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Executive Summary

EXECUTIVE SUMMARY

El . BACKGROUND AND MOTIVATION

This report is based on data collected in the Western Cape during two previous Water

Research Commission (WRC)-flinded projects. The first focused on the "effects of water

quality variables on riverine ecosystems" (Dallas & Day 1993, Dallas et al. 1995) and the

second on "the development of tools for assessing regional water quality guidelines"

(Dallas et al. 1998). During these projects, research into and development of the key

bioassessment tool used in South Africa, namely SASS4, was undertaken (Dallas 1995,

Dallas 1997). A subsequent project, commissioned by the Department of Water Affairs

and Forestry (DWAF), focused on the "derivation of ecological reference conditions for

riverine macroinvertebrates" (Dallas 2000a, 2000b, Dallas & Fowler 2000, Fowler et al

2000).

This report, therefore, represents an amalgamation and analysis of data from the WRC and

DWAF projects, addressing specific objectives related to aquatic bioassessment and

defining ecological reference conditions for riverine macroinvertebrates. The current

project duration was from January 2001 until 31 December 2001. The greater part of the

report formed the basis of a thesis submitted in fulfilment of the requirements for the

Degree of Doctor of Philosophy, Department of Zoology, University of Cape Town

(December 2001).

E2. INTRODUCTION

The protection of water resources in order to ensure their long term sustainability and the

utilisation of these resources in the most efficient and effective manner, within the constraints

set by the requirements for their protection, are the key interdependent components of the

South African National Water Act (Act No 36 of 1998). This integrated approach to resource

protection requires that measurable and verifiable resource quality objectives (RQOs), that

clearly define acceptable levels of protection for water resources, be established. The RQOs

have four components: requirements for water quantity (water level and flow), requirements
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for water quality (chemical, physical and biological characteristics of the water), requirements

for habitat integrity (of instream and riparian habitats), and requirements for biotic integrity

(health, assemblage structure and distribution). These components highlight the complexity

and interactive nature of aquatic ecosystems. An alteration in any one of the independent

components, namely water quantity, water quality or habitat integrity will invariably lead to a

change in biotic integrity. Biological assessment, or bioassessment, is a tool that integrates

the effects of these components. Its utility in assessing environmental condition, especially

water quality' and general river condition, and in defining reference conditions for

macroinvertebrates in river ecosystems, forms the basis of this report.

In particular, the extent of spatial and temporal variability in macroinvertebrate

assemblages in South Africa and the implications of this variability for bioassessment and

defining reference conditions, are examined in this report Briefly, a reference condition is

the condition that is representative of a group of minimally-disturbed sites, i.e. reference

site, organised by selected physical, chemical and biological characteristics (Reynoidson et

ai 1997) and that enables the degree of degradation or deviation from natural conditions to

be ascertained. Two key questions addressed in this report are:

1) to what extent is spatial heterogeneity a feature of lotic ecosystems in South Africa,

and is it possible to partition intrinsic spatial variability in such a way that defining

reference conditions based on several similar reference sites is feasible?

2) to what extent is temporal heterogeneity a feature of lotic ecosystems in South

Africa, and is it possible to account for intrinsic temporal variation in

macroinvertebrate assemblages such that an anthropogenic disturbance at a

monitoring site may be detected when comparing it to a derived reference condition9

E3. AIMS OF THE PROJECT

General aim

Centra! to this report is the question of whether ecological reference conditions are realistic

and attainable entities, or whether intrinsic spatial and temporal heterogeneity of and

variability in lotic systems are such that establishing reference conditions is not possible.

The key questions posed, therefore, relate to the extent to which macroinvertebrate
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assemblages vary spatially and temporally, and the implications of this variability to

bioassessment and defining reference conditions The question has been addressed by

examining regional variability of macro invertebrate assemblages within the context of

assessing the utility of the spatial framework for regional classification of reference sites;

by examining variability at the level of habitat; by examining temporal variability; and by

identifying the environmental variables contributing to the variability in macroinvertebrate

assemblages. To answer these questions patterns of spatial and temporal heterogeneity

were examined in two distinct geographic regions, and at the level of individual taxa,

macroinvertebrate assemblages and the derived biotic index, i.e. SASS scores.

Specific aims are:

• To test the protocol developed during an Institute for Water Quality Studies (IWQS,

DWAF) project (Dallas 2000b) by applying it to another region, i.e. the Western

Cape.

• To examine the spatial variability of macroinvertebrate assemblages between and

within different ecoregions/bioregions, subregions and river-types, i.e. testing the

validity of ecoregions/bioregions, subregions and river-types as units for defining

homogenous regions and to discuss this variability in relation to establishing

reference conditions.

• To examine the utilisation of SASS biotopes/habitats by macroinvertebrates and

discuss implications with respect to the influence of biotope availability on

Reference Condition SASS Scores and expected reference communities.

• To examine temporal variability of macroinvertebrate assemblages and discuss

implications for establishing reference conditions.

• To derive ecological reference conditions for macroinvertebrates for specific river

types of the Western Cape.

• To examine methodological aspects of SASS4 with a view to incorporating

abundances into SASS sore calculations and to discuss implications for establishing

reference conditions.



Executive Summarv

E4. SUMMARY OF MAJOR RESULTS

E4.1 The protocol for deriving reference conditions

The protocol developed in Dallas (2000b) formed a sound basis for data analyses when

applied to another region, i.e. the Western Cape. Each of the steps described in the

protocol are important when reference conditions are established. Of significance are the

regional differences in the relative importance of biotopes, biotope preferences of

individual taxa, and biotope and seasonal differences in macroinvertebrate assemblages. In

the Western Cape, data limitations prevented the calculation of ratios. Instead absolute

values were used and biological bands were derived based on the relationship of ASPT to

SASS4 Score. This proved to be a useful means for data interpretation and subsequent

detection of disturbance at a monitoring site.

E4.2 Spatial variability in macroinvertebrate assemblages at the regional level

In general, a priori regional classification of sites using the hierarchical spatial framework

developed in South Africa provided a useful framework for preliminary classification of

reference sites. Within-class variability (i.e. within a bioregion, ecoregion or bio-

subregion etc.) was always lower than between-class variability (i.e. between bioregions,

ecoregions, bio-subregions, etc.). Groups of sites based on a posteriori analysis of

macroinvertebrate data, however, provided a more robust classification than any of the

regional classifications.

Spatial classifications therefore offer geographic partitions within which to expect

somewhat similar conditions and regional reference sites selected within the context of the

hierarchical spatial framework are likely to be more representative of specific river types

than those selected without using the spatial framework. Some variability within both

regional classes and groups of sites with similar macroinvertebrate assemblages could not

be accounted for at the regional or subregional levels, suggesting the presence of additional

factors acting at a lower scale such as site or habitat

The need for additional partitioning of variability at a lower scale is thus highlighted, as is

the need for the classification of sites to be an iterative process that allows for subjective a
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priori regional classifications to be modified on the basis of independent, objective a

posteriori classification of biological assemblages. The lack of distinctiveness in

macroinvertebrate assemblages from mountain streams and cobble-bed foothills, both of

which are upland subregions, suggests that, from a practical perspective, and within the

confines of bioassessment, mountain stream and foothill-cobble bed sites may be grouped

together.

£4.3 Spatial variability in macroinvertebrate assemblages at the habitat level

Spatial variability at the level of habitat, specifically SASS-biotopes, revealed that several

taxa exhibited a degree of biotope specificity, with some taxa recorded more frequently in

one biotope rather than another. The relative importance of a biotope as a habitat for

macroinvertebrates, as a reflection of both its availability and its utilisation by aquatic

organisms, also varied regionally. The importance of hydraulic condition coupled with

substrate type became apparent with differences in taxa observed within a biotope-group,

e.g. stones-in-current versus stones-out-of-current. Seasonal differences in the

distinctiveness of biotopes were observed in the Western Cape, with distinctiveness more

pronounced in autumn, under low-flow conditions, in comparison with less pronounced

biotope specificity in spring.

In terms of SASS Scores, stones-in-current/stones-out-of-current (SIC/SOOC) was shown

to be the most imponant SASS biotope-group and taxa associated with it contributed the

highest percentage to SASS Scores calculated at the site level. SIC/SOOC was also the

most consistent in terms of its associated macroinvertebrate assemblage. There was a

significant positive relationship between SASS4 Score and number of taxa with number of

SASS-biotopes sampled and a negative correlation between ASPT and number of SASS-

biotopes sampled.

The importance of sampling SASS-biotopes separately is clearly demonstrated. This

enables SASS data to be interpreted on a "per SASS-biotope" basis in instances where one

or other SASS-biotope is absent from a monitoring or reference site. By sampling SASS-

biotopes separately, differences in the availability of SASS-biotopes between reference and

monitoring sites may be taken into account, and subsequent results will thus reflect

conditions other than those resulting from habitat differences. Flow conditions and season
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are important additional factors that need to be taken into consideration when doing SASS,

defining reference conditions and interpreting SASS data

E4.4 Temporal variability in macroinvertebrate assemblages

Generally, seasonal differences were less pronounced than biotope-related differences and

were more prevalent in the Western Cape compared to Mpumalanga. SASS Scores,

specifically the number of taxa and ASPT, were significantly different among seasons in

the Western Cape, with fewer taxa recorded in winter compared to summer and significantly

higher ASPT values recorded in winter and spring in comparison to summer and autumn.

Whilst more taxa were recorded in autumn than in spring, a higher proportion of sensitive

and high-scoring taxa were recorded in spring. Temporal variability did not, however,

curtail the detection of disturbance at monitoring sites.

In terms of defining reference conditions cognizance should be taken of the sampling

season, particularly in regions that exhibit a relatively high degree of seasonal variability

such as the Western Cape. WTien identifying expected or reference taxa for a seasonally

variable region, details pertaining to the seasonal trends in individual taxa should be

provided, since seasonal absences of certain taxa may affect the bioassessment results.

Initial classification of reference sites based on seasonally-composite data provides a more

robust classification of reference sites and is to be recommended.

E4.5 Environmental variables

Environmental variables at all scales were identified as potential predictor variables and

were thus considered important in grouping sites with similar macroinvertebrate

assemblages. In Mpumalanga, catchment-level variables included altitude and longitude,

lending support to the observed distinction in macroinvertebrate assemblages between

upland and lowland sites. Temperature, a correlate of altitude, was important, as was the

depth of the shallow-water habitat (e.g. cobble riffle, bedrock rapid). Biotope-group

predictor variables varied to some degree with aspects such as geological-type, canopy

cover and the percentage of mud identified as important in the stony-habitat classification,

in comparison to the depth of the deep-water habitat and the percentage of gravel/sand and

mud in the vesetation classification.
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The utility of a spatial framework within which reference sites are selected and

bioassessment is undertaken is confirmed by these results. The importance of additional

factors such as substratum that influence macroinvertebrate assemblages, is highlighted by

the number of river type variables, at the scale of site and habitat, that were identified as

important discriminators of macroinvertebrate assemblages in both the composite

classification and biotope-specific classifications.

E4.6 Variability in macroinvertebrate assemblages within a region

The final chapter (Chapter 7) draws together aspects from all preceding ones, by

examining spatial and temporal variability of macroinvertebrate assemblages within the

most spatially and temporally variable group of sites identified in Chapter 3, namely

upland sites of the Fynbos bioregion of the Western Cape. The degree of dissimilarity was

a minimum of 47%, even when differences in the availability of biotopes, i.e. separating

sites with- and without-vegetation, were included Results confirmed that differences

between sites in the two subregions, namely mountain streams and foothill-cobble beds,

were not significant, although upland sites did form distinct Groups, particularly when

mountain stream sites were considered in isolation.

Of importance from a bioassessment perspective, SASS Scores calculated for these upland

sites were less variable than the macroinvertebrate assemblages and did not preclude the

detection of disturbance at monitoring sites. Biological bands derived for data

interpretation that utilised the relationship between ASPT and SASS4 Score provided a

means whereby variability resulting from differences in the availability of biotopes and

seasonal differences could be taken into account. Examination of the relative frequency of

occurrence of taxa within each biological band revealed three different trends in response

to increased disturbance. One group of taxa, many of which were high-scoring, sensitive

taxa characteristic of minimally-disturbed upland sites, and many of which showed a

preference for the stones-in-current biotope, decreased as disturbance increased. A second

group of taxa, including several tolerant and low-scoring taxa such as Muscidae and

Oligochaetes, increased in response to disturbance. A third group of taxa remained

relatively unaffected by increased disturbance and included several hemipterans,

drasonflies and damselflies.
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Development of biocriteria is an important process in the effective protection of aquatic

ecosystems and the confidence with which a judgement of biological condition is made

depends on the soundness and scientific validity of the bioassessment tool (e.g. the biotic

index) and the reference condition defined.

E4.7 Incorporation of abundance into SASS

SASS is a qualitative index and does not include abundance as part of the index. Rather,

abundance is used as a descriptive aid for data interpretation. Examination of data in this

study showed that there is a highly significant linear correlation between unweighted and

weighted SASS Scores. This indicates that the inclusion of rank abundances did not alter

the assessment of disturbance appreciably. The key difference was a broadening of the

SASS4 Score range, particularly of the upper limit, suggesting that greater resolution may

be attained between minimally disturbed sites and mildly disturbed sites, i.e. biological

bands A and B. The adherence to the current practice of using the rank abundance

estimates as additional descriptive and interpretive tools of the macroinvertebrate

assemblage at a site is probably sufficient for interpreting bioassessment data.

E5. CONCLUSIONS AND RECOMMENDATIONS

In conclusion, this study has shown that spatial and temporal heterogeneity are features of

South African river systems. For effective management of these lotic systems it seems

clear that intrinsic spatial and temporal heterogeneity and variability need to be understood

and incorporated within the context of bioassessment. On the basis of the results of this

study, it is possible to partition spatial variability such that defining reference conditions

based on several similar reference sites is feasible. Adopting a regional framework, within

which reference sites are selected and reference conditions defined, facilitates initial

partitioning of variability resulting from differences at the regional and subregional levels.

Further spatial partitioning is necessary at the habitat level, specifically separation of

SASS-biotopes during the bioassessment and analysis phase. In this way, differences in

the availability of SASS-biotopes between reference and monitoring sites may be taken

into account, and subsequent results will thus reflect conditions other than those resulting

from habitat differences. Temporal variability, whilst not as obvious as biotope



Executive Summary

differences, needs to be considered when defining reference conditions, with certain taxa

more common in one or other season. The importance of seasonal differences was shown

to vary between geographic regions. Temporal variability did not, however, curtail the

detection of disturbance at monitoring sites.

Notwithstanding the spatial and temporal variability, and the identification of

environmental variables at all scales acting on and influencing macroinvertebrate

distributions, it is possible to define a reference condition for macroinvertebrates. This

study has shown that a reference condition comprised of biocriteria in the form of SASS

scores and expected SASS-taxa allows the identification of disturbed sites.

Recommendations for future research and management aspects are provided below.

• Further testing of the utility of regional classifications would be useful since the

limited data for the Western Cape prevented rigorous testing of regional

classifications. It would be advantageous to repeat the analyses once additional

reference-site data have been collected.

• Biotope-preferences, in particular, are based on correlative data, and whilst

preferences were apparent in many taxa, it would be useful to test these preferences

experimentally or expand the number of biotope-specific assessments taking into

account the hydraulic conditions, specifically whether the biotope is in- or out- of

current. Further consideration needs to be given to these differences and the

possibility of limiting bioassessment to fewer, more specific biotope types, which

have comparable hydraulic characteristics.

• Aquatic vegetation, i.e. Isolepis spp., in upland sites of the Western Cape, appears to

provide an important habitat for aquatic organisms. The distribution of Isolepis in

this region and information on the utilisation, including seasonal importance, of

Isolepis by aquatic organisms would be very useful, particularly given the pressures

exerted on Western Cape rivers with regards to flow regulation and water

abstraction.

• In South Africa knowledge of the life histories of aquatic organisms is severely

limited. Such information would provide valuable insight into observed seasonal

IX
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variability and enable greater understanding of temporal heterogeneity in lotic

systems.

There is a clear need to expand the geographical range of reference sites and to

initiate a long-term programme aimed specifically at defining reference conditions.

Experience elsewhere demonstrates the importance of national co-operation and the

participation of multiple departments and organisations in the water sector.

Regional experts, who are familiar with the region, provide an excellent starting

point for identification of river types and potential reference sites.

The development of predictive models as in the United Kingdom and Australia is

strongly recommended for South Africa.

By ensuring that all biomonitoring practitioners adhere to the standard sampling

protocol, which includes the collection of a subset of environmental variables and

separate biotope-group sampling, we will be ensured of an extensive and useful

dataset in the future.
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TERMS OF REFERENCE

The overall focus of the project was the derivation of ecological reference conditions for

aquatic invertebrates and the examination of factors affecting the utility of such reference

conditions within a national biomonitoring programme. Initially the report was to focus

on the Western Cape, but was subsequently expanded to include both the Western Cape

and Mpumalanga, on the basis that the comparison between the two regions was also of

importance. Because sites were not selected and data not collected for the express purpose

of the aims listed below, the number and location of reference sites and the frequency of

sampling was not optimal- In particular, the frequency of data collection varied

substantially and different sub-sets of data have thus been selected to address specific aims

in this study. The specific aims of the projects and details of the presentation of results are

given below.

Aims of the project

1. To test the protocol developed during an (IWQS, DWAF) project (Dallas 2000b) by

applying it to another region, i.e. the Western Cape.

The protocol has been tested throughout the study and specific comment is made in

chapter 9 on management implications and recommendations.

2. To examine the spatial variability of macro invertebrate assemblages between and

within different ecoregions/bioregions, subregions and river types, i.e. testing the

validity of ecoregions/bioregions, subregions and river types as units for defining

homogenous regions and to discuss this variability in relation to establishing

reference conditions.

The utility of the spatial framework, at the regional and subregional levels, has been

tested for both the Western Cape and Mpumalanga - Chapter 3. Factors at the level

of river type, which contribute to defining homogenous regions, ha\>e been identified

for Mpumalanga (Chapter 6) and the Western Cape (Chapter 7).
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3. To examine the utilisation of SASS biotopes/habitats by macro invertebrates and

discuss implications with respect to the influence of biotope availability on

Reference Condition SASS Scores and expected reference communities.

Biotope availability and the utilisation of SASS-biotopes by macroinvertebrate taxa

are examined in Chapter 4. The effect of biotope a\>ailability on the identification of

environmental predictors is also assessed (Chapter 6).

4. To examine temporal variability of macroinvertebrate assemblages and discuss

implications for establishing reference conditions.

Temporal variability of macroinvertebrate assemblages and implications for aquatic

bioassessment is addressed in Chapter 5.

5. To derive ecological reference conditions for macro invertebrates for specific river

types of the Western Cape.

The variability of macroinvertebrate assemblages at upland sites of the Western

Cape has been examined and reference conditions for this region have been defined

(Chapter 6). The scarcity of suitable data for lowland sites and sites within other

areas within the Western Cape prevented derivation of reference conditions for other

river types.

6. To examine methodological aspects of SASS4 with a view to incorporating

abundances and verifying sensitivity/tolerance scores and discuss implications for

establishing reference conditions.

The incorporation of abundance estimates is explored in Appendix B, in particular

the effect of abundances on SASS Scores and the detection of disturbance. Methods

for verifying sensitivity tolerance scores have not been included on the basis that the

most recent version of SASS5 included several modifications to these scores, again

on the basis of the experience of SASS practitioners.
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Introduction

CHAPTER 1. INTRODUCTION

1.1 INTRODUCTION

The protection of water resources in order to ensure their long term sustainability and the

utilisation of these resources in the most efficient and effective manner, within the constraints

set by the requirements for their protection (.Anonymous 2001), are the key interdependent

components of the South African National Water Act (Act No 36 of 1998). This integrated

approach to resource protection requires that measurable and verifiable resource quality

objectives (RQOs), that clearly define acceptable levels of protection for water resources, be

established The RQOs have four components: requirements for water quantity (water level

and flow), requirements for water quality (chemical, physical and biological characteristics of

the water), requirements for habitat integrity (of instream and riparian habitats), and

requirements for biotic integrity (health, assemblage structure and distribution) (Anonymous

2001). These components highlight the complexity and interactive nature of aquatic

ecosystems- An alteration in any one of the independent components, namely water quantity,

water quality or habitat integrity will invariably lead to a change in biotic integrity.

Biological assessment, or bioassessment, is a tool that integrates the effects of these

components. Its utility in assessing environmental condition, in particular water quality and

general river condition, and in defining reference conditions for macroinvertebrates in river

ecosystems, forms the basis of this report.

1.2 BIOASSESSMENT

Changes in environmental conditions can be identified using either a "bottom-up" or a

"top-down" approach (Scrimgeour & Wicklum 1996). A "bottom-up" approach typically

relies on data produced from simple laboratory systems (i.e. eco-toxicological), often at

small temporal and spatial scales, to model changes in natural systems. This approach is

thought to suffer from low environmental realism, although it can be effective if the

underlying mechanisms of environmental change are known (Scrimgeour & Wicklum

1996). In the "top-down" approach, changes at the level of assemblage and ecosystem are

directly assessed in the natural environment followed by identification of their causes.

Cairns el ah (1993) suggested that development of top-down assessment methods should
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result in successful environmental management. Two major categories of top-down

endpoints are monitored in ecosystems, namely biotic structural components and

ecosystem processes or functions. Of these, structural changes are thought to be more

responsive to ecosystem stress or disturbance than functional ones (Howarth 1991 cited by

Scrimgeour & WickJum 1996). Characterising the response of an ecosystem to

disturbance can be achieved using biological or ecological indicators and is termed

instream biological response monitoring or bioassessment (Roux et ai 1999). Disturbance

is defined as "any relatively discrete event in time that disrupts ecosystem, assemblage or

population structure and changes resources, substratum availability, or the physical

environment (White & Pickett 1985).

Bioassessment may be defined as the utilization of one or more components of the biota to

assess the effect of a change in another component such as water quality. It is the process

of determining whether human activity has altered the biological properties of an

ecosystem (Hawkins & Norris 2000). Potential components of the biota that may be used

include periphyton (Barbour et al. 1999), macroinvertebrates (Reynoldson et al 1997,

Barbour et al 1999, Dallas 2000), fish (Karr 1981, Kleynhans 1999) and riparian

vegetation (Kemper 1999). Bioassessment provides a time- and constituent-integrated

assessment of the ecological or biological integrity of the system under consideration.

Biological integrity is the ability of an aquatic ecosystem to support and maintain a

balanced, integrated, adaptive assemblage of organisms having a species composition,

diversity and functional organisation comparable to that of the natural habitats within a

region (Karr & Dudley 1981). Bioassessment has been acclaimed as a more sensitive and

reliable measure of environmental conditions than either physical or chemical

measurements (Warren 1971) and using biota as indicators of disturbance in an ecosystem

has proven successful (Rosenberg & Resh 1993).

Traditionally, physico-chemical monitoring formed the backbone of water quality

monitoring in South Africa (DWA 1986) and elsewhere (e.g. Barbour et al. 1996), and

control of surface water quality has been through the control of effluent discharges.

Assessment of the common physical attributes and chemical constituents of water, although

essential for determining the type and concentration of pollutants entering a river, is limited

to the period of sample collection and to the physical and chemical analyses performed.

Widely recognised limitations of physico-chemical monitoring include the intermittent
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nature of the measurements, i.e. unless sample collections are continuous over time, pulsed

releases of effluents that result in an alteration of water quality may not be recorded. The

potential number of constituents that could be present is vast, while routine analyses are

usually limited to non-toxic determinants such as temperature, conductivity, total alkalinity

and nutrient concentrations. The number and variety of potentially toxic compounds (e.g.

trace metals, biocides) that could affect water quality is considerable, as is the cost of

analysing the full range of these compounds, and routine testing for all possible toxins is thus

unrealistic. The sensitivity of chemical analytical methods when measuring very low

concentrations of pollutants may also be inadequate, particularly for substances that are

characteristically present in these low concentrations but which are persistent and tend to

accumulate in the environment.

A further complicating factor when assessing the effect of altered water quality by means of

physical and/or chemical data, is that of synergism and antagonism. Although each water

quality variable has an effect on aquatic organisms (beneficial or detrimental), the overall

effects of changes in the magnitude of more than one variable may be greater or less than the

effect of each in isolation. For example, changes in pH are particularly significant in

altering the toxicity of a variety of chemical constituents, including trace metals (Dallas &

Day 1993). These subtle magnifying and reducing effects would not necessarily be revealed

by routine physico-chemical monitoring.

The traditional physico-chemical evaluations of water quality have been largely inadequate

(Warren 1971, Barbour et al. 1996), as have the use of physico-chemical standards to

protect the aquatic environment from, for example, downstream effects of wastewater

treatment works in South Africa (Dickens & Graham 1998). While focusing on physico-

chemical monitoring, other structural impacts that have led to alterations of river flow, loss

of habitat area, loss of habitat diversity, obstructions to passage through streams and

riparian degradation, have also been overlooked (Harris 1995 cited by Schofield & Davies

1996) Organisms, however, because they are dependent on the medium in which they

live, i.e. the water body, are sensitive to all alterations to the water body by, for example,

pollution or habitat alteration, and alterations will be reflected in the biotic assemblage.

The biota therefore act as indicators of the overall ecological condition of the aquatic

ecosystem, by acting as continuous monitors of the water they inhabit (Hawkes 1979),

thereby enabling Jong-term analysis of both regular and intermittent discharges, variable
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concentrations of pollutants, single and multiple pollutants, and synergistic or antagonistic

effects. The biota, however, whilst indicating that a water body is impacted, do not

provide insight into the cause of the problem. For this reason, Hawkes (1997) suggests

that bioassessment, which produces biological data, and physico-chemical monitoring,

which produces physical and chemical data, are really complementary. He suggests it

would not be useful to correlate the two assessments, as bioassessment information is

probably of greatest value when it does not confirm the chemical data, thus revealing the

effect of other physical or chemical factors. Reynoldson & Metcalfe-Smith (1992) suggest

that biological systems should be the standard for monitoring, assessment, and target

formulation, and that the role of chemistry and physics is most important in the

identification of factors causing impairment and the selection of appropriate remedial

actions.

There is general consensus that benthic macroinvertebrates are amongst the most sensitive

components of aquatic ecosystems and they have been widely used in bioassessment

Briefly, as summarised by Rosenberg & Resh (1993), macroinvertebrates are ubiquitous

and diverse, and are therefore affected by a variety of disturbances in many different types

of aquatic habitats. Sensitivity to stress varies with species and the large number of species

within an assemblage offers a spectrum of responses to environmental stresses. In their

aquatic phase, macroinvertebrates are largely non-mobile and are thus representative of the

location being sampled, which allows effective spatial analyses of disturbance. They have

relatively long life cycles compared to other groups (e.g. planktonic organisms), which

allows elucidation of temporal changes caused by disturbances A major limitation,

however, of using macroinvertebrates in bioassessment is their heterogeneous distribution

and patchiness that result in spatial and temporal variability in macro in vertebrate

assemblages (e.g. Marchant 1988, Palmer et al. 1991). Although the causes of spatial and

temporal variability in lotic systems are not always known, it is important that this

variability be taken into account when macroinvertebrates are used in bioassessment.

1.3 SPATIAL AM) TEMPORAL VARIABILITY IN MACROESVERTEBR4TE

ASSEMBLAGES

Lotic systems are naturally heterogeneous (Poflf & Ward 1990, Cooper et al. 1997, Palmer

& Poff 1997, Townsend et al. 1997). Heterogeneity, defined as variability in a process or
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pattern over space or time (Palmer & Poff 1997), may occur at multiple spatial and

temporal scales for both biotic and abiotic factors, and influences both pattern and process

in ecological systems (Townsend 1989, Palmer & Poff 1997). Differences in factors such

as flow-rate, stream size, temperature, substrate and resource availability among sites lead

to spatial variability in the macroinvertebrate assemblage. Seasonal variability of such

factors at a site may lead to temporal variability in macroinvertebrate assemblages. A

stream may therefore be viewed as a mosaic of patches characterised by different

environmental conditions (Pringle et al. 1988), having an ensuing patchy distribution of

macroinvertebrates. Discrete substrate patches may exist, for example, due to differences

in the velocity at which particles are mobilized, and the consequent sorting of bed

materials by size (Frissel et al. 1986). Patch size and patch boundaries perceived by

individual organisms and by individuals over time, vary significantly among organisms

(Pringle et al. 1988) depending on the size and ecological requirements of the organism.

The extent of spatial and temporal variability in macroinvertebrate assemblages in South

Africa, and in particular the implications of this variability for bioassessment and defining

reference conditions, are examined in this report. Briefly, a reference condition is the

condition that is representative of a group of minimally-disturbed sites, i.e. reference site,

organised by selected physical, chemical and biological characteristics (Reynoldson et al.

1997) and that enables the degree of degradation or deviation from natural conditions to be

ascertained. Two key questions addressed in this report are:

1) to what extent is spatial heterogeneity a feature of lotic ecosystems in South Africa,

and is it possible to partition intrinsic spatial variability in such a way that defining

reference conditions based on several similar reference sites is feasible?

2) to what extent is temporal heterogeneity a feature of lotic ecosystems in South

Africa, and is it possible to account for intrinsic temporal variation in

macroinvertebrate assemblages such that an anthropogenic disturbance at a

monitoring site may be detected when comparing it to a derived reference condition''

1.3.1 Spatial heterogeneity and variability

Factors leading to spatial heterogeneity of macroinvertebrate assemblages in lotic

environments are varied and occur and act at different spatial scales. The nested

hierarchical relationship (Frissel et al. 1986) between factors potentially affecting biotic
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assemblages suggests that processes higher up in the hierarchy affect processes lower in

the hierarchy, i.e. regional catchment characteristics constrain local structure (Lammert &

Allan 1999). Thus, an event or disturbance that causes a shift in a large-scale system will

change the capacity of all the lower-level systems (Frissel et al. 1986). The hierarchical

nature of factors which affect the structure and dynamics of river channels and thus

macro in vertebrate assemblages was recognised by Rowntree & Wadeson (1999), who

adapted a model proposed by Frissel et al. (1986) for managing rivers in South Africa.

Rowntree & Wadeson's (1999) geo morphological framework incorporates six nested levels

ranging from catchment, to geomorphological zone, stream segment, channel reach,

morphological unit, and hydraulic biotope (Rowntree et al. 1998). The geomorphological

framework, together with factors acting at each level, are discussed in turn.

Catchment factors such as geology (Richard et al. 1997) affect water chemistry, whilst

climate determines the hydrological type, and geomorphology the channel type, substratum

composition and erosion potential Hynes (1975) aptly described the influence of

caichment level factors on riverine ecosystems and processes with: "In every respect, the

valley rules the stream". Geological differences, for example, can produce different stream

water chemistry (Day & King 1995) that may strongly influence biotic assemblages

(Richard et al. 1996, 1997). In addition to these abiotic factors, natural biogeographic

differences in the distribution of riverine biota may lead to biotic differences between

rivers and'or sites. Rivers are isolated geographic entities and as such they form important

foci for speciation and therefore for the development of biological diversity (Davies & Day

1998). Heterogeneity of macroinvertebrate assemblages at the level of catchment may,

therefore, be a reflection of both abiotic factors such as geology and climate, together with

biogeographic differences and evolutionary histories of individual taxa.

The geomorphological zone, stream segment and channel reach all relate to the

longitudinal profile of a river as it flows from source to sea. Gradual changes in

environmental factors such as altitude (Jacobsen et al. 1997), water temperature (Hawkins

et al. 1997), flow-rate (Statzner & Higler 1986) and food resources along the longitudinal

profile exert a direct control on the population dynamics of macroin vertebrates and other

organisms, resulting in characteristic biological communities and ecological river zonation

(Hawkes 1975). These longitudinal changes led to the formulation of the River Continuum

Concept (RCC, Vannote et al. 1980) that views all rivers as possessing continuous
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gradients of physical and chemical conditions, including width, depth, velocity, flow

volume, temperature and eutropy gain, that are progressively and continuously modified

downstream from source to sea. The unidirectional nature of river systems means that

water-flow, solutes, detritus, sediment and organisms are constantly delivered from

upstream to downstream (Cooper et al. 1998). Within the context of the RCC, energy

input and organic matter transport, storage and use by macroinvertebrate functional feeding

groups, are thought to be regulated largely by fluvial geomorphic processes (Vannote et al.

1980). This leads to the formation of species assemblages characteristic of particular

reaches of a river. Important to the RCC is that activities upstream have an effect

downstream, i.e. it is a continuum. Within the RCC, the concept of functional feeding

groups has proved to be quite contentious, with differences in the applicability of this

concept arising between northern and southern hemisphere river systems. In the Western

Cape of South Africa, open-canopied fynbos streams, protracted leaf-fall throughout spring

and summer, and functional feeding constraints imposed by different life stages of aquatic

organisms, have led researchers to question the validity of this concept in such systems

(Davies & Day 1998). Of the abiotic conditions associated with longitudinal river

zonation, the physical characteristics of flow, or stream hydraulics, were considered by

Statzner & Higler (1986) to be the overriding factors governing zonation of

macroin vertebrates in streams and rivers. Hawkins et al. (1997) have shown that water

temperature, which varies along both elevational and latitudinal gradients, is also an

important determinant of biotic patterns.

Both the morphological unit, which relates to channel morphology, and the hydraulic

biotope, act at the level of the site and the habitat of macroinvertebrate assemblages, as

well as at the level of individual taxa within these assemblages. Hydraulic biotope is

defined as a spatially distinct instream flow environment determined by the hydraulic and

substrate characteristics associated with each morphological unit (Rowntree & Wadeson

1999). The level of habitat is not limited to hydraulic biotopes and other terms, such as

"mesohabitat" (Armitage et al. 1995), "SASS-biotope" (South African Scoring System;

Chutter 1998, Dallas 1997) and "substrate-type" (Collier 1995) have also been used to

describe this level. For each, the term habitat or biotope describes the environment in

which an aquatic organism lives and incorporates aspects such as the substrate-type,

hydraulic and chemical conditions. Since taxa often have specific substrate or hydraulic

requirements, habitat-level factors may account for much local variation in
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macroinvertebrate assemblages. For example, Tennant (1976 cited by Tharme 1996)

considered wetted perimeter, depth and velocity to be important physical habitat

parameters for the wellbeing of aquatic organisms. The structure of the substratum, which

is inseparably linked to variations in flow (Resh & Rosenberg 1984), may also be related to

the presence or absence of individual aquatic organisms since substratum structure may

restrict or enhance an insect's ability to adhere, cling or burrow, affects its ability to escape

from predators, be protected from current or disturbance, construct cases, or deposit eggs.

Predation, in particular the type of predator, has also been shown to affect the variation of

prey such as mayfly and caddisfly densities at the habitat-level, i.e. within-riffles (Crowl et

al. 1997).

In addition to isolated effects of factors at each level of the hierarchy, it is often a

combination of environmental factors at various levels in the hierarchy that affects

macroinvertebrate distribution and abundance. There also appears to be some scale

dependence to this spatial heterogeneity and variability, with species assemblages

appearing predictable and governed by large-scale patterns in hydrology and geology at the

largest spatial scales, whilst site-based studies tend to reveal high variability and appear to

be governed by local physical and biological factors (Wiley et al. 1997). For example,

instream habitat structure and organic matter inputs are determined primarily by local

conditions such as vegetation cover at a site, whereas nutrient supply, sediment delivery,

hydrology and channel characteristics are influenced by regional conditions, including

landscape features and land use/cover at some distance upstream and lateral to stream sites

(Allan et al 1997). As such, human alteration of the landscape affects the riverine

ecosystem via multiple processes operating over different spatial scales (Allan et al. 1997).

Understanding the intrinsic spatial variability of aquatic biota, together with the

anthropogenic modification of biotic assemblages, is therefore complex.

In the context of bioassessment, spatial heterogeneity of macroinvertebrate assemblages is

often taken into account by partitioning areas into relatively homogeneous regions, i.e.

regional classification. Bioassessment and aquatic resource management is then conducted

within the context of the established regional frameworks. There has been much debate on

the validity of these regional classifications and whilst they have been applied throughout

the world for bioassessment purposes (e.g. Harding et al. 1997, Johnson 2000, Marchant et

al. 2000, Rabeni & Noisy 2000), until recently, there has been no rigorous evaluation of
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how well these classifications perform (Hawkins & Norris 2000). For a regional

classification to be deemed useful and ecologically sound, it needs to improve our

understanding of the system, to explain and order natural variability, to provide a

framework for sampling and management, to allow the extrapolation of site-specific

information, and to lend a measure of predictability of ecosystem response to land-use

practices (Bryce & Clarke 1996). Ultimately, the ability to detect anthropogenic

disturbance is a direct function of how well regional classifications partition natural

variation among sites (Hawkins & Vinson 2000). Can spatial variability thus be

partitioned sufficiently, such that, when comparing a monitoring or test site to a reference

site or reference condition, an impact resulting from, for example an effluent discharge, is

detected?

1.3.2 Temporal variability

Lotic systems exhibit daily and seasonal periodicity in factors such as discharge and

temperature and seasonal and year-to-year variability in macroinvertebrate assemblages

have been linked to precipitation events and stream hydrographs (McEravy et al. 1989).

Temperature is known to be an important mechanism affecting the growth and distribution

of stream insects (Hawkins et al. 1997). Many organisms are adapted to changes in

temperature and discharge, and have life history stages such as emergence, feeding and

growth that are cued into them. The phenology of individual species within an assemblage

will alter the observed composition of the assemblage at different times of the year (Linke et

al. 1999). Water temperature, in addition to being a climatically-driven variable, is affected

by local factors such as channel morphology and riparian shading, and summer maximum

temperatures, in particular, may limit the occurrence of certain species (Hawkins et al 1997).

Seasonal variability may change longitudinally down a river, as noted by King (1981) in a

study of the Eerste River, South Africa, in which upland sites had a single

macroinvertebrate assemblage, whilst lowland sites had a distinct winter and summer

assemblage. This spatial-temporal interaction was also observed by Pearson & Franklin

(1968, cited by Linke et al 1999) who noted that several mayfly species tended to occur

downstream earlier in the year and upstream in later months.

Given that the ultimate objective of bioassessment is to evaluate the effect of human activities

on biological resources (Fore et al. 1996), it is necessary to be able to identify which observed
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differences in macroinvertebrate assemblages stem from natural or intrinsic heterogeneity and

variability in the system, and which are the result of an anthropogenic effect. The goal,

therefore, is to decide whether or not a site exposed to stress is disturbed, while minimising

both Type I (sites fail which should have passed) and Type II (sites passed which should have

failed) errors of analysis (Bailey 1996 cited by Linke et al 1999) Passing or failing may be

based on established biocriteria such as biotic index scores appropriate to the region or suites

of reference sites. A site would fail if the biotic index score was less than the expected or

reference score, and would pass if the score exceeded the reference score. Of the two types of

errors, Type II, i.e. failure to detect an environmental effect, is fairly common in

environmental monitoring (Carlisle & Clements 1999). One approach followed to facilitate

the detection of anthropogenic effects is the use of minimally-disturbed sites, termed

reference sites, with which monitoring or test sites are compared. This approach, termed the

Reference Condition Approach, is used to generate a range of expected reference conditions

for macroinvertebrate assemblages and/or biotic indices.

1.4 BIOTIC INDICES AND ECOLOGICAL REFERENCE CONDITIONS

Biotic indices are numerical indices, which use one or more components of the biota to

provide a measure of the biological condition of a site. Biotic indices based on

macroinvertebrate assemblages have proven to be useful measures of stream or ecosystem

"health" and are widely applied today (Hellawell 1986, Rosenberg & Resh 1993), with many

countries beginning to rely on biological assessments as their primary measure of the

ecological health of surface waters (Gerritsen et al 2000). Ecosystem or river health, whilst

being a useful and widely understood concept, is difficult to describe in precise, scientific

terms (Schofield & Davies 1996). Schofield & Davies (1996) have taken it to mean the

degree of similarity to a minimally-disturbed river of the same type, particularly in terms of its

biological diversity and ecological functioning, and it is this definition that is adopted in this

report.

One of the advantages of biotic indices is that they formalise what any good biologist,

familiar with local biota, knows about the biological condition of a stream and they

communicate biological condition to policy makers and concerned citizens, thus providing

a scientific basis for management decisions that affect aquatic resources (Fore et al. 1996)

Historically, biotic indices have often been calculated a posteriori from quantitative

JO
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macroinvertebrate sampling (e.g. Chutter 1972, Hilsenhoff 1988). However, labour and time

constraints associated with such quantitative sampling prompted the development of

qualitative rapid bioassessment methods such as the BMWP system (Biological Monitoring

Working Party, e.g. Wright 1995), the Australian SIGNAL biotic index (Stream Invertebrate

Grade Number Average Level, Chessman 1995) and SASS (South African Scoring System,

Chutter 1998). Not only do these rapid bioassessment methods utilise simplified data

interpretation methods via the generation of biotic indices, but several also reduce the time

needed to process samples, either by being field-based (e.g. SASS), by limiting the number or

organisms identified, i.e. fixed-count method (e.g. SIGNAL), or by limiting taxonomic

resolution to that of family or higher (e.g. SASS, SIGNAL).

Whilst there is still much debate about the potential loss of information that may occur when

biotic indices are used (Brown 1997), for example, by omitting abundances from the index

calculation for SASS4, they have been used effectively to reveal the effects of many different

anthropogenic impacts. Biotic effects on riverine macroinvertebrate assemblages that have

been effectively assessed using biotic indices include the effects on receiving water bodies of

organic pollution (Cao et al. 1997b) via discharges from sewage treatment works (e.g.

Chessman 1994, Wright et al. 1995), wastewater discharges (e.g. Chessman et al. 1997,

Dickens & Graham 1998) and trout farm effluent (e.g. Loch et al. 1996, Brown 1997), the

effects of mixed diffuse runoff such as urban storm water runoff (e.g. Chessman et al 1997),

the effects of agriculture (e.g. Quinn et al. 1997), afforestation (e.g. Quinn et al. 1997,

Rothrock et al. 1998), metal pollution (e.g. Carlisle & Clements 1999) and experimental

insecticide treatments (Wallace et al. 1996).

In South Africa, riverine macro in vertebrates are one of the most commonly assessed

components of the biota and SASS is used as the routine rapid bioassessment tool to assess

water quality and general river condition It forms the backbone of the River Health

Programme (RHP), a national programme aimed at assessing the ecological state of aquatic

ecosystems in South Africa. Briefly, SASS is a scoring system based on

macroin vertebrates, whereby each macroinvertebrate taxon is allocated a

sensitivity/tolerance score according to the water quality conditions it is known to tolerate

(Dallas et al. 1995, Dallas 1997). Data interpretation is based on two calculated values,

namely SASS4 Score, which is the sum of the sensitivity/tolerance scores for taxa present

at a site, and average score per taxon (ASPT), which is SASS4 Score divided by the

11
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number of taxa. SASS has proved to be an efficient and effective means of assessing

water quality impairment and general river health (Dallas 3997, Chutter 1998).

Toots for interpreting bioassessment data, such that an observed effect is in some way

quantified, vary from comparatively simple tables that provide values for different categories

of impact (eg. Chutter 1998) to complex predictive models, which relate environmental

variables to biotic communities (e.g. Wright 1995, Smith et al. 1999). Whatever level of

complexity is adopted in data interpretation, it is necessary to know the "expected" condition,

either as an expected index value or as an expected macroinvertebrate assemblage or both.

This "expected" condition is referred to as the reference condition. Bioassessment is

generally applied within the context of ecological reference conditions, which represent an

expected, realistic and scientifically-authentic ecological benchmark with which

bioassessment information is compared.

1.4.1 What are ecological reference conditions?

An ecological reference condition is the condition that is representative of a group of

minimally-disturbed or "least-impacted" sites organised by selected physical, chemical and

biological characteristics (Reynoldson et al. 1997). Reference conditions enable the

degree of degradation or delation from natural conditions to be ascertained, and thereby

serve as a foundation for developing biological criteria for the protection of aquatic

ecosystems. In a regionally varied landscape, this means identifying biotic patterns that vary

with normal geomorphic variations of the landscape, as well as alterations caused by

anthropogenic influences (Richards et al 1997).

A reference condition is usually derived from a suite of similar reference sites, termed a

regional reference condition, although single site-specific reference conditions are

sometimes also used. Site-specific conditions are typically used in an

upstream downstream or "paired" scenario where a monitoring site is compared to the

condition at a single reference site, and are needed when there are concerns with specific

point sources. A typical example of a "paired" scenario would be upstream and

downstream of a sewage treatment works discharge point where point-source effluent is

discharged into the receiving water body.

12
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Regional reference conditions are necessary because pristine sites, particularly in the lower

reaches of rivers, generally no longer exist, and near-pristine sites are often scarce.

Inferences need to be made from minimally-disturbed sites to those impacted by human

activity. Reynoldson & Wright (2000) describe a three-staged process for selecting

regional reference sites. The first stage involves the adoption or definition of a

stratification process such as ecoregions or stream order, so that the full range of reference

conditions is represented. The second stage is the incorporation of local knowledge and

the selection of sites using information on the extent to which a site has been disturbed.

Criteria used to assess the level of disturbance often include a qualitative assessment of

land-use, water quality impacts, modifications to discharge and physical alterations to the

channel. Studies have shown that site selection is an iterative process involving initial site

selection as outlined above, followed by a "ground-truthing" or site validation phase, and

data collection and analysis phase (e.g. Dallas 2000b, Reynoldson & Wright 2000). Final

selection of reference sites is conducted after examination of the data (Reynoldson &

Wright 2000).

Defining reference conditions for suites of reference sites necessitates a classification

system such that reference sites are grouped into homogeneous entities, with biological

attributes from sites within a homogeneous entity being more similar to each other than to

sites within a different homogeneous entity. In the case of reference conditions based on

macroinvertebrates, this would imply that the macroinvertebrate assemblages at reference

sites within a homogeneous group are more similar to one another than to

macroinvertebrates at reference sites in a different homogeneous group. In this way,

classification systems attempt to partition spatial variability characteristic of lotic systems,

thereby producing a more efficient monitoring and assessment programme. Classification

of sites into groups or classes within which ecological expectations are similar is

considered integral to the use of regional reference sites (Gerritsen el al. 2000). There are

essentially two approaches for classification of reference sites, a regional and a

multivariate approach.

1.4.2 Approaches for deriving ecological reference conditions for riverine

macroinvertebrates

The two approaches for classifying reference sites are fundamentally different even though

13
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they begin with the same premise and require the same data (Reynoldson et al 1997) The

regional approach classifies reference sites a priori, based on geographic and physical

attributes Geographic regions, termed ecoregions, are predefined largely using mapped

landscape characteristics such as climate, physiography, geology, soils and vegetation

(Omernik 1987). This approach assumes that monitoring or test site characteristics match the

chosen regional (e.g. ecoregional) reference sites (Reynoldson et al. 1997). Naturally

occurring biotic assemblages, as components of the ecosystem, would be expected to differ

among, for example, ecoregions, but to be relatively similar within a given ecoregion The

ecoregion concept thus provides a geographic framework for management of aquatic

ecosystems and their components. Within an ecoregion, additional qualifiers such as

stream size, hydrologic regime, elevation, and natural riparian vegetation need to be

considered for further partitioning variability of macro in vertebrate assemblages within an

ecoregion (Barbour et al. 1999). Metrics such as measures of richness (e.g. total number

of taxa, number of Epherneroptera taxa), composition [e.g. Ephemeroptera: Plecoptera:

Trichoptera (EPT) ratio], tolerance/intolerance (e.g. % tolerant taxa, % dominant taxa),

feeding (e.g. % filterers, % grazers/scrapers, etc.] and habit (e.g. % clingers) or indices

[e.g. SASS4 Scores, Average Score Per Taxon (ASPT)] are then interpreted within the

homogeneous regions. A metric is a calculated term or enumeration representing some

aspect of biological assemblage structure, function, or other measurable characteristic that

changes in some predictable way with increased human influence (Fausch et al. 1990 cited

by Barbour et al. 1995, Gibson 1994 cited by Barbour et al. 1995) The regional approach

is widely used in the United States (e.g. Gerritsen et al. 2000, Rabeni & Doisy 2000).

The multivariate approach classifies reference sites a posteriori using multivariate analysis of

macro invertebrate fauna (Reynoldson et al. 1997). It makes no a priori assumptions about

the similarity of macroinvertebrate assemblages at different sites. Rather, fauna! data are used

to group sites that have similar taxonomic composition, thus providing an objective way of

grouping reference sites with similar macroinvertebrate assemblages. Groups of sites do not

necessarily conform to geographic stratification (Gerritsen et al. 2000). The multivariate

approach does not assume that monitoring sites exactly match reference site groups, but

instead calculates the probability of belonging to each of the groups (Reynoldson et al. 1997).

A predicted or "expected" macroinvertebrate assemblage is compared with the actual

assemblage and the ratio of observed/expected (O E) families is used as a measure of

ecological condition (Wright et al 1993, Parsons & Norris 1996). The expected BMWP
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(Wright 2000) or SIGNAL scores (Chessman 1995) for a monitoring site may then be

calculated based on the expected taxa. Both the United Kingdom (Wright et ah 1993) and

Australia (Smith et ah 1999) have adopted the multivariate approach within their

bioassessment programmes, respectively RTVPACS (River Invertebrate Prediction and

Classification System) and AusRivAS (Australian River Assessment System).

There has been much debate on the relative scientific validity of each approach and studies

give support to both the ecoregion approach (e.g. Rabeni & Doisy 2000, Feminella 2000) and

the multivariate approach (e.g. Marchant et ah 2000, Sanden & Johnson 2000, Van Sickle &

Hughes 2000). Yet others propose an intermediate option which utilises a geographic

framework for initially partitioning reference sites, but which is validated and refined by

subsequent analysis analysis of the biological data (e.g. Gerritsen et al. 2000, Johnson 2000).

Johnson's (2000) study, of littoral macroinvertebrate assemblages from 363 lakes in Sweden,

lends support to using ecoregions as a spatial framework for resource management. He

suggests, however, that the low congruence between some ecoregion boundaries and the

biota, indicate that another form of partitioning at the level of catchment or ecosystem-type is

needed to further reduce spatial variability.

1.4.3 The South African approach

A regional approach has been adopted in South Africa, whereby a hierarchical spatial

classification scheme sub-divides the country in a logical and ecologically-meaningful way

so that variation between rivers in the country is best accounted for (Eekhout et ah 1996).

The development of this spatial framework attempts to take biotic differences, resulting

from climatological, geological, geomorphological and biogeographic differences amongst

rivers, into account. The adoption of a regional approach rather than the more data-

intensive multivariate approach is also the result of limited monetary and human resources

within South Africa. However, as Eekhout et ah (1996) have stressed, the adoption of a

regional approach does not preclude the eventual transference to a multivariate approach,

whereas the opposite is true.

The three-tiered hierarchical spatial framework (Figure 1.1) developed for the

classification of South African rivers includes an ecoregion level I or bioregion, a

subregion (level II) and a river-type (level III). Level I, i.e. ecoregions or bioregions, is
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currently in a state of flux with two different classifications being mooted. Ecoregions

(Kleynhans et al. 1998a) are based on a top-down classification of South African rivers

using landscape variables such as physiography, climate, geology and soils, together with

potential natural vegetation (i.e. vegetation types that would have occurred were it not for

the major anthropogenic transformations). Bioregions are based on biophysical conditions,

derived by examining the biogeographic distribution patterns of riverine macroinvertebrates,

fish and riparian vegetation (Eekhout et al. 1997) and physical characteristics of the rivers

(Brown et al. 1996). The validity of each of these level I classifications has not yet been

tested. The level II, subregional classification reflects broad geomorphological

characteristics and distribution patterns of components of the biota. Rivers are longitudinally

divided into the following zones: source zone, mountain headwater stream, mountain

stream, foothill-cobble bed, foothill-gravel bed and lowland sand bed or lowland

floodplain (Wadeson 1999). Three other geomorphological zones associated with a

rejuvenated profile, namely upland flood plain, rejuvenated bedrock fail/cascade and

rejuvenated foothills, were also proposed. Level III of the hierarchy aims to account for

variation among rivers within a subregion or geomorphological zone and factors such as

river size, hydrological type (ephemeral, seasonal or perennial), geomorphological

characteristics (channel type, substratum composition) and other chemical and biological

factors are considered. River size, for example, has been strongly related to taxonomic

diversity of invertebrate assemblages with small streams (1st order) being less

taxonomically diverse than larger streams (4th or 5th order) (Minshall et al. 1985).

1.5 INTERPRETING BIOASSESSMENT DATA USING ECOLOGICAL

REFERENCE CONDITIONS

Management action depends on the knowledge that a certain impact causes an aquatic

assemblage or ecosystem to respond in some way that is outside the natural range of variation

(Roux et al. 1999) and the ultimate objective of any bioassessment programme is to facilitate

the detection of disturbance at a site as reflected by one or more components of the biota.

Reference conditions facilitate this by defining what is expected at a site and provide a means

of comparing observed conditions with expected conditions. This is a complex task and one

that requires careful consideration of factors that may potentially affect data interpretation.

Any reference condition is also likely to be a dynamic one, changing as our ecological

understanding of the system grows (Meyer 1997).
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Level 1
Ecoregions or bioregions

Based on abiotic physical variables such as physiography, climate,
geology, soils and potential natural vegetation (ecoregions) or biota
(bioregions).
Possible ecoregion sub-levels (II and III).

Level 2
Subregions or geomorphological zones

Reflects broad geomorphological characteristics and distribution
patterns of biotic components. Geomorphological zones include:
> Source zone
> Mountain headwater stream
> Mountain stream
> Foothill-cobble bed
> Foothill-gravel bed
> Lowland sand be or Lowland floodplain
> Upland Flood Plain
> Rejuvenated bedrock fall/cascade
> Rejuvenated foothills.

Y
Level 3

River types

Identified using factors such as:
> river size (stream width, stream order, distance from source)
> hydrological type (ephemeral, seasonal or perennial)
> geomorphological characteristics (channel pattern, substratum

composition)
> other chemical and biological factors.
Gradual process with river types being identified within subregions
as the RHP is implemented within each geographical region.

Figure 1.1 A three-tiered hierarchical spatial framework indicating the
components incorporated at each level and, in the case of subregions,
the different subregions.
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Guidelines or biocriteria for the interpretation of environmental conditions with respect to

established reference conditions have been formulated by several authors (e.g. Hughes 1995,

Minns 1995) and, as already mentioned, range from simple interpretative tables to more

complex predictive models. Minns (1995) proposed the following rule: "If any ecosystem is

to retain the inherent capacity to return to its original state given the removal of all human

alterations and stresses, any degree of change greater than 50% relative to the original state, is

unlikely to be tolerated". Similarly, Hughes (1995) suggests that: (1) 90% of the reference

condition is still high quality and perhaps within the range of natural and measurable

variability, (2) 75% of the reference condition is still acceptable, (3) 50% - 75% of the

reference condition could be considered marginal, and (4) less than 50% of the reference

condition is unacceptable. These ranges are not based on actual data, but approximate the

expected conditions in terms of deviation from reference. The reference condition is that

derived for the particular suite of reference sites and is often based on calculated metrics or

metrics combined into a composite index such as the Stream Condition Index used in Florida

(Barbour et al. 1996). The sensitivity of the reference condition approach can be increased by

modelling and explaining variation in the assemblage descriptor, e.g. number of taxa, among

reference sites, and then using the predictive model to refine the expectation of the

descriptor's value at a test or monitoring site (Bailey et al. 1998).

In predictive modelling systems such as RIVPACS (Wright et al 1993, Wright 1995) and

AusRivAS (Furse 2000, Simpson & Norris 2000), the use of "biological banding" systems

with different bands representing different biological conditions, serves to simplify data

interpretation and to aid management decisions. The severity of any environmental impact

is assessed based on how much the number of taxa observed (O) deviates from the number

expected (E), i.e. reference condition, calculated as the O/E ratio (Reynoldson et al. 1997).

The ratios of the Observed/Expected (O/E) taxa and O/E ASPT are calculated and biological

bands or ranges (X, A, B, C and D), which represent different levels of biological condition,

are derived (Furse 2000, Simpson & Norris 2000). In this way, the calculation of O/E ratios

at a monitoring site enables it to be assigned to a biological class

The classes and band widths are based on percentiles calculated from groups of reference sites

(Table 1.2) and are thus based on actual data that allow the intrinsic spatial and temporal

variability to be incorporated
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Table 1.2 Division of O/E SASS4 Scores, O/E taxa and O/E ASPT, into five
biological classes or "bands" for reporting the biological condition in
South African rivers (Modified from the RIVPACS and AusRivAS
banding system, Furse 2000, Simpson & Norris 2000).

Biologica
1 Class

X

A

B

C

D

Description

Richer than reference:

O/E greater than 90th

percentile of reference sites

Reference:

O/E within range of central
85% of reference sites (i.e.
5th to 90th percentiles)

Below reference:

O/E below 5th percentile of
reference sites. Band width
equal to median minus the 5th

percentile.

Well below reference:

O/E below Band B, same
width as Band B.

Impoverished:

O/E below Band C to zero.

O/E SASS4 Score, O/E Taxa, O/E ASPT

More taxa found than expected SASS4 Score
and ASPT greater than expected. Potential
biodiversity "hot spot".

SASS4 Score, number of taxa and ASPT
within range of 85% of reference sites.

Fewer taxa than expected- SASS4 Score and
ASPT lower than expected. Potential
impairment of water quality and/or habitat
with loss of pollution-sensitive taxa.

Many fewer taxa than expected. SASS4 Score
and ASPT much lower than expected.
Substantial impairment of water quality and/or
habitat. Major loss of pollution-sensitive taxa.

Few of the expected taxa remain. Severe
impairment. Remaining taxa hardy and
pollution-tolerant.

If variability within a group of reference sites is high the band width will be greater than if the

variability within a group of reference sites was low. The inclusion of a band X in the system

of Furse (2000) and Simpson & Norris (2000), allows sites of exceptional biodiversity to be

identified, in that these sites will have O/E ratios greater than those of the reference site. For

data interpretation, the final biological class given to a site is the median of the two or three

individual bands, except when the band for ASPT is lowest, in which case the ASPT band

takes precedence (Wright et al 1993). Thus, if O/E SASS4 Score and O/E Taxa at a site are

class B, but O/E ASPT is a class C, then the final biological class assigned to the site would

be a class C. This rule has been devised because of the greater reliability of ASPT and

because over-sampling and biotope availability are known to affect SASS Score (Wright et al

1993, Dallas 1997).
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1.6 A PROTOCOL FOR DERIVING ECOLOGICAL REFERENCE

CONDITIONS FOR RIVERINE MACROINVERTEBRATES

A protocol for has been developed as a guide for biomonitoring practitioners in their

endeavours to derive ecological reference conditions for riverine mac roinverteb rates

(Dallas 2000b). It was developed using data collected in the northern region of South

Africa (Mpumalanga and Northern Province) and has not yet been tested in other regions

in South Africa. The protocol developed, shown as a flow diagram (Figure 1.2). adopts a

regional reference condition approach which also incorporates separate analyses of

mac roinverteb rate assemblages in an attempt to verify the spatial framework and to factor

in potential variability resulting from physical, seasonal and habitat/biotope factors.

Briefly, the processes are as follows. Details are available in Dallas (2000b).

1. Identification of homogeneous regions

A three-tiered hierarchical spatial framework has been developed in an attempt to identify

homogeneous regions within wrhich biomonitoring can be undertaken.

• Level 1: Bioregions or ecoregions: Bioregions (Brown et al. 1996) represent broad

historical distribution patterns of riverine macroinvertebrates, fish and riparian

vegetation (Eekhout et al. 1997), and which have been modified using local knowledge.

Ecoregions are based on factors such physiography, climate, geology, soils and

potential natural vegetation. At present, both level l's are used since the suitability of

one or the other with respect to biomonitoring and the RHP has not yet been established.

• Level 2: Subregions or geomorphological zones reflect broad geomorphological

characteristics and distribution patterns of components of the biota. Rivers are

longitudinally divided into the following zones: Source zone, Mountain headwater

stream, Mountain stream, Foothill-cobble bed, Foothill-gravel bed and Lowland sand

bed or Lowland floodplain (Wadeson 1999). Three other geomorphological zones

associated with a rejuvenated profile, namely Upland Flood Plain, Rejuvenated

bedrock fall/cascade and Rejuvenated foothills, were also proposed.

• Level 3: River types are identified using factors such as river size (e.g. stream width,

stream order etc.), hydrological type (ephemeral, seasonal or perennial),

geomorphological characteristics (channel pattern, substratum composition) and other

chemical and biological factors.
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Differentiation into Levels 1 and 2, i.e ecoregions and subregions, is a map-based desktop

exercise, whilst Level 3, i.e. river types, is undertaken at the ground truthing and data

analysis stage.

2. Selection of " minimally-disturbed " sites

"Minimally-disturbed" or "least-impacted" sites, i.e. sites exposed to minimal

anthropogenic influences, are identified using local knowledge, land-use maps and existing

biomonitoring information.

3. Preliminary site screening and ground truthing

This phase involves assessing each site in the field. The geomorphological zones are

confirmed and anthropogenic influences are checked by examining the surrounding land-

use, channel, bed and bank modifications, and present status. Potential Level 3 river type

factors are identified.

4. Sampling macroinvertebrates using SASS

SASS4 sampling is undertaken using the appropriate SASS protocol (Chutter 1998). For

the purposes of deriving reference conditions, it is recommended that sampling be

conducted in three seasons and that biotope-groups are sampled separately (i.e. stones-in-

current/stones-out-of-current; marginal and aquatic vegetation; gravel/sand/mud). An

assessment of the habitat is undertaken simultaneously (e.g. 1HAS).

5. Measurement of environmental variables

Selected environmental variables are measured, including catchment (e.g. longitude,

latitude, altitude, distance from source and stream order), site (channel pattern, stream

width, habitat depths, geological type, vegetation type and canopy cover), habitat

(substratum richness, composition and dominance, the percentage of each substratum type,

percentage embeddedness, the number and combination of biotopes, the percentage of each

biotope present, and the percentage cover of algae and macrophytes), and water chemistry

variables (pH, temperature, conductivity, turbidity, dissolved oxygen and nutrients).

6. Classification of reference sites

Reference sites are classified into groups of sites on the basis of the similarity of their

macro invertebrate assembles. Macroinvertebrate data from each of three seasons and all
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three biotope-groups are combined for the analysis.

7. Identification of environmental variables which best discriminate between

Reference Groups

Environmental variables are identified which best discriminated between groups of sites,

termed "Groups". These variables are used to characterise each of the Groups in terms of

catchment, site, habitat and water chemistry variables.

8. Verification of homogeneous regions

The validity of the spatial framework is examined by comparing the Groups with the

identified homogenous regions.

9. Isolation of river type factors contributing to Group classification

Specific river type factors such as substratum type, which were considered significant in

differentiating between Groups, were identified.

10. Assessment of the influence of biotope availability and sampling season

Comparing SASS Scores or macroinvertebrate assemblages from sites, with different

biotopes available or which have been sampled in different seasons, may lead to

misinterpretations. For this reason it is advised that the potential effect of both biotope

availability and sampling season on macroinvertebrate assemblages and SASS Scores, be

examined. Separate- versus combined-biotope sampling and single- versus multiple-

season sampling is examined so that erroneous interpretation with respect to water quality

or river health can be avoided.

11. Characterisation of Groups of sites

Each identified Group is characterised in terms of environmental variables, SASS Scores,

expected SASS taxa and biotope considerations.

12. Comparison of monitoring site with reference condition

Following the standard sampling protocol, monitoring site data is compared with the

appropriate reference condition. Observed (monitoring site) to Expected (reference

condition) ratios are calculated and site is assigned to a biological band based on the O E

ratio.
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See Figure 1.1
- Ecorcgions
- Subreaions
- River T\pes

Identify homogeneous regions

4
2. Select "minimallv-disturbed" sites

1
3. Preliminary site screening and ground truthing

1 1
Measure environmental variables

i

4. Sample reference sites using the
standard protocol
• Separate biotopc-groups
• Three seasons

7. Identify which
environmental
variables best
discriminate between
Groups of sites

4

4

6. Classify reference sites on
the basis of macroinvertebrate
assemblage data (multivariate
analysis on combined data for
all seasons and all biotope-
groups) => Groups

8. Compare
Groups with
homogeneous
regions, i.e. verify
spatial framework

9. Isolate level 3, river t\pe
factors contributing to
Reference Groups

4

4
10. Assess the influence of biotope
availability and sampling season

4
11. Characterise each Group in terms
of:
• Environmental variables

(catchment, site, habitat and water
chemistry).

• SASS Scores (median values and
O/E ratios, corrected for season).

• Expected SASS taxa.
• Biotope considerations.

12. Monitoring at a site:
Sample site using the standard protocol (separate
biotope-groups).
• Allocate site to appropriate Group based on

the spatial framework.
• Compare environmental variables to check

Group membership.
• Calculate O/E ratios, based on SASS Score

(actual or median, depending on number of
seasons sampled).

• Compare observed with expected SASS taxa.
• If all three biotope-groups were not sampled,

examine biotope tables.
• Assign site to a biological band based on the

O/E ratios.

Figure 1.2 Suggested protocol for deriving ecological reference conditions for riverine
macroinvertebrates and its use within the RHP (Dallas 2000b).
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1.7 OBJECTIVES AND STRUCTURE OF THIS REPORT

This report is based on data collected in the Western Cape during two previous Water

Research Commission (WRC)-funded projects. The first focused on the "effects of water

quality variables on riverine ecosystems" (Dallas & Day 1993, Dallas et al 1995) and the

second on "the development of tools for assessing regional water quality guidelines"

(Dallas et al. 1998) During these projects, research into and development of the key

bioassessment tool used in South Africa, namely SASS4, was undertaken (Dallas 1995,

Dallas 1997). A subsequent project, commissioned by the Department of Water .Affairs

and Forestry (DWAF), focused on the "derivation of ecological reference conditions for

riverine macroinvertebrates" (Dallas 2000a, 2000b, Dallas & Fowler 2000, Fowler et al.

2000). This report, therefore, represents an amalgamation and analysis of data from each

of these project, addressing specific objectives related to aquatic bioassessment and

defining ecological reference conditions for riverine macroinvertebrates. Because sites

were not selected and data not collected for the express purpose of these aims, the number

and location of reference sites and the frequency of sampling was not optimal. In

particular, the frequency of data collection varied substantially and different sub-sets of

data have thus been selected to address specific aims in this study.

Aims of the project

• To test the protocol developed during an Institute for Water Quality Studies (IWQS,

DWAF) project (Dallas 2000b) by applying it to another region, i.e. the Western

Cape.

• To examine the spatial variability of macroinvertebrate assemblages between and

within different ecoregions/bioregions, subregions and river-types, i.e testing the

validity of ecoregions/bioregions, subregions and river-types as units for defining

homogenous regions and to discuss this variability in relation to establishing

reference conditions.

• To examine the utilisation of SASS biotopes/habitats by macroinvertebrates and

discuss implications with respect to the influence of biotope availability on

Reference Condition SASS Scores and expected reference communities
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To examine temporal variability of macroinvertebrate assemblages and discuss

implications for establishing reference conditions.

To derive ecological reference conditions for macro in vertebrates for specific river

types of the Western Cape.

To examine methodological aspects of SASS4 with a view to incorporating

abundances and verifying sensitivity /tolerance scores and to discuss implications for

establishing reference conditions.
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CHAPTER 2. MATERIALS AND METHODS

2.1 STUDY AREAS

Data presented in this report were collected from two geographic regions (Table 2.1) in

South Africa: the Western Cape (Figure 2.1) and Mpumalanga (Figure 2.2). The two

regions are separated by approximately 1300 km. The river name, site code, ecoregion

level I (Kleynhans el ah 1998a), ecoregion level II (Kleynhans el ai 1998b), bioregion

(Brown et ai 1996), subregion and latitude and longitude co-ordinates for each site are

given in Table 2.1. Sub-sets of data were used for analysis of particular aspects within

each chapter, details of which are provided in the relevant chapter.

Study sites were selected to represent minimally-disturbed or least-impacted conditions

and are thus considered reference sites. These sites were exposed to minimal

anthropogenic influences and criteria used to assess the level of disturbance included a

qualitative assessment at the site of land-use, water quality impacts, flow modifications and

physical alterations to the channel Other factors, such as the variety of suitable biotopes

for sampling, site accessibility and safety during sampling operations, were considered.

Experience has shown that the selection of reference sites is an iterative process, with some

potential reference sites discarded at the "ground-truthing" phase, and others excluded on

the basis of subsequent data analysis. In such instances, it does not necessarily imply that

the site is disturbed, although this may indeed be the case, rather, the outlying site may be

representative of a different suite of reference sites. Monitoring sites, in addition to

reference sites, were selected and sampled to represent a range of disturbance.

It should be reiterated that data used in this report were not collected specifically for this

study, but rather collected during the course of three research projects undertaken between

1994 and 2000. The number and location of reference sites selected and the frequency of

sampling was therefore not optimal. In Mpumalanga reference sites were selected and

sampled within the context of a study aimed at defining ecological reference conditions for

rivers in this region This dataset therefore comprises a range of sites covering a broad

geographic region at which sampling was temporally replicated in a structured manner.

Sites in the Western Cape were selected and sampled with objectives, other than defining
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reference conditions, in mind- In particular, the frequency of data collection varied

substantially and different sub-sets of data have thus been selected to address specific

aspects of the study. Data from both Mpumalanga and the Western Cape, have, however,

provided an opportunity to explore the extent to which spatial and temporal heterogeneity

are a feature of lotic systems in both the Western Cape and Mpumalanga. The data

provide a means of assessing the implications of the intrinsic variability of lotic systems on

defining reference conditions for macro invertebrates.

2.1.1 Western Cape

The Western Cape has a Mediterranean climate with hot, dry summers and cool, rainy winters

(Walton 1994). The mountains generally comprise hard, resistant, quartzitic sandstones of

the Table Mountain Group (Figure 2.3, Vegter 1995) and water flowing over such strata is

characteristically acidic and low in nutrients and dissolved solids. The lower lying regions

often fall within the Malmesbury or Bokkeveld Groups, comprising largely shales. Water

flowing over these formations tends to be higher in dissolved solids. River water in the

Western Cape region is considered to be sodium- and chloride-dominated (Day & King

1995). The upper catchments are often dominated by sclerophyllous fynbos vegetation

(Figure 2.3), which leaches out the humic substances that give many rivers their distinctive

dark brown colour. Potential natural vegetation in the lowland regions is largely renosterveld

(Low & Rebelo 1996), although much of this vegetation has been removed through

agricultural activities. The climatic, geological, geomorphological and vegetation

characteristics of the Western Cape have contributed to the high degree of endemism in the

aquatic invertebrate fauna of this region (Harrison & Agnew 1962). The acid stream fauna of

the upper catchments largely belong to the old Element, commonly called the palaeoendemics

and referred to as the South Temperate Gondwanian fauna (Harrison 1978), and are

essentially restricted to perennial systems in high rainfall areas.

In the Western Cape, selection of reference sites in upper catchments was comparatively

easy, but became progressively more difficult in the lower reaches of the catchment, where

the cumulative effects of all upstream and adjacent disturbances are experienced, and in

some instances reference sites represent "best-available" conditions. Where possible, sites

were selected in protected areas such as nature reserves or in areas with restricted access

such as forestry reserves. Most lowland disturbances were linked to agricultural practices,
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and some downstream, minimally-disturbed reaches may have been affected by upstream

activities. Forty reference sites distributed on 28 rivers and forty disturbed sites,

representing test or monitoring sites, distributed on 22 rivers were sampled with variable

frequency between 1994 and 1996. An additional reference site and additional monitoring

sites were sampled in 2000/1, together with repetitive sampling of a few reference and

monitoring sites. Details pertaining to the sampling frequency of each site are provided in

Appendix A. The monitoring sites and replicated assessments were used in data validation

(Chapter 7).

2.1.2 Mpumalanga

Mpumalanga spans two climatic regions, the Plateau Slopes that has warm, wet summers

and cool, dry winters and the Subtropical Lowveld that has hot, wet summers and warm,

dry winters (Walton 1994). Study sites were distributed over three distinct physiographic

regions: the high interior plateau, characterised by cool temperatures (10-18°C) and high

rainfall (400 to 1000 mm per year); the escarpment zone with temperatures ranging from

10 to 22°C and rainfall from 600 to 1200 mm per year; and the low-lying, drier region,

with an annual average temperature of 22°C and drier conditions with rainfall between

400-600 mm per year. These regions also broadly correspond to three vegetation biomes,

namely grasslands, found at higher altitudes on plateaus and slopes, patches of

afromontane forest on the escarpment, and savanna or bushveld, which is dominant in the

lower plains (Figure 2.4). River water in this region is dominated by calcium, magnesium

and bicarbonate (Day &. King 1995) and reflects fairly complex geological formations

(Figure 2.4). The invertebrate fauna is part of the Pan-Ethiopian Afrotropical group

(Harrison 1978), and comprises three sub-groups: widespread, hardy species, often

associated with marginal vegetation habitats; highveld, temperate species characteristic of

the elevated "highveld" or central highland regions of Mpumalanga; and tropical or warm

stenothermal species, which has extended southwards from Central Africa into the low-

lying regions of Mpumalanga (Harrison 1965b).

In Mpumalanga, upper-catchment areas were largely affected by afforestation, whilst

several lowland sites were situated in the protected reserve of the Kruger National Park.

Some of these sites were, however, still exposed to upstream disturbance, particularly

disturbances resulting from agricultural and forestry practices. Seventy-four potential

29



Materials and methods

reference sites were initially assessed and screened for anthropogenic influences. Of these,

fifty-seven reference sites, distributed on 34 rivers, were sampled in May, July and

September 1999.

2.2 SAMPLING METHODS

2.2.1 Benthic macroinvertebrates: SASS4 sampling

Benthic macroinvertebrates were sampled using the qualitative rapid bioassessment method,

SASS4 (South African Scoring System). A kick net (3OO\3OO mm frame, 950 urn-mesh) was

held immediately downstream of the area to be sampled. All available SASS-biotopes,

namely stones-in-current (SIC), stones-out-of-current (SOOC), aquatic or instream vegetation

(AQV), marginal vegetation (MV), gravel (G), sand (S) and mud (M), were sampled, either

separately or per biotope-group, i.e. by combining particular biotopes as follows: SIC +

SOOC, AQV + MV and G + S + M. These combined SASS-biotope groups are referred to as

SASS biotope-groups. SIC were kicked for approximately two minutes if all were loose and

for five minutes if some were immovable. Loose substratum was agitated and dislodged

organisms were collected downstream in the net. The SOOC biotope was sampled by kicking

an area approximately 1 m" area and dislodged organisms collected by sweeping the net over

the stones. Aquatic and marginal vegetation were swept for approximately 2 metres, and

gravel, sand and mud were stirred and swept for 30 seconds. The contents of the net were

tipped into a large sorting tray, debris was removed, and organisms were identified to the

SASS taxonomic leveL, mostly family, and their abundance groupings recorded (A: 1-10, B:

11-100, C: 101-1000, D: > 1000 individuals). All taxa identified in a SASS sample are

referred to as SASS-taxa. Once the sample(s) has been collected, the tray was searched for

the shorter of either 20 minutes or until five minutes had passed since an additional family

had been found. If SASS biotope-groups, i.e. SIC/SOOC, AQV/MV and GSM, were

sampled separately, identification was carried out for each biotope-group.

The family-level of taxonomic resolution is used because the SASS method is designed to be

a rapid, field-based method, so that identifications to genus or species is not feasible.

Taxonomy at the levels of genus and species is in a state of flux in South .Africa and many

taxa have yet to be described Wright el at. (1998a) showed a strong correlation between the

number of BMWP (equivalent to SASS) families and the number of species using data from
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Materials and methods

Table 2.1. List of sites assessed during this study. Region (WC = Western Cape, MPU =
Mpumalanga). River name. Site code (Reference site coding has been standardised using a primary
and secondary code. Primary codes arc based on ecoregion Level L whilst secondary codes are based
on subregions within which the site falls. Monitoring or test sites prefaced with a "T" followed by
the subregion code in which they occur), Ecoregion Level I (C = Cape Fold Mountains, S =
Southern Coastal. E = Great Escarpment Mountains. H = Central Highlands. L = Lowveld and U =
Lebombo Uplands). Ecoregion Level II (Mpumalanga only). Bioregion (F = Fynbos. S =
Southern Coastal. N = Northern Uplands, B = Bushveld Basin, L = Lowveld). Subregion (M =
mountain stream, C = foothill-cobble bed G = foothill-gravel bed, L = lowland floodplam. R =
rejuvenated cascade, F = rejuvenated Foothill) and GIS co-ordinates (latitude and longitude).
Codes in parenthesis relate to sites reassigned in Chapter 3 (Section 3.4.3).

Region

WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC

we
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC
WC

River Name

Assegaaibosch
Berg
Berg
Eerste
Lang
Window Stream
Palmiet
Elandspad
Elandspad
Kraal slroom
Wit
Rooiels
Unspecified
Houlbaais
Houtbaais
Rietvlei
Bocsmans
Baviaans
Bocsmanskloof
Riviersondcrend
Dumelsbos
Hermitase
Mculkloof
Grooikloof
Perdckloof
Suanboskloof
Berg
Holsloot
Molenaars
Molenaars
Molenaars
Sanddriftskloof
Dutoits
Duiwenshoek
Palmiet
Brecde
Breede
Brecde
Riviersonderend
Brecde
Brecde

Site
Code
CM01
CM02
CM03
CM04
CM05
CM06
CM07
CMOS
CM09
CM 10
CM 11
CM 12
CM 13
CM14
CM 15
CM 16
CM 17
CM 18
CM 19
CM20
CM21
CM22
CM23
CM24
CM25
CM26

ccoi
CC02
CC03
CC04
CC05
CC06
CC07
SCO]
CF01
CL01
CL02
CL03
CL04
SL01
SL02

Ecoregion
Level I

C
C

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
s
c
c
c
c
c
s
s

Ecoregion
Level II

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Bioregion

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
S
F
F
F
F
F
F
F

Subregion

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
C

c
c
c
c
c
c
c
F
L
L
L
L
L
L

GIS
latitude

-33.96944
-33.97778
-33.98611
-33.99444
-33.98750
-33.97778
-34.05833
-33.76111
-33.73333
-33.76111
-33.56667
-33.45833
-33.45278
-33.99167
-33.97500
-33.87778
-34.04306
-34.02917
-34.04083
-34.06389
-33.99861
-33.98750
-34.00333
-34.00139
-33.89722
-33.99444
-33.95556
-33.75833
-33.73056
-33.72500
-JJ. /2/o3

-33.48333
-33.94167
-34.02083
-34.31900
-33.68417
-33.81667
-33.89583
-34.07917
-34.05000
-34.24028

GIS
longitude
19.07778
19.06667
19.06806
18.99444
18.97222
18.42778
19.04167
19.12778
19.11500
19.13333
19.15000
19.61667
19.55278
19.81667
19.81944
19.67917
19.96389
19.55833
19.62500
19.07083
20.45833
20.42500
20.52861
20.54944
19.16806
18.99444
19.07361
19.32917
19.11250
19.18333
19.17028
19.52917
19.17083
20.93333
18.98500
19.42194
19.69167
20.01250
20.14583
20.40417
20.51250
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Region

we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we
we

MPU
MPU
MPU
MPU
MPU
MPU
MPU

MPU
MPU
MPU
MPU
MPU

River Name

Duarneea
Elandskloof
Hanebees
Koekoedou
Kraal st room
Kraal st room
Kraal si room
Kraalsuoom
Kraal stroom
Modder
Raaswater
Rjvicrsondcrend
Sih ermine
Silvermine
Silvermine
Spekriviers kloof
Vals
\"alsgat
Bere
Berg
Berg
Berg
Breede
Breede
Breede
Buffelsjag
Dwars
Eerstc
Eerste
Eerste
Eerste
Franschhock
Hex
Hex
Hoeks
Keisers
Kruis
Lanzerac
Lanzerac
Nuv
Wemmers
Blvde
Bivde
Treu
Blvstaanspruil
Crocodile
Crocodile
Elands
Elands
Houtbosloop
KJein-Sabie
Mac-Mac
Sabie

Site
Code
TM01
TM02
TM03
TM04
TM05
TM06
TM07
TM08
TM09
TM10
TM11
TMI2
TM13
TMI4
TMI5
TM16
TM17
TM18
TC01
TC02
TC03
TC04
TC05
TC06
TC07
TCdS
TCU9
TC10
TC11
TC12
TCI 3
TCU
TCI 5
TCI 6
TC17
TC18
TCI9
TC20
TC21
TC22
TC23
ECol
EC02
EC03
EC04
ECU5
EC06
ECO7
EC08
EC09
EC10
ECU
EC12

Eco region
Level I

C
C
C
C

c
c
c
c
c
c
c
s
c
c
c
c
c
c
s
s
s
s
c
c
c
c
s
s
s
s
s
s
c
c
c
c
c
s
s
c
s
E
E
E
E
E
E
E
E
E
E
E
E

Eco region
Level II

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
—
-
-
-
-
-
-
-
-
-
-
-
-

E 3
E 3
E 3
E3
E 2

E 3
E 2

E 1 (2)
E 3
E 3
E 4

E3

Bio region

F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F

F
F
F
F
F
F
F
N
N
N
N
N
N
N
N
N
N
N
N

Sub region

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
C
C
C

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

GIS
latitude

-33.89167
-33.95417
-33.55833
-33.35889
-33.76111
-33.76111
-33.76111
-33.76111
-33.76111
-33.31167
-33.56989
-34.07750
-34.09481
-34.08400
-34.09114
-33.36667
-33.43472
-33.32917
-33.87917
-33.76389
-33.94306
-33.90000
-33.37917
-33.42083
-33.54111
-34.00417
-33.86806
-33.97222
-33.94028
-33.93889
-33.93889
-33.90139
-33.54839
-33.67500
-33.85833
- _ > _ • > . 9 J J O - >

-34.00833
-33.93611
-33.93611
-33.63056
-33.85417
-24.93298
-24.87775
-24.70900
-25.28752
-25.43000
-25.36198
-25.59900
-25.59735
-25.36085
-25.05358
-24.97330
-25.12100

GIS
longitude
20.33750
19.28111
19.43333
19.29000
19.13333
19.13333
19.13333
19.13333
19.13333
19.28361
19.69992
19.29083
18.42200
18.41500
18.42200
19.58056
19.40472
19.64167
19.03333
18.95833
19.07500
19.04444
19.30417
19.26667
19 20694
20.65833
18.98611
18.93472
18.89167
18.88889
18.88750
19.08889
19.52672
19.46389
19.40833
19.83750
20.70278
18.90000
18.90000
19.67500
19.03889
30.74823
30.76038
30.81800
30.59537
30.64000
30.51085
30.56000
30.44694
30.66873
30.79130
30.81650
30.71700
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Region

MPU

MPU
MPU
MPU

MPU
MPU
MPU
MPU
MPU

MPU
MPU

MPU

MPU
MPU

MPU
MPU

MPU

MPU

MPU

MPU

MPU
MPU
MPU

MPU
MPU

MPU
MPU

MPU
MPU

MPU
MPU

MPU

MPU

MPU
MPU

MPU

MPU

MPU
MPU
MPU

MPU
MPU

MPU
MPU

MPU

MPU
MPU

MPU

MPU

MPU

MPU

MPU

River Name

Spckboom
Sterkspruil
Unspecified
Grootfontcinspruil
Hcddle
Kewele
Ohrigsiad
Ga-Sclati
Nelspruil
Unspecified
Lone Creek
Mohlomobc
Sabie
Unspecified
Sand
Unspecified
Unspecified
Crocodile
Wilge
Selon
Dorps
Klip
Spekboom
Watcrval
Watcrval
Alexanderspruit
Crocodile
Elandsfontcinspnm
Lunsklip
Unspecified
Elandsfontcinspnni
Kareckraal spruit
Tautesloop
Wilgckraal spruit
Mac-Mac
Marile
Sabie
Sabic
Crocodile
Crocodile
Crocodile
Crocodile
Crocodile
Sabie
Sabie
Sabie
Sand
Sand
Mariisane
Nelspruit
Mac-Mac
Sabic

Site
Code
EM 13
EMU
EM15
EM16
EM 17
EM 18
EM 19
EM20
EM22
EM24
EM25
EM26
EM27
EM28
EM29
EM30
EM31
ER32
HG33
HC35
HC36
HC38
HC39
HC40
HC41
HC42
HC43
HC44
HC45
HM48
HM51
HM52
HM54
HM55
LC56
LC57
LC58
LF59
LG60
LG61
LG62
LG63
LG64
LG66
LG67
LG68
LG69
LG70
LM^l
LR72
LR73
LR74

Ecoregion
Level I

E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
L
L
L

U ( U
L
L
L
L

U(L)
L
L
L
L
L

L

L

L

L

Ecoregion
Level II

E 3

E 3

E 3
E 3
E 3

E 3
E 3
E 3

E 3
E 3

E 3
E 4

E 3
E 4
E 4

E 4

E 3

E 2

H 9
H l l

H l l

H12
H 1 2

H 12
H 11
H 11
H 11
H 11
H 11
H 11
H 11
H l l

H l l
H 11
L 5

L 5

L 6

U 1 (L 7)
L 7

L 5
L 6

L 6
U 1 (L 7)

L 6

L 6

L7
L 6

L 6
L 5

L 5

L 5

L 5

Bio region

N

N
N
N

N
N
N
N

N

N
N

N
N
N

N
N

N

N
N

B(N)
N

N

N
N

N

N

N
N

N
N

N

N

N
N
N
L
N
L
L
L
L
L
L
L
L
L

L

L

N

N
N

K

Sub region

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
R
G
C
C
C
C
C
C
C
C

c
c
M
M
M
M
M
C
C
C
F
G
G
G
G
G
G
G
G
G
G
M
R
R
R

GIS
latitude

-25.03360
-25.15830
-25.17694
-24.95433
-24.85367
-24.73903
-24.95400
-24.16100
-25.24355
-25.08517
-25.10413
-24.74000
-25.14700
-24 66252
-24.71148
-24.72502
-25.13258
-25.44900
-25.75100
-25.43373
-25.08917
-24.96242
-24.83877
-24.89133
-24.97008
-25.22558
-25.40900
-25.47900
-25.37400
-25.01300
-25.48233
-25.43100
-25.64300
-25.49230
-25.00800
-25.00813
-25.03000
-25.18500
-25.36100
-25.53600
-25.38600
-25.3] 500
-25.39100
-24.98889
-24.96300
-25.09900
-24.79100
-24.96700
-24.84000
-25.42128
-25.03000
-25.04043

GIS
longitude
30.54815
30.54610
30.54028
30.76328
30.89008
30.71078
30.63100
30.25400
30.69408
30.72875
30.71333
30.92100
30.66800
30.93277
30.93017
30.93418
30.66647
30.71000
28.95800
29.52858
30.44889
29.95533
30.38900
30.31068
30.21780
30.42723
30.31600
30.22700
30.23000
30.30638
30.22523
30.21100
30.22000
30.28573
30.92600
31.11465
31.02700
32.03100
31.89500
31.31200
31.70000
31.74900
31.97600
31.28940
31.74300
31.88600
31.52300
31.62700
30.95600
30.95155
31.02600
30.97095
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Figure 2 3 Geological map with simplified lithostratigraphy (from Vegter 1995) and
potential natural vegetation (from Low & Rebelo 19%) for the Western
Cape region.
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Figure 2.4 Geological map with simplified lithostratigraphy (from Vegter 1995) and
potential natural vegetation (from Low & Rebelo 1996) for the
Mpumalanga region.
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614 sites in the United Kingdom Species- and family-level data also produced similar

longitudinal distribution patterns of macroinvertebrate assemblages down the Rhone River,

France (Bournard et al. 1996) Marchant et al.'s (1995) findings, which showed that family-

level identification provided adequate discrimination from which to group sites based on their

macroinvertebrate assemblages, led the Australian River Assessment Scheme (AusRivAS)

programme to use family-levei taxonomic data (Smith et al, 1999). Guerold (2000),

however, cautioned on the use of family-level data since this taxonomic level led to

underestimation of all indices tested, including the Shannon's diversity index, Margalefs

diversity index and the I-Simpson's index. For example, the Shannon diversity index at

species-level was always higher than index values from genus or family-level. He suggested

though that, if the purpose of a study was to detect an impact of a disturbance on

macroinvertebrate assemblages, then determination to family-level may be adequate. Wells

(1992), however, in a study on the Sabie-Sand river system in South Africa, found, that there

was no significant difference in diversity (Shannon's diversity index) between genus and

family level. In South Africa, moreover, given the uncertainty of the taxonomy of many

invertebrate groups, species or genus-level identifications may be less consistent and accurate

with a higher probability of error than family-level identifications (Voshell et al 1997).

SASS has been shown to differentiate adequately between sites with different water quality in

a way comparable to a protocol involving intensive box-sampling and laboratory sorting

(Dallas 1995). On the basis of these studies, and the limitations of the field-based sampling

strategy, family level data were considered to be adequate for the purposes of bioassessment

used in this study.

SASS was developed for use in riverine ecosystems (Chutter 1998) and is based on the

Biological Monitoring Working Party* (BMWP) method of the United Kingdom. Each

macroinvertebrate taxon, mostly at family level, is given a score based on its

sensitivity/tolerance to water quality impairment. These scores range from 1 for a tolerant

taxon, to 15 for a sensitive taxon. In SASS4 (Version 4), the version used in this study, two

families have been assigned a sliding scale of scoring because of the presence of both tolerant

and sensitive species within them. These are Baetidae (Ephemeroptera) and Hydropsychidae

(Trichoptera) and scores range from 4, for one type, 6 for two types and 12 for three types. A

third sliding scale is incorporated for the cased-caddisfly trichopterans which are grouped

together and scored of the basis of the number of types of cases present in the sample, as

follows: one type scores 8, two types score 15 and three types score 20. A SASS- taxon
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therefore refers to each taxon or "type" that has a distinct sensitivity/tolerance score.

Examples of SASS-taxa are Oligochaeta, Baetidae 3 Types, Leptophlebiidae and Trichoptera

(cased caddis 1 Type). Once a site has been sampled and each taxon recorded, the scores are

summed to give a SASS4 Score, the number of taxa is counted, and an Average Score per

Taxon (ASPT) value is calculated by dividing SASS4 Score by the number of taxa.

Recently, a new version of SASS has been developed, namely SASS5 (Version 5). The

sensitivity/tolerance scores of certain of the taxa have been adjusted to better reflect their

known tolerance to water quality impairment using empirical SASS4 data collected over the

last six years. A few additional taxa have also been added and cased-caddisfly trichopterans

are now included as separate families rather than as a group-type, i.e. families such as

Barbarochthonidae, Leptoceridae, and Sericostomatidae are no longer lumped together and

recorded as "Trichoptera (cased caddis 3 Types)".

2.2.2 Physical attributes and chemical constituents

A variety of physical attributes and chemical constituents of the water were measured at each

site. Instruments and analytical methods varied to some extent within and between

geographic regions. In the Western Cape in 1994 and consistently in Mpumalanga, in situ

measurements were made of temperature using a mercury thermometer (accurate to ± 0.5 °C),

conductivity using a Crison CDTM-523 conductivity meter (accurate to 0.01 mS cm"1 and

with a built-in temperature compensation of 25 °C) and pH using a Crison pH/mv meter 506

(accurate to 0.01 pH unit). In the Western Cape in 1995 in situ measurements were

conducted using a Grant YSI Water Quality Data logger 3800. Temperature (accurate to ±

0.4 °C), conducmity (accurate to 3% between 0 and 2 000 mS m'1 and 4% between 2 000 and

10 000 mS m"1 and with a built-in temperature compensation of 25 °C), pH (accuracy to ± 0. 2

pH unit), turbidity (accurate to ± 6% or 2NTU), dissolved oxygen (accuracy ± 2% of reading)

were measured.

In the Western Cape, water samples for chemical analyses were collected from rapidly

flowing areas, filtered on site (Whatman 45 urn GF/F filter papers) and frozen within 24

hours. In Mpumalanga, sampled water was not filtered and was preserved with mercury

chloride on site. All filtered water, except that for analysis of ammonium, was bottled in

polythene vials that had been pre-cleaned in 5% Extran solution (phosphate-free), and rinsed
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in deionised and then double-distilled water. Samples for analysis of ammonium were stored

in glass vials that had been pre-washed in HC1. Details of the analytical methods used for

each variable are as follows:

Total dissolved solids: The concentration of total dissolved solids (TDS, mg I"1) was

determined by evaporating 800 ml of filtered water from pre-weighed pyrex glass beakers at

60°C. Weighing was done on a Sartorius precision laboratory balance accurate to 1 mg.

Anions and cations: The concentrations of the anions sulphate and chloride were measured by

means of ion exchange chromatography using an HPIC-AS4A anion exchange separator

column, with a carbonate/ bicarbonate buffer eluent. Results were expressed in mg I"1,

accuracy ± 0.005 mg I"'. The concentrations of the cations potassium, sodium, calcium and

magnesium were also measured by means of ion exchange chromatography using an HPIC-

AS4A cation exchange separator column, with an appropriate eluent. Results were expressed

in mg I"1, accuracy ± 0.005 mg I'1.

Total alkalinity: Total alkalinity was measured by titrating the sample with 0.005M HC1

(methyl orange indicator) according to the method prescribed by Golterman et al. (1978).

Standardisation was against NaOH, titrated with 0.005M oxalic acid (phenolphthalein

indicator). Results were obtained as mg I"1 CaCO3, and expressed as meq I"1. Accuracy is

estimated at 2-10%.

Nutrients: The concentration of the nutrients: ammonium nitrogen (NHf-N), nitrate nitrogen

(NO3"- N), nitrite nitrogen (NO:'- N) and soluble reactive phosphorus (SRP; PO43'- P) were

determined using a Technikon Auto Analyser (AA1I). The principles of the method are

outlined in Mostert (1983). Results are expressed in mg I"1 of the nutrient atom. For nitrite

and nitrate, the detection limit is 1 fag I"1.

2.2.3 Additional site characteristics

Several other biotic and abiotic factors thought to be important in either the interpretation of

macroinvertebrate data or in characterising a site, were assessed. These included details of

the ecoregion (Kleynhans et al. 1998a), bioregion (Brown et al. 1996) and subregion in

which each site occurred. The distance from source, altitude, stream order, geological-type
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(Vegter 1995), vegetation-type (Low & Rebelo 1996), hydro logical-type (perennial,

seasonal or ephemeral) and rainfall region of each site were recorded.

Catchment and land-use, water quality impacts and channel condition were assessed and

used as a guide for identifying reference sites. Catchment and land-use included features

regarding the condition of the local catchment and land-use within the catchment. The

presence and extent of each identified land-use type "within" and "beyond" a five metre

perimeter was recorded. Since water quality impacts are linked to land-use, each identified

land-use was also rated in terms of the potential impact on water quality in the receiving

water body. In-channel and bank modifications were noted and the extent of their impact

upstream and downstream of the site was rated. Present status, which refers to the number

and severity of anthropogenic disturbances on a river and the damage they potentially

inflict on the system, was assessed using a modified site-based method of Kemper &

Kleynhans (1998). This assessment attempts to quantify instream and riparian zone

disturbances at a site, and includes abiotic factors, such as the presence of weirs and dams,

the extent of water abstraction, pollution and dumping of rubble, and biotic factors, such as

the presence of alien plants and animals. Aspects considered in this assessment are those

regarded as primary causes of degradation of a river ecosystem.

Site- and habitat-level measurements were made of the stream dimensions and substratum

composition. The macro-channel, active channel and water surface widths, left and right

bank heights, and minimum, maximum and average depths of the available deep- and

shallow-water biotopes were recorded. The relative percentage contribution of each

substratum type (bedrock, boulder, cobble, pebble, gravel, sand and silt/mud) was

recorded Details of the biotopes sampled, both at the resolution of SASS-biotope, e.g.

SIC, SOOC, AQV, etc., and at the speciflc-biotope level, e.g. cobble riffle, bedrock run,

marginal vegetation-in-current, sand-in-backwater, etc., were recorded.
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2.3 DATA ANALYSIS

2.3.1 Biological data

Multivariate procedures

Multivariate procedures were selected for analyses of macro invertebrate assemblage-based

data gathered in this study. In contrast to univariate analyses [e.g. Analysis of Variance

(ANOVA), regression], multivariate procedures consider each taxonomic group/family to

be a variable and the presence/absence or abundance of each taxonomic group/family to be

an attribute of a site or time (Norris & Georges 1993). Subtle changes in the taxon

composition across sites or in abundance of particular taxon across sites are not inherently

masked by the need to summarize the combined characteristics of a site into a single value

(Norris & Georges 1993). Multivariate procedures are therefore more likely to facilitate the

detection of spatial and temporal trends in biotic assemblage data. All multivariate analyses

were performed using the Primer Version 5 software package for windows. The

multivariate procedure followed is given below.

The data matrix consists of p rows (taxonomic groups) and n columns (samples). The data

are binary, i.e. the presence or absence of each taxonomic group is given for each sample. For

binary data, the presence or absence of taxa occurring at low densities assumes a larger role

than the numerically abundant taxa, and a large number of taxa contribute to the

discrimination of sites. Binary data have been shown to distinguish adequately between

minimally-disturbed sites, which have rich faunal assemblages (Furse et al. 1994), and

between minimally-impacted and disturbed sites (Wright et al. 1994), although Thome et al.

(1999) considered abundance to be important in distinguishing sites that have a poor fauna,

i.e. moderately and severely disturbed sites. At such sites, differences in the patterns of

dominance of a few taxa, seems to be important. Since multivariate analyses in this report are

based on data from minimally-disturbed sites, the use of binary data should be adequate. For

classification and ordination of macroinvertebrate data, taxa present at less than 5% of the

sites assessed were generally excluded from classifications. Unlike studies focusing on

biodiversity and conservation, where rare taxa are important, bioassessment aims to

establish the ecological condition or health of a river, using invertebrates as indicators It

is assumed that rare taxa contribute little information to studies designed to detect differences

in assemblage composition (Barbour &, Gerritsen 1996), particularly within the context of
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bioassessment. This issue is however often debated, with Fore el ai (1996) arguing that,

whilst the presence of rare taxa in the data matrix means lots of zeros, which can degrade a

statistical solution, the presence of rare taxa in the field indicates near-pristine conditions

capable of supporting these (often) sensitive taxa. However, this is not considered the case in

the present study, since many of the rare taxa that were present at less than 5% of the sites and

which were excluded from analyses, were moderately to very pollution-tolerant taxa,

suggesting that rarity did not reflect the extent to which a site was "pristine".

The Bray-Curtis coefficient has been recommended for community structure analysis of

biological data on {PRIMER Version 5), This measure of similarity is suited to presence-

absence data (Moss el al. 1999). The Bray-Curtis measure has the form (Field et al. 1982):

s

where Yi} = score for the /th species in theyth sample; Y& = score for the rth species in the Ath

sample; 5̂ - = dissimilarity between the yth and &th samples summed over all s species. 5/-

ranges from 0 (identical scores for all species) to 1 (no species in common) and is the

complement of the similarity Sjk\ S}k = 1 - 5/k Comparison of each sample with every

other sample using this measure of similarity/dissimilarity' leads to a triangular matrix, which

can then be used in cluster and ordination analyses. According to Clarke & Warwick (1994)

the dissimilarity coefficient is a more natural starting point than the similarity coefficient in

constructing ordinations, in which dissimilarities ( S ) between parts of samples are turned

into distances ( d ) between sample locations on a "map". A large dissimilarity indicates a

greater distance.

SIMPER analysis (Clarke & Warwick 1994) was performed in order to identify the taxa most

responsible for the differences between groups of sites identified in the cluster and ordination

analyses. Since the data are binary, i.e. presence/absence only, it was not possible to use

average abundances, so those taxa contributing to the similarity within a group of sites or the

dissimilarity between groups of sites were simply identified.
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Ouster analysis (or classification)

Cluster analysis aims to find "natural groupings" of samples such that samples within a group

are more similar to each other than to samples in different groups (Clarke & Warwick 1994).

Hierarchical agglomerative clustering, using group-average linking, was used on the data

matrix, to produce a dendrogram. Group-average sorting essentially joins groups of samples

together at the average level of similarity between all members of one group and all members

of the other (Fields al. 1982).

Ordination of samples by multi-dimensional scaling (MDS)

MDS produces an ordination of n samples in a specified number of dimensions. An

ordination is a map of the samples, usually in two or three dimensions, in which the

placement of samples reflects the similarity of their biological communities (Clarke &

Warwick 1994). The distance between samples attempts to match dissimilarities in

community structure: nearby points have similar communities and distant points have

dissimilar ones. The advantage of using MDS over other ordination procedures such as

Principle Components Analysis is its ability to handle, with comparative ease, missing data,

replication and data of non-uniform reliability for which it is desirable to give unequal

weights to the dissimilarities in seeking the "best" map (Field et al. 1982). The calculation of

the stress value provides a good means of assessing the reliability of the MDS ordination. A

stress value of < 0.05 gives an excellent representation with minimal prospect of

misinterpretation (Clarke & Warwick 1994). A stress value of < 0.1 corresponds to a good

ordination with less prospect of a misleading interpretation. A stress value of < 0.2 gives a

useful two-dimensional picture although conclusions should not be based only on the

ordination, which should be complemented by an alternative technique (e.g. cluster analysis).

The ordination can also be run in a three dimensional scale to determine the stress values in

three dimensions.

.All results presented in this study are based on the results of both cluster and ordination

analyses.

Analysis of similarity (ANOSIM)

ANOSIM is a non-parametric procedure that is applied to the Bray-Curtis similarity matrix

underlying the classification or ordination of samples (Clarke & Warwick 1994). It allows

the testing of the null hypothesis that there is no significant difference between groups.
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which are specified a priori to analysis, based on hypotheses. One-way ANOSIM was

used to test whether or not there were significant differences in assemblage structure

amongst homogeneous regions (Chapter 3), biotope-groups (Chapter 4) and amongst

seasons (Chapter 5). The ANOSIM tests were performed on presence/absence transformed

data, analysed using the Bray-Curtis measurement of similarity. In ANOSIM, a Global R

value of approximately zero indicates that the null hypothesis is true and that similarities

between- and within-groups are roughly the same (Clarke & Warwick 1994).

Classification Strength

Classification strength (CS) was assessed by comparing the mean of all between-class

similarities (Bbar) with the overall weighted mean of within-class similarities {Wbar)

using MEANSIM6 (Van Sickle 1997, Van Sickle & Hughes 2000). CS = Wbar - Bbar.

The strength of each classification was illustrated using a dendrogram format, with the

dendrogram node plotted as Bbar, One branch is drawn for each class, with its end plotted

at W, for that class (Van Sickle 1997). The longer the branch, the greater the increase in %

similarity. A strong classification is therefore one that has a low Bbar and long branches,

i.e. high W. To test the hypothesis that there is no class structure, the p-value is estimated

as the proportion of random reassignments having M smaller than A/Obs, where MObs = B<W.

The null hypothesis was rejected if the estimated p was < 0.05.

Univariate procedures

Univariate procedures were used to examine differences in the three metrics calculated in

SASS, namely SASS4 Score, number of taxa and ASPT. Since data were often not normally

distributed, a non-parametric equivalent of ANOVA, namely the Kruskal-Wallis Test, which

compares median values, was used Individual pairs of fauna! samples were compared using

the non-parametric Kolmogorov-Smirnov Test. The results of all analyses were considered

significant at p < 0 05. Univariate analyses were performed using the Statistica Version 5

software package for windows.

2.3.2 Environmental variables, including physical attributes and chemical

constituents

Discriminant Function Analyses

Environmental variables were considered in relation to macroinvertebrate assemblages.
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specifically, how different environmental factors affect the spatial distribution of

macroinvertebrates. Discriminant Function .Analyses (DFA, Statistica 5.5 for Windows)

was used for this purpose It facilitates the identification of the environmental variables

that best explain faunal groups as determined via cluster and ordination analysis. Prior to

DFA, variables were analysed using a non-parametric ANOVA (Kruskal-Wallis) using

faunal group membership as the factor variable. Environmental variables that showed

significant differences (p < 0.05) among faunal groups were chosen for further analyses.

Stepwise DFA was used to select an optimum subset of physical and chemica] variables

(Chapters 6. 7). DFA assumes that variables are independent and normally distributed.

Data which did not conform to normality were logm(x) transformed prior to DFA. Ratios

were calculated for monovalent: divalent cations as [Na~]+[K+]/[Na+]+[lC]+[Ca2t]+[Mg2f]

and major anions as [Cl"]/[Cr]+[HCO3~] ratios, where [ ] means "concentration of, and

included in the analyses of Chapter 7.

46



Spatial variability - regional and subregiona!

CHAPTER 3. SPATIAL VARIABILITY IN MACROINVERTEBRATE

ASSEMBLAGES AT THE REGIONAL AND SUBREGIONAL

LEVELS

3.1 INTRODUCTION

River ecosystems are longitudinal systems that integrate the characteristics of the

catchments they drain. They exhibit a high degree of spatial and temporal variability,

particularly in semi-arid environments such as large areas of South Africa (Eekhout et al.

1997). Spatial variability of macroinvertebrate assemblages is a widely studied

characteristic of lotic environments (e.g. Hawkes 1975, Statzner & Higler 1986, Hawkins

et al. 1997) and, in the context of bioassessment, spatial heterogeneity is often taken into

account by partitioning areas into relatively homogeneous regions, i.e. regional

classification. Classification is broadly defined as a process in which a set of objects,

systems or ideas (entities) are divided into a number of discrete groups on the basis of

some measure of their similarity or differences with respect to one or more pre-defined

criteria (Eekhout et al. 1997). A primary goal of many classification systems is to provide

a spatial framework, such as ecoregions (Omerick 1987, Kleynhans et al. 1998a), within

which aquatic resource management, including bioassessment, is conducted. The

ecoregion concept hypothesises that contiguous land-forms with similar geology, soils,

vegetation and climate are likely to possess similar biotic assemblages (Omernik 1987).

The underlying assumptions are that natural variation is predictable among systems within

the same ecoregion where environmental features are similar; and that by stratifying

natural variation into spatially explicit, homogeneous ecoregions, one can detect responses

to disturbance at one site by comparing it to a reference site in the same ecoregion

(Omernik & Bailey 1997). Until recently, there has been no rigorous evaluation of the

ability of ecoregions to partition spatial variability (Hawkins & Norris 2000).

Considerable work has been undertaken on the classification of South African rivers (King

et al 1992), including classifications based on physico-chemical factors (Noble & Hemens

1978), flow patterns (Joubert & Hurly 1994), water chemistry (Day et al 1998),

biogeography (Eekhout et al 1997, Brown et al. 1996), landscape features such as

physiography, climate and geology (Allanson et al. 1990, Kleynhans et al 1998a) and
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combinations thereof (Harrison 1959) The classifications currently considered as most

suitable for use as a framework within which bioassessment is conducted are those based

on biogeography. termed bioregions. and landscape features, termed ecoregions. These

bio-and ecoregions represent the upper level of a three-tiered, hierarchical spatial

framework (Figure 3.1) developed in South Africa and are aimed at partitioning spatial

variability at the regional or catchment level Bioregions are based on biophysical conditions

and are derived by examining the biogeographic distribution patterns of riverine

macro invertebrates, fish and riparian vegetation (Eekhout et al. 1997) together with the

physical characteristics of the rivers (Brown et al. 1996). Ecoregions (Kleynhans et al.

1998a) are based on a top-down classification of rivers using mapped landscape

characteristics including physiography, climate, geology, soils and potential natural

vegetation A second ecoregional level, which represents an intermediate level between

levels I and II in the spatial hierarchy, has also been proposed for parts of South Africa

(Kleynhans et al. 1998b). The second level of the hierarchical framework is the subregional

classification and it reflects broad geomorphological characteristics and longitudinal

distribution patterns of components of the biota. The third level of the hierarchy attempts to

account for variation among rivers within a subregion or geomorphological zone and

factors such as river size, hydrological type (ephemeral, seasonal or perennial) and

geomorphological characteristics (channel type, substratum composition) are considered

By incorporating three spatial scales it is anticipated that spatial variability at the level of

catchment, river, site and habitat, may be incorporated and partitioned such that variability

of macro in vertebrate assemblages within an identified homogeneous group of sites is

minimised. Ecological reference conditions based on macroinvertebrates within this

homogeneous group should, therefore, enable a disturbance at a monitoring site to be

detected.

The aim of this chapter is to assess the performance of different classification systems by

gauging their classification strengths, i.e. the degree to which classifications minimise within-

class biotic similarity relative to between-class biotic similarity (Hawkins & Norris 2000, Van

Sickle & Hughes 2000). Levels I and II of the proposed South African hierarchical spatial

framework (Brown et al. 1996, Kleynhans et al. 1998a) are examined and the classifications

tested include ecoregion level I, bioregions, ecoregion Level II, ecoregion Level I combined

with subregions, termed eco-subregion, and bioregion combined with subregions, termed bio-

subregion, ecoregion Level II combined with subregions, and subregion (Figure 3.1). The
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hypothesis that spatial variability in macro invertebrate assemblages may be partitioned a

priori using geographic delineaters is tested. The following specific questions are addressed:

1) do macro invertebrate assemblages differ amongst ecoregions, bioregions, eco-subregions,

bio-subregions and subregions0 and 2) which spatial classification system is most effective at

partitioning variability in macro invertebrate assemblages? Following the procedure

outlined by Hawkins & Norris (2000), the performance of each of the a priori

classifications was judged by comparing their classification strengths to an objectively

derived standard determined by a posteriori clustering of sites into groups based on their

biotic composition. The spatial variability in macroinvertebrate assemblages and, in

particular the ability of classification systems to partition this variability, is discussed in

relation to aquatic bioassessment and the establishment of reference sites within identified

homogeneous regions.

Figure 3.1 Diagram illustrating the various classifications indicating levels I and II of
the hierarchical spatial framework adopted in South Africa.

Hierarchical Level I

Ecorcgion Level I

Bioregion

Ecoresion Level II

Classifications

Ecoregion Level I

Bioregion

Ecoregion I-subregion

Bio-subregion

Ecoregion Level II

Ecorcgion II-subregion

Subrcgion

3.2 STUDY AREA

Ninety-eight sites, situated on 66 rivers, were sampled (Table 3.1). Of these, 34 sites were

situated on 26 rivers in the Western Cape region and 64 were on 39 rivers in Mpumalanga.

Some Western Cape sites were sampled on two or three occasions within spring and have

been included in analyses on a per-assessment basis. Only minimally-impacted sites, with

respect to anthropogenic disturbance, were selected in both regions so that effects resulting
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from impaired water quality could be avoided. In lowland rivers, identification of

minimally-impacted sites was difficult and those sites identified represent the best-

attainable condition, i e. the best available within the lower reaches of the rivers. Sites in

the Western Cape were assessed with variable frequency during 1994 and 1995 (see

Appendix A), whilst sites in Mpumalanga were each assessed on three occasions (May,

July and September) in 1999. The distribution of sites amongst the different classification

classes is tabulated in Table 3.2. Abbreviations have been standardised such that classes

derived by combining classifications are the combination of the two classifications, i.e. the

Fynbos (F) bioregion class and the mountain stream (M) subregion class is given as FM for

the classification which combines bioregions and subregions into bio-subregions.

Table 3.1 Sites assessed during this study, indicating river and geographic region.
The codes for sites on each river are given in parenthesis and relate to
Table 2.1 and Figures 2.1 and 2.2 in Chapter 2.

Geographic

Region

Western Cape

Mpumalanga

River (site codes)

Assegaaibosch (CM01), Baviaans (CM 18), Berg (CM02, CC01),

Boesmanskloof (CM20). Boesmans (CM 17), Breede (CL01, CL02r CL03,

SLOh SL02). Duiwelsbos (CM21). Duiwcnshoek (SL01). Dutoits (CC07).

Ecrste (CM04), Elandspad (CM09). Grootkloof (CM24), Hermitage (CM22),

Holsloot (CC02). Houtbaais (CM14. CMI5). Lang (CM05). Meulkloof

(CM23). Molenaars (CC05). Palmict (CM07. CF01). Rietvlei (CM16),

Riviersonderend (CM20, CL04)T Rooiels (CM 12), Sanddriftskloof (CC06),

Unspecified (CM13). Window Stream (CM06), Wit (CM11)

Alc\anderspruit (HC42). Blydc (ECOL EC02), Blystaans print (EC04),

Crocodile (EC05. EC06. ER32. HC43, LG60, LG61, LG62. LG63. LG64).

Dorps (HC36); Elands (EC07. EC08) Elandsfonteinspruit (HC44. HM51). Ga-

Sclati (EM20), Grootfonteinspruit (EM16). Heddle (EM17). Houtbosloop

(EC09), Kareekraalspruit (HM52), Kgwete (EM 18), Klein-Sabie (EC 10), Klip

(HC38), Lone Creek (EM25), Lunsklip (HC45), Mac-Mac (EC 11, LC56,

LR73), Marite (LC57). Maritsane (LM71)r Mohlombe (EM26). Nelspruit

(EM22. LR72). Ohngstad (EM19). Sabie (EC 12, EM27. LC58. LF59. LG66,

LG67, LG68. LR74). Sand (EM29. LG69. LG70), Scion (HC35), Spekboom

(EM 13. HC39): Sterkspruit (EM 14). Tautesloop (HM54). Treu (EC03),

Unspecified (EMI5. EM24. EM28, EM30. EM31, HM48). Waterval (HC40.

HC41). Wilge (HG33) and Wilgekraalspruit (HM55)
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Table 3.2 Distribution of sites amongst the different classification classes. Each
classification class constitutes a grouping of sites based on the particular
spatial classification (Ecoregion Level I, Bioregion, Ecoregion Level II and
Subregion) or combination of spatial classifications (Ecoregionl-subregion,
Bio-subregion and Ecoregion 11-sub region) (see figure 3.1). Where level 1 of
the spatial hierarchy (Ecoregion Level I or Bioregion) has been combined
with subregion, i.e. level II. coding is a combination of the two codes. The
number of individual sites in each classification may be calculated from
Table 2.1 in Chapter 2.

Classification

Ecoregion Level I

Bioregion

Ecoregion I-

subregion

Bio-subregion

Ecoregion Level II

Ecoregion II-

subregion

Subregion

Geographic Region

Western Cape

Cape Fold Mountains (C),

Southern Coastal (S)

F>-nbos (F), Southern

Coastal (S)

CM; CC, CL. CF and SL

FM: FC. FL. FF; SC and SL

Unknown

Unknown

mountain stream (M),

foothili-cobblc bed (C),

lowland (L) and rejuvenated

foothill (F)

Mpumalanga

Great Escarpment Mountains (E), Central

Highlands (H), Lowvcld (L) and Lebombo

Uplands (U)

Northern Uplands (N), Bushveld Basin (B) and

Lowveld (L)

EM; EC. ER, HM, HC, HG, LM, LC, LG, LF

andLR

NM, NC, NR, BC, LC, LG and LF

El. E2, E3, E4, H9, Hl l . H12, L5. L6, L7

E1C, E2C. E2R. E3M. E3C, E4M, E4C, H9G,

HI 1M HI 1C, H12C, L5M, L5C, L5G, L5R,

L6C L6G. L7G

M, C. foothill-gravel bed (G), rejuvenated

cascade (R) and F

3.3 MATERIALS AND METHODS

3.3.1 Benthic macroinvertebrates: SASS4 sampling

Benthic macroinvertebrates were sampled using the qualitative rapid bioassessment method,

SASS4. A detailed description of the method is given in Chapter 2.
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3.3.2 Data analysis

Macroinvertebrate assemblage analysis

Cluster analysis and non-metric multidimensional scaling (MDS) were used to examine

similarities amongst sites based on macroinvertebrate assemblage composition (Clark &

Warwick 1994). Analysis of Western Cape and Mpumalanga data together, and

subsequent within-region analysis for the Western Cape was based on macroinvertebrate

data collected from all available biotope-groups in spring. Subsequent within-region

analysis for Mpumalanga was based on composite macroinvertebrate data generated from

invertebrates collected in three seasons (autumn, winter and spring) and from all available

biotope-groups. Classification of sites based on two or three seasons rather than one

season is often recommended as it is considered a more robust means of classifying sites

since temporal variation is reduced (Turak et al. 1999). Taxa present at less than 5% of

sites were considered to be rare taxa and were excluded from the classifications. All data

were presence/absence transformed {PRIMER Version 5) and the Bray-Curtis coefficient

was used on these transformed data. Hierarchical agglomerative clustering, using group-

average linking, was used on the data matrix. Ordination of samples by MDS was

undertaken, and stress values used to assess the reliability of the MDS ordination. Sites

that did not group with other sites during the preliminary analyses were considered to be

outliers and were excluded from the final classifications. The distinguishing taxa

responsible for the similarity within group of sites and the dissimilarity amongst groups of

sites were established using SIMPER (PRIMER Version 5). Those taxa responsible for

90% within-group similarity were examined Spatial ordination of each regional

classification was examined by overlaying regional classes on the macroinvertebrate

ordination.

Classification strength

One-way Analysis of Similarities (ANOSIM) was used to test whether or not there were

significant differences in macroinvertebrate assemblages amongst classification classes of

the various regional classifications. Classification strength of each regional classification

was also assessed by comparing the mean of all between-class similarities (Bbar) with the

overall weighted mean of within-class similarities (H^bar) using MEANSIM6 (Van Sickle

1997, Van Sickle & Hughes 2000).
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SASS4 Scores, Number of Taxa and ASPT

SASS scores for classification classes within each regional classification and each group of

sites based on macro invertebrate assemblages were compared statistically using the non-

parametric Kruskal-Wallis Test. Individual pairs of biotope-groups were compared using the

non-parametric Kolmogorov-Smimov Test. The results of all analyses were considered

significant at p < 0.05.

3.4 RESULTS

3.4.1 Analysis of macroinvertebrate assemblages

Macro invertebrate assemblages clustered largely by geographical region and formed five

groups. A "group" is the term used to describe a group of sites that have similar

macroinvertebrate assemblages. It represents the objectively derived standard determined

by a posteriori classification of sites into groups based on their biotic composition. Group

1 comprised Western Cape (WC) sites and were approximately 65% dissimilar from Group

5, comprising Mpumalanga (MPU) sites (Figure 3.2, MDS: 3D-stress = 0.17). One WC

site (CL03) grouped with MPU sites, one WC site (CL01) clustered with two MPU sites

(LG63 and LG68) and the remaining lowland WC sites (SLOT, SL03 and CL04) clustered

together. The WC site (SL02) and MPU site (EM 17) were outliers. The Global R value of

the ANOS1M analysis indicated that macroinvertebrate assemblages from WC were

significantly different from those of MPU (Global R = 0.771, p < 0.001).

Taxa contributing to the similarity in macroinvertebrate assemblages within each Group

are tabulated on the basis of those contributing to the first 50% similarity and those

contributing the next 40% (Table 3.3). The division has been included since many of the

taxa are present in all groups, but their importance in defining within-group similarity

varies. Taxa responsible for the within-group similarity were relatively distinct, with

Group 1 comprising 17 taxa, including several sensitive ones and two families endemic to

the Western Cape (Table 3.3). Group 2, comprising the rejuvenated foothill site and a

mountain stream site, included some of the same sensitive taxa, although several were

absent and additional ones included. Only 9 taxa were identified in Group 3, several of

which were hemipterans. Taxa from Group 4, comprising lowland WC sites, included the

afro-tropical family, Tricorythidae, crabs and shrimps (Natantia), with the notable absence
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Figure 3.2 Dendrogram and MDS ordination showing the classification of sites based on
taxa recorded in spring. Codes: primary: C = Cape Fold Mountains, S =
Southern Coastal, E = Great Escarpment Mountain, H = Central Highland, L
= Lowveld ecoregion; secondary: M = mountain stream, C = foothill-cobble
bed, G = foothill-gravel bed, R = rejuvenated cascade, F — rejuvenated foothill
and L = Lowland floodplain. Western Cape sites assessed more than once
have been coded to distinguish sampling year: A = Sept 1994, B = Nov 1994,
C = Oct/Nov 1995.
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Table 3.3 Taxa contributing to within-group similarity of five Groups identified
from sites in the Western Cape and Mpumalanga. Those taxa
contributing to the first 50% of the similarity are indicated by • ; the
remaining taxa contributing to the next 40% (i.e. 90% in total) of the
similarity are indicated by D.

Group
Average similarity
Kumber of distinguishing taxa
Notonemouridae
Perlidae
Baetidae 3 T\pes
Cacnidae
Telocanodidac
Heptagcniidac
Lepiophlebiidae
Tricorythidac
Elmidae/Dryopidae
Gvrinidae
Helodidae Larvae
Hvdraenidae
Limnichnidae
Psephenidae
Corvdalidae
Hvdropsvchidae 1 T\pe
Hvdropsychidae 2 T\-pes
Hy dropsy chi da e 3 Types
Hydroptilidae
Philopotamidae
Case Caddis 1 Type
Case Caddis 3 Types
Athericidae
Ceratopogonidae
Chironomidac
Simuliidae
Tabanidae
Tipulidae
Corixidae
Naucoridae
Veliidae
Aeshnidae
Coenagnonidae
Gomphidae
Libcllulidae
Olisochaeta
Hvdrachnellae
Brachyura (Crabs)
Natantia (Shrimps)
Planariidae
Ancvlidae
Sphaeriidae
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of several taxa characteristic of upland sites. Twenty-nine taxa characterised Group 5,

which consisted predominantly of Mpumalanga sites, including several taxa largely

restricted to the more northern regions of South Africa. Several families of hemipterans

and odonates were included in this group.

In the Western Cape, macroinvertebrate assemblages formed three Groups, with Group I

separating further into four sub-groups (A-D). Group 1 comprised 23 of the 24 mountain

stream sites and all the foothill-cobble bed sites; Group 2 comprised one mountain stream

site and the rejuvenated foothill site; and Group 3 comprised six lowland sites (Figure 3.3,

MDS: 3-D stress = 0.17). Group 3 was 65% dissimilar from Groups 1 and 2, and Group 2

was 57% dissimilar from Group 1. Within-class variability of Group 1 was high. Group I

comprised several sensitive taxa characteristic of upland sites (Table 3.4), Group 2 had

several sensitive taxa present although some were absent, whilst Group 3, was

characterised by several lowland taxa including crustaceans and molluscs, which were not

identified as important within the other groups. Taxa responsible for further separating

group 1 sites into four sub-groups (Table 3.4) included notonemourid stoneflies,

heptageneid mayflies, gyrinid and limnichnid beetles, ecnomid caddisflies and athericid

and blepharicerid dipterans.

In Mpumalanga, cluster and ordination analysis of composite macro invertebrate data

resulted in separation into five Groups (Figure 3 4, MDS 3-D Stress = 0.16) Sites

identified as outliers, and thus excluded from the final classification, included EM 14,

EM 16, EM 17, EM31 and HM48. Groups 1, 2 and 3 comprised mostly upper-catchment

sites within the mountain stream and foothill-cobble bed subregions. Group 4 consisted of

sites from several subregions. Group 5, which was approximately 40% dissimilar for other

groups, comprised mostly sites in the foot hi 11-gravel bed subregion. Two sub-groups, 3A

and 5A were apparent within groups 3 and 5 respectively.

Taxa contributing to the similarity in macroinvertebrate assemblages within each Group

are tabulated on the basis of those contributing to the first 50% similarity and those

contributing to the next 40% (Table 3.5). Several taxa characterised only selected Groups,

whilst others contributed to within-group similarity of all Groups. Notably in Groups 3

and 4 were Perlidae, Helodidae in Groups 1 and 3, Psephenidae in Groups 1, 2 and 3,

Philopotamidae in Groups 2 and 4, Trichoptera (cased caddis 3 Types) in Group 5, several

56



Spatial variability- - regional and subregional

hemipteran and odonale families in Group 2 and 5, and Natantia in Group 5.

40 "•

£ 60

Q

§ i Q Q Q O Q O o a Q ^ Q Q Q D O Q O p D O ^ o S ^ & & O O O o b o b O
O U O O U U U o S G u U O U U U L J U U t J O U U O O U U U U U U t n U U U U U O O W U W U O

1A 1B tc 1D

*
f

1

•

; A

; A

\
\ A

, - -

A

k

A

A

A

A

A

* • -

* * ""

A

h

- - .

A
A

A

A
A

A

- - .

A

A

A

A

A

/

A

A

' A

A *"

A
A

A

A

A

A

A , '

\

\ > •
* \ \

\*«
%

 4

A \ .

*"'!
'•I

,'•'

,'r

/ /

'; A

; A

1 * ^

^ % ^

I ^

', • A \

\ '' ,'

', '• A A ,'
i ' , '

• \ *

Figure 3.3 Dendrogram and MDS ordination showing the classification of sites in
the Western Cape (WC). Codes: primary: C = Cape Fold Mountains, S
= Southern Coastal; secondary: M = mountain stream, C = foothill-
cobble bed, F = rejuvenated foothill and L = Lowland floodplain. Sites
assessed more than once have been coded to distinguish sampling year:
A = Sept 1994, B = Nov 1994, C = Oct/Nov 1995.
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Table 3.4 Taxa contributing to within-group similarity of three main Groups and
four sub-groups identified from sites in the Western Cape. Those taxa
contributing to the first 50% of the similarity are indicated by • ; the
remaining taxa contributing to the next 40% (i.e. 90% in total) of the
similaritv are indicated bv D.

Average similarity
S'umber of distinguishing taxa
Notonemouridac
Bactidac 2 T\pcs
Bactidae 3 Types
Caenidae
Tcloganodidae
Hcptagemidae
Lcptophlebiidac
Tncorvthidae
Elmidae/Dryopidae
Gvrinidae
Hclodidac Larvae
Hvdraenidae
Lirnnichnidae
Corvdalidae
Ecnomidae
Hydropsychidae 1 T\pc
Hydropsychidae 2 T>pcs
Hydro ptilidae
Philopotamidac
Case Caddis 2 T\pes
Case Caddis 3 T\pcs
Athcncidae
Blcphariccridae
Chironomidae
Simuliidae
Tipulidae
Vcliidae
Chlorolestidac
Gomphidae
Libclluiidae
Olitzochaeta
Brachvura (Crabs)
Nalantia (Shrimps)
Ancvlidae
Lvmneidae
Sphaeriidae
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Figure 3.4 Dendrogram and MDS ordination showing the classification of sites in
Mpumalanga based on macroinvertebrate taxa recorded in three
seasons (autumn, winter and spring). Codes: primary: E = Great
Escarpment Mountain, H = Central Highland, L = Lowveld ecoregion;
secondary: M = mountain stream, C - foothill-cobble bed, G =
foothill-gravel bed, R = rejuvenated cascade and F = rejuvenated
foothill.
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Table 3.5 Taxa contributing to within-group similarity of five main Groups
identified from sites in Mpumalanga. Those taxa contributing to the first
50% of the similarity are indicated by • : the remaining taxa contributing
to the next 40% (i.e. 90% in total) of the similarity are indicated by 0.

Group
Average similarity
S umber of distinguishing taxa

Perlidac

Baeudae 3 Types
Caenidae
Heptageniidae
Leptophlebiidae
Tricorvthidae

Dytisadae

Elmidae/Dryopidae
Gvrinidae
Helodidac Larvae

Hydrophilidae
Psephemdae

Hy dropsy chidae 1 T>pe

Hydropsy chidae 2 T>pcs
Hydrops> chidae 3 Types

Hydroptilidae
Philopotamidae

Psychoimiidae
Case Caddis 3 T\pes

Athencidae
Ceraiopogonidac
Chironomidae
Culicidae

Simuliidae
Tabanidac

Tipulidae

Belastomatidae

Corixidae

Gerridae
Naucoridae
Notonectidae
Pleidae
\'eliidae

Aeslinidac
Caloptengidae
Chlorocypludae

Coenagnonidae

Corduliidae
Gomphidae

Libellulidae

Oligochacia
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Group
Hvdrachnellac

Brachyura (Crabs)

Natantia (Shrimps)
Planariidae
Ancvlidac
Planorbidae
Sphacriidac
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3.4.2 Spatial ordination of regional classifications

Macroinvertebrate faunas of the Western Cape exhibited spatial differences with a general

separation of lowland sites from those in mountain stream and foothill-cobble bed

subregions (Figure 3.5). Macroinvertebrate faunas of Mpumalanga showed a certain

degree of concordance with regional classifications (Figure 3.6). Sites within the foothill-

gravel bed subregion of the Lowveld eco- and bio-regions consistently separated from sites

within the mountain stream and foothill-cobble subregions of the Great Escarpment and

Central Highland ecoregions, and Northern Upland bioregion. A single site (HG33) in the

foothill-gravel bed subregion of the Central Highlands ecoregion clustered near the other

foothill-grave I bed sites. There was limited separation of sites within the Great

Escarpment Mountain and Central Highland ecoregions.

3.4.3 Relative classification strength

In the Western Cape, ANOSIM results revealed that macroinvertebrate assemblages from

classification classes (e.g. Cape Fold Mountain ecoregion, Fynbos bioregion) within all

classifications were significantly different with the exception of the bioregional

classification (Table 3.6). The Southern Coastal (S) bioregion was, however, only

represented by a single site (SC01). Ecoregion level I had the highest Global R value

indicating that this classification had a high within-class similarity and low between-class

similarity. Examination of pair-wise results of individual classes within each classification

(Table 3.6) revealed that this was largely a reflection of subregional differences, with all

upper-catchment sites within the mountain stream and foothill-cobble bed subregions,

significantly different from lowland sites. The scarcity of sites in the Southern Coastal

ecoregion and bioregion, and lowland subregion, however, limits interpretation of results.
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Figure 3.5 Regional patterns in macroinvertebrate distributions on a MDS
ordination for the Western Cape coded for five classification systems.
Codes: primary: C = Cape Fold Mountains, S = Southern Coastal, F =
Fynbos; secondary: M = mountain stream, C = foothill-cobble bed, F =
rejuvenated foothill and L = Lowland floodplain, and combinations
thereof.

On the basis of these ANOSIM results, certain classification classes were combined for

calculation of classification strength. At the eco-subregion level, SC was combined with

CC, and at the bio-subregion level, SC was combined with FC. Calculation of

classification strength showed that, of the regional classifications, ecoregions had the

highest CS, followed by bio-subregions and subregions. In all classifications the

hypothesis that there is no class structure was rejected (10 000 permutations, p < 0.0001)

and macroinvertebrate assemblages were therefore considered more homogenous within

than between regions (Figure 3.7). Mean between-class similarity of sites in the mountain

stream and foothill-cobble bed subregions was 55%, and thus represented natural
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candidates for aggregation (Van Sickle 1997). When these sites were combined such that

sites in the mountain stream and foothill-cobble bed subregions were classed together, the

classification strength of the resultant classification proved to be slightly higher than that

generated through the a posteriori classification of sites based on the macroinvertebrate

assemblages.
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Figure 3.6 Regional patterns in macroinvertebrate distributions on a MDS
ordination for Mpumalanga coded for six classification systems. Codes:
primary: E = Great Escarpment Mountain, H = Central Highlands, L =
Lowveld; N = Northern Uplands; secondary: M = mountain stream, C
= foothill-cobble bed, G = foothill-gravel bed and R = rejuvenated
cascade, and combinations thereof.
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Table 3.6 Analysis of Similarity (ANOSIM) for each classification applied to
Western Cape data. The Global R value is given and significant
differences amongst individual classification classes, as determined by
pair-wise tests, are indicated with shading (p < 0.05). Classes in the
same column are not significantly different from one another. Codes:
primary: C = Cape Fold Mountains, S = Southern Coastal, F = Fynbos;
secondary: M = mountain stream, C = foothill-cobble bed, F =
rejuvenated foothill and L = Lowland floodplain, and combinations
thereof. The number of sites (n) within each classification class are
shown.

Classification

Ecoregion Level I

Bioregion

Ecoregion I-subregion

Bio-sub region

Subregion

Global R

0.544

-0.014

0.419

0.414

0.416

Class
C
S
F
S
CM

cc
CF
CL
SC
SL
FM
FC
FF
FL
SC
M
C
L
F

n
41

3

43
1

28
7
2
4
1
2

28
7
2
6
1

28
8
6
2

Pair-wise differences
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In Mpumalanga, preliminary ANOSIM results revealed that sites in the Lebombo Uplands

(LU) ecoregion were not significantly different to sites in the Lowveld (L) ecoregion (see

Table 2.1). Sites in LU were therefore combined with L sites for subsequent ecoregion

analysis and with LG for eco-subregional analysis. Similarly, on the basis of ANOSIM,

one rejuvenated foothill (F) site (LF59) was not significantly different from the foothill-

gravel bed (G) sites, and LF59 was therefore considered as a G site for all ecoregional

analysis (Table 2.1) A single site occurred in the Bushveld Basin (B) bioregion (HC35),

but was shown to not be significantly different from sites in the Northern Uplands (N)

bioregion (ANOSIM) and was therefore combined with N sites in the bioregional analysis.

At ecoregional level II, a single site (EC08) in GEM1 was not significantly different from

GEM2 (ANOSIM) and was thus considered as a GEM2 site in the classifications. Details
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of these reallocations are provided in Chapter 2, Table 2.1, with new classes given in

parenthesis.

Groups
CS=16%. M = 0.70

Ecoregions
CS-13%, M = 0.75

Eco-subregions

Bio-subregions

Subregions

Proposed classification
CS=17%.M = 069

Group 1
Group 2
Group 3

L
CM
CC
CF
CL
SI

FM

FC

FF

FL

M

C

F

L

M+C
F

L

0.2 0.4 0.6

Bray-Curtis Similarity

0.8

Figure 3.7 Mean similarity dendrograms of five alternate classifications for
macroinvertebrate assemblages of the Western Cape. A sixth
classification which combines M and C subregion is proposed. The
vertical lines represent the mean between-class similarity {Bhar) and
the horizontal lines terminate at the mean within-class similarity (Wi).
M = Bbar/Wbar, where Wbar is the overall weighted mean of all within-
class similarities. CS (classification strength) = Wbar-Bbar. Codes:
primary: C = Cape Fold Mountains, S = Southern Coastal, F = Fynbos;
secondary: M = mountain stream, C = foothill-cobble bed, F =
rejuvenated foothill, L = lowland, and combinations thereof.

ANOSIM results revealed that macroinvertebrate assemblages from classes within all

classifications were significantly different from each other, as indicated by the Global R

values (Table 3.7). Bioregions had the highest Global R value (0.622) suggesting that this

classification was most successful at increasing within-class similarity and decreasing

between-class similarity. Eco-subregional classification had the second highest Global R

value (0.520). The results of the classification strength analysis supported the observation

that, of the regional classifications, bioregions was the strongest, followed by ecoregions.
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In all classifications the hypothesis that there is no class structure was rejected (10 000

permutations, p < 0.0001) and macroinvertebrate assemblages were therefore considered

more homogeneous within than between regions (Figure 3.8). Comparing these

classifications with other studies (Van Sickle & Hughes 2000) on the basis of the M-ratio,

however, suggests that all classifications, including the one based on groups, are fairly

weak. Classification strength increases progressively as M-ratio decreases from 1.0 to 0.

The M-ratios in these analyses were all greater than or equal to 0.86. In some instance, the

overall weighted mean of within-class similarities {Wbar) is less than the between-class

similarities (Bbar) suggesting that macroinvertebrates assemblages from sites within the

particular class are exceedingly variable Examples include the rejuvenated cascade sites

in the Lowveld ecoregion and sites within L5C of the ecoregion level II classification.

3.4.4 SASS4 Scores, Number of Taxa and ASPT

In the Western Cape, SASS4 Score and ASPT varied significantly among Groups, eco-

subregions, bio-subregions, subregions and proposed groups (Kruskal Wallis, Table 3.8).

ASPT varied among ecoregions. In Mpumalanga, number of taxa and ASPT varied among

Groups and ASPT varied among bioregions and subregions. Pair-wise examination of classes

revealed that differences in Groups, i.e. groups of sites with similar macroinvertebrate

assemblages, were primarily the result of differences between Groups 1 and 3 in the Western

Cape and Groups 1 and 2, 2 and 3, 2 and 4, and 3 and 5 in Mpumalanga (Kolmogorov

Smimov Test). Median values for each Group are given in Table 3.9.
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Table 3.7 Analysis of Similarity (ANOSEM) for each classification applied to
Mpumalanga data. The Global R value is given and significant
differences amongst individual classification classes, as determined by
pair-wise tests, are indicated with shading (p < 0.05). Classes in the
same column are not significantly different from one another. Codes:
primary: E = Great Escarpment Mountain, H = Central Highlands, L =
Lowveld, N = Northern Uplands: secondary: M = mountain stream, C
= foothill-cobble bed, G = foothill-gravel bed and R = rejuvenated
cascade, and combinations thereof. The number of sites (n) within each
classification class are shown.

Ecoregion I-subregion

Ecoreiiion Level Il-subregion
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Group with sub-groups
CS=10%, M = 0.86

Ecoregions
CS = 7%. M = 0.90 b
Bioregions

. M = 0.86

Eco-subregions
CS = 6% M = 0.92

Bio-subregions
CS = 5%. M = 0.93

Ecoregion Level II
CS = 6%. M = 0.91

NM
uc
LG
NR

Ecoregion Level II- subregion
CS = 5%. M = 0.93

Subregions

Group 1
Group 2
Group 3
Group 3A
Group 4
Group 5
Group 5A

E
H
L

EM
EC
HM
HC
LC
LG
LR

E2
E3
E4
H11

H12

LS

L6

L7

E3M
E4M
E2C
E3C

HUM
H11C

H12C

L5C

L6G

L7G

L5R

08
Bray-Curtis SimJIarity

Figure 3.8 Mean similarity dendrograms of eight alternate classifications for
macro invertebrate assemblages of Mpumalanga. The vertical lines
represent the mean between-class similarity (/?bar) and the horizontal
lines terminate at the mean within-class similarity (Wi). M= /ibar/ffbar,
where Wbar is the overall weighted mean of all within-class similarities.
CS (Classification Strength) = Wî ar-ZJbar. Codes: primary: E = Great
Escarpment Mountains, H = CentraJ Highlands, L = Lowveld, N =
Northern Uplands: secondary: M = Mountain Stream, C = foothill-cobble
bed, R = rejuvenated cascade, G = foothill-gravel bed, and combinations
thereof.
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Table 3.8 Results of non-parametric analysis of variance (Kruskal-Wallis test
statistic) based on median SASS scores from classes within each
classification in the Western Cape (WC) and Mpumalanga (MPU).
Significance levels are given, NS = not significant

Region

WC

MPU

Classification

Group

Ecoregion Level I

Bioregion

Ecc-subregion

Biosubregion

Subregion

Proposed

Group

Ecoregion Level 1

Bioregion

Eco-subregion

Bio-subregion

Ecoregion Level II

EcoIevII-subregion

Subregion

SASS4 Score

H = 13.19; p< 0.005

NS

NS

H= 12.86; p< 0.05

H= 12.70 p< 0.05

H=11.48;p<0.05

H= 11.35; p< 0.005

NS

NS

NS

NS

NS

NS

NS

NS

Number of Taxa

NS

NS

NS

NS

NS

NS

NS

H-14.53; p< 0.005

NS

NS

NS

NS

NS

NS

NS

ASPT

H= 16.04; p< 0.001

H= 5.53; p< 0.05

NS

H = 16.75; p< 0.05

H-16.71; p< 0.005

H= 15.38; p< 0.005

H= 15.28; p< 0.001

H= 19.83; p< 0.005

NS

H= 5.95; p< 0.05

NS

NS

NS

NS

H= 8.56: p< 0.05

Table 3.9 Median values for Groups (i.e. groups of sites with similar
macro invertebrate assemblages) in the Western Cape and Mpumalanga.

Group

1

2

4

5

Western Cape

SASS4 Score

139

122

105

-

-

No. Taxa

16

15

16

-

-

ASPT

9.1

8.1

6.4

-

-

Mpumalanga

SASS4 Score

148

174

180

133

182

No. Taxa

20

30

26

20

26

ASPT

7.4

6.5

7.1

6.8

6.2
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3.5 DISCUSSION

Regional classification of sites, particularly of reference sites, has potential for the

management of aquatic resources by providing a framework within which bioassessment is

undertaken This is only true, however, if the regional classification reflects actual spatial

differences in the ecosystem component or components being managed. Choice of

classification system may, in part, depend on the ease with which new sites can be assigned to

classes (Gerritsen et al. 2000). Homogeneous regions that are delineated along spatial lines

pro\ide for an easier and more logical classification system than non-spatial ones since site

membership is determined by the homogeneous region within which a site occurs The

alternative (e.g. classification based on fauna) requires large sets of internally consistent data,

obtained from carefully planned and spatially distributed sampling efforts (Van Sickle &

Hughes 2000) and site membership is often done by developing predictive models which

provide a link between environmental variables and faunal assemblages (e.g. RIVPACS,

Wright 1995, AusRivAs, Smith ef al. 1999).

Studies assessing the ability of spatially-based regional classification systems to partition

spatial variability in Iotic systems, such that within-class similarity is greater than between-

class similarity, differ in their support of the ecological validity of geographic delineaters.

Several studies have shown that ecoregions adequately correlate with water chemistry

(Ravichandran et al. 1996) and macroinvertebrate assemblages (Harding et a!. 1997,

Gerritsen et al. 2000, Feminella 2000, Maxted et al. 2000, Rabeni & Doisy 2000) By

contrast, others have shown that ecoregions cannot adequately explain patterns in water

chemistry (Harding et al. 1997), macroinvertebrate assemblages (Hawkins & Vinson 2000,

Marchant et al. 2000) or vegetation (Wright et al. 1998) Yet others have observed a degree

of congruence between spatial classifications and biotic patterns (Van Sickle & Hughes

2000), streams within an ecoregion being more similar in terms of their vertebrate

assemblages than streams in different ecoregions. Van Sickle & Hughes (2000) showed that

geographic partitions accounted for a portion of the total variation seen in stream vertebrate

assemblages over a large region.

The degree of correspondence between landscape patterns and biota is also in part dependent

on the scale of spatial resolution tested (Tate & Heiny 1995, Maxted et al. 2000, Johnson

2000). At the broadest scale examined in this study, macroinvertebrate assemblages showed
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distinct geographic separation into the Western Cape and Mpumalanga regions as shown by

the multivariate analyses, which resulted in separation of sites largely on the basis of

geographic region. Exceptions were a few lowland sites in the Western Cape that grouped

with Mpumalanga sites. Distinguishing taxa at these sites suggest that this may have been a

reflection of taxa often associated with instream and marginal vegetation, such as odonates

and hemipterans. In addition, some of these sites support taxa, namely tricorythid mayflies,

generally found in more tropical regions. These taxa, together with the shrimps, also

characterised several Mpumalanga sites, particularly lowland ones. The distinct differences in

distinguishing taxa between the uplands sites of the Western Cape and sites in Mpumalanga

appears to be a reflection of biogeographic differences, together with regional variation in the

availability of instream and marginal vegetation as habitats for aquatic organisms.

Biogeographically, this regional distinctiveness in macroinvertebrate assemblages is perhaps

not unexpected, since the two regions are fairly distinct in many aspects. The Western Cape

region has a Mediterranean climate and winter rainfall. The flow regime is described as

strongly seasonal, with winter flows peaking in July or August, and low overall predictability

(King & Tharme 1994). The distinct sclerophyllous fynbos vegetation and hard, resistant,

quartzitic sandstones of the Table Mountain Series in the upper catchments give rivers of this

region their characteristic chemical properties. They are dominated by sodium and chloride

ions, have a pH less than 7, are poorly buffered, have low conductivity and low

concentrations of nutrients, and comparatively high concentrations of humic substances

(Dallas et a!. 1995). Biogeographically, the acid stream fauna of the western and southern

Cape comprises the palaeoendemics, referred to as the South Temperate Gondwanian fauna

(Harrison 1978), which is largely restricted to this region, together with cold, stenothermal,

montane species of the Pan-Ethiopian Airotropical (sub-Saharan) element (Harrison 1965a,

1965b, 1978). The climatic, botanical and geomorphological characteristics, together with

biogeographic features, have contributed to the regional distinctiveness of the

macroinvertebrate fauna and to the high degree of endemism within the region (Harrison and

Agnew 1962, Wishart & Day in press). This is apparent in the number of endemic families

identified as taxa characterising upland sites in the Western Cape.

The north-eastern region, within which Mpumalanga falls, has very different climatic,

hydrological, water chemistry and biological characteristics from those of the Western Cape

region. Mpumalanga lies in a summer rainfall area, with a flow regime described as
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moderate, with mid-summer flows peaking in February, and with a high degree of constancy,

high flood predictability and medium to high flood frequency (King & Tharme 1994).

Igneous rocks are the main geological formation and rivers in this region are bicarbonate- and

calcium-dominated, with near neutral pH, high alkalinity and low conductivity (Dallas et at

1995). The macroinvertebrate fauna is part of the Pan-Ethiopian Afrotropical group (Harrison

1978), and comprises three sub-groups: widespread, hardy species, often associated with

marginal vegetation habitats (Harrison 1965b); tropical or warm stenothermal species which

has extended southwards from Central Africa into the lowveld of Mpumalanga, and highveld,

temperate species characteristic of the elevated "highveld" or central highland regions of

Mpumalanga (Harrison 1965b). Regional differences in taxon richness between the Western

Cape and Mpumalanga were also apparent, with higher numbers of taxa recorded in the more

tropical Mpumalanga region than the temperate Western Cape, a trend also noted in a study

comparing species richness from temperate and tropical streams in Australia (Lake et al

1994). This variation in taxon richness between the two geographic regions was reflected in

the number of distinguishing taxa, with 17 identified in the Western Cape (Group 1) and 29 in

Mpumalanga (Group 5).

Examination of regional classifications within both the Western Cape and Mpumalanga

showed that Groups (i.e. groups of sites with similar macroinvertebrate assemblages) were

relatively congruent with regional classifications and within-class similarity was consistently

higher than between-class similarity Groups, as measured by mean similarity, however, had

greater classification strength than any regional classification. Scarcity of data across eco-

and bioregional boundaries in the Western Cape prevented rigorous analysis of these

classifications for this region, but in Mpumalanga, bioregions seemed to be better than

ecoregions at classifying sites, although all classifications in Mpumalanga were relatively

weak. Thus, whilst regional classifications and classifications based on macroinvertebrate

assemblages, are capable of partitioning variability in macroinvertebrate assemblages, a

considerable amount of variability, not attributable to spatial factors, remains within

classification classes.

Several studies have expressed the need for a subregional level (Rabeni & Doisy 2000,

Sandin &. Johnson 2000) or ecosystem-type (Johnson 2000) classification below that of

ecoregions for further reducing spatial variability of faunal assemblages and thereby

providing a better understanding of the factors driving biological assemblages. The
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subregional level explored in this study, both independently and by combining with ecoregion

and bioregion classifications, revealed a high degree of dissimilarity between upper and lower

catchment sites. In the Western Cape, incorporating subregions, corresponding to

geomorphological zones, into the classification improved the level of within-class similarities.

Sites within the two upper catchment subregions, namely mountains stream and foothill-

cobble bed, were similar enough to be combined, suggesting that, for the purposes of

bioassessment, longitudinal partitioning may be adequately incorporated by separating upland

sites from lowland ones. Indeed, studies elsewhere have reported that the clearest differences

in biotic assemblages were between montane and non-montane regions (e.g. Ward et al. 1994,

Tate & Heiny 1995) and ecoregions often partitioned biotic variation best when they differed

in topography or climate or both (Hawkins & Vinson 2000). Upper catchments in the

Western Cape are known to have a large number of endemic taxa (Harrison 1965a, b), whilst

lower reaches are dominated by more widespread, hardy species. Upland sites were clearly

dissimilar from lowland sites, but within-class similarity of upland sites was only around

50%, with little distinction between mountain stream and foothill-cobble bed sites. Closer

examination of sub-groups within the upland site Group 1 revealed that several taxa,

including Teloganodidae, Leptophlebiidae, Elmidae/ Dryopidae, Trichoptera (cased caddis 3

Types), Chironomidae and Simuliidae, were present in all four sub-groups. Several other taxa

were characteristic of one sub-group only: the Caenidae, Ecnomidae, Chlorolestidae and

Gomphidae of sub-group I A, the Heptageniidae and Blephariceridae of sub-group 1C, and

the Gyrinidae, Limnichnidae and Athericidae of sub-group ID. Others were not identified as

distinguishing taxa from one or other group, including Notonemouridae and Corydalidae

(absent from sub-group 1A) and Helodidae (absent from sub-group ID). Mountain stream

channels are chaotically and complexly structured (Grant et al. 1990 cited by Hawkins et al

1997) and differences in the availability of habitat or biotopes, and differences in temperature,

flow and/or water chemistry, may be contributing to the observed variability in

macroinvertebrate assemblages. Hawkins et al. (1997) suggest that in mountainous

landscapes local processes may be strong enough to mask patterns that would have otherwise

emerged in more homogenous landscapes, i.e. they contribute to sampling-scale patchiness.

One such local "process", namely availability of SASS-biotopes, is explored in Chapter 4,

whilst spatial variability in upland sites is examined further in Chapter 7.

Similar subregional trends were noted for Mpumalanga, with mountain stream and foothill-

cobble bed sites showing a high degree of between-class similarity within eco- or bioregional
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classes. Upper-catchment sites were approximately 65% similar although differentiation on

the basis of longitudinal location was less clear-cut than in Western Cape sites. Differences in

SASS scores among classification classes were largely found to be significant only between

upper and lower catchment classes Regional differences in Mpumalanga partially reflected a

broad biogeographic pattern of two sub-groups, described by Harrison (1965b) as a highveld,

temperate species assemblage and a tropical or warm stenothermal species assemblage of the

lowveld. Species belonging to the palaeoendemics, and associated with the escarpment by

Harrison (1965b), probably also contributed to the observed separation of macroinvertebrate

assemblages from Mpumalanga into Groups 2 and 3. Thirteen distinguishing taxa, including

perlid stoneflies, helodid larvae, psychomyiid caddisfiies and athericid dipterans, all of which

are comparatively sensitive species, were either in Group 2 or 3. This may be a reflection of

altitudinal differences, with average altitude at Group 2 sites 200 m higher than at Group 3

sites. Other environmental characteristics of the sites, such as substratum features, may also

influence the macroinvertebrate assemblages. The depth of the riffle biotope within the

SIC/SOOC biotope-group differed, the average depth at Group 2 sites being 0.17 m, and at

Group 3 sites 0.27 m. The relative percentage of bedrock versus cobble substratum differed

between groups, with Group 2 sites having relatively more bedrock than Group 3 sites, and

the opposite true for cobbled sites. The environmental variables responsible for the observed

Groups are examined in more detail in Chapter 6. Transitional regions, i.e. between, for

example, ecoregion boundaries, typically have intermediate water qualities and biota, and thus

confound the conformity between ecoregions and biotas (Hughes & Larsen cited by Johnson

2000). Group 1 of Mpumalanga may represent such a transitional group and have similarities

to at least two other groups. Clearest differentiation of sites was between upland and lowland

ones, almost certainly a reflection of differences in altitude together with the associated

biogeographic differences.

In summary, cluster and ordination analysis, together with analysis of classification strength

of the different regional and fauna] classifications, suggest that macroinvertebrate

assemblages correspond to regional classifications. Both ecoregions, based on terrestrial

geographic delineaters, and bioregions, based on biogeographical and physical features,

partitioned spatial variability such that within-class similarity exceeded between-class

similarity. Of the two, bioregions had a higher classification strength than ecoregions,

although a fx)steriori analysis of macroinvertebrate assemblages suggested the separation of

macroinvertebrate assemblages into more groups than were evident from the bioregion
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classification. Spatial variability was further partitioned when a second spatial level, that of

subregion, was included. The disparity between eco-subregional and bio-subregional classes

and the groups derived by a posteriori classification of macroinvertebrate assemblages,

suggests, that whilst regional classifications partitioned some of the variability, other factors

were contributing to the similarities and dissimilarities of sites. These factors may be at the

level of river type, and be related to aspects such as stream width, stream depth, substratum

composition, biotope availability, hydrological type and canopy cover. The relative influence

of geographic patterns, and site-specific physical, chemical and biological characteristics, on

the presence and absence of species has been much debated (Gerritsen et a!. 2000). This is

considered further in Chapter 6 by examining the relationship between environmental

variables and macroinvertebrate assemblages.

Spatial classifications such as ecoregions, therefore, offer geographic partitions within which

to expect somewhat similar conditions but, as Gerritsen et al. (2000) concluded, classification

of sites should be an iterative process that includes generation of hypotheses, exploratory data

analysis, and subsequent evaluation and modification of hypotheses. In this way subjective, a

priori regional classifications may be modified on the basis of independent, objective a

posteriori classification of biological assemblages. Regional reference sites selected within

the context of the hierarchical spatial framework developed in South Africa are likely to be

more representative of specific river types than those selected without using the spatial

framework. The within-group variability of macroinvertebrate assemblages is thus likely to

be reduced, facilitating more sound comparisons with monitoring sites and thus improving

assessment of water quality impairment and reduced river condition. It is apparent, however,

that independent and objective a posteriori classification of macroinvertebrate assemblages

provides information on variables at local levels, such as the importance of substratum type

and habitat, which are not necessarily evident from regional classifications.
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CHAPTER 4. BIOTOPE AVAILABILITY AND THE UTILISATION OF SASS-

BIOTOPES BY MACROINVERTEBRATE TAXA:

IMPLICATIONS FOR AQUATIC BIOASSESSMENT

4.1 INTRODUCTION

Spatial heterogeneity is a feature of lotic environments and organisms, such as benthic

macroinvertebrates, that inhabit such environments often have a heterogeneous

distribution. Understanding this heterogeneity requires examination of factors that may

potentially affect the distribution of benthic macroinvertebrates. These factors vary from

broad-scale ones at the level of catchment such as geology or climate (Richard et ai 1997),

through to reach-type characteristics such as channel type or riparian canopy cover, down

to habitat features such as habitat-type, substratum-type, water depth, and water velocity

(Poff&Ward 1990).

Habitat refers to the environment in which an aquatic organism lives and may incorporate

aspects such the substrate-type, hydraulic and chemical conditions. The habitat features

examined vary amongst studies and include, for example, mesohabitats (Armitage et al.

1995), hydraulic biotopes (Padmore 1998), substrate-types (Collier 1995) and SASS-

biotopes (South African Scoring System: Chutter 1998, Dallas 1997). SASS-biotopes are

specific aquatic macroinvertebrates habitats, which are sampled in the SASS

bioassessment protocol (Chutter 1998, Dallas 2000a, b). Habitat availability, or more

specifically SASS-biotope availability, may influence bioassessment results. This may

simply be a reflection of biotope availability, or it may be preferential utilisation of

biotopes resulting from specific substrate or hydraulic requirements of the relevant

macroinvertebrate taxa (Poff& Ward 1990).

Although there is limited information available on trends in biotope utilisation by

macroinvertebrates in South Africa (Palmer et al 1991, Dallas 1997), studies elsewhere

have documented differences, particularly in taxon richness, amongst different biotopes

(e.g. Collier 1995, Humphries 1996, Pinder et al. 1987, Chessman et al. 1997, Kay et al.

1999). There is an intuitive acknowledgement that biotope characteristics affect the

distribution of macroinvertebrate assemblages in riverine ecosystems and groups of species
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have been associated with particular biotopes sufFiciently often to permit recognition of

biotope-assemblage associations (Palmer et al. 1991). Historically, studies have

acknowledged this and restricted sampling to identifiable biotopes such as riffles which are

likely to be inhabited by distinct species assemblages. In this way spatial variability at the

level of habitat is limited, thereby allowing the elucidation of other factors potentially

causing differences in macroinvertebrate assemblages between sites.

Biotope types are often differentiated on the basis of hydraulic and substratum

characteristics. Biotopes may be erosional, for example riffles, waterfalls, macrophytes in-

current; or depositionaf, including stony backwaters and pools. Three broad biotope types,

including stony-bottom biotopes, aquatic macrophytes and sandy biotopes, are commonly

sampled. Of these, stony-bottom biotopes and macrophytes generally support a diverse

array of macroinvertebrates (e.g. Pridmore & Roper 1985, Wohl et at. 1995, Humphries

1996), with more species often recorded from stony-bottom biotopes than from

macrophytes (Collier 1995). Sandy biotopes generally support very few invertebrates

(Quinn & Hickey 1990, Brewin et al. 1995). In addition to substrate differences, local

variations in stream flow may be important, with certain taxa better suited to Ientic-type

habitats, such as backwaters and slow-flowing pools, whilst others are dependent on lotic

habitats such as riffles and vegetation-in-current. Several aquatic organisms have

morphological adaptations that allow them to occupy a specific hydraulic- and/or

substrate-type Local variation in both of these components may translate into differences

in macroinvertebrate assemblages and thus into differences in biotic indices such as SASS

scores. Indeed, it has been shown that biotope-related differences in taxon richness affect

SASS4 Score, although it has less effect on ASPT (Armitage et al. 1983, Chessman et at.

1997, Dallas 1997).

Historically, bioassessment was often site-based, i.e. all available biotopes were sampled

together, often in proportion to their representation at the site, and biotic index values were

calculated for the site as a whole (e.g. Wright 1995, SASS Versions 2 and 3, Chutter

1998). Data interpretation of results from multiple-biotope sampling is often problematic,

however, since mixing macro invertebrates from several biotopes yields samples of

unknown heterogeneity (Karr 1999) and sampling a variable number of biotopes may

confound the detection of biological impairment because of unequal sampling effort

(Parsons & Morris 1996). More recently, major biotopes have been sampled separately
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because each biotope has a characteristic macroinvertebrate assemblage and within a given

region, differences in assemblages among biotopes are greater than differences in

assemblages between sites (Smith et al. 1999).

An alternative to sampling all available biotopes is to confine sampling to a particular

biotope and thereby to reduce variability resulting from biotope differences (Plafkin et al

1989, Karr 1999) and redundancy associated with multiple-biotope sampling (Parsons &

Norris 1996, Hewlett 2000). Problems arise, however, if the specific biotope is not present

at all sites assessed or if an anthropogenic disturbance is specific to a particular biotope,

and sampling is restricted to a different biotope, then the measurement of human impact

may be biased (Kerans et al. 1992). For example, Pettigrove (1990, cited by Growns et al.

1997) noted that macroinvertebrate assemblages in riffles and pools had differing

sensitivities to different environmental disturbances, with nutrient enrichment and removal

of riparian vegetation having the greater impact on riffle assemblages, whilst increased

turbidity levels had a greater impact on pool assemblages. Given these limitations it seems

advantageous to sample all available biotopes, but in a way that allows potential spatial

differences resulting from biotope differences to be taken into account.

The aim of this chapter is to examine the influence of the availability of SASS-biotopes at

a site on the occurrence of individual taxa, on macroinvertebrate assemblages and on SASS

scores. Specifically, it aims to 1) examine the frequency of occurrence of SASS-taxa

amongst SASS-biotopes and to compare the results from two geographic regions; 2)

ascertain if differences in macroinvertebrate assemblages amongst SASS-biotopes are

greater than differences between sites within a region, and 3) examine the effect of SASS-

biotope availability on SASS scores. Spatial variability in macroinvertebrate assemblages

at the level of SASS-biotopes is discussed in relation to ecological reference conditions

and their use in the interpretation of bioassessment data.

4.2 STUDY AREA

Fifty-six sites, situated on 37 rivers, were sampled (Table 4.1). Of these, 14 sites were

situated on rivers in the Western Cape region and 42 were on rivers in Mpumalanga. Only

minimally-impacted sites, with respect to anthropogenic disturbance, were selected in both

regions so that any observed differences in macroinvertebrate assemblages or SASS scores
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would not reflect water quality conditions. Sites in the Western Cape were assessed with

variable frequency during 1994 and 1995 (total number of assessments = 35, see Appendix

A), whilst sites in Mpumalanga were each assessed on three occasions (May, July and

September) in 1999 (total number of assessments = 122). Details of the sites assessed in

each of the regions are provided in Table 4.1. A subset of sites from Mpumalanga was

used in certain analyses as specified in the appropriate section below.

Table 4.1 Sites assessed during this study indicating river and geographic region.
The codes for sites on each river are given in parentheses and relate to
Table 2.1 and Figures 2.1 and 2.2 in Chapter 2.

Geographic Region

Mpumalanga

Western Cape

River

Alexanderspruit (HC42), Blyde (EC01. EC02). Crocodile (EC06. ER32.
HC43, LG60, LG62, LG63, LG64): Dorps (HC36). Elandsfontemspruit
(HM51), Ga-Selati (EM20). Grootfonteinspruit (EM16)7 Kareckraalspruit
(HM52). Kgwcte (EM18). Klein-Sabie (EC 10), Klip (HC38). Mac-Mac
(EC11. LC56). Mantsanc (LM71). Nelspruit (EM22, LR72). Ohngstad
(EM19). Sabie (ECU, LC58. LG66, LG68. LR74). Sand (EM29. LG69r

LG70), Spckboom (EM13). Stcrkspmit (EMU). Tautesloop (HM54). Treu
(EC03). Unspecified (EM 15, EM24; EM28. EM30), Waterval (HC41) and
Wilgekraalspruit (HM55)

Assegaaibosch (CM01); Berg (CM02. CMOS. CC01). Eerste (CM04).
Elandspad (CM09). FCraalstroom (CMIO). Lang (CM05). Molcnaars <CC03.
CC04), Palmiet (CM07, CF01), Riviersonderend (CM20) and Window
(CM06)

4.3 MATERIALS AND METHODS

4.3.1 Benthic macroinvertebrates: SASS4 sampling

Benthic macroinvertebrates were sampled using the qualitative rapid bioassessment method,

SASS4 (South African Scoring System). A detailed description of the method is given in

Chapter 2. SASS-defmed biotopes include stones-in-current (SIC), stones-out-of-current

(SOOC), marginal vegetation (MV), aquatic or instream vegetation (AQV), gravel (G),

sand (S) and mud (M). In the Western Cape, all available SASS-biotopes were sampled

separately with the exception of gravel, sand and mud, which were combined into one group.

Biomonitoring practitioners have, however, suggested that such biotope differentiation is
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impractical, and they commonly sample only three SASS biotope-groups, namely stones-in-

current/stones-out-of-current (SIC/SOOC), aquatic and marginal vegetation (AQV/MV), and

gravel/sand/mud (G/S/M). Since data in Mpumalanga were collected in collaboration with

these practitioners, sampling in Mpumalanga was undertaken using these biotope-groups.

4.3.2 Data analysis

Frequency data

The relative frequency of occurrence of each SASS-taxon was calculated separately for the

Western Cape and Mpumalanga. Since SASS-biotope availability varied amongst sites in the

Western Cape, the frequency of occurrence of each SASS-taxon was calculated relative to

biotope availability, i.e. relative to the number of times the particular SASS-biotope was

sampled. For Mpumalanga data, only sites at which all three SASS biotope-groups were

sampled were selected for the analysis (n = 122). In both instances, taxa recorded on less than

5 sampling occasions across the range of sites were omitted from the analysis. The frequency

of occurrence of a SASS-taxon within a SASS-biotope is expressed relative to its frequency

of occurrence in other SASS-biotopes. For regional comparisons, data from the Western

Cape were combined into the three SASS biotope-groups (i.e. SIC/SOOC, AQV/MV and

G/S/M), as per the Mpumalanga dataset.

Analysis of macro invertebrate assemblages

Cluster analysis and non-metric multidimensional scaling (MDS) were used to examine

similarities amongst SASS-biotopes and sites based on macroinvertebrate assemblage

composition (Clark & Warwick 1994). .Analysis of faunal data was undertaken per

biotope-group and analysis was done separately for each of two seasons (autumn and

spring) and for each geographic region. The following norms have been used for seasonal

groupings: spring = September, October and November and autumn = March, April and

May. A subset of sites, which were most similar in regional and abiotic characteristics to

those of the Western Cape, was selected from the Mpumalanga dataset. Data were

transformed using the presence/absence transformation {PRIMER Version 5) and the Bray-

Curtis coefficient was used on these transformed data. Hierarchical agglomerative

clustering, using group-average linking, was used on the data matrix. Ordination of

samples by MDS was undertaken, and stress values used to assess the reliability of the

MDS ordination. One-way ANOSIM was used to test whether or not there were significant
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differences in assemblage structure amongst biotope-groups. The ANOSIM tests were

performed on presence/absence transformed data, analysed using the Bray-Curtis

measurement of similarity. The distinguishing taxa responsible for the similarity within

groups of sites and the dissimilarity amongst groups of sites were established using

SIMPER (PRIMER Version 5) Those taxa responsible for 90% within-group similarity or

dissimilarity were examined.

SASS4 Scores, Number of Taxa and ASPT

SASS scores for each SASS biotope-group were compared with those calculated for the site

(i.e. by combining taxa recorded in each separate SASS biotope-group). The sub-set of sites

from Mpumalanga was used to calculate median SASS scores for each season. These were

compared statistically using the non-parametric Kruskal-Wallis Test. Individual pairs of

SASS biotope-groups were compared using the non-parametric Kolmogorov-Smimov Test.

The results of all analyses were considered significant at p < 0.05.

4.4 RESULTS

4.4.1 Frequency of occurrence of each SASS-taxon amongst SASS biotope-groups

The frequency of occurrence of each SASS-taxon in each SASS biotope-group has been

tabulated for the Western Cape and Mpumalanga (Table 4.2). Certain taxa are more

frequently recorded in one biotope-group than in either of the others (relative % > 50%),

whilst others occurred across two or three biotope-groups. In the Western Cape, the

SIC/SOOC biotope-group supported the highest number of biotope-specific taxa, whilst in

Mpumalanga, the SIC/SOOC and AQV/MV biotope-groups supported equal numbers of

biotope-specific taxa. Examination of within-biotope-group differences in the frequency

of occurrence of SASS-taxa (relative % > 60%), i.e. SIC versus SOOC, AQV versus MV,

for the Western Cape (Table 4.3), showed that several taxa were more common in one or

the other SASS-biotope.

Comparing patterns observed in the Western Cape with those in Mpumalanga, it seems that

several SASS-taxa show similar preferences with respect to SASS biotope-groups.

Generally, families within the orders Plecoptera, Ephemeroptera, Coleoptera and

Trichoptera, showed a preference for SIC/SOOC, whilst families within the orders
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Hemiptera and Odonata, showed a preference for AQV/MV. Families endemic to the

Western Cape (Notonemouridae and Teloganodidae) and those restricted to Mpumalanga

(Perlidae and Psephenidae) showed a preference for S1C/SOOC.

Table 4.2. Relative frequency of occurrence (expressed as a percentage) of each
SASS-taxon in each SASS biotope-group (SIC/SOOC = stones-in-
current/stones-out-of-current, AQV/MV = aquatic and marginal
vegetation, and GSM = gravel/sand/mud) for the Western Cape and
Mpumalanga. Shading indicates frequency of occurrence across
biotope-groups (i.e. highest frequency of occurrence in one biotope-
group or equal frequency in two or all three biotope-groups). A dash
(-) indicates insufficient data, i.e. taxa recorded < 5 times. A blank cell
indicates that the taxon does not occur in the geographic region. The
number of sampling occasions per biotope-group (n) is given.

Region
Biotope
n
Notonemouridae
Perlidae
Baetidae 1 Type
Baetidae 2 Types
Baeiidae 3 T>pes
Caenidae
Teloganodidae
Hepiageniidae
Leptophlebiidae
Triconlhidae
Dvtiscidae
Elmidae/Drvopidac
Gvnnidae
Helodidac Larvae
Hvdraenidac
Hvdrophilidae
Limnichnidae
Psephenidae
Corvdalidac
Ecnomidne
Hydropsy chidae 1 Type
Hydropsy chidae 2 T\pes
Hvdropsychidac 3 Types
Hydropuhdae
Philopotamidac
Psvchormiidae
Case Caddis 1 Type
Case Caddis 2 Types
Case Caddis 3 Types
Athericidae
Blepliaricendac
Ceraiopogonidae
Chironomidae
Culicidae
Dixidae
Muscidae

Western Cape
SIC/SOOC

34

74

20

65
37
69

100
73

-
10
55
21
76
57

-
68

100
79
51

100
100

-
100

49
55
29
74

100
-

42
-

44
-

AQV/MV
18

26

22
43
35
23
31

0

27
-

39
45
79
24
43

-
32

0

21
49

0

0
-
0

33
45
54
26

0
-

37
-

56
-

GSM
7
0

58
24

0
40

0
0
0
-

50
0
0
0
0
-
0

0
0
0
0
0
-
0

17
0

17
0
0
-

21
-
0
-

Mpumalanga
SIC/SOOC

122

86
14
34
39
34

54
56
57

4
58
27
23

0
8
-

76

-
37
67
82
32
93
80
28
18
16
60
93
31
38

0
75

AQV/MV
122

6
27
33
39
30

29
14
28

59
19
63
63
50
60

-
8

-
34
17
9

56
7
4

39
54
74
17
0

22
27
86
96

0

GSM
122

8
59
33
22
35

17

30
15
38
24
10
13
50
32

-
15

-
29
16
9

12
0

16
33
28
11
23

7
47
35
10
4

25
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Region
Biotope
Simuliidac
Tabamdac
Tipulidac
Belastomaudae
Corixidac
Gcmdac
Naucoridiic
Nepidae
Notonectidae
Pleidae
Veliidae
Aeshnidac
Calopten izidac
Chlorocyphidae
Chlorolcstidac
Coenasnonidae
Cordulndae
Gomphidac
Libellulidac
Zygoplera Juveniles
Olisiochacia
Hvdrachncllae
Amphipoda
Brachvura (Crabs)
Natantia (Shrimps)
Planariidac
Porifera (Sponges)
Ancvlidac
Planortudac
Phvsidae
Sphacriidac

Western Cape
SIC/SOOC

47
-

73
41
20
35
24

-
41

-
30
58

-
-

35
26

-
8

26
-

79
45
70
68

-
100

-
-
-

19
-

AQV/MV
38

-
0

59
33
65
46

-
59

-
70
42

-
-

65
74

-
15
43

-
0
0

30
32

-
0
-
-
-

36
-

GSM
15

-
27

0
48

0

30
-
0
-
0
0

-

-

0

0
-

77
31

-
21
55

0
0
-
0
-
-
-

46
-

Mpumalanga
SIC/SOOC

45
76
51

0
29
11
25

0
18
6

14
74
29
39

-
3

30
37
50
14
47
51

67
20

57
60

53
8
-

26

AQV/MV
40

11

100
29
80
39
83
68
88
65

71
41

-
78
20
10
24
67

y
33

17

65
18
20

29
75

-
22

GSM
15
20
37

0
43

9
36
17
14
6

21
18
0

20
-

18
50
53
26
19
44
16

16
15
25
20
18
17

-

52

4.4.2 Analysis of macro in vertebrate assemblages

In the Western Cape, cluster analyses for autumn and spring showed separation by SASS

biotope-group, although groupings were less defined in spring (Figure 4.1). MDS

ordination (Figure 4.2) supported the results obtained from the cluster analysis for autumn

(3D Stress = 0.14) and spring (3D-Stress = 0.12). Autumn faunal samples separated into

three groups. A "group" is the term used to describe a group of sites that have similar

macroinvertebrate assemblages. The GSM biotope-group was 80% dissimilar from either

SIC/SOOC or AQV/MV, whilst SIC/SOOC and AQV/MV were 60% dissimilar. Spring

grouping was less distinct, with three of the four GSM samples >85% dissimilar from other

samples and three AQV/MV samples were 75% dissimilar from other samples. The

remainder were at least 40% similar, and comprised two sub-groups. The first consisted of

three AQV/MV and 15 SIC/SOOC samples and at the second was a mixed group
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consisting of three AQV/MV and four SIC/SOOC samples. Results of the AMOSIM

analysis revealed that the differences between macroin vertebrate assemblages in the three

SASS biotope-groups were statistically significant (autumn: Global R = 0.758, p < 0.01,

spring: Global R = 0.647, p<0.01).

20 T Autumn

40 -

80 -

100 1

< < t Q < C Q < < < C D t Q < C Q < < C Q f n < < < < < < ( 0 < < < <

O O O O O O O O O O O O O O U O G U O O O G G G G

1: SIC/SOOC 2: AQV/MV 3: GSM

Spring
0 T

20 -

40 -

I 60 -

SO -

100 1

0 0 0 0 0 0 ° o o 9 @ 9 o o Q !

4: AQV/MV 1: SIC/SOOC 2: SIC/SOOC+AQV/MV 3: AQV/MV

Figure 4.1 Dendrogram showing the classification of sites in the Western Cape
based on taxa recorded in each SASS biotope-group on each sampling
occasion in autumn (11 sites, 14 sampling occasions) and spring (10
sites, 19 sampling occasions). The site code is prefaced with the
biotope-group as follows: S = SIC/SOOC, V = AQV/MV and G = GSM.
For autumn sampling, the year follows the site code: A = 1994, B =
1995; whilst for spring, the sampling month follows the site code: A =
September, B = November.
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Table 4.3. Relative frequency of occurrence (as a percentage) of each SASS-taxon
in each SASS-biotope: SIC, SOOC, AQV, MV and GSM for the
Western Cape. Shading highlights frequency of occurrence across each
pair of biotopes (i.e. >60% frequency of occurrence in one biotope, or
equal frequency within both biotopes comprising the biotope-group).
The number of sampling occasions per biotope (n) is given.

Biotope
n
Notoncmouridae
Baetidac 1 T\pe
Bactidne 2 Tvpes
Bacudae 3 Tvpes
Cacnidae
Tclosanodidae
Hcptageniidae
Lcptophlcbiidae
CMiscidae
ElmidaoDrvopidae
Gvrinidae
Helodidae Larvae
Hvdraenidae
Limnichidae
Condalidae
Ecnomidac
Hvdropsvchidae 1 T%pe
H\dropsvchidae 2 Types
Hvdropsvehidae 3 Types
Philopotamidae
Case Caddis 1 Tvpe
Case Caddis 2 T\pes
Case Caddis 3 Types
Athencidac
Blephariccndae
Cluronomidae
Dixidae
Simuliidae
Tipulidae
Bolastomalidae
Conxidae
Gerridae
Naucoridae
Notoncctidae
Yeliidae
Aeshmdae
Chloroiesudae
Coenaerionidae
Gomphidac
Libelluiidac
Oheochacta
Hvdrachneliae
Ampliipoda
Brachvura (Crabs)
Plananidae
Phvsidae

SIC
33

49
16
20
47

_i

38
57
40

0
34

0
33
40
54

83
9

26
42
83

100
30
21
10
50
85
26

0
34
46

0
0
0

10

18
35

8

0
4

19
38

31

34
29
30

13

SOOC
J J

22
21
22
11
28
35
43
33
10
11
20
30

9
16
17

54
6

58
17
0

23
17
12
20
15
17

44
6

30

29
18
34
15
31
11
22

25
18
8
7

42

21

40
43
70

6

AQV
ff

20
11
19
15
29
14

0
17

0
29

0
37
24

0
0

37
47

0
0
0

10
53
39
10
0

23
0

27
0

30
9
0

20
0

0

13
34
36

0
29

0
0

0
0

0

26

MV
/ "

9
15
24
28

7

13
0

11

40
25
80

0
28
30

0

0

22
0
0
0

25
8

28
19

0
22
56
23

0

42
30
66
38
59
71
30
32
46
15
23

0

0

26
28

0

25

GSM

0
^ ~i

15
0

0

0

0
49

0

0
0
0

0
0

0

0
0

0
0

12
0

11
0

0

13
0

10
24

0

42
0

23
0

0

(I

(I

0
. .i

- > i

20

49

0
0
0

30

H6
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Taxa contributing to within-group similarity varied amongst biotope-groups, particularly in

autumn (Table 4.4). Of the twenty-one contributing taxa that were distinct either to

SIC/SOOC or AQV/MV in autumn, 12 were important in the SIC/SOOC biotope group

and nine in the AQV/MV biotope-group. In spring, only seven taxa in the exclusively

SIC/SOOC biotope-group, i.e. Group 1, did not contribute to similarity of

macroinvertebrate assemblages at sites in other groups which included AQV/MV biotope-

groups. Most notable contributing taxa, exclusive to the SIC/SOOC biotope-group were

the Notonemouridae, Heptageniidae, Corydalidae, Philopotamidae, Athericidae,

Blepahriceridae and Tipulidae. Taxa contributing to 50% similarity of the GSM biotope-

group in spring included Gomphidae and Corixidae, and the number of contributing taxa in

total was only 6 compared to 19 in the SIC/SOOC and 16 in the AQV/MV.

Autumn A

• • T ^ ^

: : T ^
• , • ' • - - .

• " > - '

A

• •

Spring

A

• sc/sooc
• AQV/MV
AGSM

Figure 4.2 Ordination of sites in the Western Cape based on taxa recorded in each
SASS biotope-group on each sampling occasion in autumn and spring.

In Mpumalanga, cluster analysis (Figure 4.3) for autumn and spring showed a degree of

separation by biotope-group, although groupings were less defined than for the Western

Cape. MDS ordination (Figure 4.4) supported the results obtained from the cluster

analysis for autumn (3D Stress = 0.17) and spring (3D-Stress = 0.17). Autumn faunal

samples essentially separated into five groups. One set of GSM samples (n = 3) were 80%

dissimilar from other samples, one set of AQV/MV samples was 70% dissimilar from

other samples (n = 4) and another set of GSM samples was 70% dissimilar (n = 2). The

remaining samples were all at least 37% similar. The fourth Group comprised AQV/MV

samples (n = 13), with three GSM and one SIC/SOOC samples (40% similar). The fifth

Group comprised three sub-groups, with 5A mostly SIC/SOOC samples (n = 16) and sub-
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Table 4.4 Taxa contributing to within-group similarity of groups identified in the
biotope specific analysis in the Western Cape. Results are given separately
for autumn and spring. Those taxa contributing to the first 50% of the
similarity are indicated by • ; the remaining taxa contributing to the next
40% (i.e. 90% in total) of the similarity are indicated by D.

Season
Group
Predominant biotope-
jjroup
Average similarity
Number of distinguishing
taxa
Notoncmouridae
Baetid;ic 1 T\pe
Baetidac 2 Types
Baetidac 3 Types
Caenidae
Teloganodidac
Hcptauenridac
Leptophlebndae
Dvtiscidae
Elmidae/Dn opidae
Gvrinidac
Hdodidae Larvae
Hvdraenidae
Limnichnidac
Con diil idae
Hvdropsvchidae 1 T\pe
H\'dropsvchidae 2 Types
Philopotanndac
Case Caddis 1 T\pe
Case Caddis 2 T\pes
Case Caddis 3 T>pes

Athericidae
Blepharicendac
Chironomidae
Dixidae
Simuliidae
Tipulidae
Corixidae
Naucondae
Veliidac
Acshnidae
Coenaanonidae
Gomphidae
Libellulidac
Olieochaeta
Amphipoda
Plananidae

Autumn
I

SIC/SOOC

48.4%

19

_

_

I
_

•

_

•

•

•

_

-

2

AQWMV

38.4%

16

_

-

—

•

•

_

3

GSM

41.3%

6

n

D

•

Spring
1

SIC/SOOC

60.0%

15

_

•

•

•

_

_

2
SIC/SOOC
+AQV/MV

47.7%

17

j

D
•

•
n

•

•

—

•

"_

_
-

3

AQV7MV

41.0%

5

*

4

AQV/MV

63.2%

6

•

—

*
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groups 5B and 5C mostly both GSM. They were at least 40% similar and separated further

at 45% into SIC/SOOC and GSM sub-groups. Spring faunal samples separated into three

Groups with Group 2 sub-dividing into three sub-groups. The first Group was 75%

dissimilar from other samples and comprised ten AQV/MV and one GSM site. The

second Group was 65% dissimilar from other samples.

The first sub-group consisted of two GSM samples (40% similar), the second a mix of

SIC/SOOC (n = 17), GSM (n - 13), and AQV/MV (n =2 ) samples and the third sub-group

five AQV/MV samples (38% similar). The third Group comprised three GSM samples and

was 75% dissimilar from other samples. Results of the one-way ANOS1M analysis

revealed that the differences between macro invertebrate assemblages in the three biotope-

groups were statistically significant (autumn: Global R = 0.465, p < 0.01, spring: Global R

= 0.437, p< 0.01).

Taxa contributing to within-group similarity varied amongst biotope-groups, particularly in

autumn (Tables 4.5 and 4.6). In autumn, average similarity was highest in the SIC/SOOC

group, and of the 17 taxa that characterised this Group, five were exclusive to the Group,

notably Heptageniidae, Psephenidae, Psychomyiidae, Tabanidae and Libellulidae. Taxa

contributing to similarity in the AQV/MV groups included a range of taxa from many

orders, including Gyrinidae, Gerridae and Veliidae. The number of distinguishing taxa

varied considerably amongst the four GSM biotope-groups with only Gomphidae

consistently important. In spring, Perlidae and four families of mayfly contributed

significantly to within-group similarity of the SIC/SOOC+GSM biotope-group, with

Gomphidae again important in this and in the one GSM group. Taxa contributing to

AQV/MV similarity were varied and included the following taxa which were not identified

as important in other groups: Gyrinidae, Hydropsychidae, Culicidae, Dixidae, Gerridae,

Naucoridae, Veliidae, Coenagrionidae and zygopteran juveniles.
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O T

20 "

40 "

60 "
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100 -1

20 T

40 "•

60 +

80 ••:

100

Autumn

0 5 0 U 2 5 a 5 5 S 0 5 0 5 0
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1 2 3 4: AQV/MV 5A; SIC/SOOC 5B: GSM 5C: GSM

Spring

n
n

1: AQV/MV 2A:GSM 2B: SIC/SOOC +GSM 2C: 3: GSM
AQV/MV

Figure 4.3 Dendrogram showing the classification of 18 sites in Mpumalanga
based on taxa recorded in each SASS biotope-group on each sampling
occasion in autumn and spring. The site code is prefaced with the
biotope-group as follows: S = SIC/SOOC, M = AQV/MV and G = GSM.
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Figure 4.4 Ordination of sites in Mpumalanga based on taxa recorded in each
SASS biotope-group on each sampling occasion in autumn and spring.

4.4.3 SASS4 Scores, Number of Taxa and ASPT

The availability of SASS-biotopes for sampling may affect SASS4 Scores, number of taxa

and ASPT values. This aspect has been examined by calculating 1) the relative percentage

contribution of each SASS biotope-group to that calculated for the site; 2) median values of

SASS4 Score, number of taxa and ASPT for each SASS biotope-group; and 3) the effect of

sampling one, two or three SASS biotope-groups on SASS4 Score, number of taxa and

ASPT. Calculations have been done separately for the Western Cape and Mpumalanga,

except for 3) which was only performed for Mpumalanga given the limitations of the

Western Cape data.
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Table 4.5 Taxa contributing to within-group similarity of groups identified in the
biotope specific analysis in Mpumalanga in autumn. Those taxa
contributing to the first 50% of the similarity are indicated by • ; the
remaining taxa contributing to the next 40% (i.e. 90% in total) of the
similarity are indicated by D.

Group
Predominant biotope-«roup
Average similaritv
S umber of distinguishing taxa

Bactidac 1 T\pe

Baetidac 2 T\pes

Baelidac 3 T\pes

Cacnidac

Heptageniidae

Leptophlcbiidae

Tricon thidae

Elmidac/Dr> opidae

Gyrinidae

Psephenidae

Hydropsychidae 1 T\pc

Hvdropsychidae 2 T>pcs

Psychoinyiidae

Athericidae

Ceratopogonidae

Chironomidae

Siinuliidae

Tabamdac

Tipulidac

Corixidac

Gerridac

Veliidae

Acshnidae

Chloroc\phidae

Coenagnonidae

Gomphidae

Libellulidae

Oligochaeia

Brachyura (Crabs)

Pianariidae

1

GSM
45.4

4

—

•

-

2
AQV7MV

44.0%
9

-

-

i i

-

•

-

3

GSM
42.9%

3

•

-

4

AQV/MV
48.9%

14

•

•

—

C
—

_

•

—

•

-_

_

—

5A

SIC/SOOC
60.4%

17

•

•

•

C

_

•

_

_

_

—

_

_

j

•

5B

GSM
55.7%

12

p

I]

•

—

•

n

•

5C

GSM
52.7%

11
-

z

_

•

•

I

•

•
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Table 4.6 Taxa contributing to within-group similarity of groups identified in the
biotope specific analysis in Mpumalanga in spring. Those taxa
contributing to the first 50% of the similarity are indicated by • ; the
remaining taxa contributing to the next 40% (i.e. 90% in total) of the
similarity are indicated by D.

Group
Predominant biolope-group
Average similarity
Number of distinguishing taxa
Perlidae
Baetidae 2 Types
Baetidae 3 T\pes
Caenidae
Leptophlebiidae
Tricorvthidae
Elmidae/Dryopidae
Gvrinidae
Psephcnidae
Hvdropsycltidac 1 Type
Hvdropsvchidae 2 T\pes
Case Caddis 1 Type
Athericidae
Chironomidac
Culicidae
Dixidac
Simuliidac
Tabanidae
Tipulidae
Corixidae
Gerridae
Naucoridac
Vcliidae
Aeshnidae
Coenagrionidae
Gomphidae
2\goplera Juveniles
Olieochaeta
Hvdrachncllac
Braclnura (Crabs)
Planariidae
Ancvlidae
Planorbidac

1
AQV/MV

36.5%
13

D

_

•

_

•
D
•

•

•

2A
GSM

42.1%
4

• •

n

•

•

2B
S1C/SOOC +GSM

49.6%
17

n

•

•

•

LI

~i

n

Z\
•

•

_

•

z
u

2C
AQV/MV

43.1%
10

D
•

•

!

-

,_\

3
GSM

45.6%
4

—

•

•

Relative percentage contribution

The mean (plus standard deviation) percentage contribution of taxa within each SASS

biotope-group to SASS4 Score, number of taxa and ASPT to those of the site has been

calculated (Figure 4.5). Because certain taxa are found in more than one biotope the summed

percentages from the biotopes do not equal 100%. Instead the percentage given for each

biotope-group is that percentage relative to the total calculated for the site (i.e. biotope-groups
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combined). Thus if the SASS4 Score in the SIC/SOOC was 145 compared to 175 for the site,

then the percentage contribution of taxa in the SIC/SOOC biotope-group to the site would be

83%. Similarly, if ASPT in SIC/SOOC was 9.3 compared to 8.9 for the site, the percentage

contribution would be 104%. Because ASPT is calculated by dividing SASS4 Score by

number of taxa, subsequent calculation of the percentage contribution of ASPT sometimes

resulted in an .ASPT greater than 100%. Sites in the Western Cape at which the SIC/SOOC

biotope-group was exclusively present were omitted from the analysis.

SASS4 Score Number of taxa ASPT

120

100

SO

60

40

120

100

80

60

40

20

Western Cape

Mpumalanga

' ^ r

L, _f
T

L _L

ISfC'SOOC CD AQV/MV CUGSM

Figure 4.5 Mean (+ SD) of percentage contribution of SASS4 Scores, number of
taxa and ASPT for SASS samples collected in three separate biotope-
groups to SASS4 Scores, number of taxa and ASPT calculated for the
site. Mean values have been calculated for the Western Cape and
Mpumalanga. Biotope-groups are: SIC/SOOC = stones-in-current/
stones-out-of-current, AQV/MV = aquatic/marginal vegetation and
GSM = gravel, sand and mud. The percentage ASPT in the GSM
biotope-group has been truncated and the ASPT for the site
contributing to the high ASPT is given in parenthesis.

Based on these data, taxa present in the SIC/SOOC biotope-group constituted 83% of the

S.ASS4 Score and number of taxa, and 100% of the ASPT in the Western Cape (n = 18), and

70%, 67% and 105% of the SASS4 Score, number of taxa and ASPT in Mpumalanga (n =

53). Taxa present in the AQV/MV biotope-group constituted 49%, 53% and 92% of the

SASS4 Score, number of taxa and ASPT in the Western Cape (n = 17), and 46%, 49% and
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93% of the SASS4 Score, number of taxa and ASPT in Mpumalanga (n = 53). Taxa present

in the GSM biotope-group constituted 16%, 22% and 88% of the SASS4 Score, number of

taxa and ASPT in the Western Cape (n = 6), and 43%, 46% and 94% of the SASS4 Score,

number of taxa and ASPT in Mpumalanga (n = 53). In both regions, the SIC/SOOC biotope-

group had the highest percentage contribution to SASS4 Score and number of taxa. The

GSM biotope-group generally supported fewer taxa in the Western Cape compared to

Mpumalanga, where differences in number of taxa and SASS4 Scores from AQV/MV and

GSM were less pronounced.

One Western Cape site had a single high-scoring taxon present, namely "Trichoptera (cased

caddis 3 Types)" in the GSM biotope. This "taxon" has a sensitivity/tolerance score of 20

and resulted in a very high ASPT (20) for this site (truncated in Figures 4.5 and 4.6).

Variation in ASPT between all three SASS biotope-groups was less pronounced, particularly

between AQV/MV and GSM. The percentage contribution of ASPT was greater than or

equal to 100% in the SIC/SOOC biotope-group, suggesting that more of the sensitive and

high scoring taxa are present in this biotope-group.

Median values

SASS4 Score, number of taxa and ASPT values were significantly different amongst SASS

biotope-groups in the Western Cape (p < 0.01; SASS4 Score: Kmskal-Wallis test statistic H =

35.85; number of taxa: H = 29.30 and ASPT: H = 14.21; Figure 4.6). SASS4 Score, number

of taxa and ASPT values were also significantly different amongst SASS biotope-groups in

Mpumalanga (p < 0.01; SASS4 Score: Kruskal-Wallis test statistic H = 60.18; number of

taxa: H = 50.82 and ASPT: H = 27.94, Figure 4.6). Applying the Kolmogorov-Smimov test,

however, revealed that in Mpumalanga these differences were the result of differences

between SIC/SOOC and AQV/MV and SIC/SOOC and GSM biotope-groups. SASS4 Score,

number of taxa and ASPT values were not significantly different between the AQV/MV and

GSM biotope-groups. The SIC/SOOC biotope-group had significantly higher median values

than either the AQV/MV or GSM biotope-groups.
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GSM = gravel, sand and mud.

Effect of sampling one, two or three biotope-groups on SASS scores

The number of additional taxa recorded per biotope-group was assessed by comparing the

number of taxa (mean ± standard deviation) recorded in a single SASS biotope-group with

the number of additional taxa recorded if a second SASS biotope-group was sampled,

followed by a third SASS biotope-group Data from a subset of Mpumalanga sites at

which all three biotope-groups were sampled were used for calculations on a per-sampling-

occasion basis (n = 53). Analysis was run twice, first with the SIC/SOOC biotope-group

assessed first and then with AQV/MV assessed first (Figure 4.7). Results showed that if

the SIC/SOOC biotope-group was assessed first, then the mean number of taxa recorded in
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the SIC/SOOC biotope-group was 16.7 (SD ± 3.5). This represents approximately 67% of

the total number of taxa recorded in all three SASS biotope-groups. Adding the AQV/MV

biotope-group resulted in an additional 5.9 (SD ± 2.1) taxa (totalling 91% of the total

number of taxa) and adding the GSM biotope-group an additional 2.0 (SD ± 1.8) taxa. If

AQV/MV biotope-group was assessed first, then the mean number of taxa recorded in the

AQV/MV biotope-group was 12.1 (SD ± 3.0). This represents approximately 49% of the

total number of taxa recorded in all three biotope-groups Adding the SIC/SOOC biotope-

group resulted in an additional 10.4 (SD ± 3.2) taxa.
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Figure 4.7 Number of taxa (mean ± standard deviation) recorded in a single
biotope-group, showing the number of additional taxa recorded when a
second and third biotope-group are included. A: Sic/Sooc,
(SIC/SOOC+AQV/MV), (SIC/SOOC+AQV/MV+ GSM); B: AQV/MV,

(AQV/MV+SIC/SOOC), (AQV/MV+SIC/SOOC+GSM).

The hypothesis that SASS4 Score and number of taxa increase, whilst ASPT decreases as a

function of the number of biotopes or biotope-groups sampled, was tested. For Western

Cape data up to seven separate SASS-biotopes were sampled, and data are plotted as SASS

scores for the site against total number of biotopes sampled. In Mpumalanga all three

biotope-groups were sampled at each site and SASS scores were calculated for each SASS

biotope-group or combination of SASS biotope-groups (Figure 4.8).
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The S1C/SO0C biotope-group represented the first biotope-group, followed by AQV/MV

and then by GSM. SASS4 Score and number of taxa were significantly positively

correlated with number of biotopes in both regions, whilst ASPT was significantly

negatively correlated with number of biotopes (p < 0.05). When Mpumalanga data were

re-analysed with the AQV/MV biotope-group representing the first biotope-group, both

SASS4 Score (r = 0.77) and number of taxa (r = 0.78) were significantly positively

correlated with number of biotope-groups, although ASPT (r = 0.27) was no longer

negatively correlated but was significantly positively correlated with number of biotopes

(P<0.05).

Differences in SASS scores amongst different combinations of SASS biotope-groups in

Mpumalanga (Figure 4.9) were examined and found to be significant. SASS4 Score, number

of taxa and ASPT values were significantly different amongst different combinations of

biotope-groups. For SIC/SOOC, S1C/SOOC+AQV/MV and SIC/SOOC+ AQV/MV+GSM,

all three metrics differed significantly from one another (p < 0.01 for SASS4 Score: Kruskal-

Wallis Test Statistic H = 53.13 and number of taxa: H = 73.45; and p < 0.05 for ASPT: H =

8.45). Similarly, for AQV/MV, SIC/SOOC+AQV/MV and SIC/SOOC+AQV/MV+GSM

(p < 0.01 for SASS4 Score: H = 103.23, number of taxa: H = 106.12; ASPT: H = 16.70).

Applying the Kolmogorov-Smimov test however, revealed SIC/SOOC was significantly

different from SIC/SOOC+AQV/MV (p < 0.01) for SASS4 Score and number of taxa, but not

for ASPT. AQV/MV was significantly different for all three metrics (p < 0.01).

4.5 DISCUSSION

This study indicates that there were differences in the frequency of occurrence of SASS-

taxa amongst SASS-biotopes, that differences in macroinvertebrate assemblages were

greater amongst SASS-biotopes than between sites within a region, that each biotope-

group had a characteristic macroinvertebrate assemblage associated with it, and that SASS

scores differed amongst the three SASS biotope-groups.

Several taxa demonstrated a degree of biotope specificity and it is likely that these

preferences reflect substrate, hydraulic and/or thermal requirements of individual taxa,

particularly in the physically harsh environment of Western Cape mountain streams, and/or
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food specialisation of individual taxa Morphological and behavioural adaptations allow

organisms to inhabit the habitat to which they are morphologically best suited.
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Figure 4.9 Median values for the SIC/SOOC and AQV/MV biotope-groups in
Mpumalangn. together with those when taxa from these two biotope-
groups are combined (S+V) and when taxa from all three biotope-groups
are combined (S+V+G). (S: stones-in-current/stones-out-of-current, V:
aquatic/marginal vegetation.

For example, heptageniid and leptophlebiid mayflies occur in stony habitats, often with

flowing water. Their flattened body forms enable these aquatic nymphs to remain within

the boundary layers of rocks where current drops near to zero (Davies & Day 1998). Gill

shape is another example of morphological adaptation, with Ieptophlebiids having long

filamentous gills more suitable to flowing water. In contrast, baetids have a generalised

gill form and may be found in most biotopes, whilst caenids have gills protected by a gill

cover. This enables caenids to survive in backwaters that are often blanketed in fine

sediment, and indeed caenids were one of the distinguishing taxa for the GSM biotope-

group in the Western Cape in spring. The larval and pupal stages of the dipteran

Blephariceridae, which were recorded in the SIC/SOOC biotope-group, adhere to rock

surfaces in fast-flowing water, and even to vertical cascades (Scholtz & Holm 1985).

Feeding adaptations also reflect the habitat preferences of aquatic organisms For example,

members of the genus Tricon'thus are filter feeders and normally occur on the underside of

stones in swift currents. Hydropsychids such as Cheumatopsyche afra and C. thomassetti
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are predominantly found in riffles, runs and cascades and require swiftly-flowing water to

support their silken food-collecting nets. They have also been noted in aquatic vegetation

in fast-flowing water. In such cases it is likely that the hydraulic environment is more

important than substrate type. Amphipods are stony-bottom dwellers and occur in a

variety of flow types including fast-riffles, medium-run and slow-flowing backwaters.

Riffles and backwaters are most efficient at trapping detritus upon which amphipods feed

(Snaddon et al 1991) and backwaters appear to be important refuges during high-flow

events and important areas for food trapping.

The observed biotope specificity of individual taxa was reflected in the analysis of

macro invertebrate assemblages, with differentiation of sites occurring on the basis of

macroinvertebrates associated with particular SASS-biotopes rather than at site level.

Within- and between-biotope similarity varied with season and geographic region.

Seasonal differences in biotope specificity, with macroinvertebrate assemblages being

more biotope-specific in autumn versus spring in the Western Cape, is probably related to

seasonal differences in discharge. In early autumn, assemblages have not yet been exposed

to elevated discharges and resemble those of the low-flow summer conditions, and thus the

distinctiveness of assemblages is still apparent. In the United Kingdom, Armitage et al

(1995) also found that mesohabitat distinctiveness varied with season, with boundaries

between mesohabitats most distinct under low flow conditions (summer), remaining

distinct under intermediate flows (autumn) and becoming least distinct at high flow. Water

levels affect noi only the areal extent and availability of lotic habitat, but also the degree of

biotope isolation, and therefore the availability of refugia for species during vulnerable

stages (Power et al 1988).

The nature of the biotopes change with discharge and within the SIC/SOOC biotope group,

riffles are probably more common under low-flow conditions, becoming runs as discharge

increases (Padmore 1998). Such seasonal differences highlight the importance of

hydraulic conditions, with several taxa which were only associated with the SIC/SOOC

biotope-group in autumn contributing to group similarity of mixed SIC/SOOC + AQV/MV

and AQV/MV biotope-groups in spring. Marginal vegetation in flowing water provides a

very different environment to aquatic organisms than marginal vegetation in standing

water. The transformation of a lentic environment to a lotic one, under high-flow

conditions, restricts the presence of several hemipteran families, such as Gerridae and
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Vellidae which, since they are surface swimmers, are dependent on smooth surface of the

water, whilst encouraging the colonisation by taxa requiring a flowing water environment

In addition to these physical factors, biotic factors may come into play, with the

distribution of lotic organisms being mediated by interactions with other organisms.

Cooper (1984) noted that gerrids remained near the stream margins in the presence of

trout, an important predator, but foraged in central areas of the channel when trout were

absent. This observation emphasises the interactive nature of the organisms inhabiting

lotic systems and the dependence on, and interdependence of, biotic and abiotic factors.

On the basis of observed temporal differences in biotope specificity, macroinvertebrate

assemblages might be expected to exhibit greater specificity in spring in Mpumalanga (i.e.

spring is hydrologically equivalent to autumn in the Western Cape), since this is a summer-

rainfall region, with lowest flows in winter. However, this was not observed and

differentiation into biotope-groups was generally less clear with no seasonal difference.

Certain taxa, including Perlidae, Heptageniidae, Psephenidae and Psychomyiidae within

the SIC/SOOC biotope-group, several species of Hemiptera and Zygoptera in AQV/MV

and gomphid dragonflies in GSM, were however, fairly biotope-specific

Of the three SASS biotope-groups examined in this study, SIC/SOOC proved to be most

consistent in terms of the macroinvertebrate assemblages associated with it. This was true

for both geographic regions. Several of the more sensitive, and thus high-scoring taxa in

terms of the SASS sensitivity/tolerance scores, occurred more frequently in this biotope-

group than in others. Many taxa recorded were in the orders Ephemeroptera, Plecoptera

and Trichoptera. These orders include several taxa considered to be obligate erosional

species since they have clinging and scraping behaviours most suited to substrates such as

stones and boulders (Richards et ai 1997). Taxa recorded in the SIC/SOOC constituted

the highest relative percentage contribution (> 67%) to each of the SASS metrics and the

SIC/SOOC biotope-group had significantly higher median values for each of these metrics

than other biotopes. Sampling the SIC/SOOC on its own would ensure collection of

approximately 67% of the taxa recorded if AQV/MV and GSM were also sampled.

Problems may arise, however, when SIC are absent, or where the substratum is

predominantly bedrock or boulder. In both instances, fewer taxa are likely to be recorded

than if SIC were present or if substratum was dominated by cobbles. This supports the

results of Quinn & Hickey (1990).
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The AQV/MV biotope-group supported a greater number of SASS-taxa in Mpumalanga

(20) compared to the Western Cape (eight), but in both instances, several of the more

tolerant and low-scoring taxa were represented, often within the order Hemiptera. The

adults of many of these families are air-breathers and hence not dependent on water as a

medium, thus being less sensitive to a reduction in water quality, particularly reduced

levels of dissolved oxygen, than families that are dependent on water during part of their

life cycle. The AQV/MV biotope-group is variable with respect to the quality and quantity

of habitat available for sampling, and both type (Humphries 1996) and biomass (Collier et

ah 1999) of aquatic macrophytes have been shown to affect macroinvertebrate

assemblages and abundances. Because macrophytes are living plants, their biomass

changes over time, particularly when compared to mineral substrates such as stones and

boulders, which are more stable over time (Beisel et at. 1998). As already mentioned,

movement of water around the vegetation may affect the suite of invertebrates recorded in

this biotope-group, with vegetation in fast-flowing water providing habitat suitable for taxa

normally restricted to stones-in-current biotopes, whilst vegetation in slow-flowing water

is more likely to harbour those taxa that utilise backwater and slackwater areas of flow.

All of these factors may have contributed to the variability observed in macroinvertebrate

assemblages associated with the AQV/MV biotope-group.

Harrison (2000) suggests that aquatic invertebrates that inhabit marginal vegetation may be

grouped on the basis of how they use this biotope. Certain taxa are almost always

associated with marginal vegetation. These include damselflies, true bugs and certain

simuliid and caddis species. Other taxa utilise this biotope in addition to other biotopes,

particularly if situated in flowing water. Examples include elmid beetles and baetid

mayflies. Some taxa use margins as a temporary biotope and spend only the first parts of

their lives in this habitat following adult oviposition, when marginal vegetation acts as a

conduit between the aquatic and terrestrial environments, or as temporary refugia during

spates. The fourth group is found in greater abundance on marginal vegetation but is

common in other biotopes, i.e. taxa that have no biotope preference, and the fifth group

include terrestrial or semi-aquatic taxa that spend a large proportion of their lives at the

water's edge and thus marginal vegetation provides a co-dominant biotope. Harrison

(2000) also considers marginal vegetation to be vital for the reproduction of aquatic

insects, including both terrestrial insects, such as beetles, and aquatic insects and non-

insects, such as snails, leeches and mites, and observed that many adult invertebrates laid
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eggs in the margins. The adults may also use marginal vegetation to emerge from the

water or to enter it in order to lay eggs in other biotopes Harrison (2000) concludes that

streams and rivers that lack marginal vegetation may have depressed levels of invertebrate

recruitment, as a result. Research into the importance of the AQV/MV biotope-group in

South Africa is scarce but it probably provides an important habitat for aquatic organisms

as shown by the fact that sampling this biotope-group on its own would ensure collection

of approximately 49% of the taxa recorded if SIC/SOOC and GSM were also sampled.

Sampling the AQV/MV biotope-group is particularly important for bioassessment and

management of lowland systems (Collier et al. 1999), since the SIC/SOOC biotope-group

is often absent from these rivers (e.g. Collier et al. 1998).

The GSM biotope-group generally had the lowest number of taxa associated with it and

only three taxa were more frequently recorded in this biotope. The unstable nature of

gravel, sand and mud, whose fine sediments typically move at much lower velocities than

do those in larger particles (Richards et al. 1997) leads to this biotope supporting lower

densities of macro invertebrates than larger particled substrates do (Quinn & Hickey 1990,

Starke 1993, Brewin et al 1995, Cogerino et al 1995, Johnson & Vaughn 1995). This

biotope-group was also the least consistent in terms of the macro invertebrate assemblages

associated with it, and groups were sometimes clustered with AQV/MV in the Western

Cape and AQV/MV and SIC/SOOC in Mpumalanga. It is likely that the type of substrate

sampled, i.e. mud, sand or gravel, and the flow condition, i.e. flowing or stagnant, will

influence which taxa are present. Pardo & Armitage (1997) observed that under low-flow

conditions, depositional habitats were dominated by burrowing collector gatherers,

comprising on average, lower-scoring taxa (Starke 1993). There were however instances

in Mpumalanga when GSM supported taxa similar to those of the SIC/SOOC biotope-

group. Examination of the characteristics of these sites showed a substantially higher

percentage of gravel at these sites relative to other sites. When gravel is situated in

flowing water, at a discharge below that needed to cause mobilisation of particles, it

provides habitat resembling SIC biotope and taxa normally associated with SIC are likely

to be recorded.

Given the observed biotope specificity of certain macroinvertebrate taxa and the variability

in the availability of biotopes from site to site, it is clear that consideration needs to be

given to the effect of biotope availability on bioassessment and the incorporation of the
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observed biotope-related differences into a bioassessment programme represents a

challenge. In practise it is not uncommon for at least one SASS biotope-group to be

absent, particularly in lowland rivers that often have no SIC/SOOC biotope-group present.

Options for taking biotope differences into account include:

(1) ignoring biotope differences and interpreting data on a site basis;

(2) restricting sampling to a single biotope (Parsons & Norris 1996, Hewlett 2000); or

(3) comparing data from sites separately for each SASS biotope-group (e.g. Chessman

1995, Kay etal 1999).

Option 1 is likely, in the absence of any one biotope-group at a site, to lead to erroneous

conclusions regarding the condition of a site and is thus to be discouraged. Option 2 is

appropriate if the same biotope-group is likely to be present at all future monitoring and

reference sites. This is-unlikely to be the case in South African rivers, which are diverse in

their physical characteristics and where not all SASS biotopes are necessarily present.

Consistency and comparability are critical for the successful implementation of any

national biomonitoring programme, and limiting bioassessment to a single biotope-group

would severely limit the national utility of such a programme. Option 3 seems to be the

most appropriate and scientifically-defensible option which will enable differences in

biotope availability between monitoring sites and between monitoring and reference sites

to be taken into account.

Results from the Western Cape, however, suggest that differences in the relative

frequencies of occurrence of taxa within SASS biotope-groups exist, most probably as a

reflection of flow conditions. This was particularly apparent when SIC assemblages were

compared with SOOC assemblages. Generally SIC assemblages included taxa recorded in

the SOOC biotope, whilst several SIC taxa were absent from SOOC assemblages. Results

from a bioassessment where only the SOOC biotope was sampled, as part of the

SIC/SOOC biotope-group, would thus reflect differences in biotope availability rather than

water quality. A recent study compared two bioassessment procedures, the first aimed at

assessing lotic and lentic habitats within a stream, where stones-in-current are grouped

with vegetation-in-current (lotic) and stones-out-of-current and are grouped with

vegetation-out-of-current (lentic); and the second using biotope groups (i.e. SIC/SOOC and

AQV/MV) (N. Bonado & H.F. Dallas, unpublished data). Results showed that the "lotic"

and SIC/SOOC assemblages were very similar, whilst the "lentic" and AQV/MV
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assemblages were very different. In that study, SIC were always available and AQV was

often represented by the aquatic sedge, Isolepis, known to be an important habitat for

aquatic organisms in the Western Cape (pers obs). This highlights the importance of

factoring in the hydraulic features in relation to each biotope, and viewing the hydraulic-

biotope condition in combination.

A fourth approach, which also has general application, i.e. is suitable for all river types,

and which aims to reduce spatial variability further, whilst still being efficient in terms of

sampling duration, may also be worth investigating. It is suggested that sampling be

limited to two key biotopes, namely riffles, i.e. swift sections with broken water, within the

SIC biotope, and vegetation. Riffles have been shown to support several sensitive taxa and

in a study comparing taxa from riffles and runs, i.e. swift sections with unbroken water,

sampling riffles ensured collection of all taxa recorded in runs (Pridmore & Roper 1985).

Differences in SIGNAL values (i.e. the Australian equivalent of ASPT), between reference

and monitoring sites were more pronounced in riffles than pool edges (Growns et a/. 1997).

Most sites assessed will have riffles or marginal vegetation or both of these biotopes, with

upland sites having a greater probability of the availability of riffles, and lowland sites

vegetation. If both are present they should be assessed separately. Each of these biotopes

represents a more specific biotope than the biotope-groups within which they are currently

grouped, i.e. SIC/SOOC and AQV/MV. The third biotope-group, namely gravel, sand and

mud (G/S/M), has been shown to contribute very little in terms of number of taxa or SASS

scores, and hence could confidently be omitted from a new bioassessment procedure. By

limiting bioassessment to very specific biotopes, intrinsic spatial variability will be further

reduced and should result in more robust classifications and reference conditions for use

within bioassessment programmes. The suitability of the proposed sampling strategy will

need to be tested by examining macro invertebrate assemblages associated with each

specific biotope and comparing SASS scores calculated for reference sites across a broad

geographic range. In this way the consequences of spatially restricted sampling can be

determined and the validity of this sampling strategy evaluated.
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CHAPTER 5. TEMPORAL VARIABILITY OF MACROINVERTEBRATES

ASSEMBLAGES AND IMPLICATIONS FOR AQUATIC

BIOASSESSMENT

5.1 INTRODUCTION

In regions with seasonal climates such as South Africa, lotic systems often exhibit daily,

seasonal and annual periodicity. Since many aquatic organisms are known to have specific

hydraulic requirements, seasonal variation in factors such as stream hydrology (McEravy et

al 1989), temperature (Hawkins et al. 1997) and biotope availability (Armitage & Pardo

1995, Armitage et al. 1995) may lead to variation in the distribution and abundance of

benthic macroinvertebrates. Seasonal variation in discharge often translates into differences

in wetted perimeter, hydraulic conditions and biotope availability. For example, stony bottom

biotopes such as runs become riffles under low flow conditions, whilst marginal vegetation

may change from being lotic to lentic. Temperature is thought to influence macroinvertebrate

assemblage structure by influencing developmental rates of individual taxa and by excluding

taxa unable to tolerate certain temperature ranges (Hawkins et al. 1997). Many aquatic

organisms have life history stages such as emergence, feeding and growth that are cued into

intrinsic seasonal changes and seasonal differences may therefore occur at the assemblage

level.

Temporal variability in taxon richness (McElravy et al. 1989, Linke et al. 1999) is

reflected in biotic indices that are based on the macroinvertebrate assemblages, and thus

when macroinvertebrate assemblages are used for bioassessment, temporal variation of

individual taxa may influence judgement as to whether or not a site is disturbed. Indeed,

the seasonal dependence of biotic indices is a common criticism of such indices (Zamora-

Munoz et ai 1995). Resh and Jackson (1993) assessed the effect of season on the accuracy

of biotic indices and found that there were seasonal differences in almost all of the measures.

Linke et al. (1999) noted consistent differences in number of taxa and the biotic index

between summer and winter samples. Bioassessment based on these results would indicate

better water quality in the same streams in winter relative to summer even though the

relative degree of disturbance had remained constant. Kay et al (1999), however, in a

study of nine sites in north-western Australia, and Ruse (1996), in a study of 16 sites in the
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River Mole catchment, United Kingdom, found very little temporal variation in faunal

assemblages. The effect of season of sampling is therefore not clear-cut, with some studies

showing definite seasonal effects and others showing few Of consequence is the extent to

which macroinvertebrate assemblages and SASS scores at reference sites vary temporally,

and whether this variability is significant enough to impede the detection of disturbance

when a monitoring site is compared with the reference site or reference condition.

In bioassessment programmes, homogeneous regions are delineated, either based on a

priori regional classification of sites (e.g. Gerritsen et ai 2000, Van Sickle & Hughes

2000), or a posteriori analysis of biological data (e.g. Wright 1995, Smith et al. 1999).

Classification, in both cases, attempts to group sites with similar biota together, such that

macroinvertebrate assemblages within a group of sites are less variable than observed in

the absence of site classification. Approaches for incorporating the effects of temporal

variability in bioassessment vary from limiting a suite of assessments to a short time

period, to incorporating bioassessment data from two or three seasons so that a seasonally-

composite assemblage of macroinvertebrate taxa at a site is obtained (e.g. Furse et al.

1984, Turak et al, 1999). At sites exhibiting seasonal differences, a more accurate

inventory of the expected macroinvertebrate taxa at a site would be obtained by combining

data from two or three seasons, and taxa that exhibit seasonal dependence will be recorded

in the list of expected taxa. Problems arise, however, when a single assessment of the

macroinvertebrate assemblage at a monitoring site is undertaken and then compared to a

seasonally-composite reference condition or a reference condition defined for a different

season without taking cognisance of seasonal variability. Is the observed effect a reflection

of disturbance at the site or merely an artefact of seasonal variability? Since one of the key

objectives of bioassessment is to establish the degree to which a monitoring site has been

disturbed relative to a reference condition, it is important to understand, reduce or

eliminate the potential influence of temporal or seasonal variability.

The aim of this chapter is to evaluate the influence of season on bioassessment by focusing

on seasonal variability at three levels, namely 1) individual taxa; 2) macroinvertebrate

assemblages; and 3) SASS scores. Results are discussed in relation to ecological reference

conditions and the interpretation of bioassessment data.
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5.2 STUDY AREA

Sixty sites, situated on 40 rivers, were sampled (Table 5.1). Of these, eight sites were

situated on rivers in the Western Cape region and 52 were on rivers in Mpumalanga. Only

minimally-impacted sites, with respect to anthropogenic disturbance, were selected in both

regions such that any observed differences did not reflect water quality conditions. Sites in

the Western Cape were assessed with variable frequency during 1994 and 1995 (total

number of assessments = 44, see Appendix A), whilst sites in Mpumalanga were each

assessed on three occasions (May, July and September) in 1999 (total number of

assessments = 122). Details of the sites assessed in each region are provided in Table 5.1.

A subset of 16 sites from Mpumalanga was used in certain analyses as specified in the

appropriate section.

Table 5.1 Sites assessed during this study indicating river and geographic region.
The codes for sites on each river are given in parenthesis and relate to
Table 2.1 and Figures 2.1 and 2.2 in Chapter 2.

Geographic Region

Mpumalanga

Western Cape

River

Alexandcrspruit (HC42), Blyde (EC01, EC02), Blystaanspruit (EC04),
Crocodile (ER32, HC43, LG60, LG62, LG63, LG64), Dorps (HC36).
Elands (EC07, EC08) Elandsfontcinspruit (HC44, HM51), Ga-Selati
(EM20), Grootfonteinspruit (EM16), Houtbosloop (EC09),
Kareekraalspruit (HM52), Kgwete (EM18), Klein-Sabie (EC 10), Klip
(HC38), Lunsklip (HC45), Mac-Mac (ECU, LR73), Marite (LC57),
Maritsanc (LM71)T Mohlombe (EM26), Nelspruit (EM22, LR72).
Ohrigstad (EM19). Sabie (EC12, LC58, LG66, LG68, LR74), Sand
(EM29, LG69, LG70)? Spckboom (EM13, HC39), Stcrkspruit (EMM),
Tautesloop (HM54), Treu (EC03), Unspecified (EM15. EM24. EM28,
EM30). Waterval (HC40r HC41), Wilge (HG33) and Wilgekraalspruit
(HM55)

Assegaaibosch (CM01), Berg (CM02, CC01), Eerstc (CM04) Lang
(CM05). Palmiet (CM07. CF01) and Riviersonderend (CM20).
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5.3 MATERIALS AND METHODS

5.3.1 Benthic macroinvertebrates: SASS4 sampling

Benthic macroinvertebrates were sampled using the qualitative rapid bioassessment method,

SASS4 (South African Scoring System). The following norms have been used for seasonal

groupings: spring = September, October and November; summer = December, January and

February; autumn = March, April and May; and winter - June, July and August. A detailed

description of the SASS method is given in Chapter 2.

5.3.2 Data analysis

Frequency data

The relative frequency of occurrence of each SASS-taxon was calculated separately for the

Western Cape and Mpumalanga. Since sampling frequency varied amongst sites in the

Western Cape, the frequency of occurrence of each SASS-taxon was calculated relative to the

number of sampling occasions per season. For Mpumalanga data, only sites assessed in all

three seasons were included (n = 52). In both instances, taxa recorded on fewer than 5

sampling occasions across the range of sites were omitted from the analysis The frequency

of occurrence of a taxon within a season is expressed relative to its frequency of occurrence in

other seasons. Given the observed differences in the relative frequency of occurrence of

SASS-taxa amongst SASS-biotopes (Chapter 4), seasonal patterns in the frequency of

occurrence of SASS-taxa was also assessed for a single SASS biotope-group, namely the

SIC/SOOC biotope-group (stones-in-current and stones-out-of-current) for the Western Cape.

Analysis of macroinvertebrate assemblages

Cluster analysis and non-metric multidimensional scaling (MDS) were used to examine

similarities amongst seasons and sites based on macro invertebrate assemblage composition

(Clark & Warwick 1994). Three separate analyses were undertaken on Western Cape data.

The first included all data from all seasons, the second included autumn and spring data

from upper-catchment sites (mountain stream and foothill-cobble bed sites) only, and the

third included autumn and spring data at sites where the SIC/SOOC biotope-group (stones-

in-current and stones-out-of-current) had been assessed separately. A subset of sites (n =

16), which were most similar in regional and abiotic characteristics to those of the Western
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Cape, was selected from the Mpumalanga dataset. Three separate analyses were

conducted, the first on all data from all sites, the second on autumn and spring data for the

SIC/SOOC biotope-group only and the third for autumn and spring data for the AQV/MV

biotope-group (aquatic and marginal vegetation) only. Data were transformed using the

presence/absence transformation {PRIMER Version 5) and the Bray-Curtis coefficient was

used on these transformed data. Hierarchical agglomerative clustering, using group-

average linking, was used on the data matrix. Ordination of samples by MDS was

undertaken, and stress values used to assess the reliability of the MDS ordination. One-

way ANOSIM was used to test whether or not there were significant differences in

assemblage structure amongst seasons. The ANOSIM tests were performed on

presence/absence transformed data, analysed using the Bray-Curtis measurement of

similarity. The distinguishing taxa responsible for the similarity within groups of sites and

the dissimilarity amongst groups of sites were established using SIMPER {PRIMER

Version 5). Those taxa responsible for 90% within-group similarity were identified.

SASS4 Scores, Number of Taxa and ASPT

SASS scores for each season were compared with those generated by combining three

seasons into a multiple-season site assessment (i.e. taxa recorded in autumn, winter and spring

were combined). The sub-set of sites from Mpumalanga was used to calculate median SASS

scores for each season. These were compared statistically using the non-parametric Kruskal-

Wallis Test. Individual pairs of biotope-groups were compared using the non-parametric

Kolmogorov-Smimov Test. The results of all analyses were considered significant at

p < 0.05.

5.4 RESULTS

5.4.1 Frequency of occurrence of each SASS-taxon amongst seasons

The frequency of occurrence of each SASS-taxon in each season has been tabulated for the

Western Cape and Mpumalanga (Table 5.2). Most taxa were distributed equally amongst

all the seasons examined and seasonal differences were minimal, with only eight taxa

exhibiting a seasonal pattern in the Western Cape and fifteen in Mpumalanga. Those taxa

that were more frequently recorded in a particular season, such as the twelve taxa recorded

more frequently in spring in Mpumalanga, were often also present in the other seasons.



Temporal variability

Restricting analysis to a single biotope-group (SIC/SOOC) in the Western Cape revealed

differences in the relative frequency of occurrence of each SASS-taxon within each of two

seasons, namely autumn and spring (Table 5.3).

Table 5.2 Relative frequency of occurrence (expressed as a percentage) of each
SASS-taxon in each season (AU = autumn, WI = winter, SP = spring
and SU = summer). Shading indicates frequency of occurrence across
season (i.e. highest frequency of occurrence in one season). Percentages
are given separately for Western Cape and Mpumalanga data. A dash
(-) indicates insufficient data, i.e. taxa recorded < 5 times. Blank
indicates the taxon does not occur in the geographic region. The
number of sampling occasions per season (n) is given.

Taxon
n

Notoncmouridae
Pcrlidae
Baetidae 2 T\pes
Bactidae 3 T\pes
Cacnidae
Tcloganodidac
Hcptageniidac
Leptophlebiidae
Oligoneuridae
Prosopistomatidae
Tricorvthidae
Dviiscidae
Elmidac/Dryopidae
Gvrinidae
Hclodidae Larvae
H\dracnidae
H\drophilidae
Limnichnidae
Psephemdae
Corvdalidae
Ecnomidae
Hydropsychidae 1 Type
Hvdropsvchidac 2 Types
Hydropsychidae 3 T\pes
Hvdroptilidae
Philopotamidae
Psvchomviidae
Case Caddis 1 Type
Case Caddis 2 Types
Case Caddis 3 Tvpes
Athericidae
Blcphancendae
Ceratopogonidae
Chironomidae
Culicidae
Dixidac

Western Cape
At1

IS

21

29

25
48

16
22

24

-

15
31

28

14

-

36

32

33
40

13

-
-

36

36

19

14

33

23

-" 7 3 • -.

28

-
-

WI
8

30

32
14

13

36
14

28

-

0

5
18

34

8

-

39

18

32
40

0
-
-

20

12
30

23
30

25
0

21

-
-

SP
IS

23

14

39
17

39

29

26

-

45

27

24

33
34

-

26

29

19
7

-
-

13

15
27

38

18

33
27

23
-
-

SU
f

27

25
22
21

8
35

22

-

40

37

29

18

25
-
0

21

17

13

5o
-
-

31

37

24

25
19

20

0

28

-
-

Mpumalanga
AU

^2

31

43

29

35

34

34
0

30
34

.i.i

27

33

39

0

33

32

14
24

39

39
9

46

38

37

34

25
33

44
i _i

33
29
~ 5

WI
5j

31

37

32
28

35

31

30
35

29

36

36
7

..-.67_ .
33

37

43

31

36
28

48
24

35
31
31

19

30

33
20

31
17

SP
52

38

20

39
37

30

35
0

40

31

38

36

31

33
33

31

43
44

25
33

43

30
27

32

34

56
37

22
47

36

54 - ~
42
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Muscidae
Psvchodidae
Simuliidae
Tabanidae
Tipulidae
Belastomatidae
Corixidae
Gerndae
Naucoridac
Ncpidae
Noloneclidac
Pleidae
Veliidae
Pvrausudae
Aeshnidae
Calopten eidae
Chloroophidac
Chlorolcstidae
Cocnagrionidae
Corduliidae
Gomphidae
Libcllulidac
Zvgoptera Juveniles
Oligochaeta
Hvdrachnellae
Amphipoda
Brachyura (Crabs)
Natantia (Shrimps)
Planariidae
Porifera (Sponges)
Ancvlidae
Phvsidae
Planorbidae
Sphaeridae

-
-

26
-

15
-

27
-

25
-

25
-

62
19
39

-
-

54
27

-
21
22

-
29

28
35

100 ~ -

-
-

23
-

25
-
0
-
0
-
0
-

23
0
7
-
-

18
22

-
17
0
-

19

22
14

0

0

-
-

26
-

33
-

26
-
9
-
9
-

15
7
9
-
-
0

15
-
8

21
-

37

6

0

0

-
-

26
-

27
-

47
-

-

-
0

<&%4-*£§&
45

-
-

28
36

-
54
57

-
15

0
45

30

0

23
9

34
38
35
25
35
27
23
45
35
33
29

38
36
21
38

-
32
33
33
30
35
31

20

15

32
33
34
43
27
35

15
45
30
31
33
25
32
42
38
18
38
17
40
13
33
29
34

-
34
26
33
36
35
35

26

33
46
27
17

28
0

18
4

45
36
31
32

33
31
39
36
27

il5fi!^iii
30

w50—- ;,
31

28
-

35
41
34
34
30
34

34
38
41

37
5 7 •""-•--

" 5 5
62

5.4.2 Analysis of macro in vertebrate assemblages

In the Western Cape, macroinvertebrate assemblages did not group by season when

assemblages from all seasons were considered (Figure 5.1, MDS: 3D-stress = 0.18). One

site (CF01), situated in the lower reaches of the Palmiet River, separated from most other

sites although a few other upper-catchment sites grouped with it. This, together with a

scarcity of data for summer and winter, prompted analysis of upper-catchment sites in

autumn and spring only (Figure 5.2). This resulted in two groups of sites that were 46%

dissimilar (MDS: 3D-stress = 0.17). Eight of the eleven autumn samples grouped together,

whilst the spring and remaining three autumn samples grouped together. There was

however, considerable within-group variability. Analysis of assemblage data for the
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SIC/SOOC biotope-group revealed similar broad autumn and spring Groups (Figure 5.3,

MDS: 3D-stress = 0.15). ANOSIM analysis revealed that there were significant seasonal

differences in macroinvertebrate assemblages (Global R = 0.245, p < 0.01) with only

autumn and summer assemblages not significantly different in the pair-wise analysis. Taxa

contributing to within-group similarity of spring assemblages but not to autumn ones

included Heptageniidae, Helodidae, Tipulidae and Oligochaeta, whilst nine taxa

contributed to autumn assemblages, including families of Trichoptera, Hemiptera and

Odonata (Table 5.4). Spring sub-groups had contributing taxa common to all sub-groups

but also a few exclusive to a specific sub-group.

Table 5.3 Relative frequency of occurrence (expressed as a percentage) of each
SASS-taxon in the SIC/SOOC biotope-group for autumn (AU) and spring
(SP) in the Western Cape. SASS-taxa with a relative % > 60% are
shaded. The number of sampling occasions per season and the number of
times each taxon was recorded are given.

Taxon
n

Notonemouridae
Baetidae 2 T\pes
Baetidae 3 Tvpes
Caenidae
Tel 02a nodi dae
Heptageniidae
Lcptophlcbiidae
E1 midae/D ryopidae
Helodidae Larvae
Hvdraenidae
Corvdalidae
Case Caddis 1 T>pe
Case Caddis 2 Types
Case Caddis 3 Tvpes
Ecnomidae
H\ drops\ chidae 1 T\pe
Hvdropsvchidae 2 Types
Philopotamidae
Athencidae
Biephariccndne
Chironomidae
Simulndae
Tipulidae
Corixidae
Veliidae
Aeshnidae
Libellulidae
Olisochaeta
Amphipoda
Planariidae

AU
10
47

^t^62t":" ' • '-:

26

V.. 80- .. .3
24
38
46
64
39
57
51

" , ; T T I ; T 6 2 • . '•"

29
24

. " 7 6 . • . " - : " ^

. -. 76" ^"---^
31

•:^.--j 7 3 ,'J:JTSpal

55
^5
53
49

26
52

... ..... 8 g . ,, .. ^
-v^-.-76 • .-*-*!

55
55
39

SP
16
53
38

7**.-: 7 4 • • • = ' • : . , . .

20
^j*;-^76 " - "

T-r- 63 -̂ :_.-...
54
36

43
49

38

71

76
24
24

- - 69 ^ - P ^
27
45

47
51

48

11
24
45
45

rr 61
0

n

1"

10
11
7

18

11

23

17

14

11

23

12

6
6

9
9

8

14
8

"*2
24
11
5
6
9
7

14
~
i
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Figure 5.1 Dendrogram showing the classification of sites in the Western Cape
based on taxa recorded in each season (ATJ = autumn, WI = winter, SP
= spring and SU = summer).
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Figure 5.2 Dendrogram and MDS ordination showing the classification of upper-
catchment sites in the Western Cape based on taxa recorded in autumn
(A) and spring (S). The sampling year follows the site code: A = 1994, B
= 1995, C = 1996.
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Figure 5.3 Dendrogram and MDS ordination showing the classification of upper-
catchment sites in the Western Cape based on taxa recorded in the
SIC/SOOC biotope-group in autumn (A) and spring (S). The year of
assessment and site code follows the season.

In Mpumalanga, macroinvertebrate assemblages did not group by season (Figure 5.4,

MDS: 3D-stress = 0.19). Analyses per SASS biotope-group, showed no seasonal grouping

and most faunal samples were at least 55% similar for the SIC/SOOC biotope-group

(Figure 5.5, MDS: 3D-stress = 0.16) and 35% similar for the AQY7MV biotope-group

(Figure 5.6, MDS: 3D-stress = 0.17). ANOSIM analysis revealed that macroinvertebrate

assemblages at sites were not significantly different amongst seasons (Global R = 0.021).

Restricting ANOSIM analysis to a single biotope-group revealed there were significant

seasonal differences in macroinvertebrate assemblages from the SIC/SOOC biotope-group

(Global R = 0.049, p < 0.05) but that these differences were largely because of differences

between autumn and spring.
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Table 5.4 Taxa contributing to within-group similarity of groups identified in the
seasonal analysis in the Western Cape. Results are given separately for
autumn and spring. Those taxa contributing to the first 50% of the
similarity are indicated by • : the remaining taxa contributing to the next
40% (i.e. 90% in total) of the similarity are indicated by D.

Predominant Season
Group
Average similarity
Kumber of distinguishing taxa
Notonemouridae
Baetidae 2 Types
Baetidae 3 Types
Teloganodidae
Heptageniidae
Leptophlebiidae
Dvtiscidae
Elmidae/Dn opidae
Helodidae Larvae
Hydracnidae
Corvdalidac
Ecnomidae
Hvdropsycliidae 1 Type
Hydropsychidae 2 Types
Philopotamidae
Case Caddis I Type
Athericidac
Blephariccridae
Chironomidae
Simuliidae
Tipulidae
Veliidae
Aeshnidae
Chlorolestidae
Oligochaela
Brachvura (crabs)
Planariidac

Spring
1

63.4%
13

•

•

z.
D
[J

•

•
D

n

Autumn
2

54.7%
IS

•

•

•

D

4

n

_.

Hi

•

D

n

Spring Sub-groups
1A

72.9%
12
—

•

•

•

•

D

r i

•

D

IB
68.1%

11
H

D

_

_

D

•

1C
67.9%

13

•

D
•

•

•
D
__

_

5.4.3 SASS4 Scores, Number of Taxa and ASPT

The season in which sampling is conducted may affect SASS4 Score, number of taxa and

ASPT values. This aspect has been examined by calculating 1) the relative percentage

contribution of a single season to SASS4 Score, number of taxa and ASPT calculated for

multiple-season site assessments (i.e. combining data from each season), and 2) median

values of SASS4 Score, number of taxa and ASPT for each season. Trends in SASS scores at

four representative sites, two in each region, have also been examined.
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Figure 5.4 Dendrogram showing the classification of sites in Mpumalanga based on
taxa recorded in three seasons (AU = autumn, WI = winter, SP = spring).
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Figure 5.5 Dendrogram showing the classification of sites in Mpumalanga based on
taxa recorded in the SIC/SOOC biotope-group in autumn (AU) and spring
(SP). The site code follows the season.
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Figure 5.6 Dendrogram showing the classification of sites in Mpumalanga based on
taxa recorded in the AQV/MV biotope-group in autumn (AU) and spring
(SP). The site code follows the season.

Relative percentage contribution

The mean (and standard deviation, given as an error bar) percentage contribution of taxa

within each of three seasons (autumn, winter and spring), to SASS4 Score, number of taxa

and ASPT of the multiple-season site assessments (i.e. data from three seasons combined)

have been calculated (Figure 5.7). Thus, if the SASS4 Score in spring was 145 compared to

175 for the multiple-season assessment, then the percentage contribution of taxa in spring to

the multiple-season assessment would be 83%. Similarly, if ASPT in spring was 9.3

compared to 8.9 for the multiple-season assessment, the percentage contribution would be

104%. Because ASPT is calculated by dividing SASS4 Score by number of taxa, subsequent

calculation of the percentage contribution of ASPT sometimes resulted in an ASPT greater

than 100%. Because certain taxa are found in more than one season the summed percentages

from the seasons do not equal 100%. Instead the percentage given for each season is that

percentage relative to the total calculated for the multiple-season site assessments. Because

ASPT is calculated by dividing SASS4 Score by number of taxa, subsequent calculation of

the percentage contribution of ASPT sometimes resulted in an ASPT greater than 100%.

Sites in the Western Cape sampled in all three seasons, namely autumn, winter and spring,

were limited and results are based on data from six sites only.
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Based on these data, taxa present in autumn respectively constituted 62%, 71% and 87% of

the SASS4 Score, number of taxa and ASPT in the Western Cape (n = 6), and 71%, 72% and

99% of the SASS4 Score, number of taxa and ASPT in Mpumalanga (n = 16). Taxa present

in winter constituted 58%, 54% and 111% of the SASS4 Score, number of taxa in the

Western Cape, and 79%, 77% and 103% of the SASS4 Score, number of taxa and ASPT in

Mpumalanga. Taxa present in spring constituted 70%, 66% and 106% of the SASS4 Score,

number of taxa and ASPT in the Western Cape, and 72%, 74% and 97% of the SASS4 Score,

number of taxa and ASPT in Mpumalanga. There were differences in the relative percentage

contribution between regions, with Western Cape sites often having lower contributions to

SASS4 Scores and number of taxa, but higher contributions to ASPT, particularly in winter,

than Mpumalanga sites. The Western Cape is a winter-rainfall area as opposed to

Mpumalanga, which is a summer-rainfall area, so this result is not unexpected. In the

Western Cape, percentage contribution of number of taxa was highest in autumn, whilst in

Mpumalanga it was highest in winter. Variation in ASPT between all three seasons was less

pronounced in Mpumalanga.

SASS4 Score Number of taxa ASPT

Western Cape

Mpumalanga

£36

Autumn Winter c m Spring

Figure 5.7 Mean (+ SD) of percentage contribution of SASS4 Scores, number of
taxa and ASPT for SASS samples collected in three separate seasons
(autumn, winter and spring) to SASS4 Scores, number of taxa and
ASPT calculated for the multiple-season site assessment Mean values
have been calculated for the Western Cape and Mpumalanga.
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Median values

Number of taxa and ASPT values were significantly different amongst seasons in the Western

Cape (number of taxa: Kruskal-Wallis test statistic H = 10.35, p < 0.05, and ASPT: H =

15.26, p < 0.01, Figure 5.8). Applying the Kolmogorov-Smirnov test between pairs of

seasons, however, revealed that differences were the result of differences between winter and

summer for number of taxa (p < 0.05) and between autumn and winter, autumn and spring,

and winter and summer for ASPT (p < 0.05). Significantly fewer taxa were recorded in

winter compared to summer, and significantly higher ASPT values were recorded in winter

and spring in comparison to summer and autumn. SASS4 Score, number of taxa and ASPT

values were not significantly different amongst seasons in Mpumalanga. Applying the

Kolmogorov-Smirnov test between pairs of seasons revealed that in Mpumalanga winter and

spring were significantly different with respect to ASPT (p < 0.05).

Western Cape Mpumalanga

0)
n
E
3

z

O-

9

260

220

180

140

100

60

38

30

22

14

6

10

9

8

7

6

5

A

T
-

W

-

s su A W S

A W S SU A W S

X Min-Max
• 25%-75%
• Median value

W SU w

Figure 5.8. Median values for each season in the Western Cape and Mpumalanga
(A = autumn, W = winter, S = spring and SU = summer).
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The temporal variation in SASS scores at representative sites has been examined for a

minimally-impacted mountain stream and a minimally-imp acted foothill-cobble bed site in

the Western Cape (Figures 5.9 and 5.10) and in Mpumalanga (Figure 5.11 and 5 12). In

each case SASS4 Score, number of taxa and ASPT are given for each sampling occasion.

Cluster analysis and MDS ordination were performed on macroinvertebrate assemblage

data for each site and dendrograms showing temporal grouping at each site are given.

SASS4 Score and number of taxa were variable and were often highest in spring in the

western cape and winter in Mpumalanga. ASPT varied the least amongst sampling

occasions. Fauna! samples within sites were between 50 and 60% similar and clustering

on the basis of season was not evident.

5.5 DISCUSSION

This study indicates that seasonal differences in the frequency of occurrence of individual

taxa were limited, with most differences evident from the analysis of the SIC/SOOC

biotope-group in the Western Cape. Several sensitive and high-scoring taxa, such as

Teloganodidae, Heptageniidae, Helodidae, Blephariceridae and Amphipoda, were more

common in spring compared to summer, whilst Elmidae/Dryopidae, Ecnomidae and

Philopotamidae were more common in autumn. These observations were reflected in the

macroinvertebrate assemblages with seasonal clustering into predominantly autumn-

versus spring-groups. This was especially evident when macroinvertebrates associated

with the SIC/SOOC biotope-group were examined, possibly because this biotope is more

sensitive to changes in flow than other biotopes. Similar results were obtained by

Chessman et ai (1997) who found negligible seasonal variation in values of SIGNAL

(similar to ASPT), with only riffles within the SIC biotope showing a difference between

spring and autumn. Whilst more taxa were recorded in autumn than in spring in the

Western Cape, a higher proportion of sensitive and high-scoring taxa were recorded in

spring than in autumn.
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Western Cape. B: Dendrogram showing classification of faunal
samples.

123



Temporal variability

| 200

% 150
VI

g ioo
50

0
30

TO
X

f 20
o
&
| 10
3
Z

o

8

1- 6

Q.

2 4
2

0

• -

5/94 7/94 9/94 5/99 7/99 9/99

A

>.

ila
r

fc
CO

50

60

70

80

90

100

a 2 ! o> 23
O) O) Olin p; en

gr

n

B

>r

Figure 5.11 A: SASS4 Score, number of taxa and ASPT per sampling occasion for a
minimally-impacted site (EM 19) on the Ohrigstad River in
Mpumalanga. B: Dendrogram showing classification of faunal samples.
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Seasonal patterns in the distribution and abundance of macroinvertebrates reflect life

history characteristics of individual taxa. Temporal differences in taxonomic makeup of

macroinvertebrate assemblages within streams may be due to the differences among insect

life cycles (e.g. Yanoviak & McCafferty 1996). In mountain streams of the Western Cape,

many insects are univoltine, i.e. have a single generation per year, and at any given time a

single species may be represented by eggs, larvae, pupae or nymphs and adults (Davies &

Day 1998). King (1981) and King et ai (1988) recorded no major temporal changes in the

composition of macroinvertebrate assemblages in two mountain streams of the Western

Cape, although densities were highest in late spring (King et ai 1988, Britton 1991). King

el ai (1988) attributed this to the slow growth of species in the highly oligotrophic waters

of upland reaches of this region. In the present study, the sampling method, SASS, utilises

a collecting apparatus with comparatively large mesh-size (1 mm), thus smaller instars of

aquatic insects such as heptageniid and teloganodid mayflies, may not be collected and

observed seasonal differences in upper catchments may be heightened when SASS

sampling is undertaken. For example, the heptageniid, Ajromtrus harrisoni, which King

(1981) considers to be a summer species, was more frequently recorded in spring than in

autumn. It is possible that by autumn, emergence had taken place and individuals of the

next generation were too small to be collected. Many stream insects emerge sequentially

over the period of early to late summer (Sweeney 1984, Newbold et ai 1994) and spring is

considered to be a period when river discharge is starting to decrease, and the number of

over-winter ing invertebrates on the streambed surface increases, but emergence has not yet

begun (King et ai 1988).

Seasonal patterns in the distribution and abundance of macroinvertebrates reflect

temperature regimes and may also reflect the availability of food resources. Britton

(1991), in a study of the Swartboskloof stream, Western Cape, noted that most taxa were

least abundant in summer, which is a stressful period due to elevated water temperatures.

Britton (1991) further explored the postulated synchronization between abundance of

shredders and the annual pulse of leaf-fall. The key shredder in Swartboskloof, namely the

amphipod, Paramelita nigroculus, as well as Plecoptera, which are thought to exploit

coarse leaf particles (King et ai 1988), were most abundant in spring, after which their

numbers dropped remarkably, despite litter-fall from riparian trees occurring in this

summer period. Bunn (1986a, b), in a study of northern jarrah forest streams of western

Australia, which are also within a mediterranean ecosystem, observed a similar lack of

725



Temporal variability

s>7ichronization in shredder life cycles and summer leaf-fall. Failure of the shredders to

take advantage of summer leaf-fall has been attributed to poor quality of senescent leaves,

high summer water temperatures, and elevated concentrations of polyphenols in stream

water (Bunn 1986b, 1988, Britton 1991). Britton (1991) postulates that microbial

processing of leaf-litter during autumn and winter, aided by physical abrasion of leaf

material at high discharges, results in high-quality course paniculate organic matter

(CPOM) becoming available to shredders in spring. It is postulated that they are most

abundant in spring and have life cycles synchronized to exploit this food resource once it

becomes nutritionally available.

In the summer-rainfall region of Mpumalanga, most taxa were recorded in winter, whilst

autumn exhibited the most within-season variability, and spring had the highest frequency

of occurrence of 12 taxa. These differences were not reflected in the cluster and ordination

analysis, however, suggesting that, at the assemblage-level, seasonal differences in

macro invertebrate assemblages in Mpumalanga are negligible. In the Western Cape, a

winter-rainfall region, periods of lowest baseflow are coupled with high temperatures,

whilst in Mpumalanga periods of lowest baseflow occur in winter, and are thus not coupled

with high temperatures. The lotic environment in the Western Cape may therefore be

thought of as a more stressful environment than that of Mpumalanga and seasonal patterns

of macroinvertebrate assemblages at upper-catchment sites of this region may reflect

adaptations of aquatic organisms to these harsh conditions over evolutionary time.

An understanding of the natural temporal variability of individual taxa, macroinvertebrate

assemblages and SASS scores at a site is necessary for detection of SASS scores that are

outside the expected intrinsic range of variability. Using preliminary guidelines for

establishing if a site in the Western Cape is disturbed or not (Table 5.5, modified from

Dallas et al. 1998), individual site assessments at CM04 (Figures 5.9) would always class

as minimally-disturbed and those at CC01 (Figure 5.10) as minimally-disturbed with the

exception of SASS4 Score on three occasions, although ASPT on these occasions always

exceeded 7.5. Upper-catchment sites in the Western Cape are known for their relatively

low SASS4 Score and associated high ASPTs. This phenomenon has been attributed to the

low biotope diversity of such sites, with frequent absence or scarcity of instream and

marginal vegetation. This results in fewer taxa being recorded, hence low SASS4 Score,

although many of these are sensitive and high-scoring ones, hence high ASPT. In contrast,
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upper-catchment sites in Mpumalanga often have a diverse array of biotopes, including

vegetation, and sites in this region tend to have much higher SASS4 Scores, whilst ASPTs

are often lower than those recorded in the Western Cape. SASS4 Scores at sites in

Mpumalanga (Figures 5.11 and 5.12) far exceeded the guidelines of Chutter (1998), as did

ASPT values. Chutter's guidelines (1998) do not differentiate between subregions. Using

median values and Observed/Expected ratios generated for SASS4 Score and ASPT at

upper-catchment sites in Mpumalanga on a seasonal basis (Dallas 2000b), all site

assessments would indicate that both site EM 19 and site EC01 were always within

biological band A, i.e. reference (see Table 1.2, Chapter 1). It seems then, that even in

instances where seasonal differences are present at the level of macroinvertebrate

assemblage, when translated into biotic indices, SASS scores are such that sites remain in

the class designated as minimally-disturbed or reference.

Table 5.5 Preliminary SASS4 Scores and ASPT values for identifying impacted
sites (Western Cape: modified from Dallas et al. 1998, Mpumalanga:
Chutter 1998).

Geographic region

Western Cape

Mpumalanga

Subregion

Mountain Stream

Foothill-cobble bed

Subregions not separated

SASS4 Score

140

120

100

ASPT

7.5

7.5

6.0

In summary, if data interpretation is based on SASS scores alone, seasonal differences may

not be evident. However, at both the individual taxon and assemblage levels, differences

amongst season are evident in the Western Cape. For this reason, if a monitoring site is

assessed in autumn only, it should preferably be compared to the reference condition for

autumn, if available, or to the general reference condition, taking into account those taxa

that are reported to occur more frequently in spring. The absence of one of these "spring"

taxa, may merely reflect a seasonal pattern, as opposed to one related to water quality

impairment or reduced river health. Of the three biotope-groups in the Western Cape,

macroinvertebrate assemblages from the SIC/SOOC biotope-group exhibit distinct

seasonal variability. Sampling season and comparison with appropriate reference

conditions defined for this biotope-group is thus particularly crucial.

Given the observed seasonal variability of macroinvertebrate assemblages in the Western
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Cape, it would be advantageous to assess the variability of reference assemblages and

SASS scores on an annual basis. Although Barbour et al. (1996) found minimal annual

differences in reference sites in Florida, United States, over three sampling years, in a

climatically variable country such as South Africa, annual assessment would be useful in

understanding intrinsic variability in reference assemblages and SASS scores. As noted,

the extent of the variability is likely to vary geographically. During the implementation of

biomonitoring programmes, annual bioassessment of the reference sites therefore needs to

take precedence. In this way the extent of the annual and seasonal variability of reference

assemblages and SASS scores may be quantified. Understanding this variability is

important since, as variability among reference sites increases, so do the differences

necessary to discriminate monitoring from reference sites (Hawkins et al. 1997).
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CHAPTER 6. THE EFFECT OF BIOTOPE-SPECIFIC SAMPLING ON

REFERENCE SITE CLASSIFICATION AND IDENTIFICATION

OF ENVIRONMENTAL PREDICTORS

6.1 INTRODUCTION

Riverine ecosystems are extremely complex systems, driven and affected by a multitude of

abiotic and biotic factors that may interact to generate biotic patterns. As a result of these

interactions, biotic assemblages within river systems exhibit a high degree of spatial

heterogeneity (Poff& Ward 1990, Cooper et ah 1997, Palmer & PofT 1997, Townsend et

ah 1997). Understanding which environmental variables are responsible for this

heterogeneity has been the focus of several studies (e.g. Statzner & Higler 1986, Allan et

ah 1997, Hawkins et ah 1997, Wiley et ah 1997). In the context of bioassessment and the

establishment of ecological reference conditions, the identification of environmental

variables that best explain the observed spatial distribution of biotic assemblages is

important, particularly if predictive models are to be developed. Such models are

increasingly being applied within bioassessment programs (e.g. Wright 1995, Smith et ah

1999) and the prediction system is heavily dependent on the strength of the relationship

between the biological and environmental attributes of the reference sites. Spatial

heterogeneity and variability appear to be scale-dependent (Wiley et al. 1997) with

predictability partially dependent on the hierarchical level at which the study is undertaken

(Frissel et ah 1986, Rowntree et ah 1998). An understanding of the factors determining

the distribution and abundance of stream organisms requires research at many scales (e.g.

Cooper et ah 1998). Establishing relationships between environmental variables and

biological variables is also dependent on the choice and measurement of the environmental

variables as well as the efficacy of the biological classification (Carter et ah 1996).

Ultimately, however, understanding the significance of different scales and the potential

influence of environmental variables on the spatial distribution biotic assemblages is

important, particularly if these assemblages are to form the basis of bioassessment.

Broad-scale environmental variables occur at the level of catchment and their potential

effect on riverine ecosystems has been aptly described by Hynes's (1975) statement that:

"In every respect, the valley rules the stream". Altitude (Wright 1995, Carter et ah 1996,
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Marchant et al. 1997, Bailey et al. 1998, Smith et al 1999, Turak et al. 1999, Monaghan et

al 2000), longitude/latitude (Wright 1995, Marchant et al 1997, Reynoldson et al 1997,

Smith et al. 1999, Turak et al 1999), distance from source (Wright 1995, Marchant et al.

1997, Bailey et al. 1998, Linke et al. 1999, Smith et al. 1999, Turak et al 1999), upstream

catchment area (Bailey et al. 1998, Linke et al. 1999) and channel slope (Collier 1995,

Tate & Heiny 1995) have all been shown to be catchment-scale environmental variables

that explain biotic distribution patterns, and, in particular, contribute towards the

discrimination between identified macroinvertebrate groups. Thus, broad-scale

environmental variables set the total "potential" community, whilst its actual structure and

composition are determined by site and habitat-scale variables.

At the scale of site, factors such as stream width (Wright 1995, Reynoldson et al. 1997,

Beisel et al. 1998, Linke et al. 1999), stream depth (Wright 1995, Reynoldson et al 1997,

Collier et al. 1998, Smith et al. 1999), flow pattern (Wright 1995, Smith et al 1999) and

current velocity (Beisel et al. 1998) have been strongly associated with macroinvertebrate

assemblage structure. In particular, the depth of shallow-water biotopes such as riffles has

been shown to correlate with taxonomic richness (Collier 1995). The characteristics of the

riparian vegetation at a site, specifically the extent of the canopy cover and thus the shade

ratio, i.e. the ratio of mean bank height plus riparian vegetation height over channel width,

has also been shown to contribute to the richness of macroinvertebrate assemblages

(Collier 1995).

At the scale of habitat, variables such as the nature of the substratum, including substrate

diversity (Marchant et al. 1997), type (Wohl et al. 1995, Collier et al. 1998), size (Collier

1995, Beisel et al. 1998, Lammert & Allan 1999) and texture (Downes et al 1998), and the

extent of particular substrate types such as percentage bedrock or cobble or silt

(Reynoldson et al. 1997), are considered to exert a strong influence on biotic community

structure (Minshall 1984, Collier et al. 1998, Linke et al. 1999). Beisel et al.'s (1998)

findings were consistent with the hypothesis that benthic macroinvertebrate abundance

increases with substrate size up to cobble size and decreases as the substrate becomes

boulder and bedrock (e.g. Quinn & Hickey 1990). Downes et al. (1998) provided

experimental evidence that local processes such as substrate texture may regulate stream

communities In their study, habitat structure altered faunal diversity and abundances, with

the majority of common species reaching highest abundances on creviced or rough
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surfaces. Wohl et al (1995) examined invertebrate assemblages in three habitat-types,

depositional (sand), cobble-riffle and bedrock outcrop, and found that each had a

distinctive macroinvertebrate community structure, fundamentally determined by the local

geomorphology and related to physical parameters. The amount of submerged wood was

an important correlate with the number of taxa and the percentage of the dominant taxon

for lowland streams assessed in Waikato, New Zealand (Collier et al 1998), whilst the

amount of fines (e.g. mud, silt or clay), was an important factor in influencing assemblage

structure in the Vaal catchment, South Africa (Chutter 1970) and in the Fraser River,

British Columbia (Reynoldson et al 1997). Richards et al (1997) found that the

percentage fines (less than 2 mm in diameter) was highly predictive of species traits such

as life history, functional group, mode of existence, habitat specificity and mobility.

Stream water chemistry, which is influenced by, for example, geology (Day & King 1995),

may strongly influence macroinvertebrate assemblages (Poff & Allan 1995, Richard et al

1997). Stream temperature (Collier 1995, Tate & Heiny 1995, Hawkins et al 1997,

Webster & Meyers 1997, Turak et al. 1999), air temperature (Wright 1995), conductivity

(Collier 1995, Tate & Heiny 1995, Marchant et al 1997), alkalinity (Wright 1995,

Reynoldson et al 1997) and dissolved oxygen (Dallas & Day 1993) are water chemistry

variables known to influence biotic assemblages. The concentration of nutrients such as

organic nitrogen + ammonia and total phosphorus, have also been implicated in

contributing to observed differences in macroinvertebrate assemblages between upland and

lowland areas (Tate & Heiny 1995). In such instances, however, the observed effect may

reflect trends in water quality, since lowland systems are often impacted to some extent by

anthropogenic activities.

ClearK', a multitude of environmental variables may potentially affect the spatial

distribution of macroinvertebrate assemblages. It is the aim of this chapter to investigate

the relationship between environmental variables and macroinvertebrate assemblages, with

the goal of identifying the importance of variables at different scale in discriminating

between identified groups of sites with similar macroinvertebrate assemblages (i.e.

Groups). In addition, the influence of sampling different biotope-groups is examined by

comparing reference site classifications based on each separate SASS biotope-group.

Environmental variables that best discriminate between the identified Groups within each

biotope-group classification are identified and general implications with respect to
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bioassessment and the establishment of ecological reference conditions are discussed.

6.2 STUDY AREA

Fifty-nine sites on 34 rivers, used in the composite classification of reference sites in

Mpumalanga (Chapter 3), were incorporated in this chapter (Table 6.1). Sites were

assessed on three occasions (May, July and September) in 1999.

Table 6.1 Sites in Mpumalanga assessed during this study indicating the river name
and site code (in parenthesis). These relate to Table 2.1 and Figures 2.1
and 2.2 in Chapter 2.

River (site codes)

Alcxanderspruit (HC42). Blydc (ECOh EC02). Blystaanspruit (EC04), Crocodile (EC05, EC06:

ER32. HC43; LG60. LG6I; LG62? LG63; LG64), Dorps (HC36). Elands (EC07, EC08)
Elandsfontcinspruit (HC44, HM51), Ga-Selati (EM20), Grootfonteinspruit (EMI6). Heddle (EM17).
Houtbosloop (EC09), Kareekraalspruit (HM52), Kgwete (EM18), Klein-Sabic (ECIO), Klip (HC38).
Lone Creek (EM25), Lunsklip (HC45). Mac-Mac (ECU, LC56, LR73). Mantc (LC57), Mantsane
(LM71), Mohlombe (EM26), Nelspruit (EM22. LR72), Ohrigstad (EM19), Sabie (EC12T EM27,
LC58, LF59, LG66. LG67, LG68, LR74), Sand (EM29r LG69, LG70), Selon (HC35), Spekboom
(EMI3, HC39), Stcrkspruit (EMU), Tautesloop (HM54), Treu (EC03), Unspecified (EM15, EM24.
EM285 EM30, EM3 \, HM48)T Watcr\al (HC40. HC41), Wilge (HG33) and Wilgekraalspmit
(HM55)

6.3 MATERULS A.VD METHODS

6.3.1 Benthic macroinvertebrates: SASS4 sampling

Benthic macroinvertebrates were sampled using the qualitative rapid bioassessment method,

SASS4. A detailed description of the method is given in Chapter 2. Three SASS-defined

biotope-groups, namely stones-in-current/stones-out-of-current (SIC/SOOC), aquatic and

marginal vegetation (AQV/MV) and gravel/sand'mud (G/S/M), were sampled separately.

The "composite samples" for each site were derived by combining the lists of taxa recorded in

each SASS biotope-group at each site.
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6.3.2 Environmental variables

The environmental variables measured at each site are listed in Table 6.2 together with

their abbreviations, the transformation procedures used, and details of the measurement

and categorisation procedures applied. Variables were divided into four types, namely

catchment variables such as longitude, latitude, altitude, distance from source and stream

order; site variables such as channel pattern, hydrological type, stream width, habitat

depths, geological and vegetation types and canopy cover, habitat variables such as

substratum richness, composition and dominance, the percentage of each substratum type,

percentage embeddedness of the stones, the number and combination of biotopes, the

percentage of each biotope present, and the percentage cover of algae and macrophytes;

and water chemistry variables including pH, temperature, conductivity, turbidity, dissolved

oxygen, alkalinity and nutrients (total phosphorus, Kjeldahl nitrogen, nitrate + nitrite,

ammonium and silica). Details pertaining to the analytical procedures of the chemical

variables are given in Chapter 2. The mean of the three sampling occasions was calculated

in instances where the value was a dimension (e.g. stream width, shallow-water habitat

depth), concentration (e.g. temperature, conductivity) or percentage (e.g. percentage

bedrock, percentage S1C/SOOC).

6.3.3 Data analysis

Analysis of macroin vertebrate assemblages

Cluster analysis and non-metric multidimensional scaling (MDS) were used to examine

similarities amongst sites based on macro invertebrate assemblage composition (Clark &

Warwick 1994). Analyses were based on data generated from macroinvertebrates

collected in three seasons (autumn, winter and spring) for each biotope-group separately.

Classification of sites based on two or three seasons rather than one season is often

recommended as it is considered a more robust means of classifying sites, since temporal

variation is reduced (Turak et al. 1999). Four separate classifications were undertaken,

the first a composite classification in which macroin vertebrate assemblages recorded in all

three biotope-groups were combined, the second a classification of assemblages from the

SIC/SOOC biotope-group, the third based on macroinvertebrate assemblages from the

AQV/MV biotope-group and the fourth based on assemblages from the GSM biotope-

group.
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Table 6.2. Environmental variables measured at sites in the study area with
details of measurement and categorisation procedures. Variables
prefixed with a L were logio(x) transformed and variables commonly
affected by anthropogenic activities are indicated with an asterisk (*).

Variable
Type

Catchment
variables

Site

Variable

Longitude
Latitude
Altitude
Distance from
source
Stream order

Channel pattern

Hydro logical-rspe
Stream width
Shallow-water
habitat depth
Shallow-water
habitat-type
Deep-water
habitat depth

lit host ratigraphic

type

Code

LONG
LAT

L.ALT

LDIS

ORD

CHP

HYDRO
LW

LSAVG

SHT\pe

LDAVG

GEOL

Categories

i . 2 . 3 .4

S. SS. MA

P

Jj.Jl.
Vgwb.
Vra.
VMlw. Vp.
Vro. Vru,
Z. Zba

Measurement and categorisation details

GIS co-ordinates
GIS co-ordinates
Obtained from 1: 250 000 maps, in metres
Obtained from 1: 250 000 maps, in
kilometres
Obtained from 1: 250 000 maps
Based on descriptions bv Rowntree and
Wadeson(1999).
S: single thread: low sinuosity: single
channel, laterally inactive; SS: single
thread: high sinuosity - stable-sinuous:
single channel, moderately, laterally
inactive: MA: multiple thread:
anatomosing/anabranching: multi-thread
channels separated by vegetated or
otherwise stable alluvial islands or bedrock
All sites assessed were perennial (?)
Mean width of water, in metres

Mean depth, in metres

1: bedrock rapid. 2: bedrock rapid/cobble
riffle mix. 3: cobble riffle

Mean depth, in metres

Based on Vcgter's (1995) simplified
lithostratigraphic units. Jj: Rhyolite.
granophyrc. syenite, tuff, breccia, minor
sedimentary rocks: Jl: Basalt: north-south
trending dolcrite dvkes along Lcbombo
range: Vgwb: Lava, tuff, quart/.ite. shale.
conglomerate; Vm: Dolomite, chert.
subordinate quartzite. conglomerate, shale:
diabase and syenite dvkes and sills: VMlw:
Pyroclastics. lava, quartzite. conglomerate,
sandstone siltstone: grit, shale, diabase
sills: Vp: Quartzite. shale, conglomerate.
iron formation, breccia, diamicitite.
limestone, dolomite: Vro: Rhvolite.
pvroclastics; Vru: Bronzitite. harzitite.
harzhurgite. norite. pyroxenite.
anorthotise, gabbro. diorite: Z: Granite,
granodiorite. tonalite. gneiss, migmatite:
Zba: Sandstone, shale, conglomerate.
grc\"\\acke. lava, pyroclastic rocks
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Variable
Tvpe

Habitat
variables

Variable

Vegetation t>pe

Canopy cover

Substratum richness

Substratum
composition

QnHcf r^ inm
LD U UZ> t i • t u i J1

dominance

% Bedrock

% Boulder

% Cobble/pebble

% Grave I/sand/mud

% Gravel

% Sand

Code

VEG

CC

SUBR1CH

SUBCOMP

SUBDOM

BR

B

CP

GSM

G

s

Categories

AF. MSHG.
NEMG.
RHG, MOB,
MB. SOLB.
MLB.
SWLB.
LAMB

1.2.3

1.2,3 4

1.2.3.4

BR.BR/B.
BR/CP.
BR7G. B/CP.
B/G, CP.
CP/G. G

Measurement and categorisation
details
Based on Low and Rebclo's (1996)
potential natural vegetation of South
Africa. Lesotho and Swaziland. AF:
Afromontanc Forest; MSHG: Moist
Sandy Highvcld Grassland: NEMG:
North-Eastern Mountain Grassland:
RHG: Rocky Highveld Grassland:
MOB: Mopane Bushveld: MB: Mixed
Bushveld; SOLB: Sour Lowveld
Bushveld; MLB: Mixed Lowveld
Bushveld: SWLB: Sweet Lowveld
Bushveld; LAMB: Lebombo Arid
Mountain Bushveld
1: open. 2: partiallv open. 3: closed
The percentage area of each substratum
type in the sample area was estimated
by eye. Size classes for each
substratum type have been modified
from the Wentworth grade scale (units
are in mm) as follows: bedrock.
boulder - x > 256, cobble -100 < x <
256. pebble - 16 < x < 100. gravel - 2 <
x < 16 (fine pebble or small gravel of
Wentworth). sand - 0.06 < x < 2.
mud/silt/clay - x < 0.06. In analyses.
cobble and pebble were combined, and
a group consisting of gravel, sand and
mud/silt/clay was used.
Richness: number of substratum types,
including BR: bedrock. B: boulder. CP:
cobble/pebble. G: gravcl/sand/mud

1: BR/B/CP/G. 2: BR/CP/G. 3: B/CP/G
and 4: CP/G

If any one substratum -type was > 60%.
then single dominant type; otherwise
two dominant substrata are given

An estimate of the mean perceniage
bedrock in the sample area
An estimate of the mean percentage
boulder in the sample area
An estimate of the mean percentage
cobble/pebble in the sample area

A calculated total mean percentage of
gravel, sand and mud/silt/clay in the
sample area

An estimate of the mean perceniage
gravel in the sample area
An estimate of the mean percentage
sand in the sample area
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Variable
T^pc

Water
chemistry
variables

Variable

% Mud

% Embcddedness

Biotope number

Biotope
combination

% SIC/SOOC

% AQV/MV

% G/S/M

% Algae*

% Macrophyles*

pH*
Temperature
Conductivity *
Turbiditv *
Dissolved oxygen *
Alkalinity *
Total Phosphorus *
Kjeldahl nitrogen *
Nitrates-Nitrite *
Ammonium *
Silica *

Code

M

EMB

BIOTNO

BIOTCOMB

SIC/SOOC

AQV/MV

G/S/M

ALGAE

MACRO

pH
LTEMP
LCOND
LTURB
LDO
LCACO3
LTP
LKN
LNO3+NO2-N
LNH4-N
LSI

Categories

1.2.3,4

1.2,3

1,2.3.4.5

Measurement and categorisation
details
An estimate of the mean percentage
mud/silt/clay in the sample area
An estimate of the extent to which
boulder/cobble/gravel particles are
embedded in the surrounding Fine
sediments such as small graycl. sand,
silt and/or mud. 1: 0-25%. 2: 26-50%.
3: 51-75%. 4-76-100%
Number of biotope-groups sampled
including stones-in-current/stones-out-
of-current (SIC/SOOC). aquatic and
marginal yegetation (AQV/MV) and
gravel/sand and mud (GSM)
1: all three biotopes. 2: SIC/SOOC +
AQV/MV, 3: SIC/SOOC + G/S/M. 4:
AQV/MV + G/S/M and 5: SIC/SOOC
only
An estimate of the mean percentage
SIC/SOOC in the sample area
An estimate of the mean percentage
AQV/MV in the sample area
An estimate of the mean percentage
G/S/M in the sample area
An estimate of the mean percentage of
sample area covered by algae
An estimate of the mean percentage of
sample area covered by macrophytcs
Mean
Mean, in UC
Mean, in mS m '
Mean, in NTU
Mean, in mg I"1

Mean, in mcq P1

Mean, in mg P 1 '
Mean, in mg N 1'
Mean, in mg N I'1

Mean, in mg N I"1

Mean, in mg 1"[

Sites that did not group with other sites in the composite classification were considered to

be outliers and were excluded from subsequent SASS biotope-group classifications. Since

not all biotope-groups were sampled at each site, the number of sites within each

classification varied as follows: composite: 59, SIC/SOOC: 55, AQV/MV: 56, GSM: 54.

Taxa present at less than 5% of sites were considered to be rare and were excluded from

the classifications. All data were presence/absence transformed {PRIMER Version 5) and

the Bray-Curtis coefficient was used on these transformed data. Hierarchical

agglomerative clustering, using group-average linking, was used on the data matrix.
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Ordination of samples by MDS was undertaken, and stress values used to assess the

reliability of the MDS ordination.

Classification strength

The classification strength of each classification was assessed by comparing the mean of

all between-class similarities (Bbar) with the overall weighted mean of within-class

similarities (Wbar) using MEANSIM6 (Van Sickle 1997, Van Sickle & Hughes 2000).

Environmental variables

Variables were tested for normality and, where necessary, data were log-transformed to

approximate normality prior to analyses. Correlation analyses was undertaken to provide

insight into the degree of association amongst the variables. The environmental variables

distinguishing each Group were identified using stepwise Discriminant Function Analyses

(DFA, Statistica Version 5.5 for Windows). A " Group" is the term used to describe a

group of sites that have similar macroinvertebrate assemblages.

Variables commonly affected by anthropogenic activity were omitted from the initial DFA

(see Table 6.2 for details), but were subsequently included to assess differences in the

relative importance of environmental variables. Some of these variables, such as pH and

dissolved oxygen, whilst often affected by anthropogenic activities, may also be important

variables influencing macroinvertebrate distributions under natural or undisturbed

conditions. Prior to DFA, variables were analysed using a non-parametric analysis of

variance (Kruskal-Wallis: KW) using Group membership as the factor variable. In

general, environmental variables that showed significant differences (p < 0.05) among

groups were chosen for further analyses. DFA was run on Groups from the composite

classification and on groups from each separate biotope-group classification. A stepwise

approach is recommended for finding the minimum subset of environmental variables that

provides adequate prediction of group membership (Parsons & Norris 1996). Several

combinations of environmental variables were tested in the stepwise DFA and the

combination which produced the lowest error in predicting Group membership of a site in

the DFA was selected as the subset of environmental variables which best discriminated

between groups. The number of predictor variables was limited to one per 10 sites. This

follows that used by Smith et al. (1999) although they limited this number to one per 20
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sites, which is unrealistic in the present study, since fewer reference sites were included in

the final classifications (59).

6.4 RESULTS

6.4.1 Macroinvertebrate assemblage analysis

Cluster and ordination analysis of composite macroinvertebrate data resulted in separation

into five groups (Figure 6.1, MDS 3-D Stress = 0.16). Sites identified as outliers, and thus

excluded from the final classification and from subsequent biotope-group classifications,

included sites EM14, EM16, EM17, EM31 and HM48. Groups 1, 2 and 3 comprised

mostly upland sites within the mountain stream and foothill-cobble bed subregions. Group

4 consisted of sites from several subregions. Group 5 comprised mostly lowland sites in

the foot hi II-gravel bed subregion. Two sub-groups, 3A and 5 A, were apparent within

Groups 3 and 5 respectively.

Cluster and ordination of the SIC/SOOC macroinvertebrate data resulted in separation into

three Groups (Figure 6.2, MDS 3-D Stress = 0.16). Group numbers used in the composite

classification (i.e. Figure 6.1) have been used where the majority of sites show within-

faunal-group consistency. Groups 2 and 3 consisted of upland sites and were

approximately 67% dissimilar. Group 2 comprised mostly sites within the Central

Highlands ecoregions, whilst Group 3 comprised mostly sites within the Great Escarpment

Mountain ecoregion. Group 5 consisted of lowland sites of the Lowveld ecoregion and

sites in this Group were 59% dissimilar from sites in Groups 2 and 3. Four sites did not

cluster within the identified Groups and all sites were at least 58% similar to one another.

Cluster and ordination of the AQV/MV macroinvertebrate data resulted in separation into

three Groups (Figure 6.3, MDS 3-D Stress = 0.21). The ordination was not particularly

strong as indicated by the high stress value. Groups 2 and 3 included mostly upland sites

and Groups were approximately 48% dissimilar. Group 5 comprised many of the lowland

sites, together with four upland sites. This Group was 45% dissimilar from Groups 2 and

3. Four sites did not cluster within the identified Groups and the remaining sites were at

least 46% similar to one another.
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Cluster and ordination of the GSM macroin vertebrate data, resulted in separation into three

Groups (Figure 6.4, MDS 3-D Stress = 0.19). Group 2 consisted of a mix of sites, Group 3

of Great Escarpment Mountain sites and Group 5 of the lowland sites together with several

upland sites Groups 2 and 3 were 50% dissimilar and Group 5 was 42% dissimilar from
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Figure 6.1 Dendrogram and MDS ordination showing the classification of sites in
Mpumalanga based on macroinvertebrate taxa recorded in three
seasons (autumn, winter and spring) from all three biotope-groups.
Codes: primary: E = Great Escarpment Mountain, H = Central
Highland, L = Lowveld ecoregion; secondary: M = mountain stream,
C = foothill-cobble bed, G = foothill-gravel bed, R = rejuvenated
cascade and F = rejuvenated foothill.
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Figure 6.2 Dendrogram and MDS ordination showing the classification of sites in
Mpumalanga based on macroinvertebrate taxa recorded in three
seasons (autumn, winter and spring) in the SIC/SOOC biotope-group.
Codes: primary: E = Great Escarpment Mountain, H = Central
Highland, L = Lowveld ecoregion; secondary: M = mountain stream,
C = foothill-cobble bed, G = foothill-gravel bed, R = rejuvenated
cascade and F = rejuvenated foothill.

Groups 2 and 3. Three sites did not cluster within the identified Groups and the remaining

sites were at least 42% similar to one another.

The number of sites that grouped with the same sites and in the same "Group" across the

classifications varied depending on the Group. Using the composite Groups as the basis

for subsequent Group numbering, sites in Group I formed part of Group 3 in the separate-

biotope classifications. This suggests that macroinvertebrate assemblages associated with

each separate biotope were similar to assemblages characterising Group 3 sites. Twelve of

the 26 Group 3 sites also classified as Group 3 in all separate biotope-group classifications.
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In other words, the macroinvertebrate assemblages of each separate-biotope classification

contributed to the within-group similarity of the composite classification of these sites.

Group membership of the remaining 14 sites varied and different sites grouped with

Groups 2, 3 and 5, suggesting that macroinvertebrate assemblages at these sites were more

variable and group membership depended on the biotope sampled. Group 2 of the

composite classification was the least consistent and, with the exception of strong

agreement between the composite and SIC/SOOC classifications, sites were classed as

Groups 3, 4 and 5. Group 5 was the most consistent, with eight of the 11 sites classed as

Group 5 in all the classifications, including both the composite and separate-biotope

classifications.

Figure 6.3 Dendrogram and MDS ordination showing the classification of sites in
Mpumalanga based on macroinvertebrate taxa recorded in three
seasons (autumn, winter and spring) in the AQV/MV biotope-group.
Codes: primary: E = Great Escarpment Mountain, H = Central
Highland, L = Lowveld ecoregion; secondary: M = mountain stream,
C = foothill-cobble bed, G = foothill-gravel bed, R = rejuvenated
cascade and F = rejuvenated foothill.
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Figure 6.4 Dendrogram and MDS ordination showing the classification of sites in
Mpumalanga based on macroinvertebrate taxa recorded in three
seasons (autumn, winter and spring) in the GSM biotope-group.
Codes: primary: E = Great Escarpment Mountain, H = Central
Highland, L = Lowveld ecoregion; secondary': M = mountain stream,
C = foothill-cobble bed, G = foothill-gravel bed, R = rejuvenated
cascade and F = rejuvenated foothill.

Group 4 sites were either classed as Group 2, 3 or 5 in the biotope specific classifications.

Results suggest that there is considerable variation between classifications with respect to

group membership In general, Group 1 could be considered part of Group 3, and only

groups 3 and 5 showed a degree of Group consistency. Of the biotope-group

classifications, the SIC/SOOC was the most similar to the composite classification, and the

GSM classification was the least similar.
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6.4.2 Relative classification strength

The results of the classification strength analysis suggest that macro invertebrate

assemblages within Groups are more similar than macroinvertebrate assemblages between

Groups. In all classifications the hypothesis that there is no class structure was rejected (10

000 permutations, p < 0.0001) and macroinvertebrate assemblages were therefore

considered more homogeneous within than between Groups (Figure 6.5). Of the five

classifications tested, the composite classification wherein sub-groups were considered

separately had the highest CS (10%) followed by the composite classification without sub-

groups and the AQV/MV classification. Between-class similarity (Bbar) was lowest in the

GSM classification, followed by AQV/MV and SIC/SOOC classifications, showing that

between-class similarity in the GSM and AQV/MV classification classes was lower than in

the SIC/SOOC classification classes.

Comparing these classifications with other studies (Van Sickle & Hughes 2000) on the

basis of the M-ratio, however, suggests that all classifications are fairly weak.

Classification strength increases progressively as M-ratio decreases from 1.0 to 0. The M-

ratios in these analyses were > 0.85. In some instances, the overall weighted mean of

within-class similarities (Wbar) was less than the between-class similarities (Bbar)

suggesting that macroinvertebrates assemblages from sites within the particular class are

exceedingly variable. The Group 2 of the GSM classification is such an example.

6.4.3 Environmental variables

A subset of environmental variables that produced the lowest error in predicting group

membership of a site in the DFA was identified for each classification (Table 6.3). The

environmental variables within the subset have been ranked such that the variable with the

greatest predictive potential (PP) is ranked 1, the one with the second highest PP is ranked

2, the third 3, etc., up until the maximum number of variables identified as predictors for

each classification.
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Composite Classification
CS = 9%, M = 0.83

Composite Classification with sub-groups
CS = 10%, M =0.36

SIC-'SOOC Classification
CS=7%.U = 0.90

Figure 6.5

Group 2
Group 3
Group 5

Group 2
Group 3
Group 5

0 4

Group 1

Group 2

Group 3

Group 4

Group 5

Group 1
Group 2
Group 3
Group 3A
Group 4
Group 5
Group 5A

Group 2
Group 3
Group 5

AQV/MV Classification
CS =8%. M = 0.85

GSM Classification
CS = 6%. M = 0.88

0 8 1 0
Bray-Curtis Similarity

Mean similarity dendrograms of five alternate classifications for
macroinvertebrate assemblages of Mpumalanga. The vertical lines
represent the mean between-class similarity (bbar) and the horizontal
lines terminate at the mean within-class similarity (wj). M= bbarM'bar,
where wbar is the overall weighted mean of all within-class similarities.
CS (classification strength) = Wbar-Bbar.

Environmental variables identified as contributing to the differentiation of sites into the

respective groups within each classification included ones at each scale, namely at the

scale of catchment, site and habitat, in addition to several water chemistry variables. When

the number of predictor variables was limited to one per ten sites altitude and longitude

were identified as important predictors in all classifications except for the GSM

classification, in which latitude was important. Altitude and longitude were highly

correlated (Pearson product-moment correlation, P < 0.05). Latitude was only weakly

correlated with canopy cover Shallow-water habitat type was an important predictor

variable in the composite classifications, as was shallow-water habitat depth in the GSM

classification. Deep-water habitat depth was an important predictor variable in the

AQV/MV classification Geological type was an important predictor variable in the

composite with sub-group, SIC/SOOC and AQV/MV classifications. Canopy cover was
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identified as an important predictor in the S1C/SOOC classification. The percentages of

boulder and mud were important predictor variables in the composite classification, whilst

percentage mud, percentage G/S/M, percentage cobble/pebble and percentage sand were

important predictor variables in the SIC/SOOC, AQV/MV and GSM classifications

respectively. Temperature was an important water chemistry variable in the composite

classifications and was correlated with both altitude and longitude.

When habitat and water chemistry variables potentially affected by anthropogenic activity

were included in the DFA analysis, pH, silicate and turbidity became important predictor

variables (Table 6.3). The classification of sites into Groups based on macroinvertebrate

assemblage data was validated by examining the percentage of sites within each Group that

were correctly classified on the basis of the above environmental variables. On this basis,

the composite and SIC/SOOC classifications had the lowest error rates of 12% each,

followed by GSM (18%), AQV/MV (19%) and composite with sub-groups (24%).

6.5 DISCUSSION

Understanding the factors contributing to the spatial distribution of macroinvertebrate

assemblages in riverine ecosystems is a complex task, since potential influences act at

several scales. River systems reflect the characteristics of the catchment, site, instream

habitat and water chemistry, and many variables within each of these components interact

with one another and with biotic components of aquatic systems to create spatially

complex biotic assemblages.

Several environmental variables have been shown to contribute to observed spatial patterns

in macroinvertebrate assemblages, including ones at each of the scales assessed. Of the

catchment variables, location, in particular longitude, was shown to be an important

discriminator of macroinvertebrate assemblages, and in Mpumalanga, longitude is highly

correlated with altitude. Geographic co-ordinates are considered important (Wright 1995,

Turak et al. 1999, Smith et al. 1999), particularly if the region under consideration is large.

For example latitude, which ranged from 14°S to 35°S in Western Australia (area of 2 525

000 km2), accounted for most variation between groups (Smith et ai 1999). Altitude was

an important variable in all but one classification and reflects broad biogeographic patterns

and longitudinal zonation, with most fauna! differences occurring between upland and
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Table 6.3 Subset of environmental variables that provided maximum discrimination
between Groups within each separate classification. Error refers to the
percentage of sites that were misclassified into Groups in the Discriminant
Function Analysis (DFA) using the cross-validation option. Columns in
bold are the result of DFA in which those variables commonly associated
with anthropogenic activity were excluded, whilst those in italics included
these variables (details in Table 6.2). The number of sites (n) in each
classification class is given.

Variable
Types

Catchment
variables

Site
variables

Habitat
variables

Water
chemistry
variables

Variables

n (excluding outliers)

Error (%)

Longitude

Latitude

Altitude

Stream order

Shallow-water habitat

Shallow-water habital-typc

Deep-water habitat

Geological type

Canopy cover

% Boulder

% Cobble/pebble

% Sand

% Mud

% G/S/M

pH

Temperature

Turbidity

Silicate

Composite

59

12

3

1

2

6

5

4

16

3

I

5

6

4

Composite with
sub-groups

59

24

3

1

5

2

6

4

25

3

I

5

i

6

4

SIC/SOOC

51

12

2

1

5

4

3

12

1

4

5

3

AQV/MV

52

19

2

1

4

5

3

15

2

1

5

3

4

GSM

51

18

2

4

5

1

3

25

3

4

I

2

5

lowland sites. Harrison (1965b) described two biogeographic sub-groups in this region: a

highveld, temperate species assemblage in the uplands and a tropical or warm stenothermal

species assemblage of the lowveld. Longitudinal zonation of biota often occurs in

response to changing physical and chemical characteristics of rivers as one moves

downstream (Yannote el a/. 1980). Marchant et a!. (1999) found longitudinal gradients to

be very important in affecting biotic associations. These longitudinal gradients are known
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to correlate with several other physical and chemical variables such as geomorphology,

discharge and temperature. Marchant et ah (1999) concluded that longitudinal gradients

appear to be independent of scale, i.e. gradients were apparent when single rivers as well as

broad geographic regions were examined. As Statzner & Higler (1986) have suggested,

physical characteristics of flow are important environmental factors governing the

longitudinal zonation of lotic assemblages. Whilst flow characteristics and specific

measures of stream hydraulics were not considered in the present study, factors associated

with flow characteristics, such as substratum type, were examined and shown to be

contribute to differences in macro invertebrate assemblages. Catchment-scale variables

therefore appear to influence macroinvertebrate distribution substantially.

The nature and characteristics of the substratum were identified as important predictors

both at the site and habitat-level. The type of shallow-water habitat, i.e. cobble riffle or

bedrock rapid, and the depths of the shallow- and deep-water habitats contributed to the

observed macroinvertebrate distributions. Habitat, which refers to the environment in

which an aquatic organism lives, and may incorporate aspects such as substrate-type, and

hydraulic and chemical conditions, strongly affects the distribution of macroinvertebrates

since many organisms have specific substrate or hydraulic requirements. Riffle areas with

a cobble substratum are known to support assemblages distinct from those of rapids with a

bedrock substratum (e.g. Wohl et a!. 1995). Whilst water in both habitats is fast-flowing

and surface water passing over the substratum is broken, the complexity of the substrate

varies considerably, with cobbles structurally more complex than bedrock. Structural

complexity has been shown to influence the abundance of stream invertebrates strongly

(e.g. Palmer et ai. 1997). The interstitial spaces present within a cobble bed provide

instream habitat for aquatic organisms. Hydraulic patterns are also more complex in

cobble bed systems compared to bedrock ones, with a variety of flow types persisting

within the system. Bedrock is a physically less complex substrate and organisms

inhabiting it are generally adapted to maintaining their positions in a stream subjected to

fast flow. Examples are the blackflies, which have a brush-type collecting apparatus for

filtering water flowing over them, together with posterior hooks and silk threads that serve

to attach the organisms to the surface of the rocks.

The relative percentages of boulder, cobble/pebble, sand and mud were all important

environmental variables influencing macroinvertebrate distribution. This again reflects the
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physical complexity of substrate type and, in the case of sand, the relatively unstable nature

of the substrate (Richards et ai 1997) that limits habitation by aquatic organisms. Fine

materials, such as mud or silt, whilst providing habitat for organisms like oligochaetes that

are suited to such habitats, limit habitation by other organisms by the infilling of interstitial

spaces within the cobble bed. The percentage of mud was identified as an important

environmental variable in the S1C/SOOC classification, supporting the observation of

Chutter (1970) that the presence or absence of fine material, which is generally determined

by stream hydraulics, is an important factor determining species distributions. The

percentage of cobble/pebble and sand were important variables in the GSM classification

suggesting that the specific substrate-type, i.e. gravel, sand or mud, and the extent to which

it resembles the cobble/pebble substrate-type, affects the macroinvertebrate assemblages.

In combining the separate substrate types of gravel, sand and mud, information may be lost

in that if the GSM biotope-group comprises mainly coarse gravel rather than sand or mud,

the biotope, in terms of its macroinvertebrate assemblages, may begin to resemble

SIC/SOOC. The percentage of the G/S/M biotope-group was an important predictor

variable in the AQV/MV classification and perhaps reflected the availability of a means of

attachment for macrophytes growing on the stream margins.

A site-level variable shown to be an important predictor variable in the SIC/SOOC

classification is that of canopy cover. The extent of riparian vegetation, in particular the

extent to which it provides a canopy for the stream, affects aspects such as water

temperature (Graynorth 1979) and the extent and type of allochthonous material entering

the stream. The SIC/SOOC biotope is relatively shallow and is therefore susceptible to

temperature changes and to elevated summer temperatures in open-canopy systems.

Closed-canopy streams, more common in upper catchment areas, often have lower stream

temperatures and narrower temperature ranges than open-canopy streams, since solar

radiation is reduced in closed-canopy streams and they have a greater shade ratio (Collier

1995). The amount of detritus entering a closed-canopy system may be expected to be

greater than that of an open-canopy one. Invertebrates, termed shredders, that utilise this

coarse detritus, may in turn be more abundant in closed- than open-canopy systems. In this

way, canopy cover may be reflected as differences in macroinvertebrate assemblages,

particularly when assemblages associated with specific biotope-groups such as stones-in-

current are examined.
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Geological type was identified as an important environmental variable in three of the

classifications, and may also be considered to be a catchment-scale variable. The

geological or lithostratigraphic characteristics of the catchment and the site affects intrinsic

water chemistry, in particular the concentration of total dissolved solids, anions and cations

and pH. The nature of the rocks over which the water flows imparts to the water its

chemical composition. For example, igneous rocks contain calcium and magnesium and

water flowing over or through them picks up measurable quantities of these elements, and

of nutrients such as phosphates, nitrates and silicates (Day & King 1995). Waters affected

by igneous rocks are dominated by calcium and/or magnesium cations and bicarbonate

ions. Geological type, therefore, through its effect on ambient water chemistry, is an

important variable linked to macroinvertebrates.

Of the water physico-chemical variables, temperature was identified as contributing to the

observed groupings of macroinvertebrate assemblages in the composite classifications, and

was correlated with both altitude and longitude. The thermal characteristics of running

waters are dependent on various hydrological, climatic and structural features of the region,

catchment area and river (Dallas & Day 1993). Hawkins et al. (1997) determined that

stream temperatures were most strongly related to differences in channel morphology and

hydrology among montane streams in California, United States. They found this to be

particularly important under low-flow conditions during summer, since summertime

temperatures may limit the presence or overall abundance of some species in a stream and

this effect may carry over to long-term and large-scale biogeographic patterns. All

organisms have a range of temperatures at which optimal growth, reproduction and general

fitness occur and many life cycle characteristics of aquatic organisms are cued into

temperature. Temperature changes affect metabolic processes and life cycle patterns by

altering reproductive periods, rates of development and emergence times of aquatic

organisms. Oxygen solubility and the toxicity of certain chemicals are also related to water

temperature. Temperature, therefore, has the potential to affect the distribution of aquatic

organisms, and in this study, the significant correlations between temperature and altitude,

and temperature and stream order, suggest that differences in temperature are a reflection of

longitudinal zonation.

Incorporating variables commonly affected by anthropogenic activity resulted in pH,

turbidity and silicate being included in the list of predictor variables. The pH of natural
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water is determined by geological and atmospheric influences, most fresh waters being

relatively well buffered and more or less neutral, with pH ranges from 6 to 8 (Dallas & Day

1993). Some streams are naturally far more acidic than others and their biotas are adapted to

these conditions. pH is determined largely by the concentration of hydrogen ions (H*), and

alkalinity by the concentrations of hydroxyl (OH"), bicarbonate (HCO3") and carbonate

(CO32") ions in water. The rate of change of pH is determined by the buffering capacity

(usually by the carbonate-bicarbonate system) of the water, and is more rapid in poorly

buffered waters. Changing the pH of water changes the concentration of both H" and OH"

ions, which affects the ionic and osmotic balance of aquatic organisms. pH also determines

the chemical species (and thus potential toxicity) of numerous substances in water. The

range of pH noted in this study was between 7.2 and 8.5, and median values were

significantly different between Groups in the SIC/SOOC classification (Kruskal Wallis test

statistic: H = 22.18, p < 0.001), and in particular differences were apparent between Groups

2 and 3 and 3 and 5. Differences in pH may be contributing to observed differences in

macroinvertebrate assemblages, although other studies have recorded widely fluctuating

inter-annual pH without a concomitant change in macroinvertebrate assemblages (e.g. Smith

et al. 1999) and have recommended the exclusion of variables such as pH, alkalinity and

nutrient concentrations from analyses aimed at identifying predictor variables.

Turbidity, identified as an important predictor variable in the AQV/MV and GSM

classifications when all variables were included in the DFA, describes water-colour and

clarity and affects light penetration in river systems. Natural turbidity in rivers is governed

by basic hydrology and geomorphology of the particular region and it is naturally seasonal

with elevated levels often associated with high-flow periods following land erosion by wind

and rain (Dallas & Day 1993). Continuous high-level inputs of suspended material may

have serious consequences for the riverine biota, since light penetration is reduced, primary

production decreases and food availability to organisms higher in the food chain is

diminished Suspended material that settles out may smother and abrade riverine plants and

animals and community composition may change depending on which organisms are best

able to cope with this alteration in habitat. Whilst turbidity was identified as a variable in the

AQV/MV and GSM classifications, significant differences between Groups were only

observed in the AQV/MV Groups (H = 7.45, p < 0.05) and total range in turbidity across all

sites was only < 1 to 4.7 NTU. This range is comparatively low and is unlikely to have had a
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significant effect of the aquatic organisms, although experimental evidence to test this

potential effect would be useful.

High levels of silicates are often associated with a preponderance of sandy substrate and the

incorporation of silicate as a predictor variable may reflect the relative proportion of sandy

substrate at a site. Silicates may also influence macroinvertebrate assemblages indirectly

through their utilisation by diatoms, themselves a food source to certain aquatic

invertebrates.

In conclusion, several environmental variables contributed to the observed distribution of

macroinvertebrate assemblages in reference sites in Mpumalanga. These environmental

variables varied to some extent when macroinvertebrate assemblages from different

biotope-groups were examined. Whilst based on correlative data only, environmental

variables were identified are all scales, from catchment, to site, to habitat and included

water chemistry variables. This supports the observation of Turak el al (1999) that at least

one representative from each of five categories of environmental attributes, namely

latitude, location (latitude and longitude), river size (e.g. distance from source, stream

width), substratum (e.g. cover of bedrock, boulder, cobble) and water chemistry

(alkalinity) appear to be needed to make good family-level prediction of macroinvertebrate

fauna.

Of the different classifications, the composite one based on macroinvertebrate assemblages

from all three biotope-groups seemed to be the most robust, in terms of both classification

strength and the percentage of misclassification of sites. In the present study 53 of the 59

sites used in the composite analysis had all three biotope-groups available for sampling,

and thus biotope-group differences, may have been less important than in instances where

one or more biotope is absent. Where biotope availability is clearly different between

sites, it may be necessary to undertake separate analyses for each biotope-group. Of the

separate biotope-group analyses, the classification of reference sites based on

macroinvertebrate assemblages of the SIC/SOOC biotope-group, whilst having a low

classification strength, also had a low percentage error with respect to misclassification of

sites. The likelihood of misclassification of sites in this classification is, therefore, low.

Overall similarity of sites within this biotope-group was substantially higher than for the

other two biotope-groups. Similar studies elsewhere have found that classifications based
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on riffle biotopes with the SIC/SOOC biotope-group produced the most robust and

consistent results (Parson & Norris 1996, Turak et al. 1999) since, in terms of the

macro invertebrate assemblage, this biotope is less variable than either the AQV/MV and

GSM biotope-groups.

Environmental variables identified as providing the greatest discrimination between groups

in the composite classification were altitude, shallow-water habitat type, longitude,

temperature, the percentage mud and percentage boulder. Those in the SIC/SOOC

classification were altitude, longitude, percentage mud, canopy cover and geological type.

The structure of macro invertebrate assemblages is therefore a function of both large-scale

variables measured at the level of catchment, and smaller-scale variables measured at the

level of site or habitat. From the perspective of classifying reference sites, this knowledge

is useful in that it confirms the utility of a spatial framework within which reference sites

are selected and bioassessment is undertaken. The number of variables, at the scale of site

and habitat, that were identified as important environmental predictors contributing to the

discrimination of macro invertebrate assemblages in both the composite classification and

biotope-specific classifications, highlights the importance of considering additional factors

such as substratum that influence macro invertebrate assemblages and contribute to the

observed heterogeneity of lotic systems.
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CHAPTER 7. VARIABILITY' OF MACRO INVERTED RATE ASSEMBLAGES AT

UPLAND SITES OF THE WESTERN CAPE

7.1 INTRODUCTION

River ecosystems are known to be complex systems affected by a multitude of biotic and

abiotic factors acting and interacting at different scales. In the preceding chapters it has

been shown that upper parts of catchments are distinct from lowland ones with respect to

their macro in vertebrate assemblages and SASS scores. It has also been shown that the

availability of biotopes for sampling and the biotope preferences of certain taxa influence

the macroinvertebrate assemblages recorded at a site, in addition to affecting SASS scores.

Seasonal differences in the relative occurrence of particular taxa, i.e. temporal variability,

have been shown to be a consideration in the Western Cape, with certain taxa more

commonly recorded in one or other season. Using data from Mpumalanga it has been

shown that environmental factors at all scales, ranging from those at the scale of catchment

to those at the scale of habitat, play a role in determining the resultant macroinvertebrate

assemblages.

Upper catchments are considered to be highly variable systems and, in particular, mountain

stream channels are chaotically and complexly structured (Grant et at. 1990 cited by

Hawkins et ah 1997). Hawkins et ai (1997) suggest that in mountainous landscapes local

conditions may be strong enough to mask patterns, e.g. regional patterns, which would

have otherwise emerged in more homogenous landscapes. Such local conditions may

include differences in temperature, flow and the availability of habitat or biotopes.

Mountains in the Western Cape, a region known for its high degree of endemism in aquatic

biota (Harrison & Agnew 1962, Wishart & Day in press), generally comprise hard, resistant,

quartzitic sandstones of the Table Mountain Group and waters flowing over such strata are

characteristically acidic and low in nutrients and dissolved solids. The acid stream fauna of

the upper catchments largely belongs to the palaeoendemics referred to as the South

Temperate Gondwanian fauna (Harrison 1978) and is essentially restricted to perennial

systems in high rainfall areas Recent studies on the genetics and morphological systematics

of several aquatic taxa endemic to the Western Cape (Stevens & Picker 1999, Stewart &
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Griffiths in press) have led to taxonomic revisions and the identification of suites of new

species Often the distributions of many of these taxa are spatially distinct. This has led King

& Schael (2001) to coin the phrase "catchment signatures" when referring to

macroin vertebrate assemblages, since each catchment appears to have a characteristic

macroin vertebrate species assemblage distinct from those of other catchments in the Western

Cape.

Of the subregions examined in previous chapters, upland sites of the Western Cape proved

to be the most variable, both spatially and temporally, with respect to macroinvertebrate

assemblages. Given such spatial and temporal variability, is it possible to define ecological

reference conditions for these streams or is the variability such that it masks the detection

of a disturbance when acting as a benchmark with which a monitoring site is compared0

Upper-catchment areas in the Western Cape have been subjected to various impacts,

including those resulting from afforestation, aquaculture (Brown 1997), agricultural

activities and inter-basin water transfers (Snaddon & Davies 1998) as well as structural

modifications due to physical alteration of the channel and bank. Upland areas also make a

significant contribution to overall catchment biodiversity (Furse 2000) and, whilst species

richness may be relatively low in upland areas, they are important in terms of rarity with

some taxa confined to single headwaters (Palmer et al 1994). Whilst upper-catchment

areas are relatively less disturbed than lowland ones, it is nonetheless important to derive

baselines from which to gauge the degree of impairment of these sites when exposed to

damaging anthropogenic activities. By examining the influence of variability in a region

where variability is greatest, insight should be gained into the effects of variability when

defining reference conditions and interpreting bioassessmem data.

This chapter therefore focuses on spatial and temporal variability of macroinvertebrate

assemblages at upland sites within the Fynbos bioregion of the Western Cape. It aims to

examine the taxa comprising the macroinvertebrate assemblages and to identify differences

in taxa amongst groups of sites. The extent to which sites within the two upland

subregions (mountain streams and foothill-cobble beds) are similar will be evaluated, in

terms of both their macroinvertebrate assemblages and their SASS scores. Given the

importance of biotope availability (Chapter 4) and the variation in the availability of

aquatic and marginal vegetation at upland sites, analyses are undertaken separately for sites

with and without vegetation biotopes. Environmental variables characterising each site are
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examined as an aid to understanding any observed spatial variability. Lastly, the influence

of spatial and temporal variability on defining ecological reference conditions for upland

sites are examined by comparing several monitoring sites with the generated reference

condition.

7.2 STUDY AREA

Twenty-one minimally-disturbed sites in mountain stream and six in foothill-cobble bed

subregions situated on 24 rivers in the Fynbos bioregion were assessed in spring. Eight of

these were assessed in November 1994 and the remainder in November 1995 (details of

sampling dates are provided in Appendix A). Validation was conducted using an

additional two mountain stream and two foothill-cobble bed reference sites, together with

numerous assessments undertaken at different times at some of the previously assessed

upland sites. Eighteen mountain stream sites and 22 foothill sites situated on 24 rivers, and

exposed to different levels of disturbance, were used as monitoring sites for comparing

with reference sites.

Table 7.1 Mountain stream and foothill-cobble bed sites assessed in the Western
Cape indicating subregion, river and type. The codes for sites on each
river are given in parenthesis and relate to Table 2.1 and Figures 2.1, 2.2
and 2.3 in Chapter 2. Reference (CM, CC or SC) and test/monitoring sites
(TM or TC) are listed separately.

Subregion

Mountain Stream

Foothill-cobble bed

River and site code

Assegaaibosch (CM01), Berg (CM02, CM03), Eerste (CM04) Lang
(CM05), Palmiet (CM07), Elandspad (CM09), Wit (CM11). Rooiels
(CM12), Houtbaais (CM14, CM15), Rictvlei (CM 16), Boesmans
(CM 17). Baviaans (CM 18), Boesmanskloof (CM19); Riviersonderend
(CM20), Duiwelsbos (CM21), Hermitage (CM22), Meulkloof (CM23),
Grootkloof (CM24). unspecified (CM13), Perdekloof (CM25),
Swartboskloof (CM26). Dwars (TM01). Elandskloof (TM02). Hartbces
(TM03). Koekoedou (TM04). KraaJstroom (TM05. TM06: TM07,
TM08, TM09), Modder (TM10), Raaswater (TM11), Riviersonderend
(TM12), Silvermine (TM13, TM14, TM15), Speksnvierskloof (TM16),
Vals (TM17), Valsgat (TM18).

Berg (CC01), Holsloot (CC02), Molenaars (CC03, CC04, CC05),
Sandnftskloof (CC06), Dutoits (CC07), Duiwenshoek (SC01), Berg
(TCOh TC02T TC03, TC04). Breede (TC05, TC06, TC07). Buffelsjag
(TC08). Dwars (TC09), Eerste (TC10, TCI 1, TC12, TC13), Franshhock
(TC14). Hex (TCI5, TC16). Hoeks (TCI7), Reisers (TCI8), Kruis
(TC19). Lanzcrac (TC20, TC21), Wemmers (TC22).
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7.3 MATERIALS AND METHODS

7.3.1 Benthic macroinvertebrates: SASS4 sampling

Benthic macroinvertebrates were sampled using the qualitative rapid bioassessment method,

SASS4 (South African Scoring System). A detailed description of the SASS method is given

in Chapter 2.

7.3.2 Environmental variables

The environmental variables measured at each reference site were the same as those listed

in Table 6.2 (Chapter 6). Variables were divided into four types, namely catchment

variables such as longitude, latitude, altitude, distance from source and stream order; site

variables such as channel pattern, hydrological type, stream width, habitat depths,

geological and vegetation types and canopy cover; habitat variables such as substratum

richness, composition and dominance, the percentage of each substratum type, percentage

embeddedness, the SASS biotopes present (simplified into SIC/SOOC only or SIC/SOOC

plus AQV/MV) and the percentage cover of algae and macrophytes; and water chemistry

variables including pH, temperature, conductivity, dissolved oxygen, alkalinity and major

anions and cations, expressed as cation and anion ratios. The presence of instream

vegetation (Isolepis sp.), which provides an important instream habitat for aquatic

organisms, was included as an additional site variable. Details pertaining to the analysis

procedures of the chemical variables are given in Chapter 2. Each data point reflects an

instantaneous measurement taken at the time of the sampling. Variables were tested for

normality and, where necessary, data were log-transformed to approximate normality prior

to analyses.

7.3.3 Data analysis

Analysis of macroinvertebrate assemblages

Cluster analysis and non-metric multidimensional scaling (MDS) were used to examine

similarities amongst sites based on macroinvertebrate assemblage composition (Clark &

Warwick 1994). Data were transformed using the presence/absence transformation

(PRIMER Version 5) and the Bray-Curtis coefficient was used on these transformed data.
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Hierarchical agglomerative clustering, using group-average linking, was used on the data

matrix. Ordination of samples by MDS was undertaken, and stress values used to assess

the reliability of the MDS ordination Three separate analyses were done. The first

included all uplands sites, the second only mountain stream sites and the third only

foothill-cobble bed sites. The distinguishing taxa responsible for the similarity within

groups of sites and the dissimilarity amongst groups of sites were established using

SIMPER {PRIMER Version 5). Those taxa responsible for 90% within-group similarity or

dissimilarity were identified. One-way Analysis of Similarities (ANOSIM, PRIMER

Version 5) was used to test whether or not there were significant differences in

macroinvertebrate assemblages among subregions.

Environmental variables

The environmental variables distinguishing each Group were identified using stepwise

Discriminant Function Analyses (DFA, Slatistica Version 5.5 for Windows). A "Group" is

the term used to describe a group of sites that have similar macroinvertebrate assemblages.

Prior to DFA, variables were analysed using a non-parametric analysis of variance

(Kruskal-Wallis: KW) using Group membership as the factor variable. In general,

environmental variables that showed significant differences (p < 0.05) among Groups were

chosen for further analyses. DFA was run separately for the mountain stream and foothill-

cobble bed subregions. A stepwise approach is recommended for finding the minimum

subset of environmental variables that provides adequate prediction of Group membership

(Parsons & Norris 1996) Several combinations of environmental variables were tested in

the stepwise DFA and the combination which produced the lowest error in predicting

Group membership of a site in the DFA was selected as the subset of environmental

variables which best discriminated between Groups. Since the number of sites assessed

was limited (n = 21), but the need to restrict the number of predictor variables was

recognised (Smith et al. 1999), a maximum of four predictor variables were included, i.e.

one per five sites.

SASS4 Scores, Number of Taxa and ASPT

Variability in SASS scores was examined by calculating median, minimum, maximum, 90%

percentile and 5% percentile values for SASS4 Scores, number of taxa and ASPT values.

This was done for all upland reference sites using the same spring data as used for the

assemblage analysis, Values were also calculated separately for mountain stream and
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foothill-cobble bed reference sites. SASS scores recorded at sites in each subregion were

compared statistically using the non-parametric Kruskal-Wallis test.

7.4 RESULTS

7.4.1 Analysis of macro invertebrate assemblages

Upland sites

The 27 upland sites formed three Groups with Groups 1 and 2 comprising sites within each

of the two subregions (Figure 7.1). Sites were at least 50% dissimilar. Group 3 sites

clustered with Group 2 sites on the ordination plot (3D stress = 0 16) Based on

macroinvertebrate assemblages, sites in Group 1 were 61% similar and those in Group 2

were 56% similar. One site, CM21, clustered with Group 2 sites, but was grouped with

Group 1 sites in the MDS ordination (indicated with an arrow in Figure 7.1). Most

distinguishing taxa were common to both Groups, with those taxa where the number of

types or species within a taxon are considered, being important, e.g. Baetidae,

Hydropsychidae and Trichoptera (cased caddis) (Table 7.2). In addition, Gyrinidae and

Philopotamidae were identified as characterising Group 2. The Global R value of the

ANOSIM analysis indicated that macroinvertebrate assemblages from mountain streams

and foothill-cobble bed sites were not significantly different (Global R = - 0.094).

Mountain stream subregion

When mountain stream sites were analysed separately from foothill-cobble bed sites,

macroinvertebrate assemblages formed three Groups, with Group 1 sub-dividing into

further sub-groups la and b, and Group 2 forming sub-group 2a (Figure 7.2). One site,

CM24, was 58% dissimilar for all other sites. Average dissimilarity between Groups 1 and

3, and 2 and 3 was 51%, whilst average dissimilarity between Groups 1 and 2 was 47%.

MDS ordination supported the observed ordination (3D stress = 0.16) Within-group

similarity of macroinvertebrate assemblages at sites in Groups 1, 2 and 3 was 60%, 61%

and 54% respectively. At the sub-group level, within-group similarity increased to

between 63 and 68%. Distinguishing taxa characterising Group 1 exclusively (Table 7.2)

included Heptageniidae, Helodidae, Hydraenidae and Trichoptera (cased caddis 2 Types).

Of these, Heptageniidae, together with Blephariceridae were identified as distinguishing

taxa for sub-group la. Those characterising Group 2 included Limnichidae and
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Athericidae, whilst those exclusively characterising Group 3 included Caenidae, Gyrinidae,

Ecnomidae, Philopotamidae, Aeschnidae, Chlorolestidae, Coenagrionidae and

Hydrachnellae. Taxa notably not represented in Group 3 were Notonemouridae and

Corydalidae, as well as Philopotamidae in Group 1.
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Figure 7.1 Dendrogram and MDS ordination showing the classification of upland
sites in the Western Cape based on taxa recorded in spring at 21
mountain stream and six foothill-cobble bed sites. Codes: primary: C
= Cape Fold Mountains, S = Southern Coastal; secondary: M =
mountain stream and C = foothill-cobble bed.

Foothill-cobble bed

Of the six sites assessed, clustering occurred at approximately 52% similarity level, with

sites forming two Groups based on their faunal assemblages (Figure 7.3). Stress values

were very low (3-D Stress = 0.01). Distinguishing taxa characterising Group 1 exclusively
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(Table 7.2) included Baetidae 3 types, Heptageniidae, Gyrinidae, Philopotamidae,

Trichoptera (cased caddis 3 types) and Aeschnidae. Those characterising Group 2 included

Notonemouridae, Helodidae, Trichoptera (cased caddis 2 types) and Tipulidae.

Table 7.2 Taxa contributing to within-group similarity of Groups identified from
upland sites, mountain stream sites and foothill-cobble bed sites in the
Western Cape using SIMPER analyses. Those taxa contributing to the
first 50% of the similarity are indicated by • ; the remaining taxa
contributing to the next 40% (i.e. 90% in total) of the similarity are
indicated by • .

Similarity (%)
Number of distinguishing taxa

Notonemouridae
Baetidae 1 Types
Baetidae 2 Types
Baetidae 3 Types
Caenidae
Teloganodidae
Heptageniidae
Leptophlebiidae
Elmidae/Diyopidae
Gvrinidae
Helodidae Larvae
R\ dracnidae
Limnichnidae
Corvdalidae
Ecnomidae
Hydropsychidae 1 T\pe
Hydropsvchidae 2 T>pes
Philopotamidae
Case Caddis 2 Types
Case Caddis 3 Types
Athencidae
Blcphanceridae
Chironomidae
Simuliidae
Tipulidae
Aeschmdae
Chlorolestidae
Coenasinonidae
Hvdrachnellae
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7.4.2 Environmental variables

A subset of environmental variables that produced the lowest error in predicting Group

membership of a site in the DFA was identified for mountain stream and foothill-cobble

bed classifications (Table 7.3). The environmental variables within the subset have been

ranked such that the variable with the greatest predictive potential (PP) is ranked 1, the one

with the second highest PP is ranked 2, the third 3, etc., up until the maximum number of

variables identified as predictors for each classification. Distance from source, stream

order and cation ratio were significantly different among Groups in the mountain stream

classification (Kruskal-Wallis). In DFA, both distance from source and cation ratio were

identified as important predictors, together with pH and longitude. Thus catchment level

and water chemistry variables were included as predictor variables Considering mountain

stream sub-groups separately, i.e. la, lb, 2a and 3, distance from source was again

important, together with stream width, % bedrock, and longitude. DFA of Groups in the

foothill-cobble bed classification suggests that pH and stream width are important variables

in discriminating between Groups. The number of sites is, however, severely limited

making any correlative information preliminary in nature.

Table 7.3 Subset of environmental variables that provided maximum
discrimination between Groups within the classifications of mountain
stream sites and foothill-cobble bed sites. Error refers to the
percentage of sites that were misclassified into Groups in the DFA using
cross-validation.

Variable Types

Catchment variables

Site variables

Habitat variables

Water chemistrv
variables

Variables

n (excluding outliers)

Error (%)

Longitude

Distance from source

Stream width

% Bedrock

pH

Cation ratio

Mountain stream

No sub-groups

20

20%

4

1

2

Sub-groups

18

17%

4

1

2

3

Foothill-
cobble bed

6

17%

2

1
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7.4.3 SASS4 Scores, Number of Taxa and ASPT

Median, minimum, maximum, 90th percentile and 5 percentile values for SASS4 Scores,

number of taxa and ASPT values are given in Table 7.4. Generally all three metrics were

slightly higher in mountain streams than in foothill-cobble bed sites but this was not

significant (Kruskal Wallis p > 0.05). One mountain stream site (CM24) was excluded

from analyses as it was identified as an outlier by the multivariate analysis (Figure 7.2),

most likely because it had 95% bedrock with <5% cobble substrate available. Whilst

assessment of seasonal differences in SASS scores was restricted by scarcity of data,

particularly for foothill-cobble bed sites, significant differences in ASPT were noted

between mountain stream sites in spring and autumn (Kruskal Wallis Test statistic: H =

10.37, P < 0.05). SASS4 Scores were similar in both seasons, but fewer taxa were

recorded in spring than in autumn, resulting in significantly higher ASPT values in spring.

Separate values are thus given for spring and autumn in the mountain stream subregion

(Table 7.4). Differences in SASS scores at sites with or without aquatic/marginal

vegetation, as assessed by comparing mountain stream and foothill-cobble bed sites in

spring, revealed that both the SASS4 Score and number of taxa were higher at sites with

vegetation, whilst ASPT was significantly higher at sites without vegetation (Kruskal

Wallis: H = 6.83, p < 0.05). More detailed examination of mountain stream sites in

autumn showed that both SASS4 Score and number of taxa were significantly higher at

sites with vegetation (Kruskal Wallis: SASS4 Score: H = 4.82, Number of Taxa: H = 5.63,

p < 0.05), whilst ASPT was higher at sites without vegetation, although this was not

significant.

Derivation and validation of biological bands

Previous analysis (Chapter 4, Figure 4.8) has revealed the significant positive relationship

between SASS4 Score and the number of biotopes sampled. Similarly, ASPT was

negatively correlated with the number of biotopes sampled. On this basis, and given the

observed differences in SASS scores at sites with and without vegetation, biological bands

have been derived with ASPT plotted as a function of SASS4 Score (Figure 7.4) for 27

uplands sites. Sites have been plotted separately on the basis of season, subregion and

type, i.e. reference or monitoring site. Since differences in SASS scores between upland

subregions have been shown not to be significant, values based on all upland reference

sites were used for deriving biological bands.

163



I '(inability in uplands sites of the Western Cape

Table 7.4 Median, minimum, maximum, 90* and 5* percentiles and ranges for
SASS4 Score, number of taxa and ASPT at upland sites assessed in spring
in the Western Cape. Results are also given separately for mountains
stream and foothill-cobble bed sites in spring, and mountain stream sites
in autumn, and for upland sites with and without vegetation biotopes.

Upland sites, i.e. mountain
stream and foothill-cobble bed
sites combined (n = 26), spring,
excluding CM24

Mountain stream sites, spring.
excluding CM24 (n = 20)

(Values which differed when
CM24 was included are given in
parenthesis)

Mountain stream sites, autumn,
excluding CM24 (n = 11)

Foothill-cobble bed sites, spring,
(n = 6)

Sites with SIC/SOOC biotopes
only, spring (n = 15)

Sites with SIC/SOOC biotopes
and AQV/MV. spring (n = 29)

Median

Minimum

Maximum

90th percentile

5th percentile

Range

Median

Minimum

Maximum

90th percentile

5th percentile

Range

Median

Minimum

Maximum

90"1 percentile

5th percentile

Range

Median

Minimum

Maximum

90th percentile

5th percentile

Range

Median

Minimum

Maximum

90th percentile

5th percentile

Range

Median

Minimum

Maximum

90th percentile

5th percentile

Range

SASS4 Score

147

103

181

166

107

78

150

107(81)

181

167

113 (107)

74 (59)

161

103

239

223

103

136

126

103

161

161

103

58

142

116

185

166

116

69

151

103

194

181

107

91

Number of Taxa

16

13
-i -̂

19

13

10

17(16)

13.(10)

23

19

13

10(13)

19

12

30

27

12

18

15

13

19

19

13

6

14

13

22

18

13

9

17

12

24

23

13

12

ASPT

8.8

7 9

10.4

9.5
7.9

2.5

8 8

7.9

10.4

9.3

8.0(8.1)

2.5(2.1)

8.0

6.9

9.1

8.6

6.9

2.2

8.6

7.9

9.5

9.5

7.9

1.5

9.1

8.4

10.4

10.1

8.4

2.0

8.8

7.6

10.3

9.5

7.9

2.7
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A system modified from the RTVPACS and AusRivAS biological banding system (Furse

2000, Simpson & Norris 2000) has been developed. Whilst their systems are based on

observed/expected ratios (O:E) and are largely generated using predictive models, the

biological banding system shown in Figure 7.4 and Table 7.5, is based on absolute SASS4

Scores and ASPT values. Both methods use the variability in Expected values at reference

sites to calculate band widths. These were calculated using median values, 90th and 5th

percentiles of SASS4 Score and ASPT at reference sites, with band width calculated as the

median minus the 5th percentile. Actual values for each band width are tabulated in Table

7.5. Deriving biological bands based on percentiles enables intrinsic variability in scores

among reference sites to be incorporated.

£> O

X X

£

X

X D

• •
> o

60 120 140 160 1B0 200 220 240

SASS4 SCORE

• M-REF Spring 94/95 • M-REF Spring • M-REF Summer * M-REF Autumn - M-REF Winter - M-TEST

o C-REF Spring 94/95 « C-REF Spnng a C-REF Summer A C-REF Autumn * C-R£F Winter - C-TEST

Figure 7.4 SASS4 Scores and ASPT values at reference and monitoring sites in
mountain streams and foothill-cobble bed of the Western Cape.
Validated biological bands X, A, B, C and D are indicated (solid lines)
and original SASS4 Score bands, calculated using percentiles and
median values, are shown as dotted lines. Sites are coded to indicate
reference sites in mountain stream (M-REF) and foothill-cobble bed (C-
REF) subregions and monitoring sites in mountain stream (M-TEST)
and foothill-cobble bed (C-TEST) subregions.
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The majority of reference sites fell within band A or X, regardless of season sampled.

Several monitoring sites, which were known to be impacted by anthropogenic activities

and thus considered to have reduced water quality, had SASS4 Scores exceeding 107, the

lower limit of biological band A, i.e. reference site. The four mountain stream monitoring

sites included three that were mildly affected by agricultural activity, and one that was a

kilometer below an aquaculture farm and which was exhibiting signs of recovery towards

pre-disturbance conditions (Dallas 1995, Brown 1997). On this basis it is suggested that

the lower limit of SASS4 Score (107) as derived by using the 5th percentile value is not

adequately separating reference from mildly impacted sites. In terms of ASPT, six sites in

the foot hill-cobble bed subregion exceeded the 5th percentile (> 7.9). All of these were on

the upper Berg River, which is subjected to an inter-basin water transfer (IBT) scheme that

operates during summer, the natural low-flow period. Three of these sites were sampled in

winter when the IBT is not operational (Snaddon & Davies 1998). During this period,

these sites resemble those sites above the IBT, which are included as reference sites for this

region. Three sites were sampled in spring when the effects of the IBT may not yet have

manifested themselves as a change in macroinvertebrate assemblages and hence as a

reduction in SASS scores. All of these sites therefore act as reference sites during winter,

and possibly spring, and thus their inclusion in the biological band A is perhaps to be

expected. The reassignment of these sites from biological band A to B under IBT

conditions suggests that this biological banding system is fairly sensitive to subtle changes

in water quality.

On the basis of data validation using monitoring site data, it is apparent that the 5th

percentile is inadequate to differentiate mildly-disturbed sites from reference sites, and it is

proposed that the SASS4 Score delineating the lower limit of biological band A, i.e.

reference, be increased from 107 to 140. This represents the 46.5th percentile value. This

would ensure that disturbed sites were assigned to biological bands B, C or D. For

practical reasons, the lower limit of biological band A for ASPT was increased from 7.9 to

8.0 and band width was increased from 0.9 to 1.0.
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Table 7.5 Biological bands derived for SASS4 Score and ASPT based on reference
data (*) for upland sites of the Western Cape sampled in spring 1994/5.
Modified bands (#) are given for SASS4 Score and ASPT following
validation with data from reference sites in other seasons and at
monitoring sites.

Band

X

A

B

C

D

Description

Richer than reference:

Greater than 90th perccntile of reference sites;
SASS4 Score and ASPT greater than expected,
potential biodiversity "hot spot".

Reference:

Within range of central 85% of reference sites

(i.e. 5th to 90th percentiles); SASS4 Score and

ASPT within range of 85% of reference sites.

Below reference:

Below 5th percentile of reference sites; band
width equal to median minus the 5th percentile;
fewer taxa than expected. SASS4 Score and
ASPT lower than expected; potential
impairment of water quality and/or habitat with
loss of pollution-sensitive taxa.

Well below reference:

Below band B; same width as band B: many
fewer taxa than expected; SASS4 Score and
ASPT much lower than expected; substantial
impairment of water quality and/or habitat;
major loss of pollution-sensitive taxa.

Impoverished:

Below band C to zero; few of the expected taxa
remain; severe impairment; remaining taxa
hardy and pollution-tolerant.

SASS4

Score"

> 166

107- 166

67-106

27-66

<27

ASPT"

>9.5

7.9-9.5

7.0-7.8

6.1 -6.9

<6.1

SASS4

Score"

> 166

140- 166

100- 139

60-99

<60

ASPT*

>9.5

8.0-9.5

7.0-7.9

6.0-6.9

<6.0



I 'ariability in uplands sites of the Western Cape

7.4.4 Expected SASS-taxa

Using the validated biological bands (Table 7.5, Figure 7.4) the relative frequency of

occurrence of each SASS-taxon within each biological band, i.e. X, A, B, C and D, was

calculated using all reference and monitoring site data within the respective band (Table

7.6). Thus. Notonemouridae occurred in 77% of the samples in band X, 64% of the

samples in band A, 21% of the samples in band B, etc. Seventeen SASS-taxa showed a

decrease in relative frequency of occurrence from biological bands X to D, i.e. as

disturbance increased. Most of these were taxa inhabiting the stones-in-current or stones-

out-of-current biotopes (see Tables 4.2 and 4.3, Chapter 4) and were taxa identified as

characteristic of upland sites of the Western Cape (Table 7.2). Ten SASS-taxa increased in

relative frequency of occurrence from biological bands X to D, i e. as disturbance

increased The remainder showed neither an increase nor a decrease in the relative

frequency of occurrence in response to increasing disturbance. Many of these taxa were

more commonly recorded in aquatic or marginal vegetation (see Table 4.2, Chapter 4) and

some were air-breathers (e.g. Hemipterans) and thus less dependent on water as a medium

than organisms that are dependent on water for completion of part of their life cycle.

A table of "expected" or reference taxa for upland sites of the Western Cape has been

formulated using information from chapters 4, 5 and 7 (Table 7.7) Given the substantial

variability in macro invertebrate assemblages at upland sites, the relative frequency of

occurrence of each taxon, calculated using reference site data in biological bands X and A,

is included. Thus, Notonemouridae occurred in 68% of the reference samples,

Leptohphlebiidae occurred in 95%, and Amphipoda occurred in 18%, etc. This

information is useful in that the presence of a taxon such as Leptophlebiidae, which has a

high relative percentage occurrence, is to be expected at a reference site, and thus its

absence at a monitoring site would indicate disturbance. On the other hand, the presence

of a taxon such as Amphipoda, which has a low relative percentage occurrence, and is thus

not always recorded at reference sites, is indicative of a site that is minimally-impacted Its

absence, however, does not necessarily indicate disturbance. Biotope and seasonal trends

in the relative occurrence of each SASS-taxon are given as a guide for taking differences in

the availability of biotopes and seasonal differences into account. Noting that a particular

taxon showing a preference for a particular biotope or season does not necessarily imply

that it is absent from other biotopes or in other seasons.
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Table 7.6 Relative frequency of occurrence (expressed as a percentage) of each
SASS-taxon in biological bands X, A, B, C and D. Increasing and
decreasing trends are indicated with shading with highest frequencies
darker and lower frequencies lighter. Individual frequencies that do not
conform to the highlighted trend are not given in bold text n = number
of samples.

Biological Band
n
Notonemouridae
Bactidae 1 T\pe
Baelidae 2 T\pcs
Baeiidae 3 T>pes
Caenidae
Heptageniidac
Lepiophlebudac
Teloganodidac
Tricorvthidae
Ehiiscidae
Elmidae/Dryopidae
Gvrinidae
Helodidae larvae
Hvdraenidae
Hydrophilidac
Limnichidae
Corvdalidae
Ecnomidae
Hydropsvchidae 1 T\pc
Hydropsychidae 2 T\pes
Hydropsychidac 3 T\pes
Hydroptilidac
Philopotamidae
Case Caddis 1 T\pe
Case Caddis 2 T\pes
Case Caddis 3 Types
Alhcricidae
Blcphariceridac
Ccralopogonidae
Chironomidae
Culicidae
Dixidae
Empididae
Muscidae
Simuliidae
Syrphidae
Tabanidae
Tipulidae
Belasiomatidac
Corixidae
Gerridae
Naucoridae
Nepidae
Notoneclidae
Pleidae
Vcliidae

X
26

--r77 " -:• -
4

31
. -65

23
\ : 5 o • • • -

- . - 9 6 - • • - • • • - • -

0
46

42
- " 7 7 . . • - ; ."•

':'- 54
s

:"38 -"" ~i-:
::il3 . - -"

U-l46:^W-f
35
27
8

15
" • 5 0 ^ - ••;

15
31

'•• 5 4

73
, :50 .

12
88
12
19
0
4

92
0
0

•-"-31

8
23
23
15
0

15
4

38

A
53
64
15
34
47
25
40
94

-.•-.75;^i,,!rr
0

17
7 4 ••:-•:•

30
55
45

2
23
75
25-
40
38

0
2

47
21
23
45
49
21

2
91

2
2
2
4

100
0
2

34
8
9

11
6
0
8
0

25

B
19
21--;: :,::;.
11

• 37-::-:r:f:::"

53
32
26
68

••• •• 4 2 ; = :•: = = = : • = = =

5
32

• • : 6 3 . : . , : • • = : : : •

53
16
21::;-:L,::-/

0
16
58
11
42
32

0
5
5

26
26
16
26

0

95
5
5

11
11

100

0
16
26
16
16
5

16
0
0

11
42

C
30

10
13

—7""— ^ / . "-r- —" ~

33
^:-- 47-^rr - •

33
20

3
3

27
33
47

7
17
10
13
30
10
40
17
0

10
10
37
0
7

40
0

10
100

10
0

13
10
93
0
7

13
3

33
3
0

3 J
3
3

27

D
20
0

20

25

0
0
0
0

15
5

35
0

15
5
5

15
0

15
0
0

0
0
5
0

0
5
fl

• • • • 2 0 ; " - ' • £

100 ~ r*.
5
0

• 3 0 - '

• - " - 2 5 - . ;

80
5
5

10
0

50
15
0
5
0

0
15
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Biological Band
Pvraustidae
Aeshnidac
Chlorolcstidae
Coenagnonidae
Corduliidae
Gomphidae
Libellulidae
Platvcnemididac
Zygoptcra Juveniles
Hirudinca
Oligochacia
Hvdrachncllae
Amphipoda
Brachvura (Crabs)
Plananidue
Ancvlidac
Lvmnacidae
Phvsidac
Piano rbidae

X
8

38
8

42
8

19
19
15
8
0

46
19

27
12
0
0
0
0

A
6

34

15
I"
4

15
17

0
->

0
32

6

•- 1 7

26
17
0
0
0
2

B
16
26

5
21

5
42

32
0

0

0
53

37
; . ; ; ; : ; , 5 - - . •

42
16
16

••"::: 5

5
0

c
33
10
30
10
47
40

0
3

3
83
23

7
43

- 3 0
40
13
17
0

D
0

15
0
5
0

10
10
0
0

0
90

25

0
30

40 7 ":-i
30 ^
2 0 - . . . •

10
0

Table 7.7 Reference SASS-taxa at upland sites of the Western Cape. The expected
frequency of occurrence is expressed as a percentage. Biotope and
seasonal trends are indicated with taxa most often recorded in a
particular biotope shown (SI = stones-in-current, SO = stones-out-of-
current, V = aquatic and marginal vegetation), or in a particular season
(S = spring, A = autumn).

Order

Plecoptcra

Ephemcroptera

Coleoptera

Megaloptera

Trichoptera

Diptera

Crustacea

SASS-taxon

Notoncmou ridae
Baetidae 3 T\pes
Heptageniidae
Leptophlebiidae
Teloganodidae
Elmidae/Dryopidae
Helodidae larvae
Hvdracmdne
Limnichidac
Corvdalidae
Ecnomidae
Philopotamidae
Case Caddis 3 T\pcs
Athene idae
Blephancendae
Chironomidae
Simuliidae
Tipulidac
Amphipoda

% Frequency of
occurrence
68
53
43
95
81
75
62
48
28
75
32
48
48
57
30
90
97

18

Biotope

SI
SI. SO
SI. SO
SI. SO
SI. SO
SI
SI. SO
SI
SI
SI

so
SI
V
SI
SI
SI. V
SI. V
SI. SO
SI. SO

Season

s
s

s
A

s

A
A

S

S
s

170



I 'ariabiHn- in uplands sites of the Western Cape

Most of the taxa included in Table 7.7 are characteristic of minimally-disturbed upland

sites and disappear or become rarer as disturbance increases. Others, such as

Chironomidae and Simuliidae, are included since they are almost always present at upland

sites, but do not necessarily disappear in response to disturbance. In these families, change

often occurs at a resolution greater than family, with one species replacing another as

disturbance increases (A.R. Harrison, Freshwater Research Unit, Department of Zoology,

University of Cape Town).

A summary diagram is provided showing the SASS-taxa expected to decrease in response

to disturbance, as well as those expected to increase in response to disturbance. These

have been determined using relative frequency of occurrence data of each taxon at upland

sites in the Western Cape (Figure 7.5). The disturbance is primarily that resulting from a

reduced water quality at monitoring sites.

Biological
Band

B

Taxa expected to decrease
in response to disturbance

Notonemouridae, Baetidae 3 Types, Heptageniidae,

Leptophlebiidae.Teloganodidae,

Elmidae/Dryopidae, Hydraenidae,

Helodidae, Limnichidae, Corydalidae,

kTrichoptera (cased caddis 3 Types),

^trEcndmidae, Philopotamidae,

Vthericidae, Blephariceridae^

Baetidae 1 or 2 Types, Caenidae,

Ceratopogonidae, Chironomidae,

Empididae, Muscidae, Hirudinea,

Oligochaeta, Planariidae, Ancylidae, Lymnaeidae

Taxa expected to increase
in response to disturbance

Figure 7.5 SASS-taxa shown to increase or decrease in response to increasing
disturbance, primarily water quality impairment, at upland sites in the
Western Cape. They have been determined on the basis of the relative
frequency of occurrence of each SASS-taxon within biological bands X,
A, B, C and D.
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7.5 DISCUSSION

Understanding spatial heterogeneity in lotic systems, and the extent to which variability in

macroinvertebrate assemblages affects the ability to define reference conditions, is

important for the interpretation of bioassessment data. Upland sites are known for their

physical complexity and, particularly in the Western Cape, for their variability with respect

to substrate, hydraulic and biotope characteristics- It is often assumed that sites with

similar abiotic characteristics will have similar biotic characteristics- Thus, if sites are in

the same bioregion, subregion and river type (i.e. similar in terms of hydrological type,

size, substratum etc), it is assumed that their macro in vertebrate assemblages will also be

similar Homogeneity with respect to environmental factors is thereby assumed to be

transmitted into homogeneity with respect to biotic assemblages. It has been shown,

however, that this is not always the case, with factors such as biotic interactions (like

predation: e.g. Cooper 1984, Crowl et al. 1997) influencing macroin vertebrate

assemblages Other factors related to biogeographic and evolutionary- aspects may also

play a role, particularly in a region like the Western Cape, which is known for its high

degree of endemism. Of the 27 uplands sites assessed during this study, many were

dissimilar in terms of their macro invertebrate assemblages. Closer examination showed

that this was partially a reflection of biotope availability, although sites with only stony

biotopes present (i.e. SIC/SOOC only), were at least 47% dissimilar. Similarly, sites with

both SIC/SOOC and AQV/MV were at least 50% dissimilar. The observed variability

amongst upland sites may merely be an artifact of inadequate sampling but, given results of

other studies within the region (e.g. King & Schael, Steven & Picker 1999, Stewart &

Griffiths 2001), it seems likely that some form of "catchment signature" is present in the

form of species-level, and possibly family-level, distinctiveness in macro invertebrate

assemblages within catchments.

Examination of the environmental variables revealed that in the mountain stream

subregion, factors such as distance from source, cation ratio, pH and longitude all

contributed towards predicting Group membership. Distance from source varied from 2 to

19 kilometres; pH varied from 4.1 to 6.6; cation ratio varied from 0.63 to 0.87, with the

relative concentrations of sodium and calcium varying among sites; and longitude ranged

from I8°30'E to 20°30'E, thus spanning approximately 170 km. Both pH and the cation

ratio reflect geological or lit ho strati graphic characteristics of the catchments. pH is also
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influenced by the indigenous fynbos vegetation, which is characteristic of the upper-

catchment areas of the Western Cape. Fynbos plants are rich in polyphenols and when the

plants decay, the polyphenols are released into the soil, where they undergo transformation

into a complex of chemicals known as 'humic substances' (Davies & Day 1998). These

humic substances are organic acids and, when they dissolve in water, pH is reduced. The

range in pH in streams in the present study suggests that some are naturally far more acidic

than others. Humic substances also give water its colour, and, whilst not measured in this

study, water-colour varied from very dark brown to light yellow at different sites. Subtle

differences in factors such as pH may in part explain observed differences in uplands sites of

rivers, each of which acts as an isolated geographic entity.

On the basis of macroinvertebrate assemblages, therefore, uplands sites are significantly

different from one another. When translated into SASS scores, in particular SASS4 Score

and ASPT, however, differences are such that detection of a disturbance is not impeded.

Overall variability in SASS scores at reference sites was high, with a range of 78 for SASS4

Score and 2.5 for ASPT. By interpreting monitoring-site data using biological bands based

on both SASS4 Score and ASPT, variability in SASS scores at upland reference sites is taken

into account. Interpretation based on the relationship between ASPT and SASS4 Score also

presents a potential solution for incorporating between-site variation in the availability of

biotopes. The main difference between upland sites is the presence or absence of aquatic

and/or marginal vegetation. When available, aquatic vegetation, and in particular the aquatic

sedge, holepis spp., which often occurs in-current, provides an important habitat for many

taxa, including several species of cased caddisflies (pers. obs). Marginal vegetation, when

located in a lentic environment within the river, provides important habitat for those taxa that

prefer slow-flowing, backwater habitats. The presence and type of vegetation are thus

important determinants of macroinvertebrate assemblages at upland sites and the absence of

vegetation at upland sites often translates into low numbers of taxa.

Validation of biological bands with monitoring-site data revealed the necessity to validate

and modify the bands on the basis of empirical data. In upland sites of the Western Cape,

perhaps because of the variability of reference sites in this region, it was necessary to

increase the lower limit of the biological band A, i.e. reference, such that mildly impacted

sites were assigned to band B. Following this adjustment, monitoring sites spanned the

range of biological condition from band B to band D. Trends in the relative frequency of

173



I 'ariability in uplands sites of the Western Cape

occurrence of SASS-taxa from one biological band to another facilitates the identification of

those taxa which decrease in response to disturbance, those that increase in response to

disturbance, and those that are unaffected by disturbance. The majority of taxa that

decreased where dwellers of the stones-in-current biotope and included several of the

sensitive and high-scoring SASS taxa, suggesting that at uplands sites in the Western Cape, it

is this biotope that is the most susceptible to disturbance. Those taxa that decreased included

several of the more tolerant and low-scoring taxa such as Muscidae and Oligochaeta A

mayfly family, the Caenidae, also increased in response to increased disturbance, perhaps as

a reflection of its ability to withstand increased levels of siltation and/or increased

concentrations of total dissolved solids (TDS). This information enables comparisons to be

made between macroinvertebrate assemblages from monitoring sites and reference sites and

allows elucidation of taxa "lost" or "gained" in response to disturbance

In conclusion, therefore, whilst macro invertebrates at uplands sites are extremely variable in

terms of their assemblages, when these assemblages are translated into SASS scores,

variation is less pronounced. Several high-scoring, sensitive taxa are known to occur in low

abundances, with instances where a single individual has been recorded. Given the spatial

and temporal heterogeneity of uplands sites, the likelihood of missing one of these taxa is

comparatively high. It seems, however, that when one taxon is not recorded, another may

well be, and thus the effect on overall SASS score is negligible. By defining the reference

condition as a band, thereby incorporating intrinsic variability, and by utilising the

relationship between SASS4 Score and ASPT, the ability to detect a disturbance at a

monitoring site is facilitated. Qualitative comparison of observed taxa, i.e. recorded at a

monitoring site, with expected taxa, i.e. taxa identified as representative of a particular

reference condition, enable spatial and temporal heterogeneity of macroinvertebrate

assemblages, which are a distinct feature of upland sites of the Western Cape, to be taken

into account.
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CHAPTER 8. SYNOPSIS AND GENERAL DISCUSSION

Spatial and temporal heterogeneity are features of lotic systems (e.g. Palmer & Poff 1997)

and spatial variability is reflected in the patchy distribution observed in components of

riverine biotas such as macroinvertebrates (e.g. Pringle et al. 1988). Factors contributing

to this variability operate at several scales, ranging from regional-level factors such as

climate and geology (e.g. Richard el a/1997), to habitat-level factors (e.g. Armitage et ai

1995) acting on individual taxa, particularly those related to an individual's specific

hydraulic and substrate requirements (Resh & Rosenberg 1984). Temporal variability is

also dependent on regional-level factors such as climate, in that aspects such as flow

pattern, discharge and water temperature (e.g. Hawkins et al. 1997) are largely determined

by climate, whilst life history stages of individual taxa are often cued into seasonal

variations in these factors (e.g. Yanoviak & McCafferty 1996).

Macroinvertebrates are commonly used in aquatic bioassessment (Rosenberg & Resh

1993), either in the formulation of biotic indices or in the development of predictive

models. In both cases, understanding the extent of the spatial and temporal variability of

macroinvertebrate assemblages is fundamental for effective bioassessment. Coupled with

bioassessment are the identification and classification of reference sites (e.g. Reynoldson et

al. 1997) and the definition of ecological reference conditions (e.g. Hughes 1995).

Reference conditions, which enable the degree of degradation or deviation from natural

conditions to be ascertained, are a critical interpretive component necessary for elucidation

of bioassessment data and are thus important for effective management of aquatic

resources. A highly variable biotic index at reference sites, for example, may reflect an

insufficiently rigorous index, inadequate classification of reference sites, or variable levels

of disturbance at a site (Hughes 1995).

For effective bioassessment and management of aquatic resources in South Africa, it is

necessary to have an operational and scientifically-validated bioassessment tool, a spatial

framework within which bioassessment is conducted, and regional reference conditions to

facilitate data interpretation. The primary bioassessment tool, SASS (Chutter 1998), has

been widely used and tested (e.g. Dallas 1995, 1997, Chutter 1998) and has proved to be a

useful measure of water quality, as well as a more general measure of river condition. It is
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regularly re-evaluated and, when necessary, modified such that it better reflects the water

quality conditions it was designed to measure. South Africa is diverse in climate,

geomorphology, geology and soils, and aquatic biotas vary in response to differences in

these factors, as well as factors related to the evolutionary history and biogeography of the

region. The hierarchical spatial framework developed in South Africa is an attempt to

incorporate this diversity in a structured manner such that spatial heterogeneity is

accounted for. To date, the utility of this framework has not been tested and the extent to

which aquatic biotas vary regionally, whilst known intuitively by many aquatic ecologists,

has not been evaluated within the context of bioassessment. The spatial framework also

provides a structure within which reference sites are selected, and thus reference conditions

defined. It is necessary to understand the extent of both spatial and temporal variability so

that the utility of reference conditions as an interpretative tool can be evaluated. If a

system is highly variable, it may indeed not be possible to define a reference condition, or

it may be necessary to define several reference conditions for different types of rivers, even

within a relatively discrete area. Fundamental to the definition of any reference condition

is the selection of reference sites that should, ideally, be minimally-disturbed, be

representative of the stream or river for which it provides a reference and have an

appropriate variety of biotopes and substrates.

Central to this report is the question of whether ecological reference conditions are realistic

and attainable entities, or whether intrinsic spatial and temporal heterogeneity of and

variability in lotic systems are such that establishing reference conditions is not possible

The key questions posed, therefore, relate to the extent to which macroinvertebrate

assemblages vary spatially and temporally, and the implications of this variability to

bioassessment and defining reference conditions. The question has been addressed by

examining regional variability of macro invertebrate assemblages within the context of

assessing the utility of the spatial framework for regional classification of reference sites;

by examining variability at the level of habitat; by examining temporal variability; and by

identifying the environmental variables contributing to the variability in macroin vertebrate

assemblages. To answer these questions patterns of spatial and temporal heterogeneity

were examined in two distinct geographic regions, and at the level of individual taxa,

macro invertebrate assemblages and the derived biotic index, i.e. SASS scores.
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8.1 Spatial variability in macro invertebrate assemblages at the regional level

The ultimate goal of regional classification is to generate homogenous groups of sites,

which are expected to have greater similarity with sites in the same group, than with sites

in a different group. The two alternative classification methods both have this as a goal,

although the approaches vary, with the regional approach (e.g. Omerick 1987, Barbour et

al. 1999) generating spatially discrete regions on an a priori basis, whilst the multivariate

approach (e.g. Wright et al. 1993, Smith et al. 1999) allows biotic assemblages to generate

the homogeneous groups. The underlying assumption is that natural variation is

predictable among systems within the same region or homogenous group where

environmental features are similar (Omerick & Bailey 1997). The validity of the regional

classification system developed in South Africa was therefore assessed by comparing the

regional and multivariate classifications. At the broadest scale examined in this study,

macroinvertebrate assemblages showed distinct geographic separation into Western Cape

and Mpumalanga regions. These differences were most distinct in upland areas, i.e.

mountain streams and foothill-cobble bed, with lowland areas less regionally distinct

(Chapter 3). Within regions, longitudinal zonation into upland and lowland areas was

important, with sites grouping on the basis of broad geomorphological zones or subregions.

Of the upland sites, differentiation into mountain streams and foothill-cobble beds was not

apparent, although overall variability of assemblages within upland areas, in particular the

Western Cape, was very high.

The distinctiveness of macroinvertebrate assemblages from the Western Cape and

Mpumalanga is not unexpected given the different climatic conditions of the two

geographic areas, with associated differences in geology (Day & King 1995), flow regime

(King & Tharme 1994) and vegetation (Low & Rebelo 1996), together with biogeographic

differences (Harrison 1965b). That this distinction is most prevalent in upland areas is

probably indicative of the large number of endemic taxa in mountain streams and cobble-

bed foothills of the Western Cape (Harrison 1965a, b), whilst lowland reaches were

dominated by more widespread, hardy species. Longitudinal zonation, apparent in both

regions, is also a common feature of lotic systems, with macroinvertebrate assemblages

responding to changes in, for example, stream hydraulics (Statzner & Higler 1986),

temperature (Hawkins et al. 1997) and food resources along the longitudinal profile of a

river (Vannote et al. 1980). The results of this study lend support to geomorphological
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zonation, although difficulties may sometimes arise in separating observed longitudinal

patterns that reflect changes in these factors, from those that reflect changes in water

quality, particularly since many lowland rivers are disturbed.

In general, a priori regional classification of sites using the hierarchical spatial framework

developed in South Africa provided a useful framework for preliminary classification of

reference sites. Within-class variability (i.e. within a bioregion, ecoregion or bio-

subregion etc ) was always lower than between-class variability (i.e. between bioregions,

ecoregions, bio-subregions, etc.). Groups of sites based on a posteriori analysis of

macroinvertebrate data, however, provided a more robust classification than any of the

regional classifications. Spatial classifications therefore offer geographic partitions within

which to expect somewhat similar conditions and regional reference sites selected within

the context of the hierarchical spatial framework are likely to be more representative of

specific river types than those selected without using the spatial framework. This lends

support to studies elsewhere that have evaluated the ability of spatially-based regional

classification systems to partition variability in lotic systems (e.g. Harding et at. 1997,

Gerritsen et at. 2000). It also highlights the need for additional partitioning of variability

at a lower scale (Johnson 2000) and for the classification of sites to be an iterative process

that allows for subjective a priori regional classifications to be modified on the basis of

independent, objective a posteriori classification of biological assemblages (Gerritsen et

at. 2000). The lack of distinctiveness in macroinvertebrate assemblages from mountain

streams and cobble-bed foothills, both of which are upland subregions, suggests that, from

a practical perspective, and within the confines of bioassessment, mountain stream and

foothill-cobble bed sites may be grouped together. This aspect was explored further in

Chapter 7.

Some variability within both regional classes and groups of sites with similar

macroinvertebrate assemblages (i.e. Groups) could not be accounted for at the regional or

subregional levels, suggesting the presence of additional factors acting at a lower scale

such as site or habitat Aspects related to this were explored further in Chapter 4

(biotopes), Chapter 6 (environmental variables) and Chapter 7 (upland sites of the Western

Cape). Further testing of the utility of regional classifications would also be useful since

the limited data for the Western Cape prevented rigorous testing of regional classifications.
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It would be advantageous to repeat the analyses once additional reference-site data have

been collected.

8.2 Spatial variability in macroinvertebrate assemblages at the habitat level

Aquatic organisms have specific hydraulic and substrate requirements (e.g. Poff & Ward

1990), which often result in a patchy distribution of biota (e.g. Pringle et ah 1988) with

spatial variability occurring at the level of habitat (e.g. Palmer et ah 1991, Wohl et al.

1995). Bioassessment that does not factor in these hydraulic and substrate requirements

may not adequately reflect the conditions, such as water quality, that are being assessed.

Historically, the merging of habitats or SASS-biotopes into a site-based assessment (e.g.

Wright et ah 1984, Chutter 1998) did not take account of these differences. More recently,

bioassessment has been undertaken such that habitats are sampled separately and

comparisons are made at habitat rather than at site level. The extent to which

macroinvertebrate assemblages varied amongst SASS-biotopes was, therefore, examined

and evaluated in the light of defining reference conditions.

Spatial variability at the level of habitat (Chapter 4), specifically SASS-biotopes, revealed

that several taxa exhibited a degree of biotope specificity, with some taxa recorded more

frequently in one biotope rather than another. Several families recorded in the Western

Cape, namely the Notonemouridae, Teloganodidae and Corydalidae, showed a preference

for SIC/SOOC, whilst in Mpumalanga Heptageniidae, Psephenidae and Psychomyiidae

showed a preference for SIC/SOOC. In Mpumalanga, both SIC/SOOC and AQV/MV

supported several biotope-specific taxa. The relative importance of a biotope as a habitat

for macroinvertebrates, as a reflection of both its availability and its utilisation by aquatic

organisms, varied regionally. Marginal vegetation was more common at reference sites in

Mpumalanga compared to the Western Cape and constituted a relatively important biotope

for macroinvertebrates. Aquatic or instream vegetation, in the form of the sedge Isolepis

spp., provided a unique and important habitat for several species of macroinvertebrates,

including cased caddisflies, in the Western Cape. The importance of hydraulic condition

coupled with substrate type became apparent with differences in taxa observed within a

biotope-group. Marginal vegetation-in-current supported taxa, some of which were also

recorded in stones-in-current, compared with marginal vegetation-out-of-current with

which surface dwellers such as Gerridae and Veliidae were associated.
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These associations were reflected in seasonal differences in the distinctiveness of biotopes,

with distinctiveness more pronounced in autumn, under low-flow conditions, in

comparison with less pronounced biotope specificity in spring in the Western Cape-

Seasonal differences were not apparent in Mpumalanga, a summer-rainfall region. In the

Western Cape, a winter-rainfall region, periods of lowest baseflow are coupled with high

temperatures, whilst in Mpumalanga periods of lowest baseflow occur in winter, and are

thus not coupled with high temperatures. The lotic environment in the Western Cape may

therefore be thought of as a more stressful environment than that of Mpumaianga.

Seasonal patterns, biotope specificity and overall variability of macroinvertebrate

assemblages within uplands sites of this region may thus reflect adaptations of aquatic

organisms to these harsh conditions over evolutionary time. Clearly, it is the combination

of biotope availability, discharge, and perhaps temperature, particularly summer maxima,

that influences the distribution of aquatic organisms even at the relatively coarse family-

level within broad biotope and flow categories.

In terms of SASS Scores, SIC/SOOC was shown to be the most important SASS biotope-

group and taxa associated with it contributed the highest percentage to site SASS Scores.

SIC/SOOC was also the most consistent in terms of its associated macroinvertebrate

assemblage. Taxa contributing to within-group similarity of SIC/SOOC biotope-group of

the Western Cape included several high-scoring, sensitive taxa such as Notonemouridae,

Heptageniidae, Corydalidae, Philopotamidae, Athericidae, Blephariceridae and Tipulidae.

All three metrics, i.e. SASS4 Score, Number of Taxa and ASPT, differed significantly

between biotope-groups, with highest scores consistently recorded in SIC/SOOC. The

GSM biotope-group had the fewest taxa regularly associated with it, as well as the lowest

SASS Scores, although when in-current, and where the substrate was predominantly gravel

rather than sand or mud, the GSM biotope resembled the stones-in-current biotope in terms

of its macroinvertebrate assemblages.

There was a significant positive relationship between SASS4 Score and number of taxa

with number of biotopes sampled and a negative correlation between ASPT and number of

biotopes sampled. This provides support for the concept, explored further in Chapter 7, of

using the relationship between ASPT and SASS4 Score in interpretation of SASS data and

in the derivation of biological bands The implications of the observed biotope-related

differences for defining reference conditions are that it is essential to sample biotopes
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separately, and that within biotope-groups, flow conditions need to be considered.

Specifically, note should be taken of whether stones are in- and/or out-of-current and

vegetation is in- and/or out-of-current.

This report is based solely on correlative surveys that are considered essential for

documenting broad geographic patterns of association of lotic biota (Power et ah 1988).

Biotope-preferences, in particular, are based on correlative data, and whilst preferences

were apparent in many taxa, it would be useful to test these preferences experimentally or

expand the number of biotope-specific assessments taking into account the hydraulic

conditions, specifically whether the'biotope is in- or out- of current. Aquatic vegetation,

i.e. Isolcpis spp., in upland sites of the Western Cape, appears to provide an important

habitat for aquatic organisms. The distribution of Isolepis in this region and information

on the utilisation, including seasonal importance, of Isolepis by aquatic organisms would

be very useful, particularly given the pressures exerted on Western Cape rivers with

regards to flow regulation and water abstraction.

8.3 Temporal variability in macroinvertebrate assemblages

Lotic systems often exhibit daily, seasonal and annual periodicity, particularly in regions

with highly seasonal climates such as South Africa. Seasonal variation in factors such as

steam hydrology (e.g. McEravy et al. 1989), temperature (e.g. Hawkins et al. 1997) and

biotope availability (e.g. Armitage & Pardo 1995) may lead to variation in the distribution

and abundance of macroinvertebrates. Seasonal patterns in the distribution and abundance

of macroinvertebrates reflect life history characteristics of individual taxa, and temporal

differences in taxonomic makeup of macroinvertebrate assemblages within streams may be

due to the differences among insect life cycles. Understanding the extent of these intrinsic

seasonal differences is important so that an observed effect reflects a real change in, for

example, water quality, rather than a seasonal pattern (e.g. Linke et ah 1999). The extent

to which macroinvertebrate assemblages varied seasonally (Chapter 5) was investigated by

examining seasonal differences in individual taxa, macroinvertebrate assemblages and

SASS Scores Generally, seasonal differences were less pronounced than biotope-related

differences. A few individual taxa were more common in one or other season in the

Western Cape and macroinvertebrate assemblages grouped by season, when assessments

conducted in autumn and spring were considered. This was particularly apparent when
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taxa associated with the SIC/SOOC biotope-group were examined. The lack of seasonal

differences in Mpumalanga may be linked to the low-flow period coinciding with low-

temperatures, but insufficient information on aquatic insect life histories limits elucidation

of the potential causes of this observation.

SASS Scores, specifically the number of taxa and ASPT. were significantly different

among seasons in the Western Cape, with fewer taxa recorded in winter compared to

summer and significantly higher ASPT values recorded in winter and spring in comparison to

summer and autumn. Whilst more taxa were recorded in autumn than in spring, a higher

proportion of sensitive and high-scoring taxa, including Teloganodidae, Heptageniidae,

Helodidae, Blephariceridae and Amphipoda, were recorded in spring. Significant

differences in SASS Scores were not apparent in Mpumalanga, with most taxa recorded in

winter and ASPT slightly higher in winter versus spring. Examination of variation in

SASS Scores at individual reference sites showed that, whilst macroinvertebrate

assemblages were somewhat dissimilar between sampling occasions, SASS Scores, in

particular ASPT, remained relatively stable over time.

In terms of defining reference conditions cognizance should be taken of the sampling

season, particularly in regions that exhibit a relatively high degree of seasonal variability

such as the Western Cape. Reference conditions need to take seasonal difference into

account, particularly in that seasonal absences of certain taxa may affect the bioassessment

results. Reference site classification based on seasonally-composite data for Mpumalanga,

i.e. where data from three seasons (autumn, winter and spring) are combined (Chapter 3),

seemed to produce a more robust classification than classification based on data from a

single season (see also Turak et al. 1999), and provided a means of taking seasonal

variability into account. Initial classification of reference sites based on composite data is

therefore advisable.

In South .Africa knowledge of the life histories of aquatic organisms is severely limited.

Such information would provide valuable insight into observed seasonal variability and

enable greater understanding of temporal heterogeneity in lotic systems. A need exists for

long-term data to improve our understanding of natural variability in streams and to

provide a baseline against which the effects of disturbance can be judged. Long-term data

and variability estimates are considered essential for determining recovery rates as well as

182



Synopsis and genera! discussion

disturbance effects in streams (Niemi et al. 1993). In South Africa we have some way to

go in understanding the structure and functioning of our riverine ecosystems and a dearth

of information exists on the life histories of aquatic organisms. Since this is integral to

understanding seasonal trends in macro invertebrate abundances, and to a degree the extent

of biotope specificity, as well understanding and predicting the response of organisms to

variation and change within and between lotic ecosystems (Power et al. 1988), further

studies focusing on this aspect would be very useful. This type of information will

enhance our understanding of the biota and on the processes acting on the biota.

8.4 Environmental variables

Thus, having established the existence of substantial spatial variability in

macroinvertebrate assemblages at the regional, subregional and habitat levels, attention

was focused on identifying the environmental variables contributing to the observed

variability It is widely recognised that river systems reflect the characteristics of the

catchment (e.g. Hynes 1975), site (e.g. Reynoldson et al 1997), instream habitat (e.g.

Marchant et al. 1997) and water chemistry (e.g. Tate & Heiny 1995), and that many

variables within each of these components interact with one another and with biotic

components of aquatic systems to create spatially complex biotic assemblages. The goal of

Chapter 6 was, therefore, to investigate the relationship between environmental variables

and macroinvertebrate assemblages, with the aim of identifying the relative importance of

variables at different scales in discriminating between identified groups of sites with

similar macroinvertebrate assemblages in Mpumalanga. Environmental variables at all

scales were identified as potential predictor variables. Of importance were the catchment-

level variables altitude and longitude, providing support for the observed distinction

between upland and lowland sites (Chapter 3). Temperature, a correlate of altitude, was

also important, as was the depth of the shallow-water habitat (e.g. cobble riffle, bedrock

rapid). Separate SASS biotope-group classifications showed much variation with respect

to Group membership, although there was some agreement between classifications. The

classification strength was greatest in the "composite with sub-groups" classification

followed by the "composite classification", although when predictor variables were

identified for each separate biotope-group classification, the composite and SIC/SOOC

biotope-group classification had the lowest error rate, i.e. misclassification of sites.

Biotope-group predictor variables varied to some degree with aspects such as geological-
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type, canopy cover and the percentage of mud identified as important in the SIC/SOOC

classification, in comparison to the depth of the deep-water habitat and the percentage of

gravel/sand and mud in the AQV/MV classification. This finding provides some insight

into the potential biotope-specific effects of different disturbances, with removal of

riparian vegetation and stltation, for example, having a greater effect on shallow riffles

than in, for example, pools. Neither longitude or altitude were important in the GSM

classification suggesting that, on the basis of macroinvertebrate assemblages associated

with this biotope-group, differentiation into upland and lowland areas was not evident.

From the perspective of classifying reference sites, this knowledge is useful in that it again

confirms the utility of a spatial framework within which reference sites are selected and

bioassessment is undertaken. The importance of considering additional factors such as

substratum that influence macroinvertebrate assemblages, is highlighted by the number of

river type variables, at the scale of site and habitat, that were identified as important

discriminators of macroinvertebrate assemblages in both the composite classification and

biotope-specific classifications.

8.5 Variability in macroinvertebrate assemblages within a region

The final chapter (Chapter 7) draws together aspects from all preceding ones, by

examining spatial and temporal variability of macroinvertebrate assemblages within the

most spatially and temporally variable group of sites identified in Chapter 3, namely

upland sites of the Fynbos bioregion of the Western Cape The degree of dissimilarity was

a minimum of 47%, even when differences in the availability of biotopes, i.e. separating

sites with- and without-vegetation, were included. Results confirmed that differences

between sites in the two subregions, namely mountain streams and foothill-cobble beds,

were not significant, although upland sites did form distinct Groups, particularly when

mountain stream sites were considered in isolation. Each Group had a suite of SASS-taxa

that distinguished it from other Groups. These taxa included some of those that

characterised this subregion (Chapter 3) such as Heptageniidae, Corydalidae, Helodidae,

Hydraenidae, Limnichidae, Ecnomidae, Philopotamidae, Trichoptera (cased caddis 2

Types), Athericidae and Blephariceridae.
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Environmental variables identified as contributing to this observed grouping included

factors such as distance from source, cation ratio, pH and longitude. These results show

that even within a regionally-distinct group of reference sites, variability is such that

separate groups are evident. The concept of'catchment signatures" (King & Schael 2001)

whereby sites within a catchment are more similar to one another than to sites from other

catchments, warrants further examination, especially since these findings have significant

implications for river management. In particular, the extent to which it is possible to

extrapolate from one upland site to another deserves investigation.

Of importance from a bioassessment perspective, SASS Scores calculated for these upland

sites were less variable than the macro invertebrate assemblages and did not preclude the

detection of disturbance at monitoring sites. Biological bands derived for data

interpretation that utilised the relationship between ASPT and SASS4 Score provided a

means whereby variability resulting from differences in the availability of biotopes and

seasonal differences could be taken into account. Examination of the relative frequency of

occurrence of taxa within each biological band revealed three difference trends in response

to increased disturbance. One group of taxa, many of which were high-scoring, sensitive

taxa characteristic of minimally-disturbed upland sites, and many of which showed a

preference for the stones-in-current biotope, decreased as disturbance increased. A second

group of taxa, including several tolerant and low-scoring taxa such as Muscidae and

Oligochaetes, increased in response to disturbance. These taxa are known for their

tolerance to pollution, particularly organic pollution (e.g. Hynes 1960). A third group of

taxa remained relatively unaffected by increased disturbance and included several

hemipterans, dragonflies and damselflies. Many hemipterans are air-breathers and thus not

that dependent on water as a medium. These taxa, particularly hemipterans and

damselflies, are also largely associated with marginal vegetation and their presence at or

absence from a site may more be a reflection of the presence or absence of marginal

vegetation rather than of water quality. Marginal vegetation, whilst limited in upland sites

of the Western Cape, is more readily available in Mpumalanga and in the lower reaches of

the Western Cape and its importance as a habitat needs to be recognised, particularly since

this habitat is often affected by modification to instream flows.

It would be useful to support these findings with experimental evidence, particularly with

respect to observed spatial and temporal differences in the distribution of taxa at upland
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sites of the Western Cape. An aspect not dealt with in this report but which has

implications for the sensitivity of the bioassessment tool, SASS, relates to the

incorporation of an abundance estimate in the biotic index. In the current SASS system,

results are based on the presence or absence of each taxon. This precludes the elucidation

of effects that do not lead to a loss or gain of species, but rather to a change in their relative

abundances. Incorporating a rank abundance estimate may improve the sensitivity of the

index and may also amplify seasonal differences, although this will need to be tested.

In conclusion, this study has shown that spatial and temporal heterogeneity are features of

South African river systems. For effective management of these Iotic systems it seems

clear that intrinsic spatial and temporal heterogeneity and variability need to be understood

and incorporated within the context of bioassessment. On the basis of the results of this

study, it is possible to partition spatial variability such that defining reference conditions

based on several similar reference sites is feasible. Adopting a regional framework, within

which reference sites are selected and reference conditions defined, facilitates initial

partitioning of variability resulting from differences at the regional and subregional levels.

Further spatial partitioning is necessary at the habitat level, specifically separation of

SASS-biotopes during the bioassessment and analysis phase. In this way, differences in

the availability of SASS-biotopes between reference and monitoring sites may be taken

into account, and subsequent results will thus reflect conditions other than those resulting

from habitat differences Of significance is the variation observed in macroinvertebrate

assemblages within SASS-biotope groups, which respond to differences in the hydraulic

condition, specifically in response to whether the biotope is in- or out-of-current. Further

consideration needs to be given to these differences and the possibility of limiting

bioassessment to fewer, more specific biotope types, which have comparable hydraulic

characteristics.

Temporal variability, whilst not as obvious as biotope differences, needs to be considered

when defining reference conditions, with certain taxa more common in one or other

season The importance of seasonal differences was shown to vary between geographic

regions, possibly in response to the harsher environment to which aquatic organisms are

subjected, with greater stress prevalent in the Western Cape. Temporal variability did not,

however, curtail the detection of disturbance at monitoring sites.
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Notwithstanding the spatial and temporal variability, and the identification of

environmental variables at all scales acting on and influencing macroinvertebrate

distributions, it is possible to define a reference condition for macroinvertebrates. This

study has shown that a reference condition comprised of biocriteria in the form of SASS

scores and expected SASS-t&xa allows the identification of disturbed sites. Development

of biocriteria is an important process in the effective protection of aquatic ecosystems and

the confidence with which a judgement of biological condition is made depends on the

soundness and scientific validity of the bioassessment tool (e.g. the biotic index) and the

reference condition defined.

The results of this study have contributed to our understanding of lotic systems in South

Africa. It provides information of spatial and temporal variability in these systems and on

the ability to define reference conditions, in spite of this variability. There is however, a

clear need to expand the geographical range of reference sites and to initiate a long-term

programme aimed specifically at defining reference conditions. Experience elsewhere

(e.g. Wright 1995, Schofield & Davies 1996) demonstrates the importance of national co-

operation and the participation of multiple departments and organisations in the water

sector. The development of predictive models in the United Kingdom (e.g. Wright 1995)

and Australia (e.g. Smith et al 1999) has led to significant advances in the bioassessment

field and thus the development of a prediction-based modelling system, similar to that of

AusRivAs or RJXTACS, is strongly recommended for South .Africa. The spatial and

temporal complexity of macroinvertebrate assemblages and the uncertainty related to the

measurement of them, make deriving sound reference conditions, in the absence of

modelling, difficult, albeit possible. By ensuring that all biomonitoring practitioners

adhere to the standard sampling protocol, which includes the collection of a subset of

environmental variables and separate biotope-group sampling, we will be ensured of an

extensive and useful dataset in the future. The vehicle for data storage has already been

developed (Rivers Database: Fowler, Dallas et al. 2000). With national co-operation, it

should, in the long term, be possible to develop a series of models based on River Health

Programme data. These models will automate the allocation of a monitoring site to its

appropriate group of reference sites, calculate the expected probabilities of each taxon

occurring at the monitoring site, calculate the Observed/Expected ratios and thereby

generate information on the extent to which the monitoring site has deviated from the
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expected reference condition. This will greatly simplify data interpretation and reporting

on the river health of lotic systems in South Africa.

The challenge for the future lies in protecting the ecological integrity and biodiversity of

aquatic systems in the face of increasing pressures on our freshwater resources (Ward

1998).



Management implications and recommendations

CHAPTER 9. MANAGEMENT IMPLICATIONS AND RECOMMENDATIONS

This chapter is a "bulleted" summary of the preceding one in which recommendations are

expanded on and general implications with respect to water resource management

discussed. Generally, on the basis of the results of this study, it is possible to partition

spatial variability such that defining reference conditions based on several similar

reference sites is feasible.

9.1 Regional and subregional classification

• In general, a priori regional classification of sites, using the hierarchical spatial

framework developed in South Africa, provided a useful framework for preliminary

classification of reference sites.

• Within geographical regions, longitudinal zonation into upland and lowland areas

was important, with sites grouping on the basis of broad geomorphological zones or

subregions. Of the upland sites, differentiation into mountain streams and foothill-

cobble beds was not apparent, although overall variability of assemblages within

upland areas, in particular the Western Cape, was very high.

• Additional factors acting at a lower scale such as site or habitat influenced

macroinvertebrate assemblages.

From a management perspective, the spatial framework provides a useful tool for initial

grouping or separation of sites, and provides a starting point for the selection of reference

and monitoring sites. It is, however, clear that additional factors, at the level of site and. or

habitat, influence the macroinvertebrate assemblages recorded at a site. It is important

for these site- and habitat-variables to be identified.

9.2 SASS-biotopes

• Spatial variability at the level of habitat, specifically SASS-biotopes, revealed that

several taxa exhibited a degree of biotope specificity, with some taxa recorded more

frequently in one biotope rather than another.
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• The relative importance of a biotope as a habitat for macro invertebrates, as a

reflection of both its availability and its utilisation by aquatic organisms, varied

regionally.

• The importance of hydraulic condition coupled with substrate type became apparent

with differences in taxa observed within a biotope-group, i.e. stones-in-current versus

stones-out-of-current.

• Seasonal differences in the distinctiveness of biotopes were observed in the Western

Cape, with distinctiveness more pronounced in autumn, under low-flow conditions,

in comparison with less pronounced biotope specificity in spring.

• In terms of SASS Scores, stones-in-current/stones-out-of-current (SIC/SOOC) was

shown to be the most important SASS biotope-group and taxa associated with it

contributed the highest percentage to SASS Scores calculated at the site level.

SIC/SOOC was also the most consistent in terms of its associated macro invertebrate

assemblage.

• There was a significant positive relationship between SASS4 Score and number of

taxa with number of SASS-biotopes sampled and a negative correlation between

ASPT and number of SASS-biotopes sampled.

The importance of sampling SASS-biotopes separately is clearly demonstrated. This

enables SASS data to be interpreted on a "per SASS-biotope" basis in instances where one

or other SASS-biotope is absent from a monitoring or reference site. By sampling SASS-

biotopes separately, differences in the availability of SASS-biotopes between reference and

monitoring sites may be taken into account, and subsequent results will thus reflect

conditions other than those resulting from habitat differences. Flow conditions and season

are important additional factors that need to be taken into consideration when doing SASS,

defining reference conditions and interpreting SASS data.

9.3 Temporal variability

• Generally, seasonal differences were less pronounced than biotope-related

differences and were more prevalent in the Western Cape compared to Mpumalanga.

• SASS Scores, specifically the number of taxa and ASPT, were significantly different

among seasons in the Western Cape* with fewer taxa recorded in winter compared to

summer and significantly higher ASPT values recorded in winter and spring in
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comparison to summer and autumn. Whilst more taxa were recorded in autumn than

in spring, a higher proportion of sensitive and high-scoring taxa were recorded in

spring.

• Temporal variability did not, however, curtail the detection of disturbance at

monitoring sites.

/// terms of defining reference conditions cognizance should be taken of the sampling

season, particularly in regions that exhibit a relatively high degree of seasonal variability

such as the Western Cape. When identifying expected or reference taxa for a seasonally

variable region, details pertaining to the seasonal trends in individual taxa should be

provided, since seasonal absences of certain taxa may affect the bioassessment results.

Initial classification of reference sites based on seasonally-composite data provides a more

robust classification of reference sites and is to be recommended.

9.4 Environmental variables

• Environmental variables at all scales were identified as potential predictor variables

and were thus considered important in grouping sites with similar macroinvertebrate

assemblages.

• Catchment-level variables included altitude and longitude, lending support to the

observed distinction in macroinvertebrate assemblages between upland and lowland

sites.

• Temperature, a correlate of altitude, was important, as was the depth of the shallow-

water habitat (e.g. cobble riffle, bedrock rapid).

• Biotope-group predictor variables varied to some degree with aspects such as

geological-type, canopy cover and the percentage of mud identified as important in

the stony-habitat classification, in comparison to the depth of the deep-water habitat

and the percentage of gravel/sand and mud in the vegetation classification.

The utility of a spatial framework within which reference sites are selected and

bioassessment is undertaken is confirmed by these results. The importance of additional

factors such as substratum that influence macroinvertebrate assemblages, is highlighted by

the number of river type variables, at the scale of site and habitat, that were identified as

important discriminators of macroinvertebrate assemblages in both the composite
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classification and bioiope-specific classifications. The importance of identifying these

factors is again highlighted.

9.5 Variability in macroinvertebrate assemblages within a region

• Whilst macroinvertebrate assemblages were variable among sites within a region,

SASS Scores calculated for these upland sites were less variable and did not preclude

the detection of disturbance at monitoring sites.

• Biological bands derived for data interpretation that utilised the relationship between

ASPT and SASS4 Score provided a means whereby variability resulting from

differences in the availability of biotopes and seasonal differences could be taken

into account.

• This study has shown that a reference condition comprised of biocriteria in the form

of SASS scores and expected SASS-taxa facilitates the identification of disturbed

sites.

Development of biocriteria is an important process in the effective protection of aquatic

ecosystems and the confidence with which a judgement of biological condition is made

depends on the soundness and scientific validity of the bioassessment tool (e.g. the biotic

index) and the reference condition defined.

9.6 The protocol for deriving reference conditions

The protocol developed in Dallas (2000b) formed a sound basis for data analyses when

applied to another region, i.e. the Western Cape. Each of the steps described in the

protocol are important when reference conditions are established. Of significance are the

regional differences in the relative importance of biotopes, biotope preferences of

individual taxa, and biotope and seasonal differences in macroinvertebrate assemblages. In

the Western Cape, data limitations presented the calculation of ratios. Instead absolute

values were used and biological bands were derived based on the relationship of ASPT to

SASS4 Score. This proved to be a useful means for data interpretation and subsequent

detection of disturbance at a monitoring site.
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9.7 Recommendations

• Further testing of the utility of regional classifications would be useful since the

limited data for the Western Cape prevented rigorous testing of regional

classifications. It would be advantageous to repeat the analyses once additional

reference-site data have been collected.

• Biotope-preferences, in particular, are based on correlative data, and whilst

preferences were apparent in many taxa, it would be useful to test these preferences

experimentally or expand the number of biotope-specific assessments taking into

account the hydraulic conditions, specifically whether the biotope is in- or out- of

current. Further consideration needs to be given to these differences and the

possibility of limiting bioassessment to fewer, more specific biotope types, which

have comparable hydraulic characteristics.

• Aquatic vegetation, i.e. Isolepis spp., in upland sites of the Western Cape, appears to

provide an important habitat for aquatic organisms. The distribution of Isolepis in

this region and information on the utilisation, including seasonal importance, of

Isolepis by aquatic organisms would be very useful, particularly given the pressures

exerted on Western Cape rivers with regards to flow regulation and water

abstraction.

• In South .Africa knowledge of the life histories of aquatic organisms is severely

limited- Such information would provide valuable insight into observed seasonal

variability and enable greater understanding of temporal heterogeneity in lotic

systems.

• There is a clear need to expand the geographical range of reference sites and to

initiate a long-term programme aimed specifically at defining reference conditions.

Experience elsewhere demonstrates the importance of national co-operation and the

participation of multiple departments and organisations in the water sector.

• Regional experts, who are familiar with the region, provide an excellent starting

point for identification of river types and potential reference sites.

• The development of predictive models as in the United Kingdom and Australia is

strongly recommended for South Africa.
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By ensuring that all biomonitoring practitioners adhere to the standard sampling

protocol, which includes the collection of a subset of environmental variables and

separate biotope-group sampling, we will be ensured of an extensive and useful

dataset in the future.
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Appendix A

Appendix A. Sampling sites in the Western Cape showing river name, sub-region
and sampling dates.

Code

CM01
CM 02
CM03

CM04

CM05

CM06
CM07
CM08
CM09
CM10
CMJ1
CM12
CM13
CM14
CM15
CM16
CM17
CM18
CM19
CM20
CM21
CM22
CM23
CM24
CM25
CM26
SC01

CC01

CC02
CC03
CC04
CC05
CC06
CC07
TMOI
TM02
TM03
TM04
TM05
TM06
TM07
TM08

River

Asseeaaibosch
Berg
Berg

Eerste

Lang

Window Stream
Palmiet
Elandspad
Elandspad
Kraalstroom
Wit
Rooiels
Unspecified
Houtbaais
Houtbaais
Rietvlei
Bocsmans
Baviaans
Boesmanskloof
Rivicrsonderend
Duiwelsbos
Hermitaee
Meulkloof
Grootkloof
Pcrdckloof
Swartboskloof
Duiwenshoek

Berg

Hols loot
Molcnaars
Molenaars
Molenaars
Sandnftskloof
Dutoits
Dwarriega
Elandskloof
Hartebees
Koekoedou
Kraalstroom
Kraalstroom
Kraalstroom
Kraalstroom

Sub-
region

M
M
M

M

M

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
C

C

c
c
c
c
c
c
M
M
M
M
M
M
M
M

Sampling Dates

Sep-1994. Nov-1994. Mar-1995. Jul-1995
Sep-1994. Nov-1994. Mar-1995
Sep-1994. Nov-1994
Feb-1994. Mar-1994. Sep-1994, Nov-1994, Mar-1995, Apr-
1995. Jul-1995. Oct-2001
Mar-1994, Sep-1994. Nov-1994, Mar-1995, Jul-1995, Oct-
2001
Sep-94
Feb-1994. Mar-1994. Sep-1994r Nov-1994. Jul-1995
Mar-94
Nov-1994. Oct-2001
Feb-1994. Mar-1994
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Sep-1994. Nov-1994. Mar-1995. Jul-1995. Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Mar-1995
Oct-2001
Nov-1995
Feb-1994. Sep-1994, Nov-1994, Mar-1995, Jul-1995, Sep-
1995. Feb-1996. May-1996. Aug-1996
Nov-1995
Feb-1994. Mar-1994
Feb-1994. Mar-1994
Nov-1995. Oct-2001
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Feb-1994. Mar-1994
Feb-1994, Mar-1994
Feb-1994. Mar-1994
Feb-1994. Mar-1994
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Code

TM09
TM10
TM11
TM12
TM13
TM14
TM15
TM16
TM17
TM18

TC01

TC02
TC03

TC04

TC04
TC05
TC06
TC07
TC08
TC09
TC10
TCI I
TC12
TC13
TC14
TC15
TC16
TCI7
TC18
TC19
TC20
TC21
TC22
TC23

River

Kxaalstroom
Modder
Raaswater
Rj\ iersonderend
Silverminc
Silverminc
Silvermine
Speknvicrskloof
Vals
Valsgat

Berg

Bere
Bere

Berg

Berg
Breede
Breede
Breede
BufTelsjag
Dwars
Eerste
Eerste
Eerste
Eerste
Franschhoek
Hex
Hex
Hoeks
Reisers
Kruis
Lanzerac
Lanzerac
Nuv

Wemmcrs

Sub-
region

M
M
M
M
M
M
M
M
M
M

C

C

c
c

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

Sampling Dates

Feb-1994, Mar-1994
Nov-1995
Jan-2000
No\-1995
Aug-00
Scp-200
Aug-2000
Nov-1995
Nov-1995
Nov-1995
Feb-1994, Mar-1994, Sep-1994, Nov-1994? Mar-1995, Jul-
1995. Oct-1995
Sep-1994. Nov-1994, Mar-1995. Jul-1995. Jan-1996
Sep-1994. Nov-1994. Jul-1995
Nov-1994, Jul-1995, Oct-1995, Feb-1996, Mav-1996, Aug-
1996
Jul-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Sep-1994. Nov-1994. Mar-1995. Jul-1995
Apr-1995
Oct-1994, Apr-1995, Oct-2001
Oct-1994
Oct-1994
Sep-1994. Nov-1994, Jul-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Nov-1995
Oct-1994
Oct-1994
Nov-1995
Mar-1994. Sep-1994. Nov-1994. Jul-1995
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APPENDIX B. INCORPORATING ABUNDANCE INTO SASS

Bl Introduction

SASS4 is a qualitative index that relies on the presence or absence of SASS taxa at a site

and abundance, whilst noted as a rank value (A: 1-10, B: 11-100, C: 101-1000 and D: >

1000), is not incorporated in the index. Qualitative indices ignore quantitative changes in

community structure, i.e. changes in the number of individuals within a taxon, and are

therefore subject to the effect of sampling errors and the presence/absence of rare species

(Caoe/a/. 1997).

Most biotic indices (e.g. BMWP, SASS) do not incorporate abundance and rely on changes

in taxonomic richness, which generally decreases with decreasing water quality. However,

in addition to decreasing taxonomic richness, the number of individuals and biomass may

increase, or decrease, in response to disturbance (Morris & Georges 1993). This is

dependent on the type of disturbance and the organisms involved. Ephemeroptera,

Trichoptera and Plecoptera, for example, are sensitive to most types of pollution, so the

number of individuals in these orders will decrease with a decrease in water quality. The

numbers of some Diptera and tubificid worms may, conversely, increase in response to

pollution. These relative increases and decreases in abundance are not integrated into

SASS.

Incorporating an estimate of abundance in a semi-quantitative way, such as with rank

abundances, may increase the sensitivity of the index, particularly for sites that are mildly

disturbed. Starke (1998) also suggests that the inclusion of abundance would reduce the

likelihood of "misrepresenting" the true character of a site in cases where taxa (normally in

low densities) have drifted in from upstream.

Consider a minimally impacted site (Site A) at which several sensitive taxa such as

Telagonodidae (abundance = B), Ephemerellidae (abundance = B), and Helodidae

(abundance = A), are recorded, together with the more tolerant Chironomidae (abundance

= A, a family which includes species which span the range of sensitivities from sensitive to

tolerant) and Oligochaeta (abundance = A). In comparison, a mildly disturbed site (Site

_
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B) may have the same taxa, but different abundances (Telagonodidae = A, Ephemerellidae

= A, Helodidae = A, Chironomidae = B and Oligochaeta = B). SASS Scores at these sites

using the qualitative SASS version would be SASS4 Score = 43, ASPT = 8.6. If, however,

a weighting system (W) was introduced whereby the rank abundance was used to weight

the sensitivity/tolerance score, SASS scores at Site A would be: W-SASS4 Score = 71, W-

ASPT - 10.1, compared to at Site B: W-SASS4 Score = 46, W-ASPT = 6.7. Thus, whilst

the same taxa were recorded at both sites, differences in their rank abundance resulted in

substantial differences in their weighted SASS scores.

At mildly disturbed sites, where sensitive taxa may be present in low abundances, a

qualitative index, based solely on presence/absence data, would thus not detect a

disturbance that resulted in a decrease in the abundance of sensitive taxa. Incorporating an

abundance estimate, which enabled the rating of sensitive taxa to become larger as their

abundance increased, would reflect the observation that more sensitive taxa were present at

minimally disturbed sites, and in greater abundance, and that their abundance was lower at

disturbed sites.

Internationally, there is differing support for the incorporation of abundance in biotic

indices. An abundance rating was applied in the original Biological Monitoring Working

Party (BMWP) system in Great Britain (Hawkes 1997), from which SASS was modified.

This rating was subsequently dropped from the BMWP system for the following reasons:

1) the derivation of abundance measurements from data derived from qualitative sampling

methods could not be justified scientifically, 2) sampling and sample processing would be

greatly simplified, and 3) and it would make little difference to the total score.

The SQMCI (Semi-Quantitative Macroinvertebrate Community Index) used in New

Zealand incorporates coded-abundance data and responds to changes in community

dominance (Stark 1998). Five categories of abundance are recorded in the SQMCI

method, including "rare", "common", "abundant", "very abundant", and "very very

abundant". The coded abundances for each, and which are subsequently used in the

calculation of SQMCI are 1, 5, 20, 100 and 500. The equation is as follows: each taxon is

assigned an abundance code that is then used in the following calculation:
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i=s

SQMCI = I (n, x a,)

/ = ; N

where, s = the total number of taxa in the sample, // = coded-abundance for taxon /, a —

is the score of the ith taxon, and N = total of the coded abundances for the entire

sample.

Chessman (1995), in Australia, indicated that a weighted index (SIGNAL-W) could be

calculated by multiplying the taxon score of each family present by a value to represent its

occurrence level (1 = rare, 2 = scarce, 3 = common and 4 = abundant), summing the

products, and dividing by the sum of the occurrence values. Quinn & Hickey (1990)

compared MCI (Macroinvertebrate Community Index) and the quantitative equivalent

QMCI used in bioassessment in New Zealand, and found that they were strongly

correlated, with MCI more strongly correlated with water enrichment parameters. This

suggests that MCI, which requires less effort, is a slightly more sensitive measure of water

enrichment than QMCI.

It is clear, therefore, that there are various attitudes as to the value of incorporating an

abundance estimate in biotic indices. This section aims to explore the relationship between

SASS scores and the detection of disturbance at a site and to compare SASS4 results when

abundance is included with those when it is excluded. The method of Chessman (1995)

has been used, whereby a weighted SASS4 index has been calculated, prefaced with a

"W", both as W-SASS4 and W-ASPT (i.e. weighted).

B2 Method

Weighting was applied to data for ninety-nine SASS4 assessments in the Western Cape,

where rank abundances were predominantly As (1-10 individuals) or B's (11-100

individuals), with some C (101-1000 individuals), but no Ds (>1000 individuals).

Weighting was also applied to 216 SASS4 assessments conducted in Mpumulanga, where

rank abundances ranged from predominantly As and Bs, to Cs and Ds. A weighted SASS4

Score, i.e. W-SASS4 Score, was calculated by multiplying the sensitivity/tolerance score

of each SASS taxon present by a value to represent its abundance (A = 1, B = 2, C = 3 and
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D = 4). The products were summed and dividing by the sum of the abundance values to

get the weighted ASPT, i.e. W-ASPT.

B3 Results

There was a significant positive linear relationship between W-SASS4 Score and SASS4

Score and between W-ASPT and ASPT in both the Western Cape (Figure 1) and

Mpumalanga (Figure 2). ASPT and W-ASPT plotted as a function of SASS4 Score and

W-SASS4 Score respectively, suggest that of the two metrics, SASS4 Score is altered by

the abundance weighting procedure, with the upper limit increasing (Figures 3 and 4) The

range and maximum values of W-SASS4 Score were greater than for SASS4 Score (Table

1), whilst the range of W-ASPT and ASPT was more similar. When SASS data were

interpreted on the basis of biological table derived for upland sites of the Western Cape

(See Chapter 7, Table 7.5), 50% of the samples remained in the same biological band,

whilst 46% moved up a band, 2% moved up two bands and 2% of the samples moved

down a band. Closer examination of SASS4 Scores and ASPT values separately, rather

than in combination as per Table 7.5, showed that on the basis of SASS4 Scores alone,

only 41% of the samples remained in the same band, 48% moved up a band and 11% of

the samples moved up two bands. On the basis of ASPT alone 73% of samples remained

in the same band and 27% moved up a band.

Table Bl. Minimum and maximum values, and ranges for SASS4 Score,
W-SASS4 Score, ASPT and W-ASPT for samples in the Western Cape
(n = 99) and Mpumalanga (n = 216).

Region

Western Cape

Mpumalanga

Western Cape

Mpumalanga

Metric

SASS4 Score

W-SASS4 Score

SASS4 Score

W-SASS4 Score

ASPT

W-ASPT

ASPT

W-ASPT

Minimum

26

39

37

42

3.6

3.5

5.0

5.1

Maximum

177

240

273

353

10.4

111

8.5

8.8

Range

151

201

236

311

6.9

7.5

3.5

3.7
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Figure Bl. Linear relationship between W-SASS4 Score (weighted) and
unweighted SASS4 Score, and between W-ASPT (weighted) and
unweighted ASPT, based on 99 SASS4 samples in the Western Cape.
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Figure B2. Linear relationship between W-SASS4 Score (weighted) and
unweighted SASS4 Score, and between W-ASPT (weighted) and
unweighted ASPT, based on 216 SASS4 samples in Mpumalanga.
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Figure B3. Linear relationship between ASPT and SASS4 Score for 99 SASS4
samples in the Western Cape. Unweighted and weighted SASS4 Scores
and ASPT values are plotted separately and the r2 values for the
regression analyses are given.
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Figure B4. Linear relationship between ASPT and SASS4 Score for 216 SASS4
samples in Mpumalanga. Unweighted and weighted SASS4 Scores and
ASPT values are plotted separately and the r2 values for the regression
analyses are given.
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B4 Discussion

Examination of data in this study showed that there is a highly significant linear correlation

between unweighted and weighted SASS Scores. This indicates that the inclusion of rank

abundances did not alter the assessment of disturbance appreciably. The key difference

was a broadening of the SASS4 Score range, panicularly of the upper limit, suggesting that

greater resolution may be attained between minimally disturbed sites and mildly disturbed

sites, i.e. biological bands A and B.

Resistance from biomonitoring practitioners to the inclusion of an abundance estimate in

biotic indices is often related to the additional effort required for collecting semi-

quantitative or quantitative data. The incorporation of a rank abundance estimate in the

calculation of SASS Scores does, however, not affect the sample collection process or

duration. The most recent version of SASS, i.e. SASS 5, incorporates an estimate of

abundance as follows: 1: 1 individual, A: 2 to 10 individuals, B: 11 to 100 individuals, C:

101 to 1000 individuals and D: > 1000 individuals. By including "singletons", i.e. taxa

where only one individual is recorded, rare or potential "drift" taxa are taken into account.

On this basis, and on the basis of the results of this study, it seems that the inclusion of a

rank abundance as a means of weighting SASS scores, will not greatly alter the detection

of disturbance at a site. Rather, the adherence to the current practice of using the rank

abundance estimates as additional descriptive and interpretive tools of the

macroinvertebrate assemblage at a site is probably sufficient.
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Other related WRC reports available:

State of the Rivers report: Crocodile, Sabie-Sand & Olifants river systems

DWAF

The national Department of Water Affairs & Forestry (DWAF) initiated the South African River
Health Programme (RHP) in 1994. The purpose of this initiative was to gather information
regarding the ecological state of river ecosystems in South Africa. The information is used
to support positive management of these natural resources.
Aquatic communities (e.g. fish, riparian vegetation, aquatic invertebrate fauna) integrate and
reflect the effects of chemical and physical disturbances that occur in river ecosystems over
extended periods of time. The RHP uses assessments of these biological communities to
provide a direct, holistic and integrated measure of the integrity or health of the river as a whole.

Report Number: TT 147/01 ISBN: 1 86845 689 7

An explanation of a set of national groundwater maps

JR Vegter

The Department of Water Affairs estimated that only 13 % of all water used in 1980 in South
Africa (including the former TBVC and national self-governing states) was obtained from
underground sources. This subordinate role has not changed materially over the past fifteen
years. In spite of the quantitatively minor role played by groundwater in the country's water
economy, it is the main or sole source of supply in most of the rural areas, particularly the
drier western two-thirds of South Africa.
As a dearth of water severely limits the country's potential for population and economic
growth, knowledge of its water resources is of paramount importance. Whereas the document
Surface Water Resources of South Africa has been undergoing its third revision, nothing
comparable exists for groundwater. The national groundwater maps that have now been
produced are the first attempt at providing synoptic and visual information on the countryfs
groundwater resources. It is hoped that these maps will not only meet some of the needs
of planners, decision-makers, water supply engineers, and educated laymen, but will also
provide groundwater scientists with a perspective on regional and national scales. This
explanation therefore consists of two parts:
• A guide intended mainly for the layman, on how to read and understand these maps;
• A short exposition of hydro-geological principles on which the maps are based and how
they were compiled.
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