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Fxecutive Summary

EXECUTIVE SUMMARY

Introduction

Kivers are at the centre of our landscapes and hives. in South Afnca, they are the source of almost all
freshwater which, arguably, s the most hnited of the country’s resources  Despite this, they are
mampulatcd and used 1 many wavs not conducive 1o sustamable use of this resource. As the end
pomt of dramnage in catchments, they are haghly vulnerable to change from land-use and other human
activiies Their flow 1s manipulated, to provide water supplics, barncers are built across and along
them for flood control, gabions, walls and canahsation are used to counteract crosion. and the nver
channcls arc used as conduits for dehivenng irngation water and disposing of wastes. These practices
have brought many benefits 1o socicty but they have also resulted i widespread degradation of the
actual nver ccosystems

Healthy, cfficiently functioning nivers provide a wealth of rehable benefits to people, from good-
quality water, to resources such as fish and reeds, to recrcational pleasure.  Poorly functioming nivers
gradually los¢ their valued attnibutes, require continual expensive remedial actions, or are costly to the
nation in other wavs, such as through collapsing banks, scdiment-filled dams and water-quality
problems  Such costs are largely unquantificd at a national level but undoubtedly are very high A
reasonable objective might therefore be to maximise benefits from them for socicty whilst mimmising
disturbances to them  This is the basis of sustanable use, and requires pro-active management

Such management of nivers requires a new approach, based on an understanding of their nature and
how they function as hiving systems. The data upon which to develop this understanding 1s sparse, and
gencralisations will have to be made for management purposes, at least in the short term.

One generalisation often made for management purposes 1s that the physical and chemical (non-hiving,
abwotic) attributes of nivers are good surrogates for their biological (living, biotic) attributes By
implicatton, the plants and amimals (biota) that occur mn one river with a given slope, altitude, aspect,
geology, channcl form, and water chemistry, should be present in a similar stretch of all the other
nvers in the region 1F the first nver 1s undisturbed, then the degree to which the other nivers have not
got simular biotas 1s a measure of the degree 1o which they are degraded. The underlving assumption
1s that all the nivers wath the same abiotic features wall have the same biota, unless they are degraded
This assumption, which 15 the foundation of river health biomonitoring programmes in South Africa
and many other countries, 1s thus based on using abiotic attnibutes to infer ecological attributes

Such inference is uscful, not least because abiotic attnibutes are often more casily measured.  Rivers
and stretches of rivers could be grouped, and management practices and decisions streambined, based
perhaps on physical attnbutes gleaned from maps. We could say, for instance, that all stretches of
nver within the Fynbos Biome of the Western Cape that have a slope of X and are at an a altitude of Y
should be ccologically similar, so as long as one has been studied, we know all we need to know to
make management decisions about any of them
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But how well do such ph_sical attnbutes truly reflect the ecological nature of the nver syvstems” If
they reflect them accurately, then gencralising on niver ccosystems based on physical data 1s a vahd
and useful management tool  If they do not, then such gencralisations could represent a misleading
“black-box™ approach that 1s msensitive to the hiving system, and could guide management decisions
that arc highly detnmental 1o it Clearly, abiotic surrogates should not be a long-term management
option until thewr ccological relevance 1s well understood

To ad gencrahisations of the physical attnbutes of nvers, fluvial geomorphologists have suggested an
hicrarchucal classification system for them  The system provides a way of grouping (classifving)
simuilar nivers or parts of nivers, based on their physical features The hicrarchy operates over a range
of spatial and temporal scales  The carchment occupics the coarsest spatial level of the hicrarchy. and
changes 10 1t occur over the longest tme spans.  Successively smaller-scale levels are the
zone/segment. the reach, the morphological wmit, and the hydrandic brotope The hydraulic biotope
occupies the smallest-scale level and changes to 1t occur over the shortest ime spans. Each level nests
i the one above and 1s restricted by s charactenstics As an example, finbos plants typically found
on the banks of mountain streams will not be found along a mountain-stream zone, of that zone docs
not occur within a carchment in the Fynbos Biome.

The objective of the project reported on here was to assess the ccological relevance of this
geomorphological hicrarchy  The question we set out to answer was

Is the geomorphological character of a river a useful guide to its ecological character?

We aimed to ascertan how well the hicrarchy ands ecological study of rivers, how sensitive it 1s to the
hiving parts of nivers, and to what extent it could be used to gencralise about nivers for management
purposcs.  The rescarch was carmed out using Western Cape finbos nivers, as their distinctive
character and lhugh degree of similanty should mimimise “noise™ in the collected data

Project objectives

The project objectives, as agreed in the onginal contract between the University of Cape Town and the
Water Rescarch Commussion, and amended at the first steening committee meeting, are summansed

below.

I Assess the extent to which abiotic and biotic niver data are collected i ways that hmat thow
use by others

2 Assess the ccological relevance of the gecomorphological hicrarchical classification system for
fvers

3 Limse with similar programmes in other countnies, particularly in Australia and Great Britain
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Objective 1 was achievea through a prelimimary exercise, designed to ascertaun how well scientific
data already collected could become pan of a hinked, geomorphological-biological approach to data
collection and management.  The report on this investigation is given in Appendix E |

Objective 3 was the subject of ongoing hanson activities, which were reported upon in cach progress
report 1or the steering commitiee.  There was ciose baison with Frof. Kowntree and  other
geomorphologists at Rhodes University throughout the project, culminating in her wnting Chapter 6 of
this report. Both authors worked with the Abiotic-biotic links team in the Kruger National Park Rivers
Rescarch Programme (Appendix E2). and the first author made input to the South Afnican, Bntish and
Austrahan River Health Programmes

Objective 2 was addressed through a comprehensive rescarch programme that s the subject of this
report Chapters 1-9 provide background imformation, aims and methods of the rescarch  Chapters
10-15 detan) the research results Chapters 16-19 allustrate addional uses for the methods developed
and data collected, and Chapter 20 provides a summary of conclusions and recommendations

General approach (Chapters 3-9)

The rescarch focused on a site i cach of 28 headwater streams in the Western Cape. These were all in
the mountain and foothill zones of perenmial nivers, in order 1o standardise study sites as much as
possible  Sites were designated “mountan” or “foothill” based on prior biological knowledge of
which they were likely 10 be Al fieldwork was done durning summer low flows. when flow and other
physical conditions are most stable and the nvers most comparable 1n hvdraulic terms. Eighteen of the
nvers had mimmal disturbance, and were used to detect underiving trends in physical-biotic links
The remaming ten had specific disturbances, and were used to assess how disturbance affected the
trends

At cach of the sites, up to 12 bological samples were collected from the widest possible range of
physical conditions, and these conditions were measured in detail. The sites, which ranged from 30-
100 m in length, were mapped using cight categones of substrata and 14 categories of flow type, and
the location of every biological sample shown (Tables E1 and E2).  Aquatic invertebrates were used to
provide the biological input to the study, as different species are known to seck different kinds of flow
or substrata and by this sclectivity should illustrate clear physical-biotic links

The sampling programme as a whole was designed to assess the ecological relevance of all levels of
the huerarchy - Detauls of the rescarch for cach level follow

Assessment at the level of catchment and zone (Chapter 10)

Catchments and zones were combined in one assessment, using the 13 mountan and five foothill
undisturbed sites. An imitial assumption was that the invertebrate samples would group by zone those
wnvertebrates from all 13 mountamn sites would be so ssimilar that these nvers would group together,
whilst the foothull sites would form a second group. 'We further assumed that, within cach group, there
might be sub-groups that would reflcet geological or geomorphological differences at the catchment
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level  In other words, we thought that the main difference in headwater niver sites across the region
was their position along the river (1.¢ which zone they were in)

Table E1. Categories of visually distinct flow types. After Rowntree 1986 Padmore
et al 1996, Newson et a/. 1998 King and Schael this project.

Flow Type Definition

Free falling (FF) Water faks vertically wathout obstruction

Cascade (CAS) Water tumbing down a stepped senes of boulders ‘a'ge
cobble or bearock

Boul (BOIL) Water forming bubbles, as in rapidly boang water. usually
below a waterfall or strong chute

Chute (CH) Water forced between two rocks, usually large cobble or
boulgers. flowing fast with the fall too low 1o be considered
free faling

Stream (STR) Water flowsng rapidly in @ smooth sheet of water similar to a

Broken standing waves (BSW)

chute bt not forced between two bed ¢ements
Standing waves present which break at the crest (white
water)

Undular standing waves (USW) Standing waves form at the surface but there $ no broken
water

Fast nMe flow (FRF) Very shallow fast fickering flow stil covering most of the
substrata

Rippled surface (RS) The water surface has regular smooth disturbances which
form low transverse rnpp'es across the drection of flow

Slow riMle flow (SRF) Very shallow, slower, fuckering flow, stll covering most of

Smooth boundary turbulent (SBT)

the substrata

The water surface remans smooth, medum t0 sow
streaming flow takes place throughout the water profile,
turbulence can be seen as the upward movement of fine
suspended particles

Trickle (TR) Small slow, shallow Now, when cccurnng with small or large
cobbles, flow is between bed elements with few if any
submerged

Barely perceptible flow (BPF) Smoath surface flow, only perceptible through the movement
of floating objects

_No flow (NF) . No water movement o
Table E2. Categories of substrata.
Size Range

Category (mm)
st (S1) <0083
Sand (SA) 0.063-2
Small Gravel (SG) 2-16
Large Gravel (LG) 16 - 64
Small Cobble (SC) 64 - 128
Large Cobble (LC) 128 - 256
Boulder (B) > 256
Bedrock (BR)

v
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This imitzal assumption was revealed as simplistic  In a similanty analvsis of invertebrate commumitics
from cach site, the sites grouped principally by catchment and not by zone. Mountain and foothll
sites within one catchment linked together, rather than with other mountan or foothill sites
respectively ¢lsewhere in the region. This individuality of catchments was sufficiently strong to over-
nde the differences in invertebrate communities that we know take place down the length of the nvers
We have called this indication of a catchment identaty, the catchment signature.

At present, the mature and cause of catchment signatures are not understood and, until they are,
management decisions should not be based on the assumption that specific nvers can be sacnficed to
developments because other simular nivers exist. - At present, the only safe assumption s that nvers in
diffcrent catchments are not similar. In terms of the geomorphological hicrarchy, this means that it
can only partially gwde on nver groupmgs at the highest ccological level within a boregion
Geographically, it 1s possible to dehincate cach catchment on maps. but not to indicate which oncs are
Likcly to be biologically similar This next step might be possible in the future, once catchment
signatures are better understood

Within a catchment. sites displaved a further level of individuality that over-rode the influence of
zone, and so cautton should be exeraised regarding any assumptions of similanty between a
catchment’s rivers. In terms of the wmvertebrates, bedrock sites were quite ditferent from the alluvial
nvers in the same catchment  As the nature of the nverbed is a physical feature, its details can be
ncorporated nto the geomorphological hicrarchy.  Such information cannot be gleaned from maps,
however, and so cannot be part of a desktop classification but rather requires ficld identification

The niver zone, far from being the expected over-nding nfluence on mvertebrate distnibutions within
the region, appeared at the third level of differentiation of sites, after catchment and nverbed  Zoncs
arc alrcady recognised as one level of the geomorphological hicrarchy, and the delincation of zoncs
along the river can be done, using maps in a desktop exercise.  The zones should be defined using
ccological data, however  This appears to be necessary, as the analyses of zones done in this project
by geomorphologists, using such vanables as zone class and valley form, did not reflect the biological
zones revealed by this study  The relevant ecological data for delincating zones can be gleaned, for
any bioregion, from ccological studies withan that region

In summary, the overall ccological natures of the studied headwater streams appear 1o be dictated by
three mam factors: the catchment; the nverbed substratum, and the longutudinal zone. The top levels
of the geomorphological hicrarchy partially incorporate some of these factors, but not sufficiently
accurately or comprehensively 1o allow the hicrarchy to be a surrogate for ecological aspects in
rescarch and management decisions

Assessment at the level of hydraulic biotope (Chapter 11)

Hvdraulic biotopes (HBs) sit at the lowest level of the geomorphological hierarchy, and are scen as the
building blocks for its mtcrmediate levels They can be envisaged as the small patches of different
flow and substratum conditions (tumbling white water over cobble, slow smooth water over sand, and
s0 on) that make up the mosaic of hydrauhic conditions at a nver site. Once distnibution of the biota at

v
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this fine scale 1s understocd, it should be possible 1o seck wider patterms of distribution at the next
higher levels of the hierarchy (morphological units and reaches)

After discussions with ecologists, geomorphologists descnbed 11 HBs, that they felt might support
different invertebrate commumities.  In this project, only four of these HBs were shown to be
ecologically relevant, with the others being encompassed within the main ones (Table E3)

Table E3. The grouping of geomorphological HBs by ecological HB.

Ecological HB Geomorphological HB
o run fastglide

riffle nffle

rapid rapid, cascade, chute, waterfall, boil
pool backwalter, slack water, pool, slow glide

The charactenstics of the four broad-ranging HBs can be summansed as follows (Table E4)

Table E4. Definition of each biologically-defined hydraulic biotope (HB) by depth
(m), flow types, substrata, mean water column (0.6) velocity (m s”), and
Froude number. Flow-type codes as per Table E1.

HB Depth Flow Substrata Mean Froude Comments
(m) Description Velocity  Number
ms’
Rapwd shallowto  turbulent broken bouldersand 038-064 0371~ CAS is the domunant
deep upto water CAS, large 0.800 fiow type, CH and
0.70 USW, BSW, CH, cobbles FF are umque to this
STR. FF, FRF, HE
some ‘ast RS
Riffle shallow fast, fickering cobblesand 027-039 0332~ FRF is the domnant
<0 30 flow FRF, USW, sometmes 0425 flow type
BSW, CAS, small
some fast RS boulders
Run shallowto fastto a range of 005-019 0070~ RS is the domnant
moderately moderately fast substrata 0200 flow type
deep upto rippled flow RS,
0.50 SBT, some FRF
Pool shallow or  slow, smocth a range of 000-010 <0070 Bedrock anc alluva
deep 003 flow SBT, BPF, substrata pools may have
->1.00 rarely NF different species
assemblages

In summary, the lowest level of the geomorphological hicrarchy, which focuses on the Aydraulic
biotapes of invertebrate communities, distingwishes more HBs than the four that can be justified from
the cecological data Within the ecological HBs, however, individual specics mught inhabit shightly
different hydraulic conditions.  For this reason, it 1s suggested that another level of the hierarchy could
perhaps be added, o descrnbe the iydraulic habitat of individual species

Vi
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The four ecological HBs could form the basis for biomonitonng programmes in headwater streams

They arc rcasonably casy to distinguish on the ground, and present the four main instream conditions
found n such strcams  Each HB can be distinguished visually, but this should be done by judging the
overall appearance of the flow as no one HB 1s umiquely desenbed by one flow type (Table E4) To
ensure collection of the greatest possible range of species, the full range of micro-cnvironments within
cach HB should be sampled  This kind of broad-spectrum sampling of an HB 1s not suntable for
species studics, because detauls of the specific micro-habitats will be lacking

Finally, the analysis of HBs incorporated all 380 invertebrate samples, rather than a summary of them
per site as used for the catchment analysis  This analysis revealed that the samples grouped by niver as
well as by catchment, and so river signmatures exist as well as catchment signatures. In other words, in
ways and for reasons not vet understood. every nver is different

Assessment at the level of morphological unit (Chapter 12)

Morphological Umits (MUs) are the channel features one scale-size higher than HBs. Good examples
are wateifalls and pools  In this study. the MUs were not particularly good predictors of the
distnbution of invertebrate communitics. The concept of MUs remams useful, however, for
prehiminary asscssment of a site. MUs mnform on the overall nature of a studied niver reach and thus
provide an ideca of the invertebrates hkely to be present Knowing this in advance allows sampling
strategies to be planned that avord spending unnecessany effort on arcas unbikely 10 vield differem
assemblages

In summary ., the concept of MUs as a level in the luerarchy remans uscful for orgamsing thoughts and
data, and for overall asscssment of a study site. MUs are not particularly uscful, however, as
indicators of where to locate specific communities of invertebrates. In addition, use of the terms nffle,
run, rapid and pool at two levels of the hicrarchy (HB and MU), s confusing, and it 1s suggested that
alternative terms be sought that are specific to ong level

Assessment at the level of reach (Chapter 13)

Reaches form the next level up from MUs in the hierarchy, with the level above them being zones
Reaches, nested within zones, are used to desenibe a length of niver with similar channel and
hydrological charactenstics A bedrock niverbed with a lugh volume of flow, for instance, would
represent a different reach type to a cobble niverbed with a low volume of flow.  Rcaches can be
tentatively dehincated from maps, based on changes in slope. geological formations, valley form and
runoft, and venfied in the ficld by the composition of MUs

Prehiminary analysis of invertebrate data designed to assess the ceological relevance of reaches has not
provided much msight. The two reaches studied were about | km apart, on the same niver. They were
geomorphologically  different, but the overall densitics or composition of their invertebrate
communitics were not sigmificantly ditferent. The faunal samples grouped mainly, not by site, but by
whether they were in fast or slow flow However, within the groups of fast-flow and slow-flow
samples, those samples from cach site (1.¢ reach) tended to cluster together. It seems possible that

Vil



Executive Nummary

there are differences in invertebrate communitics at the reach level, but any such subtlctics will only
be revealed with more intensive examination of the data  The data wall be further analvsed in the
Ph D thesis of the second author

In terms of bilomomitoning, reach type 1s a useful gmde to the mosaic of MUs and HBs likely to be
encountered, and thus helps development of a sampling strategy Reaches within one zone that have
stmilar MUs and HBs will probably vicld much the same invertebrates, whalst those with different scts
of MUs and HBs, could vicld different species Al reach types within a zone hikely to add to the hist
of fauna present should thercfore be considered for inclusion in the sampling programme

In summary, reach types are as important as MUs in guiding overall structure of a niver study, but are
too coarse to guide on the exact location of individual species or species groups Datferent reach types
may yvicld different groups of specics, and sampling strategics should recogmise this. This can be done
through a rcach analvsis, which highlights similar lengths of nver, and can guide on the extent to
which data can be extrapolated from a study site

Assessment of the temporal stability of HBs over a range of discharges (Chapter 14)

HBs arc at the only level of the geomorphological licrarchy that incorporates a flow charactensuc as
well as a geomorphological one They can thus change in short to mtermediate tme scales as
discharge changes A preliminary analvsis of their physical stability revealed that they persisted over
a range of smmular low discharges, and only changed when discharge increased substantially
Esscntially, there was a 14 - 24% change in wetted arca once there was a S0 - 80% incrcase n
discharge  The faunal data will be further analvsed in the Ph D thesis of the second author, to reveal
how the invertebrates reacted to these physical changes

The impact of anthropogenic disturbance (Chapter 15)

The ten nivers with a range of disturbances were studied to assess how disturbance maght affect the
abiotic-biotic trends descnibed above  Disturbance was assessed in terms of changes in the species
community  Studied disturbances were not rated for seventy of thewr impact @ prior, instead, severity
was judged based on location of cach niver's invertebrate commumity on MDS simulanty plots. These
plots show the relationship between sites, in terms of their invertebrate commumtics, by the distance
apart the sites appear in two-dimensional space. Simular sites appear clustered together  Based on the
findings, the following hypothesis 1s suggested for further testing

The hapothesis:  Increasing disturbance gradually leads to the loss of a river's catchment signature,

and eventually to loss of 1ts regional character

Suggested explanation of the data, based on invertebrate assemblages, to support this hypothesis The
most muldly disturbed nivers vield mvertebrate commumties that are similar to those of the least-
disturbed nivers. In other words, these nvers remain well within their catchment clusters on the MDS
plot, and so their catchment signatures remain intact.  As disturbance increases, nivers become less
similar to others within their catchment, moving to the edge of thewr catchment cluster on the MDS

vin
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plot.  Moderately disturbed nivers lose thewr catchment signature completely, moving outside thewr
catchment grouping on the MDS plot to cluster together in the muddle of the ning of catchment groups
This suggests that they have lost thewr individuality and become more similar, as kinds of generalised
nvers of thar region. Possibly, by this stage, all sensitive species have disappeared and any coarser
regronal signature remaiming s provided by hardy, opportumistic species. Highly disturbed rivers lose
cven this gencrahised signature, being located well outside all the catchment groupings It 1s not
known at thas stage to what extent these nvers retain any kind of regional identity - A vanation on the
trend may occur for nvers receiving inter-basin transfers (1BTs) of water  One of the sites we studied
was | km wpstream of an mcoming IBT, and had taken on the catchment signature of the donating
catchment

In scems important to discover exactly how different kinds of disturbances transform the invertebrate
communitics, resulting in the gradual crosion of catchment signatures At this stage we cannot say if
there are hikely to be profound management implications, but we suggest that simply understanding
better how disturbance affects the signatures would be a entical step formard  To this end, further
analysis of this project's data 1s recommended

Usefulness of the geomorphological hierarchy

A major impression from this project was that geomorphological hicrarchics are exceedingly useful
tools to aid orgamisation of thinking, studics and data analvsis  Before such hicrarchies were
suggested, the country's ccologists were using a spatial hierarchy of sorts, but ones hike that tested
here enabled a gant step forward in the way ecologists viewed nvers  As a result, the study of
physical-biotic hinks in nivers has gradually taken its place alongside studies of chemical-biotic hinks,
providing a much morc rounded perspective on river functioning, to the benefit of both ficlds of study

Geomorphological studies based on a spatial hierarchy now form parnt of every environmental flow
assessment done in South Afnica, as well as contnbuting to the National River Health biomomitoring
programme. We feel this involvement 1s essential, but suggest that discussions should be held with the
geomorphologists on whether 1t 1s necessary for their approaches to accommodate the findings from
ths project. Specifically, discussions should be held on the following

e the nature and significance of catchment and niver signatures,

e use of biologically relevant zongs, rather than geomorphologically denved onces.

e reduction in the number of HBs 1o the four ccologically relevant ones.

e re-naming HBs and’or MUs. so that cach level of the hicrarchy has umque names,

e further study of which kinds of physical change might be linked to cach disturbance level in

the above hypothesis

Much of this discussion could well reflect the traditional contrast between “top-down™ and “bottom-
up” classifications  The “top-down™ approach in this case i1s the gecomorphological one of grouping
similar nvers and pants of nivers based on casily measured abiotic and landscape features  The
“bottom-up™ approach in this casc is the use of aquatic invertebrates to indicate which nivers or pants
of nvers are similar. This project was, in ¢ssence, a “bottom-up ™ testing of a “top-down” approach

X
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Incvitably, mismatches occurred, but these were not of & severe nature and there seems every reasons
to assumc that the “top-down” approach could incorporate the biological findings, and thereby
enhance s ccological relevance  This should be the main objective of the discussions suggested
above

Additional applications of the project’s techniques and data (Chapters 16-19)

An extensive database on physical-biological links was populated durning this project. Additionally,
mapping techmques were developed that already are being used in consultancy work  Chapters 16 to
19 serve 1o briefly introduce suggested further applications of the project’s data and techmques

In Chapter 16, use of the data for bogeographical and biodiversity studies 1s illustrated  The 380
invertebrate samples collected comained 287 species from X3 famibies.  Different numbers of specics
occurred 1in cach catchment.  Although this may be duc to sampling strategies, there 15 a possability
that real catchment differences i biodiversity are bewg revealed  The Eerste and Molenaars
catchments, for instance, clustered together in every analvsis done, and viclded 40% more specics than
the catchment with the next highest number. Could these nivers be located withun some centre of
brodiversity? Or could the results simply be reflecting our samplhing strategy”  Further analyses of the
datasct mught provide answers to these questions

Information on the hyvdraulic conditions i which cach species was found 1s also available in the
databasc, and cxamples are given in Chapter 17 A prehiminary investigation of the hvdraulic nature
of flow types 1s reported on in Chapter 18, and usc of the mapping techmiques in the environmental
flow asscssment for all nivers in the Lesotho Highlands Water Project is 1llustrated in Chapter |9

The analyscs in Chapters 16 and 17, at least, could be taken much further, but this was not possible in
this project. Together with the data on catchment and niver signatures, yet to be analysed, the database
represents a considerable resource that could enhance understanding of the nature and functioning of
the region’s nvers For this reason, further analyses of the data are recommended

The value of species data

In invertebrate studies it 15 becoming increasingly common to work only to famly-level
identifications, because of the time and other costs entailed in species identifications If we had done
that in this project, catchment and niver signatures would not have been detected There 1s no intention
here to detract from the use of family-level data, for such data arc well established and of great usc,
particularly for biomonntoning purposcs. A deep understanding of ccosystem  functioning  and
biogecographical trends, however, can only be obtained when working at the level of species Here, we
record our view that, to improve the quahity of advice offered by ceologists on management practices
for the sustanable use of our nvers, collection of biological data on invertebrate species, their
behaviour and their hfe-cycle requirements, must continug to have a place in rescarch programmes
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Recommendations

This project has produced a very comprehensive data sct. The data have extra value because they
cover many simular nvers, within one bioregion, and were collected by a single team in a standardised
way Because of the geographical spread of the data, previously unimagined charactenstics of Cape
nvers have been revealed. Regron-wide patterns of niver type have been detected, as well as trends in
how human disturbance affects these patterns. Specifically, the invertebrate data clearly show that all
nvers and catchments have their own signatures

The management imphications may be profound  Without an understanding of the detected signatures,
we can no longer assume that all nvers within a region are ecologically similar, or that knowledge
from onc can be extrapolated to the rest, or that they will respond to disturbance 1in a common way

There may be other, presently unknown, factors that need to be considered before assuming, for
instance, that some nvers can be sacnficed to development because we have many more hike them

It 1s theretore recommended that further analysis of the database be undertaken. Some of this will be
done in the PhD thesis of onc of the authors, as detaled elsewhere in this report. The following
additonal aims will stll need 1o be addressed.

e Ascertan the proximal cause of the signatures. Two possible explanations are that they are
duc to umque species in cach catchment/nver (1¢ related to histonical biogeographical
distnbutions), or that there are umque combinations of common species i cach
catchmentniver (1e each niver 1s functioning shghtly differently, perhaps duc to chimatic or
geochemical influcnces).

e Analysc the species and geomorphological data for all the disturbed nivers, to ascertain the
influence of disturbance on catchment signatures  Rate different kinds of disturbances on a
severnity scale.

e Convene a workshop, with selected niver scientists, to reach consensus on the management
imphications of catchment and nver signatures  Transfer the findings to the management
arcna

e Allocatc SASS-tyvpe scores to all 380 invertebrate samples in the database  Using the GIS site
maps, assess how reach, MU, site and sample point selection affects the SASS score These
kinds of scores are now used at national level for management of niver health, and so 1t s
important to continue assessment of thewr strengths and weaknesses  Transfer the findings to
the management arena.

o Ascertan, as far as possible, if 1t 1s true that some of the studied catchments had far higher
numbers of species and higher numbers of umque species, than others

e Refine and upgrade the interface and query centre of the database created in this project, and
complete a quality-control assessment of the data housed in it This should a) make the
database accessible as a rescarch tool, and b) allow other rescarchers to add thewr data to the
database, thereby imtiating a national databasc of biological and physical links in nvers The
database created n this project database 1s compatible with BIOBASE, developed by the
Freshwater Rescarch Unit at the Umiversity of Cape Town, which hnks biological and
chemical data for South African nvers.
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Fxecutive Summary

Extent to which the Terms of Reference have been met
All of the objectives listed at the beginning of this Executive Summary have been achieved
Capacity building and technology transfer within the project

Scven post-graduate theses were produced from rescarch linked to this project four i the
Depantments of Zoology and Civil Engincering at the Umiversity of Cape Town (UCT), and three in
the Department of Civil Engincering at the Umiversity of Stellenbosch  Not all of the rescarchers were
funded from the project, but all used data collected dunng it In addinon, one of the authors of this
report (DMS) 1s presently wniting a Ph D thesis, and the other author (JMK) supervised another four
Ph D or MSc students complcting nver studics

Eight undergraduate or postgraduate students at UCT were emploved part-time on the project, and
received scientific traiming tfrom project staff.

An extensive programme of technology transfer was completed, including

e lecturcs,

e presentations at conferences,

e acting in planming, orgamising, advisory or review roles for vanous scientific workshops,
programmes and journals,

e aspecialist review for the new Water Law,

e application of techmques and knowledge developed, both within South Africa, and in
England, Australia. Lesotho, Amenca, Tamwan, Portugal, Zimbabwe, Mozambique and for the
World Bank

Full detauls are given in Appendix E3.
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