of Niceness, a habitat suitability index reflecting
the suitability of a particular reach to support various fish
groups.

The area of ground along a stream course that is covered by
water during tlood events.

Plant life of a locality or region, or, plants taken collectively
as distinguished from animals (fauna)

Ratio of annual How normalised against the 40 year average.

Formula translation, programming language used for the
models in the KNPRRP

Minor flood event required to stimulate breeding in many fish
species

Baseline set of channel types that can define all of the
channel types recorded on the Sabie.

Existing soil conditions either close to the ground surface or
deep in the earth. Generally determines the type of material
(ie. Sand, clay, rock, etc.).

Assemblage of geomorphic units measured for a particular
site.

Geographical Information System

The free surface level of groundwater, subject to
atmospheric pressure under the ground, generally rising and
falling with the season, the rate of withdrawal, the rate of
recharge and other conditions.

Graphical User Interface

Overall "catchment wide' approach to determining process
interaction.

Local flow conditions as defined by parameters such as
velocity, flow depth and water surface slope.



velocity, flow depth and water surface slope.

Hydraulics

Hydrogeology

Hydrograph

Hydrologic Conditions

Hydrological Cycle

Hydrology

ICIS

IFIM

1FR

Infiltration

Geomorphologic Unit

Perennial

Reach

Riparian

The movement of water through a stream, creek or river is
defined by hydraulics. The study of hydraulics looks at the
speed of the water depth and forces that it exerts on the
river.

The physical process of groundwater including factors that
influence the amount of water available, the flow of water
into and through the ground and the flow of water to the
surface through springs or to rivers.

A flow versus time graph derived from direct measurement
or prediction of runoff or stream flow.

Relates to the flow conditions in a stream or river system
including the response to rainfall and snowmelt. Interest
includes how flow varies with time.

I'he movement of water from the atmosphere to the earth
and its return to the atmosphere through condensation,
precipitation, evaporation and transpiration

The process that controls surface flow conditions. When
rainfall hits the ground surface or snowmelt occurs part of
the water goes into the soil, part of it evaporates and the rest
moves along the ground surface to streams. The movement
of surface water over the ground surface is the area of
interest in hydrology.

Integrated Catchment Information Sytem

Instream Flow Incremental Methodology

Instream Flow Requirement

The passage of water into the soil. The term is also used to
refer to water entering a sewer system from the ground
through such means as, but not limited to, defective pipes,
pipe joints, connections and manhole walls and including
that from sewer service connections. It includes all
extraneous water during wet weather, such as groundwater
and surface water, but docs not include inflow.

Sedimentary or bedrock structure such as a lateral bar or
bedrock pavement (Table 3.*).

A stream that flows all year.

Arbitrary length of study river.

Pertaining to the bank or shore of a river, lake or stream.
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River Morphology

Sediment

Sediment Index

Stream flow

Sub-Catchment

Transect

Unsteady Flow

Water Table

In terms of a river this refers to its physical characteristics
(ie. Depth, width, slope and the way in which it meanders
through the landscape).

Soils or other surface materials transported by wind or water
as a result of erosion.

Ratio of annual sediment inputs normalised against the 40
year average.

That portion of the precipitation on a drainage area that is
discharged from the area into stream channels.

Areas of the main catchment that drain into individual
tributaries.

Linear section across a channel.

Flow that varies in magnitude over the time period of
monitoring.

The upper level of the free groundwater in a zone of
saturation, except when separated from an underlying
groundwater by unsaturated material.
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1. LINKING ABIOTIC

G.P.W

PROCESSES AND BIOTIC

THE KRUGER NATIONAL

. Jewitt, A.H.M. Gflrgens and

RESPONSES

PARK

G.L. Heritage

IN THE RIVERS OF

The Kruger National Park (KNP) is South Africa's premier national park and a major drawcard to local

and foreign tourists. The park is dependent upon several rivers for its water supply, all o( which rise

outside of the Park's borders (Figure 1.1). Agricultural, forestry and industrial development as well as an

urgent need to develop water supplies for a burgeoning human population increasingly affect these

catchments. This increasing demand has affected water quality and quantity in the KNP rivers and is

placing its riverine ecosystems under threat.

"The Kruger National Park Rivers Research Programme (KNPRRP) is a multi-disciplinary and

co-operative endeavour aimed at contributing to the conservation oi~ the natural environment of rivers

through developing skills and methodologies required to predict responses of the systems to natural and

anthropogenic influences affecting water supply and to improve the quality of the advice to resource

managers, researchers and stakeholders1' (Brcen, et al. 1994). Hie KNPRRP embraces an ecosystem

approach to river management. The catchment ecosystem is made up of abiotic components such as

physical landscapes, river channels and streamflow, and biotic components such as wildlife and the

people that occupy it. Degradation of any of these components may afreet the entire ecosystem.

The flow of water forms the major connecting link between the various catchment components as

illustrated in Figure 1.2. Water, its quality and quantity, is the common concern in all the disciplines

involved in the KNPRRP. Thus the development of an hydrology-based catchment modelling system, in

which "modules" from other disciplines may be incorporated, will provide a particularly useful tool to

bring together products from different KNPRRP projects. It will also provide an aid to managers and

planners in identifying effective sustainable management options for the rivers of the KNP. This

programme continues to the background of great political change within South Africa, a large poverty-

ridden population within the river systems upstream of the KNPRRP, and the identified need of the

Reconstruction and Development Programme of the SA government to provide 25 litres of water per

person per day to within 200m of their doorstep (DWAF, 1995).

A large area of the KNP river catchments is situated in the former self-governing states, Many of the

communities in these areas live in impoverished conditions. Supply of water to these communities is a

priority.

1



Figure 1.1 Location of the Kruger National Park and Sabie River Catchment.

Figure 1.2 Conceptual diagram showing links between catchment abiotic and

biotic components.



1.1 LINKING CATCHMENT ABIOTIC AND BIOTIC COMPONENTS

Since the inception of the KNPRRP, there has been an awareness of the need to relate aquatic biotic

response to abiotic catchment conditions ami this was an issue highlighted in the definition of KNPRRP

Phase II (Figure 1.3). The ultimate aim of forging lliese links would be to establish the flow

requirements for the aquatic ecosystems. In terms of this project, it is the How requirements of the

aquatic ecosystem which are highlighted, though the important influences of other abiotic components

are recognised (Figures 1.2 and 1.3).
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INTRODUCTION

Figure 1.3 Understanding and predicting change in the natural environment of rivers (Breen et

al, 1994).

For many years, attempts to predict the environmental flow requirements for riparian biota have

concentrated on establishing the discharge regime which will maintain or enhance the habitat for



riverine flora and fauna. Flow regimes were established using historical data to set flow minima

(Tennant 1976) or periods of increased flows to correspond with fish migration and spawning (Hoppe

1975). Transect methods were developed which used cross-sections and the flow record to simulate

values of ecologically important variables, such as How depth and velocity across the discharge range

(Cochnauer 1976, White 1976). A further refinement of this approach was achieved by the

development of the suite of models collectively known as the lnstream Flow Incremental

Methodology (1F1M) which linked the changing physical conditions to specific habitat preferences of

one or more target species present in the river (Bovee 1982).

The IF1M approach has gained widespread acceptance and has been used in many river systems

across the globe with computer packages being developed such as PIIABSIM (Milhous el al 1981),

RHYHABSIM (Jowett 1989) and RIMOS (Vaskinn 1985). Despite this, there have been criticisms of

the method (Gore and Nestler 1988; King and Tharme, 1994). Simulation of the physical hydraulic

environment has been shown to be inaccurate under unsteady flow conditions, due to the difficulty in

calibrating backwater rating curves, particularly under low flow conditions (Osborne el al 1988).

Biological interactions are also ignored.

Fundamentally these approaches assume that the channel is stable and does not respond to altered

flow conditions by altering its morphology, thus affecting the physical habitat distribution in the river

and the usable area for resident species. Given the extent of documented river channel change

following an alteration to one or more of the controlling catchment variables (Brooks 1992) it would

appear necessary to predict changes in habitat availability given changes to the fluvial

geomorphology.

Thorns el al. (1990) recognised that fluvial geomorphology was the logical integrating discipline to link

river response to ecological functioning, as it is the geomorphology that forms the physical template for

habitat development. Also, river response may be predicted at geomorphological scales that can be

directly related to biotic habitat.

The geomorphological form of river channels is primarily determined by the influence of flowing water

and sediment, and any alteration to this balance will result in geomorphological change, however

common static ecological assessment techniques, such as PHABSIM (Bovee 1982), link ecological

response to local channel hydraulics. As such their use is inappropriate on dynamic river systems, since

a new hydrological regime will result in changes in geomorphology and hence habitat availability

(Russell and Rogers 1989).



In a dynamic system, if the geomorphological template is altered this directly affects the habitat

availability. Also, geomorphological change is Iikel\ to be longer term and less reversible than altered

hydraulic conditions (for example, flow depth or wetted perimeter) in response to a modified flow

regime (Figure 1.4). Although local hydraulics remains an important factor affecting ecological

response, it is no longer static because of this geomorphic change, which in (urn necessitates dynamic

geomorphic description.

Immediately following a geomorphologically significant flood event a residual fish assemblage will be

present at a site (a, Figure 1.5). This represents a short-term change in the species tolerant of the flood

conditions, the others having moved into refugia. Subsequent to the Hood, there is a longer term

response with other fish species returning in response to the available habitat as defined by the new

geomorphological template (b. Figure 1.5). Subtle changes to the geomorphology during intermediate

flows will lead to slight alterations in fish species composition as the substrate and cover, and therefore,

habitat distribution alters. There is thus a need to integrate geomorphic studies with hydrological and

ecological studies in assessing the ecological implications oi' flow regime modification, as such studies

generate a more holistic picture of the functioning of the system (Russell and Rogers 1989) (Figure 1.4).
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Flow regime
L—T
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Sediment production

GEOMORPHOLOGY
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Channel ctiange

Catchmen! controls

ECOLOGJCAL IMPLICATIONS | ECOLOGICAL IMPLICATIONS

Figure 1.4 Conceptual diagram showing the difference between a "Traditional " and a

Gcomoi phnln^ieal approach to a study of river system functioning

Vegetative response patterns to altered geomorphology are somewhat different (Figure 1.6). Floods

initially adversely impact on many riparian species (a. Figure 1.6), recovery is then gradual (b. Figure

1.6) with the new community being a function of the seed species present and their germination. The



first flood shown in Figure 16, results in an overall increase in sediment, resulting in a vegetative

assemblage more characteristic of alluvial reaches The second flood, in contrast, leads to

considerable erosion probably exposing bedrock across areas of the channel. The resultant

assemblage here is likely to be dominated by species more tolerant of low sediment conditions
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Figure 1.5 Fish assemblage response to hydrologic and morphologic change in a river
system.

The interaction of the topography with hydrological processes also gives rise to a highly complex

physical environment of different fluvial geomorphic units with different sediment and cross-section

characteristics, which play an equally important role in influencing species distribution. A highly

unpredictable extreme seasonal flow regime, combined with a relatively high sediment load, gives rise

to a patchy mosaic of numerous fluvial geomorphic units with different sediment characteristics. This

patchiness is further enhanced in a mixed bedrock/alluvial system which displays characteristics of

both bedrock and alluvial channels (van Niekerk et a/. 1995). The high degree of patchiness of

different geomorphic units provides a highly intricate physical template' of different substrata and

hydrologicai character!sties for the vegetation to become established on. It has been shown that a good

relationship exists between riparian vegetation and different geomorphic units along the Sabie River

(van Coller et aL, 1997), as well as in rivers of other more temperate regions (Hupp & Osterkamp

1985).
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Figure 1.6 Riparian vegetation response to hydrologic and morphologic change in a river
system.

1.2 THE KNPRRP BIOTIC-ABIOTIC LINKS PROJECT

This project arose as a result of a realisation by KNPRRP participants that the link between the

respective research outputs regarding the biotic and abiotic processes was not clearly defined in the

KNPRRP charter, and was not being adequately addressed by the existing projects encompassed by

the KNPRRP.

One of the aims of the Decision Support System (DSS) sub-programme of the KNPRRP was to

develop a hydrologically dnven computer based modelling system which could enable the integration

of the predictive methods used by different water related disciplines This system would be used for

the assessment of impacts due to changes in an upstream catchment area on river morphology,

ecology and other factors which may affect the status of the rivers of the KNP. In the KNPRRP

programme documentation project 2.1, the "Simulation Model for Water Quality and Quantity

Project", was given the task of developing methodologies for the "integration with existing predictive

capabilities for other processes" (Breen et al, 1094). However, it was unclear how tins integration

would be achieved. It was clear, however, that the ultimate focus of the KNPRRP was the ecological

functioning of the aquatic ecosystems - this was the medium through which prediction results would

be passed on to managers, planners and stakeholders.



KNPRRP participants realised only too well that predictions of changes in flow regime are often

meaningless. To many people, it may mean little to present results such as, "flow will be reduced by

X%". The final prediction must be one relating to the riparian ecosystem, i.e. "If flow is reduced by

X%, species Y will disappear from the river". Thus, it was not clear from the programme

documentation how the biotic responses would be linked with abiotic processes. Extensive discussions

amongst KNPRRP scientists, culminated in a '"Biotic Links" workshop held at Pretoria during October

1995, the success of which resulted in the formulation of this project.

The overall goal of the workshop was to investigate means of linking predictions of changes in fish

communities in ihe Sabie-Sand River System to predictions of geomorphological change. A brief report

of the workshop appears in Appendix 1. The workshop was deemed a success, as a "skeleton" of a

model which formed a link between catchment abiotic and biotic responses could be formulated. It was

agreed that the idea of using qualitative or knowledge-based predictions was useful and that attempts

should be made to extend this approach beyond fish predictions to other catchment biotic components

based on a conceptual model discussed in the workshop (Figure 1.2). Consequently, a one-year

research proposal to this effect, was submitted to and accepted by the Water Research Commission

(WRC). The ensuing project became known as the "BLINK Project".

The final product of this project is a suite of models which consists of a hydrology model and three

Qualitative Rule Based Models (QRBMs) to describe the geomorphic function (Chapter 3), fish

response (Chapter 4) and riparian vegetation response (Chapter 5} of the Sabie River. The QRBMs

operate at the spatial scale of a representative reach, typically several hundred metres in length and at

asynchronous temporal scales. The ACRU agro-hydrological modelling system (Schulze, 1995) is

used to simulate catchment hydrological processes in order to provide input information to the

QRBMs viz. daily stream flow and sediment yield. Figure 1.7 provides an overview of the

interaction and linkages between the models and may be compared to the conceptual overview

illustrated in Figure 1.2. Detailed explanations of these links are provided in the following chapters.

The HSPF model (Bicknel et a!., 1996) is included in Figure 1.7 as a proposed tool in order to

simulate water quality components in further stages of development.


