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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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Chapter One

1.  INTRODUCTION

South Africa 1s a semu-and country  Water 1s scarce and a burgeoning human population 1s expected to
increase its water demands bevond supply within the next two decades (Basson er al 1997)  Rivers supply
most of that water, and increasing manipulation of their flow regimes and channels, habitual use of them as
waste-disposal facilinies, and a range of non-pomnt impacts on them due to man's activitics, are accelerating
therr degradation (Davies & Day, 1998). The cost to the country of nivers functioning poorly 1s unknown
but undoubtedly very high

Over the last two decades there have been concerted efforts by South Afncan water managers and scientists
to bring about more sustamable use of rivers. Assessments of the flows required for nver mantenance
were imtially done for all nvers targetted for water-resource development (King & Louw 1998, Tharme &
King 199%). but arc now being done for all water resources within a natonal plan. This moves to mect the
requirements of the new Water Act of 1998, which recognises aquatic ccosystems as one of only two
scctors with a nght to water, the other bang people, whose basic water needs are protected  Together, the
water required for sustaimng people and aquatic ccosystems i1s termed the Reserve, and cnjoys pnionty of
usc.  Biomomtonng - the use of aquatic plants and ammals to indicate niver health ~ has also been
mtroduced, to complement the chemical momtonng of nivers alrcady done by the Department of Water
Aftars and Forestry (DWAF) (Roux 1997)

With nivers now n the spothight in a way never contemplated even a few years ago. the imperative for
aguatic scientists to work hand-in-hand with government on nver management has never been greater
Advice 1s sought from scientists on a wide range of issues, from dam design to conservation of Red Data
specics and management of channcls  The capacity to be able to predict how nvers will react as ccosystems
to proposed water-resource developments 1s becoming increasingly important.  Accurate predictions will
facilitate more informed management decisions about the sustainable use of nivers

For most rivers in the country, at least in the short term, such predictions and management decisions will be
made without the benefit of in-depth rescarch on the nvers of concern.  This 1s potentially a nisky
endeavour, but the nsk can be reduced by optimising the way in which limited data and understanding are
used  One such way that this already happens, often informally, s through regional gencralisation on the
nature and funct:oning of nvers. Data and understanding from studied nvers are used to infer the character
of ncarby unstudied nvers

If this kind of general regional knowledge could be orgamised so that all that 1s known about similar rvers
could be groupcd in a scientifically acceptable way, then its use could valdly be expanded through
extrapolation to all nvers within the group  In this way, the nature and functioming of any one river could
be assumed to a known extent through its membership within a specific group of nvers, some of which may
have been the subject of some studies  Simularly, the effects of a proposed disturbance to one niver could be
predicted through knowledge of a similar disturbance to a similar kind of nver  Rehabilitation of a niver
could be guided by the known range of conditions occurnng within less disturbed nivers of its group
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Such partitoning of the nvers would have other benefits.  For instance, biomonitonng of niver health, using
the South African Sconng System (SASS) (Dallas 1995, Chutter 1998), and State of the Environment
assessments, are both required to be set within a regional and local spatial framework. Any niver site being
assessed can then be compared with similar least-impacted ones, which could provide a reference condition
of how far removed from natural the site 1s  Additionally, when nver-specific data are sparse,
environmental flow assessments often draw on regional knowledge of the character and distnbution of
NVENNe species

There has thus evolved both a long-term scientific and short-term management-onientated need to develop
approaches that allow valid extrapoianon  Such wehmiques requue a gowd wdansianding of what
constitutes a “simular” nver or nver site, so that it can reasonably be assumed that data collected in a known
arca truly represent the (similar) area to which they are extrapolated

Broad-scale grouping of similar nvers or nver sites within South Africa has been done in several ways
This 1s addressed in more detail in Chapter 2, but essentially, nvers can be grouped at many different scales,
based cither on biological distnbutions (bottom up), environmental vanables (top down), or both. At the
countrywide level, catchments can be grouped by region (c.g. all the nvers within the Fynbos Biome) At
the catchment level, similar longitudinal zones of many nivers within a region might be grouped (¢ g all
mountain streams within the Fynbos Biome). At the zonal level, similar channel tvpes or smaller habitat-
type features might be grouped together for study or other purposes (¢ g all the pools in mountain strecams
within the Fynbos Biome).

For both in-depth studics and rapid management methods, it 1s important to understand the implications of
such groupings. Much of the proclaimed vanability or “noise™ in biological nver data may be denved from
our nability to truly compare hike with like.  For example, arc all the pools in mountain strcams in the
Fynbos Biome so alike in physical, chemical and biological features that one could be used to represent
them all?” Being able to answer this kind of question might be important, for instance, in biomonitoring,
when sampling a nver upstream and downstream of an effluent in order to assess the impact of the effluent

If biological samples were not taken from both arcas in places which the biota perceive as being similar, the
samples will probably be different irrespective of the effluent.  Some of this difference might be due to
natural vanability, whilst a major portion will very probably be duc to the mismatch of sampling arcas

So how can we improve our understanding of what constitutes a similar river or niver site, in order to
maximise the validity of companson and extrapolation? A promising starting point is the tacit recogmition
among river ecologists of the importance of the physical features of the channel. “Pools™ and “nffles™ are
important descriptors of species” habatats, as are the size of substratum particle sizes, the shape of the banks
and the extent of floodplains.  Fluvial geomorphologists have suggested an hicrarchy of scales for
structunng nver studies, which allows all such physical features to be placed into context within the
landscape.  Their hierarchy is potentially of great use for ccologists, and indeed a simular, less-structured,
spatial hicrarchy 1s alrcady used by them (Section 2.2).

If a geomorphological hicrarchy proved also to be valid ccologically, then casily-recognised physical
features of nivers (position in landscape, slope, substratum partcle size, kind of flow) could be used as
biological surrogates, in order to recognise and group ecologically similar nivers or nver sites.  Ecologists

2
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could more casily and surcly choose truly comparable sampling sites in different nvers and comparanle
sampling points within different sites  Further, sites and sampling points in anthropogenically disturbed
nvers could be more surely matched with ones in undamaged ones through use of robust geomorphological
features, in order 1o assess the degree of impact of the disturbance  Biomonitoring results would thus have
one layer of "noise” removed A greater understanding of the dnving forces behind species distnbutions
would also be gained, at scales from catchment to microhabitat, and the scientific study of patch dynamics
would be facilitated over a range of scales

The present project thus poses and 15 designed to answer the following question

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

This report detanls the rescarch undertaken to address the above question  Chapters 2 - 4 complete the
Introduction Chapter 2 gives an explanation of geomorphological and ecological nver hicrarchies, and
provides vanous perspectives of physical habitat  The Amims and Tasks of the project are then hsted
(Chapter 3), followed by detauls of the Methods used (Chapter 4)

Chapters 5 - 9 contain the Results of the rescarch.  An introduction to the Results section 1s given in
Chapter 5 This 1s followed by an independent geomorphological assessment of the study sites by Prof
Kate Rowntree of Rhodes Umiversity (Chapter 6). The physical and chemical data for cach site appear in
Chapter 7, and the biological data, with related environmental data, in Chapter 8. The database created to
contain all the above data 1s then desenibed (Chapter 9)

Chapters 10 - 15 report on use of the data to test the ecological relevance of vanious scale levels of the
geomorphological hicrarchy. Starting at the largest scale in the hicrarchy, Catchment and niver longitudinal
Zones are addressed i Chapter 100 Then, attention 15 turned to the smallest scale of the hierarchy,
Hydraulic Biotopes (Chapter 11), in order to define these, the building blocks of the intermediate scales
Morphological Units, consisting of few to many hvdraulic biotopes, are dealt with in Chapter 12, and
Reaches in Chapter 13, Discharge-related changes in the proportions and distnbutions of Hydraulic
Brotopes and of invertebrate species are desenbed in Chapter 14 The final chapter in this Part introducces
sites on sclected disturbed nvers, and descnibes how different kinds of disturbance impact the pattems
revealed in the previous chapters (Chapter 15)

Chapters 16 - 19 dllustrate further applications of the project data.  Biodiversity issues are discussed in
Chapter 16, Taxon-specific hydraubic habitat requirements are provided in Chapter 17, the hvdraulic
character of flow tvpes 1s explored in Chapter 18, and application of the developed habitat-mapping
techmques in the Lesotho Highland Water Project 1s desenibed in Chapter 19

Finally, Chapter 20 provides Conclusions on the project and Recommendations regarding future rescarch
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2. GEOMORPHOLOGICAL HIERARCHIES, ECOLOGICAL
HIERARCHIES, PHYSICAL HABITAT AND HABITAT MAPPING

2.1 Geomorphological hierarchies

Histonically, the ccological study of nvers has largely focussed on chemical and biological aspects, such as
pollution levels and community distnibutions (Hynes 1960, Hynes 1970). Physical aspects of channels
received cursory attention. More recently, study of the physical characier of nivers has ganed prominence
in South Afnca. perhaps beczuse 1t was becoming clear that many nivers with relatively minor water-quality
problems are nevestheless senously degraded  In different nivers across the country, channel shape, features
of the niverbed and the flow regime are all undergoing intense modification to suit short-term human
requirements. The resulting structure of the channel profoundly influences the kinds of physical habitat
available for nvenne biotas, and thus the whole functioming of these ccosystems  Recogmising this, water
managers and niver ecologists tumed to fluvial geomorphologists for advice on the study and management
of physical aspects of rivers

Geomorphologists point out the importance of placing the niver within the context of its catchment, and of
viewing nver systems as hicrarchically orgamised, at scales from catchment to aggregates of substratum
particles  River classifications expounding this view (Frissell ef o/ 1986, Naiman er al. 1992) have been
suggested as uscful tools for nver management. Derived from these, and from relevant studics on nivers in
several pants of South Afnica (Cheshire 1994, James er @l 1996, Jewitt ¢f a/ 1998, and Rowntree &
Wadeson 1999), a local geomorphological hicrarchy has been proposed as a framework for nver studics
(Rowntree & Wadeson 1999) Working from Rhodes University, Rowntree & Wadeson descnbed the
hicrarchy as bang based on “spatially nested levels of resolution that recogmse that the structure and
dynamics of the nver channel are determined by the surrounding catchment™. They give the levels of the
hierarchy as catchment, segment, zone, reach, morphological unit and hydraulic biotope (Table 2.1).

Higher levels of the hicrarchy impose constraints on lower levels and, because of their different spatal and
temporal scales, are characterised by different geomorphological processes Al ticrs of the hicrarchy,
except hvdraulic biotopes. are defined through geomorphological and allied charactenstics. and hence are
relatively stable in space and ume.  Hvdraulic biotopes have local flow charactenstics as an additional
deseriptor, and so are spatially and temporally more ecphemeral than the higher levels of the laerarchy
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Table 21 Definition of geomorphological classification levels (Rowntree & Wadeson

1999).
Hierarchical unit Description Scale
-E:mchmem The catchment is the land surface which Can be applied to the whole nver
contributes water and sediment to any given system, from source 10 mouth, or
stream network. 10 a lower order catchment above
a specified point of interest

Segment The segment is a length of channel along Segment boundaries will tend 10
which there is no significant change in the flow be co-incident with major tnbutary
disChaige o sedinent ivad Junchions

Longitudinal zone The zone is a sector of the river long profile Sectors of the river long profile
which has a distinct valley form and valley
slope. River zones fall within segments and
are delineated according to macro-reaches
Macro-reach The macro reach describes the valley form
charactenstics, including valley shape, valley
floor slope, and valiey floor width

Reach The reach is a length of channel charactensed Scale level of hundreds of meters
by a particular channel pattern and channel
morphology, resulting from a uniform set of
local constraints on channel form

Morphological und  Morphological unis are the basic structures Occur at a scale order sirmilar to
recognised by fluvial geomorphologists as that of the channe! width
compnising the channel morphology. and may
be either erosional or depositional features.

Hydraulic biotope Hydraulic biotopes are spatially distinct Occur at a s;mid scale of the
instream flow environments with characteristic  order of 1 m*to 100 m* and are
hydraulic attributes. discharge dependent.

Segments and zones are denved from maps showing catchment features such as ramnfall, runoff, sediment
production zones, and the longitudinal profile of the nver. Reaches descenibe lengths of nver with a similar
sct of controls. They are mtially identified from maps, using contour lincs and channel gradient (Prof
Rowntree, pers. comm ) They are then further defined in the field by their channel type, through
substratum charactenstics (bedrock, alluvium or mixed) and channel pattern (single, braided, anastomosing,
sinuosity). Rcaches that are similar in terms of these charactenstics form one reach type  Reaches of two
or more reach types can be repeated along the length of one zone

Morphological wuits are Wdentified in a ficld exercise, at the site level. Occumning on a channel-spanning
scale, suites of morphological units are envisaged as occurning within a reach, with similar reach tvpes
supporting similar asscmblages of morphological umits.  Hydrandic hiotopes are the smallest unit 1n the
hicrarchy, and are defined by their substratum and flow charactenstics  Different suites of hydraulic
biotopes are envisaged as occurring in different morphological units. The assemblage of hyvdraulic biotopes
within any on¢ morphological umit will change with discharge

A similar hicrarchy 1s described by scientists working at the Umiversity of the Witwatersrand (James ef al |
1996) Their approach starts at the lower end of the hicrarchy, with geomorphological umits being at the
finest scale, followed by reaches, macro-reaches and zones A later publication (Hertage ef af | 1997)
mentions channel types and functional groupings of geomorphological units. This publication also provides
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an excellent discussion on scale 1ssues. Focussing on the relationship between npanan tree communitics
and nver features, this group did not imitially address the level of small-scale (spatial and temporal)
instream habitat, as had been done by the group introducing hydraulic biotopes. However, later additions to
their approach, to accommodate fish studies, provided a “top-down” component for dealing with instream
habitat  The coarse to finer scale levels were, respectively, channel type, geomorphological unit and
cover/substratum categones  In contrast to the hydraubic-biotope approach, no explicit use of instantancous
flow conditions was used

The two approaches have tnggered considcrable interest among South Afnican nver ecologists  The two
geomorphological approaches share many charactenstics with cach other and with the ecological scale-
related perspective of nvers Thas latter perspective is descrnibed in the next scction

2.2 Ecological hierarchies

Ecologists have long sought to impose order on their studies of nivers, at scales from regions to instrcam
habitat

221 Ecological regions

In South Afnica, regions of the country with similar nvers have been delincated, either directly, using the
brota to define similanty, or indircetly, using environmental vanables. Hamson (1959), for instance,
recogmsed 12 hydrobrological regions within South Afnca. based on water chemustry and distnbutions of
the aquatic biota. Noble & Hemens (1978) recogmised seven regions, based on much the same features,
together with geological and zonation aspects of the nvers. In 1994, the Department of Water Affairs and
Forestry funded a Spatial Framework Workshop, designed to further define arcas within the country with
different kinds of nivers (Brown et al 1996). Denved from this and parallel research, Eckhout et al (1997)
recognised ten bioregions for nivers, based on the oldest available records (i ¢. to the extent possible, those
recording  pre-disturbance conditions) of the distnbutions of fish, npanan vegetation and aquatic
vertebrates. Although the detarls may differ, there was good general agreement between these analvses
on which parts of the country are biologically different in terms of rivers

Adopting the altemative approach, Kleynhans er al. (1998) used map overlays of mostly environmental
vanables with some biological input to subjectively determune ccoregions.  Information on physiography,
chimate, geology and soils, and potential natural vegetation was used to delincate 18 ccorcgions in a first
broad assessment. Thus approach recogmsed much the same broad arcas as the carhier mentioned biological
approaches

222 Longiudinal biological zones

Within regions of similar nivers, drological zones along the nvers have long been recognised as the next
level of spatial orgamisation  llhes (1961) was prominent among those introducing the concept at an
mtermational level, and Noble & Hemens (1978) expanded on this concept when suggesting a charactenstic
sct of biological zones for South African nivers. Rivers in different parts of the country exhibited different
combmations of the zones  South-western Cape clear acid nivers, for example, contain all five zones

-
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(mountain source and chff waterfall, mountain stream, foothill sandbed, low and midland nver and
estuary), generally all well developed  In comparnison, the short southern Cape nivers have only the
mountain source, mountan strcam and estuanne zones, whilst the southern Karoo nvers have no mountain
SOUTCE OF Mountain stream zones

Harnson & Elsworth (1958), OLfY (1960), Chutter (1970), King (1981), King & Tharme (1994), and many
others have descnbed such zonation along South Afnican nvers. The biological differences between zones
have been hnked to a range of physical and chemical features charactenstic of the zones  Water
temperature and chemistry are often markedly different between zones, although there is usually a gradual
downstream transition rather than an abrupt change. The samc is truc for physical features, with the main
charactenstics that differ between zones often being geomorphological in nature. Slope, substratum partcle
siz¢ and shape of the channcl within its valley have all been recogmised as important physical descrniptors of
the avaulable living space for nvenne biota

Eckhout er a! (1997) saw thewr regional groupings (bioregions) as potentially subdividing into subregions,
cach of which contained the same zone of many nvers. For mstance, Sub-region One of the Capensis
broregion could contan all the mountam streams within this Western Cape bioregion

223 Instrcam habitat at the mesohabitat level

Within zones, ecologists partition the instream component of nvers further using physical habitat. This
reflects an implicit understanding that the major deternunant of biotic distributions, not only at the level of
zones but also at finer scales, 1s the physical environment. Chemical vanables also determine distnbutions
at larger scales (1¢ zone), but do not appear to have such a clear nfluence at finer scales (ic.
morphological umit). This 1s because most chemical or physico-chemical vanables have different values
along the length of a niver, but much the same value within any one site.  There are some within-site
differences, such as increased levels of dissolved oxygen in nffles or higher phosphate levels in pool
sediments, but these are usually reflections of local differences in channel morphology. This suggests that
the physical structure of the site 1s the primary determnant of the environmental conditions expenenced by
instream biota.

There are several well-used terms to describe such physical habitat at what nmught be descrnibed the
mesohabitat level (10° <10' m). Older terms, such as “npple” and “sticklc™ may have been taken from
fishermen’s language and are rarely used by niver ecologists now, whilst others from the same probable
ongimn, such as “run”, “pool” and “backwater” are in common use  These, and terms such as “nffle”,
“cascade”, “rapid”, “backwater”, “chute” and “waterfall” are routinely used by niver ecologists.  Chutter
(1970) mtroduced “stones-in-current” and “stoncs-out-of-current”, which added an exphait substratum
clement to the descriptions of where nvenne biota ived  The charactenstics of all of these kinds of arcas
arc imphied through use of these famihar terms, and not well descnibed

Wadeson (1995) provided a detarled review of the terms used by ecologists and an excellent comparnison of
how geomorphologists and ccologists named the same channcl-flow features Both groups, for instance,
were in agreement as to what constitutes a nffle, but ecologists used the terms pool, run, ghde, flats and
backwaters for a gecomorphological pool. Wadeson suggested that this difference in perception of a pool
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may be because geomorphologists recogmse distinet physical features (the zone of deposition (bar, niffle)
and the zone of scour (pool)), whilst ecologists also take into account the way water 1s flowing through the
sitc. Wadeson concluded that both disciplines are somewhat “woolly™ in their descriptions of these channel
features, with much rehiance on others” intuitive understanding of what was meant by a term,

2.3 Comparing geomorphological and ecological hierarchies

There 1s great similanity i scale between the geomorphological and ecological hicrarchies descnbed above,
again reflecting the strong mfluence of physical attnbutes of nvers on their ecological characters
Bioregions or ccoregions arc largely reflections of topograph:cal and geological features of the landscape
and so will have much m common with geomorphological regions  Biological zonation along nivers
probably largely reflects geomorphological zonation (Table 2 2) as the latter dictates the avatlability and
nature of wetted habitat for species, as well as such other physical features as levels of oxyvgenation and
turbidity Only at the finest scales of the hierarchy do geomorphologists need 1o produce new levels The
term hydrauhic biotope has been suggested to descnbe the physical environment of assemblages of specics
A further ierarchical level - perhaps termed hydraulic habitat - could descnibe the physical environment of
individual specics within the assemblage

Table 2.2 Broadly comparable levels, in terms of scale, of the geomorphological
hierarchy of Rowntree & Wadeson (1999) and ecological hierarchies (King
and Tharme 1994, Armitage et al. 1995; Eekhout et al. 1997). The final level of
the hierarchy is @ new suggestion,

'.Géomorphology Ecology
Catchment gr;ups Bicregion, ecorogioh- -
Segment, zone Biological zone, sub-region
Reach Macrohabitat
Morphological unit Mesohabitat
Hydraulic biotope Assemblage-specific biotope

? Hydraulic habitat Species-specific habitat

There 1s a compelling attraction in the concept of orgamsing biological data and understanding, using such
a scale-based hicrarchy  But similanties in the hicrarchies undoubtedly extend beyond those of scale
Although ccologists wore alrcady using a scale-based hicrarchy, adding the geomorphological perspective
somchow strengthens and structures biological thinking so that new ideas develop and new ficlds of study
become possible. The ccological sigmificance of different kinds of channel shape becomes more apparent,
and the impacts of anthropogenic disturbance are more casily and accurately descnbed.  The reasons for
wishing for these new understandings have already been mentioned (Chapter 1) The need remains to test
the extent to which the geemorphological hicrarchy can act as a surrogate to the ceological one (Section
24) Ecologically, the lowest level of the ierarchy s the instream physical habitat  This 1s now reviewed
in more detail
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2.4 Physical and hydraulic habitat

In the last two decades there has been increasing collaboration between ecologists and geomorphologists,
reflecting a growing international demand for more specific descniptions of physical instream habitat
Much of the carlier development centred around descriptions at what maght be called the microhabitat scale
(107 = 107 m), but larger scales were also recogmised as important

For example, within the Instrecam Flow Incremental Mcthodology (IFIM) (Bovee 1982), macrohabirat 1s
described by those vanables that have much the same value over some considerable length of nver (1e.
several to many kilometres), such as discharge, morphological character, temperature and water chemustry

The character of the macrohabitat reflects changing macro-conditions, and thus biological zonation
patterns, along the length of the nver. Microhabitat 1s described by those vanables that vary within a study
site, such as substratum type, hyvdrauhic charactenstics and refuge value  The character of the microhabitat
thus reflects the mosaic of micro-conditions, and so biological distnibution patterns, at any one place on a

e

Others have sumply used the terms habitat and biotope I Aahitar 1s seen as the biotic and abiotic
environment of a species (Macan 1963), then biotope has become recogmised as the biotic and abiotic
cnvironment of a commumity or species assemblage  Tharme & King (1998), for instance, recogmse the
biotope as describing the biological, chemical and physical attnbutes of the cnvironment of a biotic
community.  Following from that, Rowntree & Wadeson (1999) and Newson er @l (1998) recogmise the
hydraulic biotope as excluding the biological, chemical and thermal influences, and concentrating on the
flow-related aspects of hving space.  Wadeson (1995) descnibes hyvdraulic biotopes as spatially distinct
instrcam  flow  cnvironments  charactensed by speaific hydraulic atnbutes that provide the abiotic
environment in which species assemblages or communitics hive.  This approach recognises that the
boundanes of the hydraulic biotope are defined not by the biota but simply by physical aspects, and so there
1s no dircct confirmation of their ccological relevance

Newson ef al (1998) view Wadeson's approach as a “top-down™ one, whercby biotic use of an area 1s
inferred from a knowledge of its physical conditions A potentially complementary, “bottom-up™ approach
(Harper ef al 1997) uses knowledge of the biotic distnbutions 10 dentify functional habnats. which then
act in the opposite way to Wadeson's hvdraulic biotopes by infernng patterns of instream conditions. The
mesohabitats of Armitage et al (1995) appear to be a combination of these, consisting of “visually distinct
arcas of different substrata and instrcam vegetation, cach supporting a distinctive asscmblage of
invertebrate species  Harper er @l also recogmse potential habitat as that which s actually available, as
opposed to functional habitat, which 1s that used by a species. Newson er al (1998) point out that we are
beginming to understand the links between physically-denived hydraulic habitats and biologically-denived
functional habitats, but it 1s not vet possible to connect cach of the former to the latter

241  Descnbing physical habatat with cross-sections

Whatever the terms used, description of local hydrauhic conditions withun a niver, that s, the physical
environment available for habitation, has traditionally been done through data gleaned from surveved cross-
scctions of the nver  The best known application i1s through the IFIM (Bovee 1982), whereby sites are

10
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sclected along the niver that are deemed representative of longer nver reaches.  Cross-sections are then
placed within each site to descnbe typical and cnitical physical habitat for sclected target specics, whilst
additonal ones are placed at sclected hydraulic features, in order to meet the input requirements for the
hydraulic-habitat model PHABSIM (Physical HABitat SIMulation, Bovee 1982).  Each point surveyed
along the cross-sections becomes the centre of a “cell™ that extends half-way along the cross-section to each
adjacent surveved point, and some chosen distance upstream and downstream toward cach adjacent cross-
scction. The study site thus consists of a gnd of “cells™, for cach of which the hydraulic conditions can be
simulated scparately, 1o show how cach changes over a range of discharges These changing conditions can
be linked 1o collected data on the physical conditions 1n which the selected species are most often found,
measuning the same vanables as used within PHABSIM, to reveal how changes in discharge affect thewr
habitats

One of the problems many ccologists encountered with this approach 1s that once ficld-collected data on
physical conditions are entered into the model, intuitive understanding of the data and the niver 1s obscured

The model’s output 1s precise and simple, but not necessanly sympathetic to the ecologist’s “feel” for the
nver ccosystem.  Nevertheless, most authors continue to report a cross-scction approach to descnbing
hydraubic habnat (cg Nestler er al 1996), as this i1s undoubtedly an informative and cost-effective
approach. Information 1s incvitably lost at this scale, however For instance, Padmore (1997) reports that
cross-section data typically under-represent marginal deadwaters and chutes, and fail to desenbe arcas of
slower flow among faster oncs. Such shortcomings of cross-section data may be countered to some extent
by the use of cross-section denved digital depth maps (GIS) to model changing hvdraulic and sediment
conditions.  These provide greater spatial detail of flow-related changes at the studied site (Semmcekrot er
al. 1996), and also allow hmited appreciation of the wider context of the river within its landscape.
However, Semmekrot ef al's cross-sections were S0 m apart, and so much finer detail would have
remained uncaptured

This 1s of concern because there has been increasing recognition of the importance of habitat patchiness, or
physical heterogeneity, i freshwater ecosystems, and dissatisfaction with the nability to adequately
describe this with cross-scctional data  The cells within the IFIM approach are described by broad
extrapolation from relatively fow surveyed pomnts and do not reflect the complex mosaic of conditions
present in rivers that are thought to be so important for maintaining efficient ccosystem functioning.  For
mstance, Hildrew ef ai. (1994) point out that finc-scale, short-term biotic interactions, as well as fine-scalc
abiotic factors, influcnce longer term and spatially extensive patterns in benthic communitics  Further, they
state that understanding the spatio-temporal heterogeneity of physical features is the key to understanding
the bological links between scales. They conclude that the two most important roles of this physical
heterogeneity are to provide refugia and thus to buffer the effects of physical and chemical disturbance, and
to modify the outcome of local species interactions. It follows that in order to understand the implications
of management decisions on nivers, it 1s imperative to develop a better understanding of the physical-
biological links in nver ecosystems at these small scales

242  Desenbing physical habitat by habitat mapping

A new ficld of science, called vanously: hydraulic stream ccology, ccohydraulics, habitat hydraulics
(Newson er @/ 1998), or similar, has evolved to study the links between physical (mainly hydraulic)
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conditions 1n rnivers and biotic distnibutions, as well as to develop predictive capacity of how nivenne biotas
respond to changes in these physical conditions  Habitat mapping 1s one extremely useful way of studying
those links.

The concept of habitat mapping 15 not new.  Most ccologists unconsciously perform such a mapping
excrcise, at Icast in thair minds, whenever they work at a study site. Focussing on describing the shape,
physical charactenstics and local hydraulics of nver sites at a scale relevant to biological studies, mapping
allows the ccologists to retain a hands-on feel for the nver and collected data. There is, however, a need to
develop mapping techmques both to take advantage of modern tools used in the terrestnal environment
(Meixier ef @i 1996) and to structure more clearly how physical habitat, particularly its patchincss, 15
descnbed

In South Africa, onc development relevant to habitat mapping was a recent collaborative rescarch effort
between South African and English river scientists. This included a joint workshop on the hydraulics of
physical biotopes, held in Citrusdal in 1995 (Rowntree 1996). One output from that workshop was the first
tentative hinkage of wvisually asscssed flow types (Table 2 3) with visuvally assessed substratum size
categones (Table 24), to produce on paper a matnix of hydraulic conditions then named “physical
biotopes™  The term hydrauhic biotope evolved from this, to specify more clearly the hydraulic focus of the
wdentified areas  This term then became recogmised as the lowest level of Rowntree & Wadeson's (1999)
geomorphological erarchy, thereby tnggering the rescarch reported on here

Table 2.3 Categories of visually distinct flow types. After Rowntree 1996 Padmore et al
1696, Newson et al. 1998; King and Schael this project.

Flow Type Definiton -

Free falling (FF) Water falls vertically without obstruction

Cascade (CAS) Water tumbling down a stepped series of boulders, large cobble
or bedrock

Boil (BOIL) Water forming bubbles, as in rapidly bolling water;, usually below
a waterfall or strong chute

Chute (CH) Water forced between two rocks, usually large cobble or
boulders; flowing fast with the fall too low to be considered free
falling.

Stream (STR) Water flowing rapidly in @ smooth sheetl of water; similar to a

Broken standing waves (BSW)

chute but not forced between two bed elements
Standing waves present which break at the crest (white water)

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

Fast riffle flow (FRF) Very shallow, fast, flickering flow, still covering most of the
substrata

Rippled surface (RS) The water surface has regular smooth disturbances which form
low transverse rpples across the direction of flow

Slow riffle flow (SRF) Very shallow, slower, flickering flow, still covering most of the
substrata

Smooth boundary turbulent (SBT)  The waler surface remains smooth, medium to slow 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 flow, when occurring with small or large
cobbles, flow is between bed elements with few if any
submerged

Barely perceptible flow (BPF) Smooth surface flow; only perceptible through the movement of
floating objects

No fiow (NF) No water movement

12
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Table 2.4 Categories of substrata.

Size Range

Category (mm) Guide Line ¢
Sit (S1) <0.063 Fines and mud 65
Sand (SA) 0.063-2  Coarse grit 20
Small Gravel (SG) 2-16 finger nail -2.0
Large Gravel (LG) 16 - 64 middle joint of finger 45
length of small finger
Small Cobble (SC) 64 - 128 wrist 1o haifway along finger 6.5
Large Cobble (LC) 128 - 256 inside elbow to wrist 75
Boulder (B) > 256 armpit Lo wrists 90
ground to waist
length of tall person
> length of tall person
Bedrock (BR) slabs of rock 95

Since thea and in close collaboration, the Enghish and South Afnican geomorphologists have followed thewr
lines of investigation on hydraulic biotopes and other aspects of the two hicrarchics (Newson ef al. (1998),
Rowntree & Wadcson 1999), and the ccologists thewrs. The geomorphological perspective s at the
mesohabitat scale, and with an understanding ar thar scale of the ecological relevance of their units (Grundy
1997) This scale may be appropnate for most fish studies.

An ccological perspective of all scale levels is reflected in this project.  Biotic distnbutions were used, at

cach level of the hierarchy, to define what is perecived to be different lebensraum (living space). The

extent to which the geomorphological hierarchy reflects these differences was then assessed.  Initially, the

highest level of the hicrarchy was addressed, by using the distribution of aquatic invertcbrates in many

nvers to define ecelogically similar nivers and river zones  Then, the lowest level, or hydraulic biotopes,

was addressed, using the concept of descnibing them by their substratum and flow charactenistics. To do

this, the reach-level scale at which these charactenstics are mapped by geomorphologists was reduced in

order 10 map substratum and flow at the microhabitat scale.  Following this, faunal samples collected at the

site revealed which combinations of flow type and substratum (or groups of combinations) actually

supported different species assemblages.  These combinations were adentified as different hydraulic

biotopes.  With this smallest-scale level of the hierarchy better understood, the intenm levels were

addressed as follows

e The distnbution of hydrauhic biotopes - and thus their species - in different morphological umits was
compared.

e The distnibution of morphological units - and thus their hydraulic biotopes and species - within different
reach types was compared

e The effect on these distributions of changes in discharge was investigated.

e The effect of specific disturbances on the basic patterns of distrnibutions was investigated

13
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2.5 Summary

There 1s a good match between the gecomorphological and ecological hicrarchies of scale recogmised by
nver scientists. It seems possible that using this similanty, ccological studies of nvers could be guided by
the geomorphological character of the nvers. If the ecological relevance of the geomorphological hierarchy
could be defined, then the former could justifiably be used as a surrogate for the latter n many kinds of
ccological studies. It would provide a relatively casy way of identifving similar nver sites or sampling
points, and could also play a vital role in organising the collection and interpretation of biological data.

For this concept to develop, it 1s vital to increase understanding of the ecological relevance of
e the geomorphological hicrarchy of scales, recogmsing that cach level from substratum particle to
catchment is nested in higher levels, and that cach level 1s constrained by the dictates of higher levels.

e the within-sitc complex mosaic of physical conditions, recogmsing that biological interactions and
refugia operate at this scale

14
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3. AIMS AND TASKS

3.1 Overview

The overall aim of the rescarch completed in this project was to assess the ecological relevance of Rowntree
& Wadceson's (1999) geomorphological hicrarchy, and the potential use of this hierarchy as a guiding
structure for ccological studies

Some ground rules applicd to the project as a whole  The research would address the instream, or aquatic,
component of river ecosystems It would be confined to mountain and foothill zones of perennial Western
Cape nivers. This would allow a maximum number of nivers to be visited duning the ficldwork, and would
focus rescarch on the least-disturbed parts of nivers in order to mimmise “noise™ in the data sets.  Aquatic
mvertebrates would be used 10 provide the biological input to the study. At cach niver site chosen, a habitat
map of flow tvpes and substrata would be drawn of the complete site, and invertebrate samples taken with
accompanying physical and chemical data.

Al ficldwork would be done at summer low flow, when flow and other physical conditions in the nivers are
most stable, and thus the nvers most validly comparable. A range of complementary catchment, physical
and chemical daia would be collected at each site, for diagnostic purposcs (Scction 4.2). The sensiivaty of
the ranges of what was revealed as “natural” for all components (physical and biological) would be
assessed by companison with similar sampling and mapping in sclected nivers with known disturbances

Individual mums within the project are given in Sections 3.2 - 3 7. Each s explaned, together with the tasks
done to achieve the aim.

3.2 Testing the highest (first, second and third) levels of the geomorphological hierarchy:
catchments, segments and zones.

The aim was to record the species assemblage of aquatic invertebrates in a range of Western Cape,
biclogically defined, mountain and foothill niver zones. These species hists would be used to assess the
extent to which biologically similar nivers and niver zones are reflected by geomorphologically simular
catchments and zones  Because the same data would be used to test other levels of the hicrarchy
nvertebrates would be collected from a range of flow types and substrata, guided by detailed site maps

An mitial assumption 1 the study was that the sites would pnmanly group abiotically across catchments
into mountain and foothill sites A sccondary objective of this part of the study was therefore to descnbe
the proportions of different flow types and substrata per site, and to compare these with the site’s position
within the catchment.  Mountain zones, for instance, might have a greater proportion of boulders than do
foothill zones, and both, in an undisturbed condition, would probably have very low proportions of sand It
was suggested that the proportions could he within specific ranges, which could be used to ad
wdentification of a “Physical Reference Condition™ for such nver zones,
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Based on histoncal data from Western Cape nvers (¢ g Hamson & Elsworth 1958, King 1981) it was
further assumed that the species assemblages from cach site would also group across catchments into
mountain and foothill zoncs It was therefore suggested that these assemblages could be used 1o denve a
“Biological Reference Condition”™ for such zones

Tasks completed:

Eighteen single sites on least-disturbed nvers were mapped and sampled once duning the 1996/97 summer
low-flow penod At each river, twelve invertebrate samples were taken from as wide a vanety of flow-
substratum combinations as possible, in order to maximise the number of species collected  No replicate
samples were taken The collecting point for cach sample was marked on the habitat maps

3.3 Testing the lowest (sixth) level of the geomorphological hierarchy: hydraulic biotopes.

The aim was to record which combinations of substrata and flow types supported the same species
assemblage of invertcbrates  These flow-substratum combinations (or groups of combinations) would be
recogmised as biologically -denived hydraulic biotopes.  The results would be used 1o assess the extent to
which geomorphologically defined hydraulic biotopes matched the biologically-denved ones

Note that whereas in the geomorphological hicrarchy, hvdraulic biotopes are wdentificd simply on specific
combinations of flow and substrata, here the physical habitat would be disaggregated down to its two basic
hydraulic charactenstics (flow and substratum) and the biota used to define which combinations of these are
perceived as different

Tasks completed:

Fifty-two invertebrate samples were collected in groups of three rephicates from a number of different
substratum-flow combinations. They were taken from a range of morphological units at one site on one
occasion.  Additionally, data on the species from different flow-substratum combinations were available
from all of the previous 18 study sites (Section 3 3)

3.4 Testing the fifth (second lowest) level of the geomorphological hierarchy:
morphological units.

The aim was to record the distnbution of morphological units in cach of the studied sites, and how this
differs between sites and s linked to position within the catchment  Following this, the 12 nvertebrate
samples from cach Western Cape site (Section 3 2), and the 52 invertebrate samples from the intensive-
study site (Section 3 3) would be used to assess the extent to which fauna! distributions and species
proportions are explained by their presence in different geomorphologically descnibed morphological units
Different sites could have different proportions of morphological units, which could influence the hydraulic
biotopes and thus species present

Tasks completed:

Morphological units were mapped at all study sites by Prof K Rowntree (Rhodes University) and the
project team. The faunal samples used were those collected for the first two aims (Sections 3 2 and 3 3)
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3.5 Testing the fourth (third lowest) level of the geomorphological hierarchy: reaches,

The aim was to record distnbutions of substrata, flow types, morphological units and invertebrates in two
adjacent geomorphologically-derived reach types in one zone in onc nver. Invertebrate samples taken from
specific flow and substrata combinations from each of the two sites would be used to assess the extent to
which faunal distnbutions are explained by their presence in different reach types

Adjacent sites within different reach types could have different combinations or proportions of
morphological umits. As a result, the sites could differ in the proportions of their hydraulic biotopes, and
this could influence the distributions and abundances of invertebrate species  If the sites are within the
same biological zone, thar overall faunal assemblages could be similar. However, because the sites are in
different reach types, there could be differences in the proportions and distributions of species

Tasks compleied:
Single sites in two adjacent reach types in one “least disturbed™ nver were mapped and sampled (linked to
Section 3 7)

3.6 Assessing how anthropogenic disturbances may alter the distributions of physical
habitat and species

The aim was to collect the same kinds of abotic and biotic data from a number of nivers with speaific
disturbances.  These could range from bulldozing of the river bed, to emptyving of nutnient-rich cfflucnts
mnto the nver It was suggested that anthropogenic disturbances to a nver would alter the distnbution and
proportions of hydraulic biotopes, specics assemblages, and possibly even morphological units away from
natural recorded ranges  Physical disturbance would possibly result in persistence of the onginal specics
assemblage of invertebrates, but in some depaupcerate form, with few new species.  Chemical disturbance,
on the other hand, would possibly lcave the basic morphological structure intact, but change the overall
chemical environment. Tt could, however, also change physical microhabitat conditions by, for instance,
covening rocky bed clements with algac  Thus, i several ways and depending on its seventy. chemical
disturbance could change the faunal assemblage, with a sigmificant loss of onginal species and addiion of
new pollution-tolerant species.

Some other disturbances, such as upstream dams and infestation by alien trees, could affect the rve
ccosystem in many ways  Flow and temperature regimes could change in several ways, banks could
become destabilised and affect sediment transport and the morphological configuration of the channel, and
soon. Within this project it would not be possible to investigate a wide array of disturbances.  Rather, the
aim was to ascertain if the effects on the nivers of single different disturbances could be disinguished

Tasks completed:

Eight nvers with specific disturbances were mapped and sampled once in the 199798 summer low-flow
scason, The same approach was used as descnbed in Section 3 2
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3.7 Assessing the temporal stability of hydraulic biotopes

The aim was to record changes in the distributions of flow types and invertebrates with discharge, and use
these data to assess the temporal stability of hydraulic biotopes and their biotas

Changes 1n discharge should result in changes in the distnbution and abundance of substratum-flow
combmations It was thought that up to a point, these changes would not be reflected in changes in the
distnbution of invertebrate species However, discharge should eventually increase (or decrease) to a point
where invertebrate distnbution patterns are sigmficantly affected

Tasks completed:
Two adjacent reach types in one biological zone were mapped and sampled at four differemt discharges
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4.  METHODS

4.1 Overview

The overall plan was to map physical habitats, collect mnvertebrate samples and supporting physical and
chemucal data. from approximately 20 least-disturbed nivers in the first summer, and from about five
disturbed nivers in the second summer  Choice of niver sites was to be guided by an early segment analysis
and reach analysis by Prof Kate Rowntree's team.  Unfortunately, the two projects could not start in the
same vear, and so nver sies for this project had to be chosen independent of these preliminan
geomorphological analyses

An aliernative approach was adopted whereby sites were chosen using topographical maps of many
catchments within the Western Cape, and local specialist knowledge, to tentatively identify lcast-disturbed
headwater streams, and potential sites within those headwaters. In an a priorr assessment, each site was
allocated to either a mountan or a foothill zone, as per the biologically-defined slope and altitude limits of
cach zonc (Brown er al 1996) To do this, the overall slope of cach site was calculated from 1:50 000
topographical maps, using the two 20 m contour lines bracketing cach site.  Physical, chemical and
brological data collected at cach site (Chapters 5-9) were then used in several different permutations, as
detailed below (Section 4 6), 1o test the ecological relevance of the gecomorphological hicrarchy (Chapters
10-14)

4.2 Site imformation

Before the site visit, a site information sheet was partially completed from maps and other information:
e identity number of the relevant1 S0 000 topographic map,

e name of the mamn niver in the catchment,

e name of the nver on which the site 1s situated,

o latitude and longitude of the site,

e property on which the site 1s situated,

e owner of the property, contact telephone number and address, and arrangements for access;

e distance of the site from the source of the nver,

o alutude contours bracketing the site and approximate altitude of the site,

o strcam order, using the svstem of Strahler (1952),

o presence of upstream inpoundments.

At the site. information on the site information sheet was checked for accuracy and any missing details
completed The ficld data sheet was also filled in
e site access route and final access details,
o geomorphological information, modificd from the site data sheet of Rowntree & Wadeson (1999)
* details of upstream catchment condition, upstream disturbance and land-usc.
« details of disturbance within the reach containing the site,
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* geomorphological classification of this reach,
+ geomorphological features of the channel, such as sinuosity, single or multiple thread, mobility or
entrenchment of the channel, presence of a floodplain,
* information on bed condition, in terms of packing of substrata and aggradation,
+ information on crosion and shape of cach bank,
o estimate of the proportion of alicn and native npanan tree species in the reach,
o frequency and distnbution of trees, shrubs, grasses, reeds and herbs along the left and nght banks of
both the active and macro-channels recorded,
e width of active channc!

Ecological notes of relevant features were recorded for diagnostic purposes, as follows
e aur temperature, taken in the shade on arnival at the site,

e ¢stimate of percent cloud cover,

e cstimate of canopy cover from ripanan trees: pereent open,

e cstimate of macrophyie cover within the water and at water's edge,

o cstimate of algal cover, within the water,

o cstimate of moss cover, within the water and at water's edge,

e cstimate of the percent of wetted bed covered by CPOM (coarse particulate organic matter > Imm
particle size),

e cstumate of the percent of wetted bed covered by FPOM (fine particulate orgame matter < 1mm particle
suze),

o local site slope, using an Abney level

A photographic record was made at cach site. From four to about 20 photographs were taken per site, of
upstream and downstream views of the site, selected biotopes and any features of special interest. The shide
collection has been catalogued (Appendix 4 1)

4.3  Physical conditions
431 Mapping

Sites were mapped over a length of 7-10 tmes their width, in order to encompass all hikely physical habstats
in that stretch of nver (Bovee 1982) Mapping was done in the ficld of the distnibutions of different size
substrata, different flow types, and later, by Prof. Rowntree, of different morphoiogical units

A gnd of tapes delincated cach site: One 100 m tape was laid along the nver in a strasght ling, to dehincate
the length of the site. the tape was re-lad further on if the site was more than 100 m long. I possible, this
tape was laid out along one bank, but if the channel was sinuous, the tape might at some points lay across
open water or even the opposite bank. The guiding prnnciple was that the tape should be strught At
intervals of S m or 10 m, depending on site length, 50 m tapes were than laid across the long tape from bank
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to bank To facilinate the mapping excrcise, the long tape and cross tape always crossed at a whole meter
mark

Guided by the tapes, the dimensions and sinuosity of the site were laid out on graph paper, choosing a scale
that allowed the width of the river to fit into the width of the page. As the same scale was used for both
axcs, the complete study site usually stretched over three to five sheets of paper lad end to end

Distnibution of the different sized substrata (Table 2 4) was then mapped onto the sheets, with an ordinary
lead pencil used to depict dry arcas and a blue pencil to demarcate wet arcas. In this way, the dimensions of
the wetted channcl showed clearly. Other useful markers, such as notable trees or wood debnis, were also
marked on the map in green and brown  The two edges of the macro-channel were mapped, thereby
showing the extreme edge of the flood channel, as were the tree hines, which are believed to indicate the
water level reached by floods with a retum penod of about 2 -~ S vears.

A sheet of tracing paper was then stapled over cach substratum map, and the wetted edge drawn in, using a
red pencil. The distribution of different flow types (Table 2.3) was delincated within the wetted arca

The complete mapping exercise took about a half to one day per site, depending on site length and bed
complexity, with two people setting up tape measures and onc person mapping.  Before leaving the niver,
cach sheet was labelled with the nver, site name and code, and its number in the sencs of maps for that site

Bascd on Rowntree and Wadeson's (1999) descnptions, preliminary estimates of the types and numbers of
morphological units were made at the ume of the onginal site visits.  These were re-assessed by Prof
Rowntree on later visits to all sites for the purpose of mapping morphological units.

432 Channel cross sections and local slope

As the cross-section shape of the channels, and the position of water in the channel, provide important extra
diagnostic information required by the geomorphologists, this information was recorded for cach site. Time
constramts did not permit formal surveving of the channel at each site using a theodolite or similar
equipment. Instead, a tape was strung from edge to edge of the macrochannel, tightencd, and used to guide
the positioming of measuning points at half-meter intervals. At each point, the cross-channel chainage was
recorded, along with the vertical elevation (using a marked pole), the substratum composition, the presence
of nipanan trees or other vegetation, lcaf litter and instream or overhead vegetal cover, and the water’s edge

433  Duscharge

Along the same cross-scction, measurements were taken for the calculation of discharge. At 20 or morc
points along the cross-section, the following were recorded:

e water depth,
e mean water column velocity at 0.6 depth, using a Marsh-McBimey FLO-MATE Model 2000 portable

clectromagnetic flow meter with top-setting wading rod. Discharge was calculated by the velocity-arca
method as described in King & Tharme (1994)
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434 Local hydraulics

For cach invertebrate sample collected, the following data on local hydraulics were collected at one to five

pomnts within the sample arca:

e the flow type,

e the dominant substratum type,

e the sub-dominant substratum type,

o the degree of embeddedness of coarse substratum particles in fines, on a scale of | to §

* 1 o embeddedness

« 2 low,

* 3 moderate;
4 high,
* 5 coarse particles barely showing,

e the water depth,

e the velocity of the current; this was always recorded at near-bed and 0 6 total depth, but additionally n
decp water (> approximately 50 ¢cm), at 02 and 0.8 total depths, and mecan velocity calculated as
described by King & Tharme (1994)

In the laboratory, hydraulic indices such as Froude numbers (Gordon et @/ 1992) were computed from the
sample-hinked hydraulic data

435  Bed heterogeneity

A deviee was created for measuring physical heterogeneity of the surface of the nver bed  This was
modclled on those used by King & Tharme (1994) and Wadeson (1995). Fifty mctal rods, approximatcly
S0 cm long, were posiioned in parallel within a clamp, so that cach was individually clamped The clamp
was held honzontally over the sampled arca, and then the rods relcased so that they dropped onto the
underlying river bed  They were then re<clamped, hifted to the bank and the hine descnibed by the bottom
edges of the rods traced onto a long sheet of paper This line described the surface heterogeneity of the
nverbed at the sampled point

The profiler was used during the intensive survey of 52 samples (Scction 3 3) and the reach and discharge
investigations (Sections 3 5 and 3.7), as its apphication was (oo time-consuming for the gencral study Two
profiles were measurcd for cach invertebrate sampling point: onc perpendicular to the banks and one
paralicl to the banks  Imitially, the samphing equipment for the invertebrates was placed in the arca to be
sampled  Then, the bed-profiler was placed over the area and the rods dropped to take the measurements
The sample net caught any amimals dislodged by the bed-profiler, and collection of the invertebrate sample
was completed immediately after the bed-profiler was removed.  Each trace of the bed profile drawn from
the rods was labelled in the ficld, and the lengths of cach rod measured on the trace in the laboratory

Interpretation of the results is dealt with in Chapter 13.
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4.4  Water chemistry

The focus of the project was on physical-biological links, and a comprehensive programme of chemical
analvses was not undertaken.  However, the values of physico-chemical vanables that could be measured
on site with instruments were recorded as follows, at one place within cach site from arcas where water was
moving

e pH, using a Crison portable pH meter,

o conductivity, using a Crison 524 portable conductivity meter,
e colour. using a portable Hach colour meter,

o water temperature, using a Refco WM 150 digital thermometer

4.5  Biological samples and allied environmental data

Invertebrate samples taken for most of the study were qualitative rather than quantitative, because of the
very small arca covered by some flow-substratum combinations (such as chutes between two boulders)
Ammal abundances were thus not comparable between samples. although proportions of different taxa
were  This meant that the absolute densities of invertebrates per unit area of niver bed could not be
compared between sampling ponts and sampling sites, but the overall composition of assemblages could
The approximate arcas from which these samples were taken are known, however, as cach sampling point
is delincated on its substratum-flow maps  In the study of reaches (Section 4.6 3) and discharge (Scction
4 6 6), quanttatve samples were taken which were dircetly comparable in terms of animal numbers.

Custom-madc handnets were used for the qualitative collections, varying in size so that all kinds of flow-
substrate combinations could be sampled, all with mesh size of 250 um. The substratum within cach
sampling point was either kicked or scrubbed or a combination of both for approximately 1-2 minutes. For
quantitative sampling. a 30 x 50 x 50 em box sampler was used with a 250-um mesh on the downstream
collecting side and on the two adjacent sides A 500-pum mesh was used on the upstream side, to allow fast
flow into the sampler that would carry the ammals disturbed from the bed downstream into the collecting
net  The substratum within the box-sampler was scrubbed with a brush, and the bed thoroughly disturbed.
to dislodge all animals

Invertebrates from the qualitative faunal samples were imtially analysed hive in the ficld, by emptying cach
sample into a flat ecnamel tray and identifying the ammals to at least famuly level  The samples were then
fixed in 4% formalin in the ficld, for later preservation in the laboratory in 70% cthanol. In the laboratory,
the entire sample was placed imto a flat tray and gravel, wood and leaf debns were searched for ammals and
removed  An imial "macro-sont” for ammals was then done for one hour. In this activity, as many amimals
as possible were picked out and placed n a senes of vials.  After one hour, an hour-long “micro-sort”™ by
stereo microscope was completed of the remaming sample  If the sample contained fow ammals, then ot
was sorted in ats entirety I the sample was too large 1o sort in one hour, a sub-sample was sorted, the size
of which was suitable for the imposed time hmit. Sub-sampled ammals were placed in different vials to
those sorted in the “macro-sort”, so that the final proportions of different taxa could be calculated
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Quantitative samples for the reach and discharge studies were processed shghtly differently. They were
fixed and prescrved in the same way, but when sorting, the organic debnis was kept for measurement of the
amounts of coarse and finc particulate matter (CPOM and FPOM respectively)  To do this, samples were
carcfully washed through 950-um and 80-um mesh sicves, the larger fraction being used for the macro-sort
and the finer fraction for the micro-sort. The same time limits as above were used for cach fraction  For
sub-sampling. a specially designed box with 12 cqual sized squares was used. The sample was poured into
the box, which had sides that were higher than the internal divisions. The box was then covered and shaken
up and down gently to allow the ammals to mix and settle evenly in the gnd of squares.  An appropnate
number of squarcs was then randomly selected as the sub-sample. The residual debrnis from the macro-sort
and micro-sort were dnied, weighed and burned in the muffle fumace. The ashes were re-weighed to
determine the proportions of organic matter, such as leaves and flowers, and morgamic matter (sand and
mud) within cach samplc

In the laboratory, the invertebrates were wdentified to the lowest possible taxonomic level using a vanety of
taxonomic kevs  Where confident identification using available keys could not be made to genus/specics
level, a morphological type. or "morph type”, designation was given and a drawing for future reference was
created  The use of morph types allowed consistency of identification within and between samples  Imitial
morph types were often given more defimite genus/species designations as more information became
available, or a check agamst another reference specimen was done.  Pnor arrangement had been made to
have wdentifications confirmed by specialists.  Alternatively, in some cases, arrangements had been made
for specialists to identify all the specimens in their speciality group and then write co-authored papers with
project staff on the physical habitats of the wdentified taxa  This latter arrangement was only partially
successful, as in one case, specimens were lost in transit, and in other cascs the specialists could not allocate
the necessary time to the task (Table 8.1).

All specimens dentified by project staff are preserved in 70% ethanol in taxon-specific vials for long-term
storage. The vials have umque codings, which relate to a datasheet for a specific sampling point in a
specific nver The vials are regularly curated until they can be handed over to the Albany Muscum

4.6 Data analyses

For cach aim histed in Chapter 3, a different set of analyses was undertaken as outlined in Sections 4 6 2 -
466 Before this, the mapped information for cach sitc was prepared for analysis as outhned 1n Section
461

461 Analvsis of mapped information, using GIS

The maps of the distnbutions of flow types, substrata and morphological units were digitised, using Arclinfo
to create an individual coverage for cach type of data  Related site information, such as the location of
invertebrate sampling points, was also entered.  ArcView was then used to manipulate the digitised covers,
to provide graphic representation of the maps  The proporuons, by arca, of cach category of flow type
(Table 2 3), substratum (Table 2 4) and morphological unit were produced, as well as the proportions of
different flow-substratum combinations, the proportions of different flow types per morphological unit, and
50 on. Analysis tables were created in ArcView and subsequently exported to a spreadsheet package for
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further mampulation into percentages and proportions.  Further Arclnfo manipulation was done by Prof.

Rowntree's group at Rhodes Umiversity to create a new cover of flow/substratum combinations, and then
calculate the three-way combination of flow/substratum proportions within individual morphological units

The resulting data scts from the faunal samples, the physical measurements, and the GIS coverages, were
used for a senes of tests on the ceological significance of the geomorphological hicrarchy, as detailed
below

462 Tesung the ceological sigmficance of gecomorphological catchments, segments and zones

An analysis of all studied rivers (Chapter 6) provided a map-based overview of simular stretches of river in
terms of ranfall. runoff, sediment production and transport, and vegetation and land-use

The biological data were then used as follows

e The 12 mvertebrate samples from cach undisturbed site were used to produce a “biological fingerprnt”
of that site

e The extent to which the sites, in terms of these fingerprnts, reflect the gcomorphological analyses, was
assessed

e Conclusions were drawn about the extent to which a map-based analysis can be used to locate
biologically simuilar river stretches

e The role of water chemustry in the non-grouping of sites from similar segments was assessed to the
extent possible

463 Testng the ecological significance of gcomorphological reaches

The samples and maps from the two adjacent reach types were assessed in terms of the distnbution of
morphological units, hydraulic biotopes (Section 4.6.5) and invertebrate species assemblages. Conclusions
were drawn about the biological vahidity of a map-bascd reach analysis, through desenbing how different
reach types in the same biological zone of a rniver influenced invertebrate distnbutions.  This could have
implications in, for instance, the sclection of biomonitoring sites.

464  Testing the ccological significance of morphological umits

GIS data sets were used o ascertamn the differences in distnbutions and proportions of hydraulic biotopes
and invertebrate specics assemblages between morphological units. Similantics between nvers, and trends
linked to position on the long profile, were sought.  Conclusions were drawn about the way in which
different morphological units mn the same site influence the suite of hvdraulic biotopes present and thus
invertebrate distnbutions. This could have implications in, for instance, the sclection of sample points
within a blomonitonng site

465 Tesung the ccological significance of gecomorphologically-derived hvdraulic biotopes (1)

All the faunal samples were analysed to ascertain which combinations of flow and substrata were different
i terms of invertebrate assemblages. Conclusions were drawn about whether or not hydraulic biotopes, as
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reflected 1n the substrata and flow-type defintions, are biologically relevant, or if some coarser or finer
scale should be sought

466 Testing the ecological sigmficance of gemorphologically-denved hydraulic biotopes (2)

Hydraulic biotopes are, spatially and temporally, the most unstable component of the geomorphological
hicrarchy. To investigate the cffect of changing discharge on hydraulic biotopes, the scts of samples taken
from the two adjacent reach types over a range of discharges were analysed to ascertain how hydraulic
conditions change with discharge, and how this s linked to invertcbrate distnbutions  Tentative
conclusions were drawn about the extent to which hydraulic biotopes are biologically relevant over a range

of discharges
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5. INTRODUCTION TO THE RESULTS SECTION

S.1 Purpose and choice of study sites

It was planned to visit between 20 and 30 nver sites dunng the course of the study  Most of the sites,
visited in the first summer of field work, would be relatively undisturbed  These would be used to descnibe
the natural range of physical conditions and the character and distnbution of the mvertebrate biota of
Western Cape headwater strcams The remainder, visited in the second summer, would be sites with
specific single disturbances, to be used to assess how much and in what way these disturbances altered the
physical conditions and biotic charactenstics compared to the least-disturbed sites

Not all the nvers were known to the project stafl, and many were chosen after consultations with other local
river scientists (Figure 5 1), Site visits revealed that some of the “natural” sites were disturbed.  After these
mspections, a final a prior: decision was made as to which sites were to be treated as least-disturbed and
which disturbed (Table 5.1). Intotal, 18 least-disturbed sites were recognised, and ten disturbed sites.

5.2 Catchment conditions

General records of catchment conditions were completed for cach site. Much of this information was not
needed dircetly for the project, but 1s routinely collected for any niver study and often provides good
diagnostic nformation with which to explain results. Some of the information was collected specifically to
contnbute to regional geomorphological records being compiled by Prof Rowntree. An example of the
catchment data 1s given in Table § 2, wath the full data sct in the database

Routine data collected were those dealing with catchment location, upstream and surrounding catchment
condition and land use and relevant map numbers. Geomorphological data collected were those related 1o
channel shape and features, bed and bank condition, reach classification and reach disturbance

83 Site conditions

General records related to the study sites were also completed (Table § 3), as well as data on some
relatively stable aspects of the sites.  General data recorded included the site code and. from 1:50 000
topographical maps, the location of the nver along the long profile.  Project-related data recorded included
alutude and map gradient. from the same topographic maps. and site gradient measured on site with an
Abney level

Climatic conditions at the time of the site visit and ccological notes on site condition are dealt with in
Chapter 7
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Figure 51 Location of 29 study sites in the Western Cape. For river names see Table 51
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Table 5.1.  River sites mapped and sampled between November 1996 and February
1998 Tha sitas are numbered starting with the most northerly and moving south.
The biological zone was determined from 1:50 000 maps prior to visiting each site,
using the alttude and gradient guidelines of Brown et al. (1996). The contribution
to particular analysis goals is listed under ‘Purpose” The Eerste River was
sampled at two sites and at several different tmes, only dates where invertebrates
were sampled are listed below.
River # River Name Zone Date Latitude Longitude Purpose
1 Jan Dissels Foothdl 6-Mar-87 321338 185624  Reference Congtion
2 Rondegat Foothdl S5-Mar-97 22208 190306  Reference Condtion
3 Nowdhoek Foothd! 4-Feb-98 324013 190409  Osturbance bulkdiozng
4 Wadeldeur F oothdl 5 Feb 98 24106 191648  Disturbance agnculture
5  Grootrivier Foothw! 4-Mar-87 32389 192435  Dwsturbance agnculture road
€ Sleenbok Mountan 26.Feb 57 333257 190837 Reference Condtion
7 Wolwexoof Mountan 12-Mar-57 333345 190745  Reference Condtion
8 W Foathdl 25.FebS7 A% osS 190629  Reference Condtion
8  Moenaars Foothd 22-Jan-97 334350 190700  Reference Condition
10 Elarwds Mountain 13.Feb 97 wras02 190658 Refesence Condition
11 Elandspad Mountain 24-Jan 97 ¥4S9 181006 Reference Conaiton
12  Holsloct Foathi! 30-Jan-38 1509 15151 Dsturbance Dam
13 DuTots Mountan 16-Mar-97 3813 191010 Reference Congitbon
14 Bakkerskloof Mountain 20-Feb§7 R RK 190248  Reference Conaibon
15 Zacharashoek Mourlan 2°-Feb 87 134839 180213 Reference Congibon
1€ Wemmershoek Foothdl 22-Jan-98 nsn 160225  Dwsturbance Dam
17 Berg Foathil 10-Feb-97 35824 160438  Reference Conaibon
18 Eerste ! Mountain 15.Jan-37 557 185837 Reference Conaition
1.3 Apr-97 Testing Hydraulic Botopes
18-19 Sep-97 First reach and ste
10-11 Oct-97 Reach Comparison and Varable
29.30 Oct.97 Discharge Study
28.29 Nov-@7
19 Langrivier Mountain 17-Jan-87 315916 185802 Reference Conaition
20 Swanboskicof  Mountan 13-Jan-97 335018 185725 Reference Concition
21 Eerste 2 Mountain 1517 Sep 7 N5 20 185800 Second reach and ste’
89 Oct.87 Reach Comparson and Varable
28-29 Oct-57 Dscharge Study
30-Nov-97
22 Lourens Foathil 20-Jan-98 340400 18840 Dsturbance agricuture
23  Pamiet Mourtain 12-Feb-98 30620 190317  Dwsturbance dam weir
24 Dwers Mountain 3Feb 97 1709 185811 Reference Concition
25 Davdisikraal Foothul 29-Jan-97 342050 165517 Dwsturbance weir) dam' retaining
wals
26 Wndow Mountain 20-Nov-96 3359 06 182608  Dwsturbance botanical garden
27 Newlands Mountain 13-Dec-98 Mss03 182640  Reference Conaiton
28 Ceclia Ravine  Mountain 8-Jan-98 335948 182511 Disturbance alien trees
29 Dsa Mountain 10-Dec-96 340025 1M Reference Conaibion (frst set of
15-Jan-98 samples spofed)
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Table 5.2

An example of the catchment information collected and recorded on the Field

and Site data sheets. Field data were determined in the field by project staff at
the time of nitial mapping and sampling, and re-assessed in follow-up visits with

Prof. K. Rowntree.

Routine Data Collection Observation
CATCHMENT Eerste
RIVER Langrivier
SITE CODE E108
1:50 000 MAP Stellenbosch 331800
UPSTREAM CATCHMENT
Condition: widespread natural veld and forest, forest
predominantly riparian
Land Use: the following were present but had a low
degree of impact. roads, bridges and weirs
Upstream impoundment:  No
Alien vegetation: None
Other: Moderate level of large woody debris
PROPERTY/ACCESS SAFCOL and Cape Nature Conservation,
controlled access at gate.
Geomorphological Data Collection Observation
CHANNEL FEATURES
Valley floor: Absent
Lateral mobility: Moderately confined
Channel pattern Single thread, low sinuosily
REACH CLASSIFICATION
Channel type: Alluvial
Reach type: . Step- pool
Morphological Units (#): g:p(:t)!). pool (5), nffle (2), rapid (1), plane -
REACH DISTURBANCE None
BED CONDITION No packing
BANK
Erosion active and macro-channel_left and right
banks as a whole are 100 - 80% stable
with little to no active basal erosion and no
subaenal erosion. Between the 35-40m
points in the study site there is some basal
erosion making that portion of the bank 90
- 70% stable,
Shape: Overall shape on both the left and nght

banks is convex. Between the 35 -40m
points the left bank is vertical

(Morphological Units step and pool).
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Table 5.3 River sites mapped and sampled between November 1996 and February 1998, listing site codes, and associated site data.
Site codes are derived as follows: First letter = catchment OQlifants (O). Berg (B). Eerste (E), Molenaars (M), Breede (R), Table
Mountain (T), Paimiet (P), Davidskraal (D), Lourens (L). Next two numbers are the river number. Last symbol denotes mountain zone
(#) or foothill zone ($). Site gradient data were not collected at two sites ()

Site  Stream Source Altitude Catchment Map Site  Channel Mapped Discharge
River # River N\ame  Code Order Distance (km) (m asl) Area (km®) Gradient Gradient Width (m) Site (m) (m’s”)

1 Jan Dissels Q018 5 225 190 0.005 0.037 13.0 56 0 266
2 Rondegat 0028 4 10.0 470 0.026 0030 G0 84 0.122
3 Noordhoek Q03$ 5 140 230 0.020 0018 160 84 0151
4 Middeldeur 004s 5 215 660 0.011 0026 110 84 0.302
5 Groolnvier 0058 5 350 500 0.002 0008 100 84 0283
6 Steenbok ROG# 3 50 290 0060 0061 40 42 0009
7 Wolwekloof RO72 3 25 350 3 0.100 0039 100 84 0020
8 Wit RO8S 4 55 700 0.013 0.015 100 84 001
9 Molenaars MO0SS 5 8.3 430 84 0.010 00186 350 100 0.587
10 Elands Mi10# 4 16.0 460 61 0.020 0.035 20.0 56 0185
1 Elandspad M11g 3 6.0 860 0.020 0072 6.0 42 0043
12 Holsloot R12# 3 100 440 0.020 0021 100 42 0326
13 Du Toits R132 3 7.5 400 21 0020 017 a0 84 0162
14 Bakkerskloof Blag 2 28 320 0.100 0080 60 42 0.002
15 Zachanashoek  Bi5g 3 23 310 0.100 0.087 40 42 0003
16 Wemmershoek  B163% 3 53 190 0.010 0011 160 84 0142
17 Berg B17% 6 88 260 38 0.002 0026 200 84 0069
18 Eerste 1 E18# 3 23 380 10 0.030 0.058 120 S0 0134
19 Langrivier £E19# 3 33 350 0.080 - 80 40 0.071
20 Swartboskloof E20% 3 23 340 0.080 - 7.5 50 0109
22 Lourens L22#% 3 135 110 0.020 0.017 S0 84 0247
23 Palmiet P23# 3 10.0 400 0.022 0.045 30 42 0356
24 Dwars P24 4 53 80 0.040 0.032 100 80 0052
25 Davidskraal D25% 2 35 70 0.010 0030 80 42 0027
26 Window T26% 2 18 120 0.087 0.123 40 40 0012
27 Newlands T27# 2 20 180 0.060 0.151 85 40 0012
28 Cecilia Ravine T28# 2 10 270 0.220 0.169 20 28 0.002
29 Disa T29# 2 33 100 0.080 0.060 30 30 0.006
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Chapiter Six

6.  GEOMORPHOLOGICAL CLASSIFICATION OF STUDY SITES

K M Rowntree, Catchment Research Group, Department of Geography, Rhodes University

6.1 Introduction

Geomorphological processes that sculpture the channel determune the physical structure of a niver
ccosystem They determine the channel type - whether it 1s bedrock or alluvium - the channel shape and the
stability of the bed and banks, that 1s, the channel geomorphology  The channel geomorphology in turn
determunes the substratum conditions for the stream fauna and flora and the hvdraulic conditions for any
given discharge  Geomorphology thercfore provides an appropriate basis of classification for descnibing
the physical habitat of agquatic ccosystems  The classification system reported on in this chapter has been
developed through apphcation in a number of South African water management projects, including the
estimation of the Fcological Reserve, biomonitoning under the River Health Programme, and
Environmental Impact Assessments (Rowntree pers. comm.)

The nver cannot be considered insolation from s catchment.  The catchment provides the surface arca
that supphics runoff and sediment to the channel, which in tum provides the network through which these
arc transported. A number of hierarchical classification systems have been developed which provide a
framework within which the catchment-channel hinkages can be considered (Frissel er a/ 1986, Rosgen
1994, Rowntree & Wadeson 1999). The system presented here i1s based on that developed for South
Afncan nvers by Rowntree & Wadeson (1999) (Table 2.1)  As noted by them, use of the term
classification at the catchment and segment scale may be a misnomer.  This 1s because cach catchment 1s
unique, defving classificatton  Rather, classification at this level involves a deseniption, using a common
framework aganst which other catchments or segments can be compared. Classification in the true sensc 1s
more appropnate at the zone level and lower

This chapter consists of.

o a bnef overview of relevant classification methods and the kinds of data they use,

o adesk-top classification of the catchment, segment and zone in which the project study sites are situated,
o 2 follow-up ficld classification of site groupings, using site characternstics.

These geomorphological groupings of sites are later compared in Chapter 10 wath the biologically grouped
sites

6.2  Classification: background information for each hierarchical level

The kinds of background data and knowledge used in classification at cach scale level are described in this
section and thewr apphcation in Section 6 3

621 The catchment

The catchment 1s the land surface that contnbutes water and sediment to any given stream network A
carchment audit 1s more meamngful than classification at this scale. Such an audit differentiates arcas in
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terms of their potential to produce runoff or sediment.  The method used depends on the size of the area of
concern, the time available for the study, and the available data. That described in this chapter 1s suggested
by geomorphologists as being appropriate for site sclection to estimate the Ecological Reserve, or for a
regional biomonitoning programme. The method entails the denvation of a sediment concentration index
(SCI) for cach sitc, estimated from the runoff and sediment-production potential of cach catchment in
which a study site 15 located

Runoff potential
In South Africa the most widely available hydrological (runoff) data arc those denived from the monthly

Piuman model, as used in the WRS0 daia base for all quatcrnary caichmenis in South Afnca (Midgicy e af
1994) The WRYO GIS data base detarls the mean annual runoff (MAR) both as a depth and a volume for
cach quatcrnary catchment and provides the best avalable estimate of the spanal distnbution of runoff
within South Africa A shortcoming, however, 1s that these figures are annual data, which do not give a
direct measure of flood runoff, the most relevant flow component from a geomorphological perspective

Runoff data wn WRY0 rclate to the virgin or unmodified condition. A catchment audit should also take
account of the location and extent of developments that could be impacting runoff, especially those hikely o
be impacting flood flows  Of particular relevance would be large instrcam dams, urban arcas that are large
relative to the catchment arca and any land-use that tends to decrcase infiltration capacitics (¢ g stock
grazing, cultivation)

.

Sediment production
Data on estimated sediment viclds by quaternary catchment are available in the WRY90 database These

viclds are calculated from regional estimates derived from dam surveys, adjusted for speaific catchment
features that moderate crosion rates, such as slope gradient and soil crodibility The rchiability of these
estimates 15 low duc to the paucity of measured sediment yield data on which they are based  Furthermore,
land usc and land cover are not taken into account, it 1s advisable, therefore, 1o make a separate qualitative
assessment of the main sediment sources, based on topography, geology, soils, vegetation and land use
Dnier arcas with a low vegetation cover and densely populated rural arcas tend to have clevated crosion
rates. Also important is the delivery ratio for cach catchment, a measure of the effectiveness of hillslope
scdiment transport pathways.  In steep catchments with a dense network of first-order streams most of the
scdiment eroded from the hillslopes will be delivered to the river channel  In gently sloping catchments,
however, or catchments with a low density of first order strcams, much of the eroded sediment will be
stored on the hullslopes.  In any catchment, gully networks connected to the nver channel provide efficient
scdiment-delivery pathways

Sediment yvield relates to the total volume of sediment lost from a catchment.  Also important is the calibre
of the matenal, be it cobble, gravel, sand, silt or clay  The finest matenal, silt and clay, normally makes up
the larger proportion of sediment lost from the catchment and 1s an impontant critenion for water quality

However, as it 1s carned through the system as wash load, this fine sediment has only a small impact on
channel geomorphology. Matenals of sand size and larger, which make up the bed-matenal load, are of
much greater significance to channel form,
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Estimates of bod-matenal load are particularly difficult. Kmighton (1987) states that the bed-matenal load
is penerally less than 15% of the total load, but this varies widcly, depending on the catchment geology and
the nature of slope crosion processes. Catchment geology can be used 1o denive a first approximation of the
relative contnbution from wash load and bed-matenal load. For example, the Table Mountan sandstones
and Witterberg Quartzites produce mainly coarse matenal of sand size and larger, whercas the mudstoncs
of the Karoo Giroup are associated with hughly crodible soils that contribute to a high wash load.  Steep
slopes well connected to the channel are potential source arcas for coarse sediment denived from mass
movement processes such as rock fall, debns flows and landshdes

Channel process and form are related to total discharge, which 1s a function firstly of the catchment arca
contributing runoff to any pomnt along the niver channel and, sccondly, of the capacity of that discharge o0
transport the avanlable sediment. The ratio of the catchment sediment vield to the volume of catchment
runoff 10 gives an indication of the concentration of sediment carned by the flow. High concentrations
indicate that the channels would tend towards being transport himited whilst low concentrations indicate
that tiwe channels are supply hmited, with the flow having excess capacity to transport sediment. A sediment
concentration index (SCI) is calculated as

sCl = _\,w&mnﬂghm;mm;mnmmmm

quaternary catchment runoft volume (million m* per annum)

The square root function s apphied 10 make the resulting numbers more manageable.  Maps of the SCI
ndex by quatemary catchment can be derived from the WRY0 database, using data on the MAR and
cumulative sediment vield.

622  The segment

A scgment is a length of channel along which there is no significant change in discharge or sediment load.
Segments are defined along the length of the channel of interest (usually the main channel in the catchment)
based on the catchment audit.  Segment boundanes may be co-incident with major tributary junctions,
especially where these signify a change in stream order.  The quaternary catchment SCI can be used to
identify transport limited and supply limited sections of channel.

623 The longitudinal zone

Zonal classifications hayve been widely used in the past to explain vanations in biotic distributions down the
long profile of South Afnican nivers (Harmison & Ellsworth 1958, OLfF 1960, Harrison 1965, Hawkes 1975,
Noble & Hemens 1978). Concepts on zonation were overshadowed in the 1980s by new ones that viewed
the nver as a continuum rather than as distinet fragments.  Vannote ¢r af. (1980), for instance, argued that
nver ccosystems respond to the flow of encrgy and matter through the svstem rather than to site-specific
vanables.  Undeniably, no point along a niver can be isolated from the channel and catchment upstream
which determines s nputs.  Classification, however, requires the sub-division of svstems into their
component pans.  Longitudinal niver zones provide a basis for within-nver classification that can be used
not only to identify geomorphologically similar streams, but also to retain the concept of longitudinal
downstrcam changes.
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A charactenstic long profile of a nver occurs in a gecomorphologically graded long profile, that 1s, one in
which the slope gradient i1s adjusted to transport the available sediment load  Occurnng within a uniform
geology, the profile imtially represents steep headwater streams flowing within confined, steep sided
vallevs, and progresses downstream to gentler gradients and more open valleys  Because discharge
increases downstream, the channel also tends to increase in width and depth The mamn source arca for
scdiment 1s usually the high-gradient upper catchment, whalst the middle and lower reaches act as a storage
system for scdiment in transport.  Sediment calibre changes from large boulder and cobble in the steep
hcadwaters, to gravel, sand and sit or clay in the lower recaches  Many long profiles have a
charactenisticaily sharp transinon between the upland or mountan streams and the fowiand surcams,
represented by the predmont or foothill zone, an arca of hugh storage of coarser sediment. Thus, in a graded
system there 1s a natural progression from mountan stream through foothill stream to lowland niver,
Mountain streams are charactensed by steep gradients over bedrock and boulders and little storage of
potentially mobile sediment.  Valley sides are steep and contnibute sediment directly to the channcl
Foothill strcams are characterised by moderate gradients over relatively coarse, but more mobile matenal
(small boulder and cobbles), with sigmficant storage of coarse scdiments in the form of lateral bars and
narrow flood plamns within relatively confined valleys  Lowland nivers typically have sigmificantly reduced
gradicnts and flow within an alluvial floodplain that represents a long-term store of finer sediments. The
plan form of the channcl becomes increasingly sinuous in lowland nivers and true meandenng often
develops The matenal on the bed tends to be of a finer cahbre of gravel size or finer and pool-nffle
sequences, or simply continuous pools and runs, are common channel forms.

The theorctical sequence of niver zones descnibed above 15 often disrupted to give a more complex
downstream zonation  Factors that affect this include downstream differences in the geological nature of
the land and concomitant impacts on stream sediments through differences in both the resistance to crosion
and the calibre of weathering products. A strong chimatic gradient between upland and lowland arcas, or
widespread rainshadow effects, may alter the nature of downstream increascs in discharge.  Also, patterns
of slope crosion may be more related to changes in land use and land cover than to topography, resulting in
increased sediment loadings in downstream localitics  Probably the single most important factor disrupting
zonation patterns 15 that of tectomc uphft (or, altermnatively, downwarping), which results in rejuvenation of
the drainage system  In South Afnca, widespread uphift in the Miocene and Plicocence has left a legacy in
the muddle and lower parts of many of the country's nvers of steepened long profiles and deep gorges  Thus
influence is more pronounced along the castern scaboard of the Eastern Cape and KwaZulu-Natal, but
subdued 1n the Western Cape.

Wadeson & Rowntree (2000) defined the zone as a section of nver which 1s distinguished primanly by us
position on the long profile and which 1s dominated by macro-rcaches having a charactenistic valley form
and valley-floor slope  The macro-reach charactenstics can be derived from topographic maps and are used
as diagnostic of the zone class.

The macro-reach
The boundanes of macro-rcaches arc firstly determined by segment boundaries (Section 62.2) and,

sccondly, by vanations n valley form within a segment  Macro-reaches are further classified in terms of
the valley floor
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Valley form s classified according to a svstem modified from Rosgen (1994). This takes into account the
gradient of valley side slopes, their connectivity to the channel, the degree of channel confinement and the
sediment-storage potential of the valley floor

The most common cross-section valley forms found in South Afnca are VI, V2, V3, V4, V6, V8 and VI0
(Figurc 6.1)

V1 and V2 valley forms have an entrenched nature.  The niver course thus occupies the full valley floor,
with httle opportunity for scdiment storage V1 valley forms have steep valley-side slopes (>20°) adjacent
to the channel  Such slopes are prone to mass movements such as land shdes and rock falls that contnbute
coarse debrnis directly to the channel. V2 valley forms have moderately steep lower valley-side slopes,
often formed i colluvium  As transport of hillslope matenal 1s dependent on fluvial processes such as
slope wash, the potential for transporting coarse matenal into the niver 1s less than for VI forms. Where
colluvial slopes arc dissected by crosion gulleys, however, input of coarse sediments is likely to be high

V3 valley forms are essentially depositional in nature, in that alluvial fans and debns cones occupy the
valley floors. V4 valley forms have steep valley side slopes and sigmficant valley floors wherein sediment
storage may take place in the form of well developed lateral bars or a narrow flood plamn. This valley form
1s typical of gorges in rejuvenated arcas, as well as in foothill zones where the valley floor 1s starting to
widen out

V6 valley forms are fault-bounded valleys, charactenstically confined on one side, but with a channel that
1s freer 1o migrate on the other side Colluvial hill slopes predominate, giving nise to a low sediment supply
(Rosgen 1994)  The VK and V10 valley forms represent true unconfined alluvial systems wath well-
developed floodplains within which the rivers are free to meander. The existence of niver terraces (former
floodplains) distinguishes the V8 form from the V10 In both forms the channel may be ncised into the
modern floodplain, so that overbank flooding occurs only infrequently. In such cases it may be difficult 10
distinguish between infrequently inundated flood plans and niver terraces

Channel pattern and channel morphology are closely related to channel gradient and associated bed
matenal. The gradient of the valley floor is therefore a good predictor of channel charactenistics within a
macro-reach  Valley-floor gradient can be used to classify macro-reaches into ten zone classes that have
been found to be good predictors of channel morphology (Rowntree pers comm ) The zone classification
(Table 6.1) 1s a modification of that produced by Rowntree er @l (1996), which was based on their studies
of South Afnican nvers  Gradient ranges for the zones in Table 6 1 have been modified to comply with the
stream types suggested by Rosgen (1994) (In Rosgen's system, stream types were labelled A+ 10 G A+ s
cquivalent to our A, A to our B, B to our C, but thercafier there is no direct concurrence. Our zone classes
should not, therefore, be confused with Rosgen's stream types )
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a. Valley Form |,
b. Vakey Form I,

¢ Valley Form I,
d Valley Form IV,

| Valley Form V1,
f. Valley Form Vil

g Valley Form X,

WV notcned canyons. rejuvenated
sdesiopes.

moderately steep, gentie slopng side
slopes often n coluwal valleys
Munal fans and detns cones.

gentle gradent canyons, goeges and
contined alluna! valleys

maderstely staep fauit controfied
valleys

wide, gentle valley slope
Adacent 1O frawe

very broad and gentle slopes,
assocated with extersve Hoodpans
CONSta plains and tundn

Figure 6.1

The most common cross-section valley forms found in South Africa.
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The first seven zone classes. labelled S, A 10 F, arc those associated with a “normal’ niver profile 2s
described above.  The remaining three zone classes (BCr, DEr and Fr) are associated with steepened
rejuvenated profiles in lower nvers Class BCr indicates rejuvenated macro-reaches with gradients
cquivalent to classes B and C, class DEr to classes D and E The stream order and therefore discharge of
classes BCr and DEr arc significantly higher than their upstream counterparts. Class Fr has a gradient
equivalent to class F, but is found in upland arcas associated with uplified platcau arcas above escarpment
zones. It therefore has a lower stream order and discharge relative to its low land counterpant

Table 6.1 Geomorphological zonation of South African river channels (after Rowntree
& Wadeson 1999), and with acknowledgement to Harrison & Ellsworth 1958;
Oliff 1960; and Rosgen 1994). For reach types, see Table 6 2

Longitudinal  Macro-reach Characteristic Channel Features -
Zone Characteristics

Valley Zone  Gradient
Form  Class Class

A. Zonation associated with ‘normal’ profile

Source zone V10 S not Low gracient, upland plateau or upland basin able to store water
specified  Spongy or peat hydromorphic solls
Moumtain headwater V1, A >0.1 A very steap gradent stream dominated by vertical flow over
stream V2, pecrock with waterfalls anag plunge poois. Normally frst or second
V3 order. Reach types include bedrock fall and cascades
Mountain stream V1, B 004.- Steep gradient stream dominated by bedrock and boulders loca'ly
V2, 008 cobble or coarse gravels in pools  Reach types moiude cascades
V3 bedreck fall, step-pool  Approximate equal cistribution of ‘vertical
and ‘honizontal’ fiow components
Mountain stream V2, Cc 002- Mocerately steep stream dominated by bedrock or boulder
(transinonal) V3, 0.039 Reach types include plane-bed. pool-rapid or pool-rifle Confined
Va4, or semi-confined valley floor with imited ficodplain development
Ve
Upper Feothills Ve, D 0005~ Mocerately steep cobble-bed or mixed bedrock-cobble bed
V4, 0019 channel, with plane-bed, poo'-riffle, or pool-rapsa reach types
vé Length of pocis and riffles/rapids similar. Narrow floodplain of
sand, gravel or cobble cRen present
Lower Foothills V8, E 0.001 - Lower gradient mixed bed alluvial channel with sand and gravel
V10 0005 cominating the bed, locally may be bedrock controlled. Reach

types typecally include pool-riffle or pool-rapid, sand bars common
in pools. Pools of significantly greater extent than rapids or riffles
Floodplain often present

Lowland river V4, F 0.0001 - Low gradient alluvial fine bed channel, typically regime reach typc
V8, 0001 May be confined but fuly developed meandening pattern within a
V10 distinct floodplain develops in unconfined reaches where there 15

an increased sal content in bed or banks
B. Additional zones associated with a rejuvenated profile

Rejuvenated bedrock V1, BCr 2>002 Moderate to steep gradient, confined channel {gorge) resultng

fall / cascades V4 from uplift in the middle to lower reaches of the long profile
limted lateral development of aluvial features, reach types
Include bedrock fall, cascades and pool-raped

Rejuvenated feothils V2, DEr 0001~ Steepened section within migddle reaches of the river caused by
V3, 0.02 uplift, often wittun or downstream of gorge, chatactenstics smuar
V4, to focthills (gravel/cobble bed rvers with pool-nflel pool-rapic
Ve morphology) but of a higher orger A compound channel is often

present with an active channel contained wthin a macro-channel
activated only during infrequent flood events. A mited flcod-
plain may be present between the active and macro-channe

Upland flcod plain V8, Fr <0 005 An upland low gradient channe!, often associated with uplifted
V10 plateau areas, as cccur beneath the eastern escarpment

624 Thereach
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624 The reach

The reach 1s a length of channel charactensed by a particular channel pattern and morphology, resulting
from a uniform set of local constraints on channel form Reach boundanes can be dentified on | 50 000
topographical maps using channel pattern, sinuosity and width as indicators In the ficld, reaches are further
classified in terms of channel type and channel morphology.

Channcl pattern refers to the degree of channel division and channel sinuosity as depicted on a 1 50 000
map. Channcls can be either single thread or multi-thread, with the latter often identifiable on the maps by
cicar isiands in a widened channei  In sume sysicnis, two of more channcls may be scparated by a distingt
floodplain  Channel sinuosity 1s a measure of the degree of channcl meandering relative to valley
meandenng It can be quantificd as the ratio of channel length to valley floor length. Values greater than
1 5 indicate a true meandering channel. A first indication of channel width can be obtained from the nature
of channel depiction on the map  as a single blue line or as a wider shaded area

Channel type 1s determuned in the ficld It is a kev indicator of channel form and the nature of its response
to disturbance. There are two main types of nver channcl alluvial channels and bedrock-controlled
channels. The bed and banks of an alluvial channel are composed of the nver’s bed-matenal load
Bedrock-controlled channels are dominated by bedrock exposures in the channel bed, with banks that may
be composed of bedrock or alluvium. Many nivers in South Africa represent a mixture of these two forms,
with altemating bedrock controlled and alluvial sections.  These channels have been classified as mixed
channels. A fourth channcl 1ype 1s the fixed-boulder channel, in which the bed matenal 1s composed of
large matenal that the flow 15 not normally competent to transport.  This material may have been denved
dircetly from the adjacent hill slopes or nverbanks through mass movement processes, or exhumed from a
palaco valley-fill underlving the nver course.  The boulders effectively function as bedrock because they
must be broken down by weathening before they can be transported downstream. Thus they act as stable
obstructions o strcam flow rather than their distnbution being the result of flow

Reaches may be classified into reach types based on channel morphology (Table 6 2) Different reach types
are associated with alluvial, bedrock and mixed channel types. The reach type 1s asscssed at a site, but it
should be confirmed for the length of the reach from a video or acnal photograph, or from a reconnaissance
of the reach upstream and downstrcam of the site, if possible  The reach type 1s based on the typical
assemblage of morphological units present
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Table 6.2 Reach type classification, modified from Rowntree and Wadeson (1999).

Reach Type Doscript{on
ALLUVIAL CHANNELS & FIXED BOULDER

Step-Pool Characterised by large clasts that are organised into discrete channel
spanmng accumulations that form a senes of sleps separating pocls
containing finer matenal.

Plane-bed Characterised by plane-bed morphologies in cobble or small boulder
channels lacking well-defined bedforms.

Pool-Rapid Channels are characterised by long pools backed up behind fixed boulder
deposits forming rapids.

Pool-Riffle Charactensed by an undulating bed that defines a sequence of bars
(riffies) and pools.

Regime Occur in either sand or gravel. The channel exhibits a succession of

bedforms with increasing flow velocity.  The channel is charactensed by
low relative roughness. Flat bed morphology, sand waves, mid channel
bars or braid bars may all be charactenstic.

BEDROCK CHANNELS

Bedrock Fall A steep channe! where water flows directly on bedrock with falls and
plunge pools

Cascade High gradient streams dominated by waterfalls, cataracts, plunge pools
and bedrock pools. May include bedrock core step-pool features

Bedrock Rib Formed in steeply dipping bedrock, short alluvial areas separate rock rbs

which span the channel, significant pools, rapids or falls absent.

Planar Bedrock  Predominantly bedrock channel with a relatively smooth bed  Significant
pools, rapids or falis absent.

MIXED CHANNELS
Step-Pool As for alluvial step-pool, but steps are formed in association with bedrock
exposures where boulders or large cobble are lodged.
Pool-Rapid Channels are characterised by long alluvial pools behind channel
spanning bedrock intrusions forming rapids. Boulder rapids may also
~ mask underlying bedrock

625 The morphological unit

Morphological units are the basic structures recogmised by fluvial geomorphologists as comprising the
channcl and may be cither crosional or depositional features (Table 6 3) Three groups of morphological
units have been recogmised as making up the active channel: pools, hydraulic controls and bars  Pools arc
scour (crosional) features with relatively low width-depth ratios and for which macro-scale flow hydraulics
are controlled by a downstream morphological unit, the hyvdraulic control. The hydraulic controls represent
a local steepening in the reach long profile so that the macro-scale hydrauhics are not controlled by
downstream morphological units. Hydraulic controls have a relatively high width-depth ratio compared to
pools They may be aggradation features (formed by deposition of sediment). such as cobble nffles or
boulder rapids, or crosionally resistant features such as bedrock rapads Bars, the third group of
morphological umits, are aggradation features that may occur in a number of locations such as along channcl
margins, within pools or ¢ven within the hydrauhic controls. They are often formed of relatively mobile
matenal such as sand or gravel and represent the short term storage of sediment that is in transit through the
channel
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Table 6.3 Classification of morphological units, modified from Rowntree and Wadeson
(1999).

Morphological Unﬁ - Description o R -

ALLUVIAL

Plane-bed Topographically uniform-sioped bed formed in coarse alluvium, lacking
well defined scour or depositional features

Pool Topographically low point in an alluvial channel caused by scour; often
characterised by relatively finer bed material

Backwater Morphologically detached side channel which IS connected at lowar end
to the main flow.

Riffle A transverse bar formed of gravel or cobble, commonly separating pools
upstream and downstream

Rapid Steep transverse bar formed from boulders

Step Step-like features formed by large clasts (cobble and boulder) organised
into discrete channel spanning accumulations, steep gradient

Lateral Bar Accumulation of sedwnent attached to the channel margins, often
successively on opposite sides of channel so as to induce a sinuous
thalweg channel

Point Bar A bar formed on the inside of meander bends in association with pools.
Lateral growth into the channel is associated with erosion on the
opposite bank and migration of meander loops across the floodplain,

Mid-channel Bar Single bars formed within the middie of the channel. strong flow on
either side.

Braid Bar Multiple mid-channel bars forming a complex system of diverging and
converging thatweg channels

Lee Bar Accumulation of sediment in the lee of a flow obstruction,

Channel Junction Bar Forms immediately downstream of a tributary junction due 1o the input
of coarse matenal imMo a lower gradient channel,

Sand Waves or Lingoid A large mobile feature formed in sand bed rivers which has a steep front

Bars edge spanning the channel and which extends for some distance
upstream. Susrface composed of smaller mobile dunes.

Rip Channel High flow distributary channel on the inside of point bars or lateral bars,;
may form a backwater at low flows.

Bench Narrow terrace-like feature formed at edge of active channel abutting on
to macro-channel bank,

Islands Mid-channel bars which have become stabiised due to vegetation
growth and which are submerged at high flows due to flooding.

BEDROCK

Bedrock Pool Area of deeper flow forming behind resistant strata lying across the
channel.

Plunge Pool Erosional feature below a waterfall,

Bedrock Backwater Morphologically detached side channel which is connected at lower end
to the main flow.

Waterfall Abrupt discontinuity in channel slope; water falls vertically, never
drowned out at high flows. Height of fall significantly greater than
channel depth.

Cataract Step like succession of small waterfalls drowned out at bankfull flows,
height of fall less than channel depth.

Rapid Local steepening of the channel long profile over bedrock, local
roughness elements drowned out at intermediate to high flows.

Bedrock Pavement Horizontal or near horzontal area of exposed bedrock.

Bedrock Core Bar Accumulation of finer sediments on top of bedrock.
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6.2 6 The hydraulic biotope

The lowest level of the luerarchy consists of hydraulic biotopes, which are nested within the morphological

units  Hyvdraulic biotopes are defined as spatally distinet instream flow environments, with charactenistic

hydraulic attributes. Classification of hydraulic biotopes is based on two cntena:

. the vicual charactenstics of flow, which in tum give expression to the complex hydraulic
interactions occurnng between the body of water and the bed of the stream,

. the underlying substratum

The scale of hvdraulic biotopes varies from the order of 0.5 m’ to that approximating to the morphological
umit itself

A morphological umit wall be composed of onc or more hydraulic biotopes, depending on the complexity of
the morphological unit. As discharge changes, the assemblage of hydraulic biotopes also changes. both in
type and proportion of cach type

Morphological units that form hydraulic controls often contain a diverse assemblage of hvdraulic biotopes,
whereas pool morphological units tend to have fewer hydraulic biotopes as they are more homogenous  For
all morphological umits, the available evidence points to the greatest diversity beng associated with
mtermediate discharges, that is, those between the 50" and 70™ percentiles on the flow duration curve of
daily flows (Rowntree and Wadeson 1996)

The spatial pattiern of hydraulic biotopes within a morphological unit can be determined from observing,
mapping or photographing the surface flow charactenstics (flow type)  The substratum can then be
classified for cach mapped umt.  In the project reported on in this report, flow type and substratum were
mapped separately, in order to use the biota to define which combinations of substrata and flow types
constituted definably different hydraulic biotopes (Chapter 11).

6.3  Desk-top classification of the project study sites

There has been a paucity of rescarch designed to test relationships between the nver channel and biotic
distnbutions at vanous levels of the ierarchy  In this chapter, the sites are grouped by catchment and zone
charactenistics, to estabhish if geomorphological classification at these scales provides a useful indication of
the hological nature of the sites  The results are compared to biological classification of sites at the same
scales in Chapter 100 Abiotic-biotic links at lower levels of the hicrarchy are explored in Chapters 11-13
The classification system used here was based on the premise that the river channel provides the physical
framework for the nver ecosystem and that channel form will thus be a major determinant of the specics
present at any pomnt along the niver

6.3 1 Catchment audnt

The catchment audit consisted of a desk-top analysis of catchment charactenstics, to group and classify the
29 study sites

The WR90 GIS data base was used to map regional-scale catchment attributes including:
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mean annual precipitation.

mean annual runoff (quaternary catchment),

mean annual sediment vield (quaternary catchment),
sediment concentration index,

geology and soils

The site locations were plotted on these regional maps and viewed on the computer so that the
charactenstics of the catchment upstream of cach site could be descnibed (Table 6 4 and Figure 6 2) With
the exception of the Grootnivier site, the catchment above cach site was contained within one quatemary
catchment Thus, a conventional segment analvais hecame wrrelevant  This approach gave nse to problems
in the case of small hcadwater strecams that were contained within a larger catchment that included large
arcas of significantly lower ranfall and therefore lower catchment runoff  This applied particularly to the
Table Mountain sites and to the Steenbok site in the Breede catchment, where the mean annual runoft
(MAR) given for the sites were judged to be oo low by local scientists  For instance, although the mean
annual rainfall over the catchment upstrcam of the Steenbok site 1s similar to that of the neighbounng
Wolwekloof site, the assigned MAR (Table 6 .4) 1s only about one-third that of Wolwekloof

There are a number of clear similanities between the sites. Nearly all sites are on a hithology dominated by
sandstones (the Table Mountain group)(Figure 6 2a) This 1s reflected in the predominantly sandy soils
Relatively coarse matenal (sands) and a low wash load will, therefore, dominate sediment input to the
channcls The catchments of two sites, Molenaars (site 9) and Langnvier (site 19), have sigmificant arcas of
igneous rocks, including gramite, that produce abundant coarse sediments. The Lourens catchment is an
exception, being comprised of igneous rocks in the higher arcas and porous sediments of the Malmesbury
group lower down

There 1s a sigmficant difference in mean annual runoff between catchments (Figure 6 2b)  Values below
100 mm per annum are charactenstic of the Donng catchment (Middeldeur and Grootnvier) and
catchments on the leeward slopes of Table Mountain (Window Stream and Newlands) (but as noted above,
the runoff values for the Table Mountain subcatchments are undoubtedly underestimates). High runoff
values, exceeding 700 mm, are found for quatcrnary catchments of the Breede (Wolvekloof, Witnivier, the
Molenaars (Molenaars, Elands and Elandspad), the Berg (Berg, Bakkerskloof, Wemmershock and
Zachanashock), the Eerste, and the upper Palmict

The sediment vield for all catchments 1s low (Figure 6 2 ¢), ranging from 8 tonnes per square kilometre per
annum to 24 tonnes per square kilometre per annum, and will be compnsed largely of bed matenial load
On a national scale, high values would lic between 300 and 1000 tonnes per square kilometre per annum



Catchment characteristics of study sites: a) Geology. b) Sediment yield; c) Mean Annual Runoff; d) Sediment transport

capacity.

Figure 6.2
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Table 6.4 Data used for the catchment audit of study sites. Catchment size classes are designated as beirg small (S), medium (M) and
large (L). * = disturbed river

Catchment Attributes
No. Catchment River Size MAP (mm) MAR Sed. Yield SCI  Geology Solls
Class (mm) (t km yr")
1 OMants Jar Dissels M 400 500 207 8 049  sandstone lcamy sand to sandy loam
2 OMants, Doring Rondegat 2] 00 ->500 138 14 045  sancstone lcamy sand to sandy loam
3  Ouants Noordhoek M 00 -»500 208 14 053 sandstone lcamy sand to sandy loam
4 OMants, Dering Midcdeldeu L 420 S & 046  sangstone loamy sand to sardy loam
$* OMants, Dorng Groot L 400 80 17 085  sandstone icamy sand to sandy lcam
6  Breede Steenbok S 1000 -1500 A5 19 047  sancstone loamy sand to sandy loam
7 Breede Wolvekioof S 1000 -1500 1064 8 030 sancstone loamy sand Lo sandy loam
8  Breede Vit " >1500 1064 8 030 sancstone loamy sand to sandy loam
9 Molenaars Moienaars L »1500 858 8 021  sancstone & igneous  loamy sand to sandy loam
10 Molensars Elands L >1500 85835 8 oxn sandstone lsamy sand to sandy loam
11 Molenaars Elangspad 2] »1500 858 8 021  sanastone lcamy sand to sandy loam
12° Breede Meisloot L% 1000 ->1500 s ] 027  sandstone loamy sand 1o sandy loam
13 Breede DuToes » 1000 563 18 040  sancstone loamy sand to sandy loam
14 Berg Bakkerskicol S 800 728 8 030 sandastone Sand to loamy sanc
15 Berg Zachanshoek S 800 728 8 030 sangstone loamy sand (o sandy loam
16° Berg Wemmershoek » 800 -1500 726 8 030 sandstone lcamy sand to sandy loam
17 Berg Berg "M >1500 1014 8 021  sancstone Sand to loamy sand
18 Eerste Eerste! " »1500 868 10 042 sancstone icamy sand to sandy loam
19  Eerste Langrivier » >1500 868 10 042  gneous oamy sand to sandy lcam
20 Eerste Swantbosidoof v >1500 8688 10 042  sandstone icamy sand to sandy loam
21 Eerste Eerstel » >1500 868 10 042  sandstone bamy sand to sandy loam
22* lLowens Lourens . 800 -»1500 455 24 084  porous sediments & loamy sand to sandy loam
grecus
23  Paimiet Paimiet - 1000 ->1500 728 10 031  sandstone loamy sand to sandy loam
24 Pamet Dwars M 1000 435 2 038 sandsione sanc
25  Davdsiraal Davidskraal ™M 1000 402 8 040 sandstione loamy sand to sandy loam
26 Liesbeek Window S 800 -1000 fn7 14 078 sandsione Sand 1o loamy sand
27 Lesbeek Newlands S 800 <1000 N7 14 078  sandsicne Sand o amy sand
28 Sand Cecita S »1000 165 8 051  sangstone Sand to loamy sand
2% Dsa Dsa S 800 -1000 296 [} 050 sandstone Sand to loamy sand
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The sediment concentration index 1s also vanable (Figure 6 2d), largely reflecting the distnbution of runoff.
Sites n the upper Breede, Berg and Ecrste are hugh ramfall arcas with high runoft values and have very low
SCls (020-0 35)  The remaming sites have low SCls (0.35-0.70), with the exception of Grootnivier,
Window and Newlands, which have moderate SCls (0 70-1 00)  The calculated values for Window and
Newlands are probably mislcading, as these two are in upper, lgh-rainfall reaches of a larger catchment
with an average moderate to low MAR (Table 6 5)

Table 6.5 Grouping of catchments by size and Sediment Concentration Index (SCI).
Sites divided by catchment size and each river number, niver name and SCI given.

Catchment Size
SCl Small Medium Large
Very low 65 Steenbok 03 11 Elandspad 02 10 Elands 02
7 Wolvekloof 03 8 wit 0.3 9 Molenaars 02
14 Bakkerskloof 0.3 12 Holsloot 03
15 Zachariashoek 03 16 Wemmershoek 0.3
17 Berg 03
23 Paimiet 03
1€ Eerstel 04
19 Langnvier 04
20 Swartboskioo! 04
21 Eerste2 04
25 Davidskraal 04
3 Noordhoek 05
Low 28 Cec'lia 05 13 DuTons 04 4 Middeldeur 0.5
29 Disa 0.5 24 Dwars 04
1 Jan Dissels 0Ss
2 Rondegat 05
22 Lourens 06
Moderate 26 Window"* 0.8 5 Groot 1.0

27 Newlands® 08

* Site on low order tnbutary in upper reaches of system, low confidence in SCI

Given the similantics in geology and soil type, the main factors that are hikely to distinguish sites at the
catchment level arce the size of the svstem and the SCI Table 6 5 groups the sites according to catchment
size and the SCI. There are cight main groups indicated, though Window and Newlands maybe
musclassified as noted above

632 Zonc classification

In this scction, the nver zone in which cach study site occurs 15 classified using a ngorous
geomorphological zomng excraise.  Delincation of zongs 1s based on a classification of macro-reaches, as
described below

The location of cach site was identified on the appropnate 1 50 000 map  Valley form was used to
dehincate the macro-reach within which cach site was located  Macro-reaches did not extend beyond clear
scgment breaks marked by major tributary junctions  The valley-floor gradient for the macro-reach was
estimated as the height difference between the upstream and downstrecam boundanies of the macro-reach,
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divided by the length of the macro-rcach measured along the centre of the valley floor (Table 6 6) The
altitude of the lower contour of cach site was also noted

Table 6.6 River zonation: macro-reach analysis. An "-" denotes missing value

I :
Vane;::tr:tpc.hn:syw‘i::.mon Field Survey
Valley Valley Channel

No. Catchment River Type Gradient Zone Altitude Gradient Zone
1 Oifants Jan Dissels V4 0012 D 180 00?7 ©
2 Oufants Doring Rondegat V2 0032 C 450 0.030 C
3 Oufants Noordhoek v4 0015 D 220 0.018 D
4 Olifams, Doring  Middeldeur V4 0013 D 660 0028 C
§ Olifants, Doring  Groot V8 0 005 D/E 480 0.009 D
6 Breede Steenbok V2 0.035 C 280 0.061 8
7  Breede Wolvekioo! V1 0060 B8 340 0038 C
8 Breede wit V2 0018 D 680 0015 D
9  Molenaars Molenaars V4 0.006 D 420 0016 D
10 Molenaars Elands Vi 0.013 D 440 0.035 C
11 Molenaars Elandspad v2 0029 Cc 240 0072 B
12  Breede Halsloot Va4 D014 D 420 0.021 Cc
13 Breede DuToits w1 0.090 B 380 0.017 D
14 Berg Bakkerskloof vi 0230 A 300 0.080 B
15 Berg Zachanashoek vi 0.174 A 300 0.087 B
16 Berp Wemmaershoek V8 0.010 D 180 0.011 D
17 Berg Berg V4 0.023 c 260 0.026 Cc
18 Eerste Eerstet v 0.055 B 380 0.058 B
19 Eerste Langrivier v 0139 A 340 - -
20 Eerste Swartboskioof V2 0.139 A 340 - -
21 Eerste Eerste? V4 0.024 Cc 320 0.260 C
22 Lourens Lourens ve 0.018 D 100 0.017 D
23 Pamiet Paimiet w1 0.062 B 420 0045 B
24 Palmiet Dwars v2 0.032 Cc 80 0032 C
25 Davidskraal Davidskraal v 0.064 B 60 0.030 C
26  Liesbeek Window 120 0123 B
27  Lesbeek Newlands V2 0.200 A 180 0.150 A
28 Sand Cecilia V1 0.523 A 260 0.169 A
29 Disa Oisa V1 0.080 B 100 0.060 B

The macro reaches within which the sites were located represented four geomorphological zones: mountain
headwater, mountain stream, transitional mountain stream and upper foothills  There 1s generally a strong
association between zone class (represented by A to D) and valley form (Table 6 7). Mountain headwater
streams and mountain streams (A and B zonc class) are associated with confined valleys V1 valley forms
have a strong potential for direct debris inputs to the channel whereas V2 valley forms denive coarse
sediment from upstream. The transitional mountain streams (C zone class) are associated enther with the
confined but more gently sloping V2 streams, or V4 strcams which have stecp side walls but some valley-
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floor storage potential  Streams in V4 valleys are expected to exhibit a narrow flood plain.  The upper
foothill sites (D zone class) tend to be found associated cither with V4 valley types or V8 valley types. In
V8 valley types, the potenual for valley-floor storage has increased considerably.  The channel 1s incised
into a higher alluvial terrace with or without a modern flood plain.  Two sites, 8 and 10, arc m more
confined valley forms than expected for their zone class (Table 6.8) The groups given in this table can be
used as the basis for companson with the biological groupings (Chapter 10)

Table 6.7 Association between valley floor gradient and valiey form for each river
(represented by river number as per Table 6.6).

Valley Form

Gradient V1 V2 v4 Ve No.
Class

A 14.1519.28 . 20,26,27 | . 17
B 17.13,18,23.25,29 | | ; 6
(@ : 2,6,11,24 ' 21,17 : 6
D 110 8 134912 51622 10
Ne. 1" i g ¢ 7 A

Table 6.8 Grouping of sites by catchment audit and zone. Mod. = moderate sediment
concentration index (SCI).

. catchmentAudit by Zone Class
'Size | Small Medium - Large
' scl High [ Mod. [ Mod. High 'Mod. | Mod. ' High | Mod. ' Mod. |
o4 Migh | | High 1 High !
| Mc Mountain Headwater Stream
1 e g T
VIA (14,15 128 | |19 I I
V2A . 1 _
unclassitied | P 128 | - T»_____ -
_Mountain Stream e i i
V18 7 {20 ; T,w. 23 13 | ;
1 i L2 | | :

Mountain Stn’am (tnnsmonalj S o
I T N NN Y] N -
V4C 1 L ! 17,20 | ‘ i %
_ Upper Foothiils o o N
[ : i 7 |
V2 , L s P 1 ] .
- van R S 13,12 |1 |
| V8D | N & | 22 ! o i |
unvanmd Foothnlls o )

R - B —
V1D o ...L-. S N N (R—— N N
V4D Y Mgl 5 o I I £ N N ]
V8D | | | 5
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6.4  Field classification of the project study sites

The objective of the rescarch reported in this chapter was to ascertain how well a desktop geomorphological
grouping of the sites would reflect a biological grouping  Although the ficld classification of channel form
was not necessary for this desktop exercise, it 1s useful at this point to use the gecomorphological data that
were collected on site to compare the occurrence of observed reach types in different niver zones.

Duning the ecological mapping visits to sites, the author of this chapter classified their reach tvpe and
channc! morphology, using the forms given in Appendix 6.0 o produce the classification given
Appendix 6.2 The site gradients measured using an abney level duning these visits are histed in Table 6 6
Companng the ficld-mcasured gradients with the map-derived macro-rcach gradients, 13 of 25 sites
remained in the same zone class. Ten of these were in zone classes C and D, two in class B and onc in class
A Three of the zone class C nvers moved to B, whlst three class D nivers moved to C, for these sites. the
map analvsis underestimated the ficld gradient. Two zone class B nivers moved to class C and one to class
D, the map analysis over estimating the field gradient. Two class A nvers moved to class B The biggest
change was for site 13 (Du Touts) which went from class B to a class D

There are a number of possible reasons for the discrepancy between macro-reach gradients taken from the
map and the site gradient measured in the ficld.  Furst, the macro-reach gradient relates to the valley floor
whereas the site gradient relates to the nver channel. Meandering will always tend to reduce the gradient
Given the low siuosity of all the sites this should not have been a major factor. Second, the macro-reach
gradient 1s the average over a sigmificant valley length whereas the field gradient 1s site specific and should
be more representative of the site itself Site gradients could be stecper or gentler than the macro-reach
gradient. Thirdly, crrors are inherent in both map-derived gradients and ficld-measured gradiemts The
accuracy of the map gradient depends on both the accuracy of the contours on the map and the
measurement accuracy. Both become more difficult in steep terrain (zone class A) In the ficld, the
resolution of the abney level i1s not sufficiently high to distinguish between gradients charactenstic of D and
C zone classes

Given these vanous reasons for differences it is encouraging that the macro-reach zone class predicted the
sitc gradient to within one class or better for all but onc site. The exception (Site 13) was significantly less
steep than predicted, and the site does not appear to be representative of average conditions in the macro-
reach

Table 6.9 gives the main groupings of sites from this on-site classification. The sites arc allocated to a zone
class and valley type, as per the desk-top analysis and the reach type for cach site 1s descnibed.  Generally,
zone classes have a good predictive potential in terms of reach types. Class A nivers (mountan headwaters)
include bedrock cascades in bedrock channcls, step-pool in fixed boulder or mixed channel types An
anomaly 1s the cobble planc-bed for site 13, which can be explained by the lower site gradient  There was
no obvious difference between sites in VI or V2 macro-reaches. The class B nivers (mountain streams) had
a similar morphology to the A nivers. The pool-nffle morphology of site 25 (Davidskraal) 1s an anomaly,
probably due to disturbance to the channel caused by an upstream dam and downstream weirs. The class C
nvers (transitional) are charactensed by pool-rapid reaches or plane-bed in bedrock, fixed boulder and
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mixed nivers and by pool-niffle reaches in the alluvial nver. Pool-rapid 1s also the dominant reach type in
the class D bedrock, fixed boulder and mixed channcls, whilst pool-niffle reaches are charactenstic of class
D alluvial nvers  Bulldozing at Sites 3 (Noordhoek) and 16 (Wemmershocek) flattened the bed to give
cither a cobble plane-bed or a sandy flat bed respectively.  One exception to the general pattern 1s the
classification of the Middledeur site (4) as a bedrock cascade.  Although rock steps do occur in the site,
rapids, bedrock pools and bedrock runs are also present. It perhaps should have been classified as a pool-
rapid reach.

The above analysis of rcach types indicates that zone class A and B nvers tend to have similar reach
morphologies, as do zone classes C and D.  Differences between A and B and between C and D will be
reflected in the detanled morphological structure and the size of the channel, which will tend to increase
from A to D As the nver gets larger and the gradient gentler, pools tend to clongate and come to be
spatially dominant  Valley tform does not have an obvious effect on reach morphology It 1s notable that in
these nvers bedrock and boulder dominate the bed matenial, even in the alluvial channcls. This probably in
part reflects the predomimance of V1 and V4 valley types even in the lower zone classes.

6.5 Conclusion

The study sites were classificd at the catchment, zone and reach scales A conventional segment analysis
was deemed mappropnate for this study, given that many sites were in mountain streams contained within
one quaternary catchment A desktop survey of catchments (Table 6 5) produced cight groups of sites
based on catchment siz¢ and sediment transport capacity index. It also revealed that the sites were in four
longitudinal zoncs mountain headwater streams, mountain stream, transitional mountain strcams and upper
foothill streams, or zone classes A to D respectively. There was a good association between valley form
and zone class, with A and B zone classes tending to have VI and V2 valley forms. Zone class C consisted
of V2 and V4 valley forms and zone class D mostly of V4 and VS

A companson between zone class and the ficld data showed that the desk-top analysis of zone classes and
valley forms produced an acceptable grouping of sites in terms of their reach morphology (Table 6 9)
Although all channel types were found in all the nver zongs, there was a tendency for bedrock and fixed-
boulder types to dominate the mountain stream zones, whilst alluvial channels were more common in the
foothill reaches. Mixed channels were most common in the transiional mountain strcam zone.  The
alluvial sites were also those most subjected to direct physical disturbance.
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Table 6.9 Reach type at sites, arranged by zone class, valley form and channel type. River zone (zone class and valley form) as classified
in Table 6 6. River number as per Table 6 6 given in parenthesis after reach type designation

Channel Type

RiverZone Bedrock = Fixed Boulder Mixed Aluvial -

bedrock & boulder step-pool (15)  cobble plane-bed (13)

AWV1 bedrock cascade (14) boulder & cobble step-pool (19),
boulder step-pool (28)

AV2 boulder step-pool (20);
boulder & cobble step-pool + plane-bed (27)
BV1 bedrock cascade (23) boulder step-pool + plane-bed (18) cobble step-pool (7) gavel pool-nffie (25)
cv2 bedrock pool-rapid (11) boulder plane-bed (2),
bedrock & cobble plane-bed (6),
bedrock & cobbie pool-rap«d (24)
Ccv4 boulder pool-rapid (21) cobble pool-riffle (17)
Dwvi boulder pool-rapid (10)
Dv2 bedrock & boulder plane-bed +
pool-rapid (8)
Dvsa bedrock cascade (4); mixed pool-nffie (12);
bedrock & boulder pool- mixed + boulder plane-bed (3);
rapid (1) boulder pool-riffie (9)
Dvs boulder pool-nffie (22),

muxed + boulder pool-niffie (5).
sand + cobbie flat bed (16)
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7. ABIOTIC AND ALLIED ECOLOGICAL SITE INFORMATION

71 Overview

The 29 niver sites were visited on the dates indscated in Table 5.1 Routine records were made of several
water-quality, climatic and ccologically-relevant variables at cach site (Section 7 2)  The geomorphological
character of the channel was measured, as were relevant hvdrological and hydraulic vanables (Section 7 3)
The site was then mapped (Section 7.3 3), pnor o the collection of invertebrate samples

7.2 Chemical, weather and ecological variables

Twelve site vanables (Table 7 1) were routinely measured or estimated duning the site visits They can
provide valuable diagnostic data for interpretation of trends in biological distnbutions  Conductivity, pH,
colour, and water temperature can be measured quickly with nstruments, and provide a first
charactensation of water quality - Nothing more detaled was attempted in this study, because of the accent
on physical charactensation of the nver.  Air temperature and cloud cover are less often used
diagnostically, but are usually recorded because they may reflect weather or other conditions that could
help explain anomalics in samples. The amount of canopy cover over the stream is indicative of the extent
to which the water 1s shaded, as well as the potential for allochthonous inputs of npanan food sources  The
extents of macrophytic, algal and moss cover within the stream indicate the degree of vegetation-based
hydraulic cover, habitat, refuge and possible prnimary food sources available to the aquatic fauna. Fine and
coarse particulate orgamic matter (FPOM and CPOM), usually dominated by decaying leaves but also
including any other organic debns, are a major food source for different kinds of detntivores

As a group (Table 7 1), the nver waters were acidic (pH range 4 1-6 4) and quite pure (conductivitics:
16 1-76 8 uS cm'’, plus two on Table Mountain >100 uS em'). The colour of the water ranged from
unstained to dark brown (Hach units: 0 = >100), but with only the weakest of correlations between pH and
colour (Figure 7.1)  The darker waters tended to have a low pH value of about 4, but so did several less-
stained waters

Mid-summer water temperature was mostly in the range 17-24 °C, although some heavily-wooded sites
close to nver sources were cooler (14-16 °C), as was a disturbed site directly downstream of a bottom-
release dam (Holsloot 12 3 (') Acknowledging that temperatures were not necessanly taken at the same
tme of day from sitc to site, there was still some pattern to the difference between air and water
temperatures at the sites Sites with densc canopy cover tended to have similar air and water temperatures
(<6" C difference), whilst those with open canopics had water that was up to 137 C cooler than the aur
(Figure 7 2). Most open-canopied sites were either in foothill zones, and thus at a greater distance from the
source than the heavily-canopicd mountain-zone sites, or were sites with bedrock.  One mught have
expected that the water in both foothill and bedrock sites would be close to air temperature duc to the
distance travelled under the hot summer sun or over warm bedrock, but only in three cases was this
apparent These were two open-canopred foothill sites (Rondegat and Noordhock), in the extreme northern
(1¢. hotter) end of the study arca. and one site closer to Cape Town (Berg), which was onc of the widest
channels studicd. All had boulder-cobble beds
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Table 7.1 Water chemistry and observations recorded for the 28 rivers of the main study. pH readings denoted by an * should be treated
with caution as the pH meter was not functioning properly, + means that the observation exceeded the available scale. The amount of
particulate matter observed at each site was visually separated into two types: partices < 1 mm, or fine particulate organic matter
(FPOM), and particles > 1 mm, or coarse particulate organic matter (CPOM).

Air Water Cloud Cancpy  Macrophyte Algal Moss

Conductivity Colour Temp. Temp. Cover  Cover Cover  Cover Cover FPOM CPOM
No. River pH (Sem”) (HACH) (*C) (*C) (%) (% open) (%) %) (%) % W
1 Jan Dissels 54 316 5 265 1956 0 70 &0 0 10 10 1
2 Rondegat 54 228 15 176 180 5 85 <1 0 <1 5 <1
3 Noordhoek 49 288 0 204 218 0 100 <1 10 1 S0 <
4 Migdeldeur a8 342 25 08 212 0 80 60 80 5 70 <1
S Grootrvier 59 624 25 235 241 20 10 2 <1 n 10 s
6 Steenbok 51 319 5 233 225 1 50 <1 0 <1 5 <1
7 Wolwekioof 49 291 15 170 153 0 85 <1 <1 <1 1 <1
8 wi 51 185 10 227 B 100 < <1 <« <« 0
9 Molenaars 45 195 25 271 2086 1 99 0 <1 0 2 <1
10 Elands 50° 202 10 219 175 0 95 10 <1 <1« <1
11 Elandspad e 16.1 55 300 174 0 90 85 0 5 5 <1
12 Holsloot 53 167 40 232 123 5 80 10 80 0 1 1
13 DuTo#sRiver 57 304 15 218 19.0 s 95 0 < <1 5 1
14 Bakkerskioof ’ 27 0 212 198 0 85 3 1 <1 1 <1
15 Zachanashoekx * 456 5 255 195 0 80 <1 <1 <1 8 2
16 Wemmershoek 4 7° 478 0 260 200 95 80 10 10 5 50 10
17 Berg 46° 2186 10 29 27 - 85 <1 <1 1 7 5
18 Eerste 1 48 291 10 228 179 5 60 1 0 <1 5 <5
19 Langrivier 48 285 10 166 142 0 10 0 <1 1 10 20
20 Swartboskicof 46 258 0 27 175 0 20 1 0 <1 5 <1
22 Lourens 64 546 20 270 198 0 20 0 <1 0 15 1
23 Palmiet 40 93 50 235 188 100 50 20 0 a0 < <1
24 Dwarsniver 36* 489 100+ 282 202 1 85 95 0 <\ 3 1
25 Davdskraal ar 768 100+ 205 198 100 10 0 0 2 2 10
26 Window 45 69 4 80 231 170 0 0 0 0 <1 <1 <5
27 Newlands 50 674 25 210 165 0 10 0 0 <1 <5 <1
28 Cecilia Ravine 39* 168 2 20 180 160 100 10 0 0 15 05 80
29 Disa (1" trip) 41 106.2 100 197 162 0 20 10 5 70 1 <1
29 Dwsa (2™ trip) 43 1269 70 203 154 0 5 10 5 70 50 20
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The highest occurrence of macrophytes was at the sites with predominately bedrock nverbeds (Elandspad,
Dwarsnvier, Jan Dissels), where Scirpus fluitans was a common feature.  Other sites with a high proportion
of macrophyte cover (Middeldeur, Palmiet) had large stands of Palmict Prionium serratum, and some §
Suitans. Algal cover was low at all but two disturbed sites. One of these, Holsloot, was <1 km downstream
of a large carth dam with a hypolimnetic relcase.  The water was at winter level of temperature (12 3° €)
and the nverbed had a 90% cover of algae  The other disturbed site with algac was Middeldeur This
northem site, according 10 the farmer owner (). Hanckom), has shown increasing algal growth over the last
decade  Nutnients leaching from upstrecam farming arcas in this high mountain catchment are the most
probable cause of the growth, which now covers an estumated 80% of the nverbed at the site. By contrast,
only one site, the Disa on Table Mountain, had high moss cover. The Disa 1s very narrow (3 m) at the site,
with very hittle disturbance and no known upstrcam chemical modifiers, and has an 80% canopy cover. A
40 moss cover at one of the disturbed sites (Palmiet) 1s not understood, but may be a reflection of a recent
fire along this nver The highest percentage covers of CPOM and FPOM were at heavily-canopied or
disturbed sites

7.3 Geomorphological, hydrological and hydraulic variables
731 Discharge

Sites delincated according to the protocol descnbed in Section 4.3 1 were measured in terms of site length,
width of the active channel and discharge (Table 5 3) Discharge values were not used directly within this
project, but stand as a reference to flow volumes on the days that the flow types were mapped (sec below).
If all sites had daily hydrological records, the measured discharge could have been related to a flow-
duration percentile, which would have related that day’s flow to the overall flow range within the nver.
Instead, we can only report that all discharges were measured at summer low flow, after several weeks of
no rain and thus at rclatively stable summer base flows. Discharges measured were in the range 0.002-
0587 m' s, with a slight positive correlation between discharge and cither stream order or active wetted
width. Discharge had a corrclation cocfficient (r) of 0 51 wath strcam order, and correlation of r = 0 61 with
active channcl width. Ncither stream order nor active channcl width was a sigmificant predictor of
discharge, however A Lincar regression model of discharge with order only descnibed 26% of the vanation,
whereas discharge with active channel descnbed 37%

732 Channel cross-sections

A single cross-section was used at each site for discharge measurements.  Its dimensions, measured as
descnibed i Section 4.3 2, provided the approximate size and shape of the nver channe!l (Figure 7.3) In
order to enhance the size of data scts on physical habitat, each hydraulic measurement along the cross-
scction for discharge calculations (Section 4.3 4) was accompanied by information on the substratum
charactenstics (Table 7 2)  The nature and extemt of npanan vegetation was also recorded, as was the
position of the tree hine
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Figure 7.3 An example of the cross-section data available for all sites. RB = nght bank
and LB = left bank, WE = water edge.

733  Sitc maps

Maps of the distnibutions of different substrata (Table 2 4), flow types (Table 2 3) and morphological units
were drawn at cach site, using the method descnbed in Section 431 The maps were digitised using
Arclnfo to produce data on the actual and percentage occurrence of different categones, as descnibed in
Scction 4 6.1

ArcView was used to provide graphical representation of the maps and later data acquisition  Substrata
categones were colour coded, with cach unmixed category allocated a solid colour, whilst mixed categorics
had the dominant substratum (by arca) as the base colour and the sub-dominant substratum as a
supcnimposed hatching in the colour of its category. So, for instance, a predominately large-cobble bed
with scattered boulders would be coloured blue with green hatching  Flow types were also colour coded,
with faster-flow categories in various shades of red, medium categones in oranges and yellows, and slow
categones i greens and blucs

The maps provided a first graphic impression of the character of cach nver  Bedrock sites, such as that on
the Jan Dissels, also had small amounts of other substrata, usually in discrete arcas (Figure 7 4a) There
was littlc mixing of different sized substrata The flow pattern, typical of bedrock strcams, was dominated
by slow-flowing arcas over bedrock, with small arcas of fast, tumbling flow as water fell from one bedrock
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level to a lower one (Figure 7 4b)  The morphological units identified were typical of bedrock streams

(Table 6 3), being dominated by bedrock pools, bedrock pavements and rapids (Figure 7 4¢)

Table 7.2 Table depicts the information gathered at each point on a discharge transect.
hain Elevation
) . Cover
Vertical Substrata® (m) (m’s”) Vegetation Code®
1 00 000 SA_ leat Iitter Ripanan trees 1
2 05 020 SA leal Itter Riparan trees 1
3 10 042 SA leaf litter Riparian trees 1
4 15 062 SA lea! Itter Riparian tees 1
L] 20 074 SA, leaf Mter Riparian trees 1
6 25 078 SA Rparian trees 1
7 30 078 LC Rpacian trees 1
L] as 068 SC/LC Ripanian trees 1
g 40 102 SC/LC Ripanan trees 1
10 45 110 LG/SG oo08 o003 Rganan trees 1
n 47 110 LG PG 008 000 Rganan trees 1
12 40 110 LC/SG ocoe 000 Rpanan trees 1
13 51 108 8 004 000 0
14 53 108 8 oo7 000 0
15 55 1.20 8 018 004 0
16 57 138 sC 036 030 0
17 59 1.40 LC/sC 038 02 0
18 61 136 cre 034 027 0
19 63 118 8 016 024 0
20 €S 116 8 014 004 0
2 70 114 SG 012 000 0
2 12 114 sC 012 004 0
2 74 107 sC 005 005 0
24 16 112 SC/LC 010 008 0
25 78 104 sC 002 006 0
26 80 110 Lc 008 004 0
27 82 110 2] 008 000 0
28 8s 130 SA/SC Riparian trees 1
29 950 110 sC Rparian rees 1
30 1 080 sC Rparian trees 1
N 100 040 LC Rpanan trees 1
2 105 024 Lc Ripanian trees 1
33 1086 000 1

"Substrata codes Table 2 4
"Vegetation cover codes 0 = none 1 = drect overhead, 2 » in-stream

LC

Alluvial mountain strcams, such as that on Langrivier (Figure 7 5a<c), were dominated by boulders with all
substrata categones well sorted. There were discrete arcas of large cobble and fewer arcas of small cobble,
with httle mixing of different sized substrata and almost no sand  The pattern of flow was far more
complex than in the bedrock streams, with a high proportion of fast, turbulent flow types  Slow flows
occurred 1n occasional quict backwaters on the edge of the wetted arca, compared to their domination of the
flow pattern in bedrock streams  Steps and pools were the dominant morphological units, typical of alluvial

headwater streams (Table 6 3)

Alluvial foothill sites, such as that on Rondegat (Figure 7 6a-c), were dominated by large and small cobble
Flow patterns were quite complex, but less so than in the mountain streams, because cach flow patch was
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larger and tended to be clongated along the line of flow. There were fewer patches of fast, turbulent water,
and morc arcas of fast smooth flow (nppled surface flow-type). The morphological units were also larger
than thosc in the mountain stream, and dominated by planc-bed units. Assessing the alluvial streams as a
group, there was a noticcable downstream transition from step-pool formations in mountain zones to planc-
bed formations in foothill zones  Additionally, the proportion of arcas with mixed substrata was higher in
the foothl! zones, with sorting of particle sizes decreasing downstream.  This topic is re-visited in Section
107

A wide range of ArcView outputs could be produced for cach site from the digitised maps, cach in m’

Each table of values, whether for one coverage type (e g substrata) or a cross tabulation of the overlay of

two coverages (¢ g subsirata vs flow) could then be exported into a spreadsheet package such as Excel or a

database.  Using these outputs, various manipulations of the data could be carned out, such as calculating

percentages, or statistics for wetted arca of substrata or morphological umts, and breaking down muxed

categones (1e boulder and large cobble mix) into their main components.  As the first maps drawn did not

necessanly include sutficient information of the arcas outside the wetted (active) channel, the main outputs

used were those concentratng on this rather than on the whole site. The relevant outputs were

e the total wetted arca taken up by cach of the cight main substratum categories (Table 7 3) and the ful
range of mixed substratum catcgones (Table 7 4),

e the total wetted arca covered by cach of the 14 flow types (Table 7.5),

e the total wetted arca covered by cach substratum/flow-type combination (Appendix 7.1),

e the total wetted arca in cach MU (Table 7.6),

e the total wetted arca in cach MU taken up by cach substratum category

e the total wetted arca n cach MU covered by cach flow type

With the data avaulable in many different forms, a range of combinations could be selected to analyse for
trends in physical conditions in Western Cape headwater strcams.

7.4 Site photographs

The photographs of cach site (Appendix 4.1) illustrate major aspects of channel morphology, sampling
methods, flow types, well-sorted substrata, and other distinguishing or relevant features.  The location
within the site of all morphological and flow photographs was noted  This pictorial record is alrcady beng
used for teaching purposes. and by engincenng students at the Umiversitics of Cape Town and Stellenbosch
to investigate the hydraulic nature of flow types
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Figure 7.4a-c GIS maps of a bedrock foothill river, Jan Dissels River

7.4a - Substrata
7.4b - Flow Types

7.4c - Morphological Units
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Figure 7.5a-c GIS maps of an alluvial mountain river, Langrivier
7.5a - Substrata
7.5b - Flow Types

7.5¢ - Morphological Units
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Figure 7.6a-c GIS maps of an alluvial foothill river, Rondegat River

7.6a - Substrata
7.6b - Flow Types

7.6¢ - Morphological Units
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Table 7.3 Percentages of wetted substrata in 18 least-disturbed rivers mapped with
mixed categories allocated equally to one of the eight main categories.
Substratum categories as per Table 2 4.
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Table 7.4 Percentages of wetted substrata in 18 least disturbed rivers mapped with
mixed categories shown. Substrata categories as per Table 2 4.
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Table 7.5 Percentages of different flow types in 18 least disturbed rivers. Flow type
categories as per Table 23
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Table 7.6 Proportions of wetted morphological units within each of 18 least disturbed rivers mapped.

Morphological Unit 8142 B17$ B15# R13# ROGE ROBS RO7# T298 E18% E19# E20% T27# M11# M10# MOSS O01$ O028 P24

Backwater 00 00 OO0 ©O0 O00 66 OO0 00 00 0O QO ©0O OO OO0 OC SO0 0% 0O
Bedrock Core Bar 00 00 ©00 ©O OO OO OO OO OO 0O 0O OO OD OO OO0 OO0 CO 02
Bedrock Pavement 00 00 OO0 OO0 264 00 OO0 OO0 00O QO 00 00 OO ©0O0 OO 118 00 OO
Bedrock Pool 00 00 OO0 ©0 148 00 93 00 00 00 00 0O 00O o©0O OO0 1Bt 00 ©O
Bedrock Rapid 00 00 298 ©00 00 00 OO OO 00 0O 00 00 OO0 OO 0O 00 0O OO
Bedrock Step 0¢C 00 OO0 ©0O OO0 0O OO 0O 00O 00O 0O 0O OO OO0 OO0 00 00 107
Boulder Bank 00 OO0 OO0 ©O OO ©CO ©O6 00 OO0 00O 00O 00 Q00O ©0O0O ©OC oOC 00 0O
Boulder Bar 00 00 ©00 ©O0 OO0 0O ©00 Q00 00 QO QOO0 ©O' 0O ©0O0 OO0 00 0O OO
Boukler Rapa 0¢ 00 ©0 ©O OO0 ©0O OO0 28 00O Q0 OO OO OO 221 OO0 OO 00 0O
Bedrock Outcrop 00 00 00 OO0 00 1S 00 00O OO0 OO 0O OO ©OC OO0 OO0 ©00 o©0O OO
Bedrock Pool CO 00 00 OO0 00 625 O00C 00O OO0 OO 00O OO OO OO OO0 00 OO OO
Canal 00 00 00 00 00 OO OO0 0O ©0O OO 0O OO OO OO OO0 00 OO 259
Cataract 00 00 00 OO0 00 OO0 OO OO OO OO OO OO 38 OO0 OO0 D00 OO OO
Flood Bench 00 00 00 OO0 00 ©0O ©0O 0O OO 0O ©CO OO 00 OO0 OO o00 03 OO
Flooa Channe! 16 00 00 00 00 ©0O0 O0C 0O ©0O0 ©0O ©0O ©O O0C OO OO 00 0O OO
Isand 00 00 00 OO0 00 OO OO O©O0O OO0 OO OO ©0O OC OO O 10 OO OO
Lateral Bar 00 0S 00 OO0 00 61 39 Q0 &0 09 00 ©0O 00O O OO0 00 &3 0O
Lateral Channel 00 00 00 OO0 OO OO 00O 0O 18 0O 0O ©0O0O 00 1158 OC o00 OO OO
Lateral Channel Plane-ted 00 00 00 00 00 ©0 ©00 OO0 OO0 OO 00 00 00 OO0 1S 00 ©O OO
Lee Bar 0Oy 00 ©O0' 00 ©0O0 OO OO0 OO OO0 OO 0O OO 00O 37 oO0C 00 OO O1
Md-channel Bar 00 00 23 00 o©0O0 OO0 00O OO0 30 OO0 OO 0O OO OO0 8% 0O 00 OO
Md-Channel BarRemnant 00 ©00 ©00 ©00 ©00 00 ©0O 00 OO0 OO0 OO0 OO0 00 00 WS 00 00 0O
Plane bed 00 00 OO0 786 485 152 265 00 47 64 267 4SS 00 00 34§ 00 675 00
Plunge Pool 466 00 ©00 00O 0O O0C 00 OO0 OO OO OO OO0 ©00 OO0 OO ©0O 0O OO
Pool 23 00 44 00 00 47 N4 801 248 44 47 W07 B4 528 143 LY 8D 559
Proto Step 04 00 37 00 OO0 OO0 0O OO0 OO0 OD0D OO OD OO 0O OO 00 0O 0O
Rapa 64 00 O©0 OO0 4 OO0 186 00 OO0 77 OO0 OO0 158 28 06 334 00 72
Refle 00 20 37 00 ©O0D OO0 00O OO0 OO0 141 OO0 OO 00 00 OD 00 O0O OO
Run 00 775 49 214 00 00 00 O00 OO0 OO ©0O OO0 OO0 00 280 00 00 00
Sancy Lee Bar 0C 00 25 00 00 O0C 00 OO0 OO0 OO OO OO 00O 00 OO 00 OO OO
Scuplred Bedrock 176 00 00 ©0 OO0 00 OCO OO0 OO0 OO0 OO OO0 OO ©0O0 OO 0O OO OO
Secondary Channe! 00 00 00 OO0 00 ©0O ©0O OO0 00 00 00 00 0O ©0O0O 0O 30 1150 00
Skhmp 00 00 00 00 10 00 OO 00 00 00 OO 0O 00O OO OO 0O OO0 OO
Step 40 00 125 00 00 33 98 168 68 246 2096 48 00 W1 00 00 00 OO
Viéatertall 04 00 00 00 o000 ©0O0O O©0O OO0 00 00 OO0 OO0 QO ©0O 00O 00 OO0 OO
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Chapter Eight
8. BIOLOGICAL SAMPLES AND ALLIED HYDRAULIC DATA

8.1 Overview

Macro-invertebrate samples were collected at all sites listed in Table 5.1 On average 12 invertebrate
samples were collected from cach study site, except for the specialist studies of hydraulic biotopes, reaches
and discharge-related changes, where more samples were collected as descnbed in Sections 3.3, 3.5 and
3.7. All invertebrates were wdentified, both on site and in the laboratory, to the lowest possible taxonomic
level (Section 8 2)  Hydraulic data were collected at cach invertebrate sampling point (Section 8.3) as were
data on surface heterogenceity tor some of the investigations (Section 8 4).

8.2 Invertebrate identifications

Identifications dong in the ficld by project staff allowed an carly understanding of the nature of cach site's
inveriebrate commumnity  This level of identification 1s approximately equivalent to the SASS dentification
process (Chutter 1998) used for biomonitoning purposcs. In the laboratory, the preserved samples were re-
assessed, with more detailed identifications, as descnibed in section 45 Arrangements were made with a
number of specialists to cither idenufy different taxonomic groups or venfy identifications done by project
staff (Table 8.1 - hist of speciabists). Some groups, particularly the Chironomidac and Ephemeroptera, are
very well identified, due to specialists being avaslable and willing to work on the collections. The
Trchoptera will be identificd to species level by the specialist at a later stage, but not in time for the
analyses bere, and s0 many remam at genus or famuiy jevel  Many groups, such as the Coleoptera, are
identified only to “morph species™ For the Coleoptera in particular, because both larvac and adults are
aquatic, this means that a species could be represented twice, as two “morph species™  Many of the
identified specimens are alrcady lodged with the Curator of Freshwater Invertebrates, Albany Museum,
Grahamstown The remainder will be lodged there at the completion of the project.

All identifications have been entered into the databasc (Chapter 9)  Appendix 8.1 provides a summary
specics hist for cach nver These are the “biological fingerprints™ used in the catchment, segment and zone
analyses (Chapter 10). In the database, these species lists arc disaggregated down to show the specics
present in cach sample from cach nver. A scparate record exists, on field data sheets and entered 1in an
Excel spreadsheet, of the coarser, SASS-level identifications done in the ficld. These are not entered in the
data basc

Biodiversity patterns and related attnbutes of this data sct are addressed in Chapter 16
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Table 8.1 Level of taxonomic identification in the laboratory for various orders and
families. Specalists confirming identifications or identifying to finer taxonomic
level are listed by their specialised group Some specialists focussed on a
particular family of animals whereas others focussed on an entire order.
ORDER FAMILY LEVEL SPECIALIST
ACARINA Family / morph type
AMPHIPODA Family / genus, species
ANOMOPODA ramity | morpn type
COLEOPTERA Dryopidae Family / genus, species /| morph
type
Dytiscidae Famuly | morph type
Ebmudae Family / genus, species /| morph
type
Gynmdae Famdly | genus, species /| morph
type
Helodidae Family | morph type
Hydraenidae Family | genus, species /| morph
type
Hydrophidae Family /| genus, species /| morph
type
Limnichadae Family | morph type
Noteridae Family | morph type
Tormdincolidae Farmuly / morph type
CYCLOPOIDA Order
DECAPODA Family / genus
DIPTERA Athericidae Family | genus | morph type
Blephancerndae Family | genus, species ! morph
type
Ceratopagonsdae Farmly | subtarmwly / genus, species
Churonomidae Sub-family / genus, species Prof. Arthur Harrison
Culicidae Family | genus / morph type
Dixidae Farmly | morph type
Empithdae Family / genus | morph type
Psychodidae Family | genus / morph type
Simuliidae Farmily /| genus, species Dr. Ferdy de Moor, in
part
Tipulidae Family/ genus / morph type
Tabarudae Famuly | morph type
EPHEMEROPTERA Mrs.  Melen  Barber.
James, type specimens
Bactidae Family ! genus, species / morph  Mr, Bruce Paxton
types
Caendae Family | genus, species
Ephemereliidae Farmily | genus, species
Heptageniidae Family / genus, species
Leptophlebidae Family | genus, species
Tricorythidae Famaly | genus, species



ORDER
HEMIPTERA

LEPIDOPTERA
MEGALOPTERA
NEMOTODA (phylum)
NEMATOMORPHA (phylum)
ODONATA: Anisoptera

ODONATA: Zygoptera

OLIGOCHAETA

PLECOPTERA
PODOCOPIDA

TURBELLARIA

Chapter Fight

SPECIALIST

FAMILY LEVEL
Corludae Family / genus, species /| morph
type
Gernidae Family / morph type
Mesovelndae Family / genus, species /| morph
type
Notonectdae Family / genus, species | morph
type
Pletdae Family / morph type
Velidae Family /| genus, species ' morph
type
Pyralidae Family / genus
Corydalidae Famuly ! genus, species
Phylum
Phylum
Aeshnidae Family / genus | morph type
Corduludae Family / genus | morph type
Gomphidae Famaly / genus | morph type
Libeflulidae Family ! genus /| morph type
Chilorolestidae Family | genus | morph type
Coenagrionidae Family ! genus | morph type
Protoneuridae Family | morph type
Lumnbrnculidae Farely
Enchytraeidae Famely
Nadidae Family / genus
Notonemouridae Family / genus, species
Order

Barbarochthonidae
Calamoceratidas
Ecnomudae
Glossosomatidae
Goeridae
Hydropsychidae
Hydroptilsdae

Hydrosalpingidae
Lepltocendae
Petrothrincidae
Philopotamidae
Polycentropodidae
Sencostomatidae
Planaria

Family | genus, species
Famity / morph type

Family | genus / morph type
Farmsly / genus / morph type
Farmly / genus, species
Family | genus, species

Family /| genus, species / morph
type

Family | genus, species

Famaly / tribe / genus / morph type
Family | genus, species

Family / genus / morph type
Family ! morph type

Farwly / genus / morph type
Famely / genus

Mr. Patrick Reavell, type
specimens

Or. Ferdy de Moor, in

VTable 8.1 continued



Chapter Eight

8.3  Hydraulic data for invertebrate sampling-points

A range of hydraulically-related vanables was measured wherever invertebrate samples were collected, as
per the methods described in Scction 4.3 4 (Table 8 2). At four to six points within the arca where cach
invertebrate sample was collected, water depth was recorded and water velocity measured at two or more
positions in the water column Velocity was always measured at 0 6 depth and, if the water was more than
6 cm deep, a second reading was taken close to the substratum  Flow type and substratum categones were
also recorded at cach point, with the categones of dommant and sub-dominant substrata judged by the arca
covered in the immediate vicinity of the velocity-meter rod. The degree of embeddedness of large substrata
in fines was cstimated on a scale of 1-5 Al the vanables are hinked to specific positions in the sites, and
thus to specific MUs, through locating the invertebrate sampling points on the GIS maps (Figures 7 4b,
7 5b, 76b) Froude numbers were calculated as an ecologically-relevant index of hydraulic conditions
(Wadeson 1995)

Table 8.2 Example of the hydraulic data collected or calculated for each invertebrate
sample. Site code as explained in Table 5.3. Flow type and substrata codes can
be found in Tables 23 and 24. An “" denotes that data were not collected in that
category. In most cases 4 - 6 sets of hydraulic readings were taken for each
invertebrate sample point.

River SteCode Oate MU' Type m';- Flow Type Oominant SubOom Embed’ Oepth(cm) N&' 04' Froude &

Langwier  EY98 1753007 swep ! ' " 8 8 1 24 087 07e o4
plane bed 1 2 NF Lc sC 2 AF oo coo 000
pane bed 1 2 N sC 5G 2 L] oo 1
phare tes 1 2 N &G SC 2 10 o coo aoo
pood 1 3 [ sC S0 2 AL oo ooo om0
ol 1 ) [ g < \G 1 2 oo o 000
poet 1 2 e LC e 1 - oo so
poct Y 3 [ 8 c 1 2 oos 0w oo7
ool ¥ ‘4 s87 8 7] 1 x o ox on
poot ¥ 4 S8 c Lc 1 M oxn ew o
poot 1 N L= M £ c 1 1 o008 ow 0%
posl 1 4 saY L SC 1 M o on L AL
poct 1 5 Ty Lo s ' . 000 coo
poet 1 5 "o L % ' - 02% CE
poet § s s Lo sc ' 1 o0s ©os Qo8
posl 1 s e LG o ' ) og? ©1 oW
posl 1 s Frs =% LG ' " 00?7 ©°% 0w
Sep 2 L] CAS ] ] 1 “ om ce 0%t
sep J e CAS o [ 1 P2 o4& on os2
oo 2 ¢ CAS 8 v ' 12 0% 0% 0%
e 2 - CAS 0 0 ' 2 20 454
wep 2 . CAS 0 [ ' 12 12 1® 2
et ? usw \c SC 1 1 oM 0% o
e r Uow L SC 1 o o Ces oW
1~a 7 usw c Lc 1 12 0% 0% oM
e ’ usw c < 1 "° L oW Che

MU = morphologcal unt

Wi = macronvertetrate sample number (provides the link to af identified and catalogued nvertebrates, and to a postion
on the relevant GIS map)

‘degree of embeddedness of large bed elements in fine sedments in the range 110 5 1 = no embeddedness. 2 = low, 3 =
moderate. 4 = high S = large elements barely showing

‘NB = near bed velocty (m s ), 06 cenotes depth at which mean water column velocity (m s') was measured from the
surface of the water as a ratio of 1ctal depth
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8.4  Bed heterogeneity for invertebrate sampling points

Physical heterogeneity of the surface of the riverbed in cach arca where invertebrates were sampled was
measured as descnibed in Section 4.3 5 (Table 8.3). An early recognition of the type of nver bed described
in cach casc can be obtained by ascertaiming the difference between the longest and shortest rod lengths and
comparing this with the size range of different substrata categonies (Table 2 4).

These data will be used to calculate an index of heterogeneity for cach invertebrate sample in the studies of

hydraulic biotopes (Chapter 12) reaches (Chapter 13) discharge (Chapter 14). The index 1s currently being
developed by DM Schacl as part of her PhD thesis
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Table 8.3 Example of bed heterogeneity “roughness” trace data for invertebrate
sample 4 of the Eerste River Intensive Sampling programme. Two profiles
were completed for each sample point, one perpendicular to the banks and one
parallel (RB = nght bank; LB = left bank; US = upstream; DS = downstream).

trace len;;m trace hngu; )

code startendrod# (mm) code startendrod# (mm)
X4 Uus DS 1 173 Y4 8 RB 1 185
x4 Uus DS 2 175 Y4 8 RB 2 178
x4 us oS k) ‘78 Ya L8 RB 3 18%
x4 Us DS 4 180 Y4 L8 RB 4 171
X4 Us DS & 183 Ya A RB S 166
x4 uUs Ds 6 184 Y4 e RB ] 165
x4 Uus ps 7 185 Y4 B RB 7 162
x4 us DS 8 167 Y4 L8 RB 8 156
x4 Uus DS El 167 Y4 L8 KRB g 153
X4 Uus DS 10 187 Y4 I8 RE 10 115
x4 Uus Ds n 188 Y4 18 RE G
x4 Us Dps 112 189 Y4 L8 REB 2 G4
X4 Us DS 188 Y4 L8 REB 13 ik}
X4 Us D5 14 187 Y4 1B RA 14 138
X4 Us DS 15 185 Y4 L8 RB 15 135
x4 UsS DS 16 1680 Y4 ;) RB 16 10t
x4 Us DS 17 171 Y4 LB RB 17 118
x4 Us DS 18 157 Y4 LB RB 18 130
x4 Uus Ds 1% 159 Y4 8 RB 18 142
x4 Us D5 20 160 Y4 18 R8 20 150
x4 Us D0s 1 161 Y4 L8 RE8 2t 158
X4 Uus DS 22 161 Y4 LB RB 22 160
X4 Us D5 23 162 Y4 8 RB 23 165
X4 Us DS 24 164 Y4 L8 RB 24 168
X4 us Ds 25 164 Y4 L8 R 25 170
x4 Us DS 2% 166 Y4 L8 RS 26 172
X4 us Ds 27 168 Y4 LB R8 27 174
X4 Us DS 28 169 Y4 L8 RE 28 176
X4 Uus ©O0s 2 172 Y4 L8 R8 20 \78
X4 Uus DS 3 173 Y4 LB RB 179
X4 Us DS M 175 Y4 L8 RB M 79
x4 Us 08 %2 178 Y4 8 R8 2 182
x4 Us D 2 180 Y4 I8 R8 2 185
x4 UsS DS 34 180 Y4 L8 RB M 186
x4 Us DS 3% 182 Y4 L8 RB 3% 188
x4 US DS = 182 Y4 L8 RB 3% 150
x4 Us DS 37 181 Y4 L8 RB a7 152
X4 Us DS 38 182 Y4 L8 R8 8 154
x4 us DS ¥ 182 Y4 L8 RB ¥ 195
x4 Uus 05 @« 182 Y4 L8 RB @ 166
x4 Uus D5 4 182 Y4 8 RB &4 168
x4 Uus D5 4«2 182 Y4 L8 R 42 200
x4 Us DS a3 183 Y4 L8 RS & 200
x4 Uus 0SS « 182 Y4 8 RB 44 0
x4 Us 05 45 183 Y4 LB RB & 200
X4 US DS 45 182 Y4 LB RB 4 158
x4 Us DS 447 180 Y4 L8 RB 47 192
x4 Us DS @& 175 Y4 L8 RS 48 183
x4 Us D5 4 179 Y4 LB RB @ 166
X4 US DS 0 178 Y4 L8 RB S0 181

|
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2 THE DATABASE

9.1 Overview

The database was designed for two primary reasons  Firstly, a facility was needed to efficiently store and
access all data gencrated on this project, especially the descriptive data Secondly, so many physical-
biological linked data were collected within the project, that the opportunity was created to imitiate a
national databasc along the same hines as the chemical-biological one created by Dallas e a/ 1998 and
Dallas & Jansscns (1998). This would enable others collecting similar data to contribute to and access the
database for future national studies  In keeping with this second purpose, the database for this project has
been developed to be compatble. cither for future linkage or as a companion to, the Biobase and SASS
databases developed by Dallas er af (1998) and Dallas & Janssens (1998)  As these previous databascs
were designed primanly for inked chemistry and invertebrate data, modifications were made to focus in on
physical vanables  Although the bulk of the present data refer to once-off visits to niver sites, the database
has the fiexibility for adding additional sampling dates and sites

9.2 Structure

The database consists of interconnected tables, cach table housing a specific sct of interrelated data.  Each
of these tables connects to at least one, if not many, other tables within the database structure.  Some
vanables carry over from one data sct to the other, ¢.g site code or site name, which then connect different
types of data. Onc @ble, "Sac”, foams the oot of the database (Figure 9.1). This bl contains all te
information on reach nver site that remains relatively constant, such as nver name, site code, altitude,
longitude and latitude, access details, stream order, whether the intial visit was a once-off or recurnng
study. This central table links, for example, to the "Site Visit" table, which lists the dates on which cach
site was visited, or to the "Site Visit Transect”™ table which details all the channel cross-section data

Data tables are often supported by what are referred to as ‘look-up’ tables. These tables are created to
support and strcamline data entry  Terms that are often used when entening data can be put into these tables
and accessed  This makes the data-entry process faster, as it is not necessary to repeatedly type the same
thing, as well as consistent throughout the database, as misspellings arc avoided.  These “look-up” tables
geacrally only connect with one specific type of data table

9.3  Data entry

For case of data entry, a form-style interface was designed  An imtial icon form appears from which the
user can choose the type of data that wall be entered. There 1s currently a "Sites”™ option which will take the
user into the hist of rivers and sample dates previously entered, as well as giving the user the option to add
another niver, another site to a niver, or another sampling date. From that screen, one can move into a senics
of tabbed forms to add vanous site descnptors (for new sites) and other general information.  Alternatively,
if there are specific data on, say, invertebrates or local hydraulics to be entered, one moves into a different
screen. This is menu/button dniven, so that the user can choose the required category for data entry
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The second and third options on the main interface refer to background tables that aid in the genceral data
entry. These options arc "Picklist™ and "Taxonomy”. The "Picklist™ option is used to add information to
the look-up tables. For example, if a new morphological umit is added to the general terminology, it can be
entered into the look-up table for morphological units.  Units that are not in the look-up table cannot be
added into the databasc linked to a site. The "Taxonomy™ interface 1s much the same as the "Picklist™, but
at a larger and more complex scale  All possible taxa, both faunal and floral, must be entered into
“Taxonomy ™ before they can be entered into the database linked to sites. This is the heart of the biological
component of the database, and its most complex part. The very large look-up table contains its own senes
of supporting look-up tablcs, and any mistakes made in creation of this component transfer through the
entire database  On the positive side, corrections of mistakes 1n one area are automatically carned through
all interconnected data

9.4 Using the Database

A "Query Centre” for the database was designed 1o faciltate access 10 any required type of data and ns
linked data. One of the major strengths of a database 1s the facility it provides to access specific data The
Query Centre s not fully automated, as there are hundreds of possible requirements for hnked data
However, there s sufficient structure to answer such queries as “all the flow types in which Baetis sp X has
been found™. With expenence, more sophisticated links will be made by users.
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NSECT
Site code

Site visit date
Chainage

Height

Substratum

Velocity

Water depth
Vegetation Comment
Cover

Comment

Site visit date

Sampling point number
Morphological unt type
Morphological unt number
Flow type

Comments

-

SITE VISIT SAMPLING POINT FLOW T
Site code

Site visit date

Sampling point number
Dcminant substratum
Sub-dominant substratum
Embeddedness code
Wiater depth

Velocity near bed
Velocity 0.6

Velocity surface

Velocity 0.2
Velocity 0.8

Caover

Figure 9.1a Schematic of the databae data table structure. Each tabe contains different types of data, which links to other data tables. The
bold print indicates linked variables, arrows from each box show connectivity. The “look-up” tables are not included in this schematic

SASS TAXON
SASSTaxon ref. number
Taxon
Score
Air Breather
Temperature
Biobase ID

SITE VISIT SAMPLING POINT TAXON
Site code

Site visit date

Sampling point number

Sampling point taxon

Taxon stage

Taxon reference number

because of the complexity. Shaded boxes are repeated in Figure 9.1b to continue linkages

LE

TAXON

. Taxon reference number

Biobase reference number
Phylum

Class

Order
Sub-order
Family
Sub-family
Genusispecies
Taxon

Notes

SASS taxon

’——_,_ —————
SITE VISIT TAXON
Site code
Site visit date
Taxon
Abundance




&

SITE VISIT DISTURBANCE | Site visit date
Site code ‘ SITE VISIT OBSERVATION Channei Type
Site visit date Site code
Site Impact ~ Site visit date
Degree of Impact | Observation code ’Y
— - Value
e e———— ‘A Comments ‘
SITE VISIT EROSION ) \
Site code \
Site visit date
Channel < “%M
Side (left or right bank
Emsign lypeng ) S@e visit d".‘
/ Side (left or right bank)
Shape
VISIT GIS SINGLE Comment y SITE VISIT UPSTREAM
PARAMETER DATA CATCHMENT DISTURBANCE
Site code Site code
Site visit date Site visit date
:l'l type (wet or total) Upstream Impact
overage type ree of Impact
Percent area . an
Comment
T SIS MATRI SITE VISIT UPSTREAM
PARAMETER DATA CATCHMENT LANDUSE
Site code TCHM
Site code
Site visit date Site visit date
Coverage type 2
Dependant coverage type gmpsm .m ::mnu : extent
Percent area
Comment

Figure 9.1b As in Figure 9.1b. Shaded boxes presented in Figure 9.1a are shown here to clarify the table linkages.
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Chapier Ten
10. CATCHMENTS, SEGMENTS AND LONGITUDINAL ZONES

10.1  Recap

The first aum histed for this project (Section 3.2) was to test the biological sigmificance of the highest levels
of the geomorphological hicrarchy - the catchment, segment and longitudinal zones. This would be done
by grouping invertebrate data from study sites on many nivers, to identify similar nivers and niver zones, and
then companng these with the geomorphological grouping of the sites (Chapter 6). It was assumed that,

e the invertebrate commumitics would distinguish different kinds of nivers and niver zones,

o these communitics could be adequately represented by “biological fingerprints™ of the sites they

inhabited

Each “fingerpnint” would consist of a composite species list, compiled from samples collected from a range
of hvdrauhic conditions of that site

Twelve invertebrate samples were thus collected from the widest available range of physical-habitat
conditions, at a study site on cach of 18 lcast-disturbed Western Cape headwater streams (Chapter 5). All
samples were collected dunng summer low flow, the invertebrates identified to specics, and a species hist
created for cach site (Appendix 8 1) Each species was assigned an abundance rating in cach sample, on a
scale of 1 to 5 (Table 10.1). The average abundance was then caleulated for cach specics at cach site by
averaging its abundance rating from all twelve samples It was not possible to make fully quantitative
asscssments of abundance, because sample points differed in size depending on the nature of the targetted
hydraulic habitat, and many were narrow, gorge-like crevices covenng little of the plan arca of the site

Table 10.1  Abundance ratings for species.

Numbers of
Rating animals per sample
1 1
2 2-6
3 7-20
4 21-100
5 > 100

An increasingly recogmised approach for analysing benthic commumity data (Field er @/ 1982, Clarke &

Amnsworth 1993) was then cmployed to analyse the data, in the following sequence:

o specics data were transformed, to achieve a balance between the influences of common and rare specics;

o species data were converted to a tnangular matnx of similanty between every pair of sites, using the
similanty coefficient of Bray-Curtis which does not take into account joint absences,

e non-metnc Multi-Dimensional Scaling (MDS) techmques were then used to display the biotic
rclationships between sites,

e patierns in the biotic analyses were interpreted in terms of the environmental data collected at the same
tme as the biotic data
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PRIMER (Clarke & Warwick 1994) was used to cluster the site samples and produce MDS ordination plots,
using data at the taxonomic levels of phylum, famuly, genus and species The package was also used to

investigate charactenstic species assemblages of cach group of sites, and relationships between the biotic
and environmental data

The following descniptions of analyses have been guided by extensive reference to User Guede 1o PRIMER
vi b from the Plymouth Manne Laboratory in England.

10.2  Biologically-defined groups of sites

Based on an imitia) ficld identification of invertebrates (mostly at famuly level), the sites were expected to
form three groups of similar nivers: bedrock nivers, alluvial mountain nivers and alluvial foothill nvers
Emploving the CLUSTER module m PRIMER to analysc the comprehensive set of laboratory
wentificauons  produced a different  picture  however Data on abundances were used without
transformation, as descnibed in Section 101 When phylum-level dentifications were used, there was an
overall similanity between samples of 70%, but bedrock and alluvial sites were mixed (Figure 10.1). There
was no ¢lear grouping of mountain or foothill rivers, although most of the foothill sites were within one of
the larger groups

Famuly-level dentifications of the same invertebrate samples produced a 55% simulanty between sites
(Figure 10.2) The weak foothill grouping disappeared, bedrock sites were not grouped, but a few sites
within specific catchments were grouped  In particular, the two sites on Table Mountain appearcd together,
as did the three sites from the Jonkershock valley (Eerste River)

Further identifications to the genus level reduced the similanty between sites to 35% (Figure 10 3)  Again,
the bedrock sites did not appear as a main grouping, although they tended to cluster together within any one
main group. The catchment links were shghtly stronger, with the Table Mountan and Eerste groups stll
present, and a Breede group forming A Molenaars group was also forming linked to the Ecrste group,
although on¢ Molenaars site, the bedrock site, remained remote.  The two Olifants sites were grouped
together, with two Berg sites

Using species-level identifications, overall site similanty was reduced to 26%, and a clear catchment
signature was apparent  Five catchment groups were present the Olifants-Berg, Table Mountain, Breede,
Ferste-Molenaars, and Palmict (Figure 10.4)  The groups of sites that had first become apparent at higher
taxonomic levels, showed decrcasing similanty through the lower taxonomic levels The Table Mountain
sites, for instance, decrcased from a 66% similanty at family level through 45% similanty (genus) to 34%
sumtlanty at species level The three Eerste sites were 77% simular at famuly level, 65% at genus level and
56% simular at species level

Three other main trends emerged from the analysis.  Firstly, in multi-catchment groupings, the nivers
retained their identitics: the Berg sites were more similar to each other than to their group’s Olifants sites,
and similarly the Ecrste sites grouped tightly within the Eerste-Molenaars group.  This suggests a niver
signature within the catchment signature, with every niver having a distinctive invertebrate community
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Figure 10.1 Dendrogram of the 18 sites on least-disturbed rivers, using
phylum-level data of invertebrates derived from twelve
invertebrate samples at each site. # = pre-identfied as biclogical
mountain zone and $ as a biological foothill zone as per Table 5.1.
An * denotes those streams that have bedrock as their dominant
substratum.
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Figure 10.2 Dendrogram of the 18 sites on least-disturbed rivers, using family-
level data of invertebrates derived from twelve invertebrate
samples at each site. # = pre-identified as biological mountain zone
and $ as a biological foothill zone as per Table 5.1. An * denotes those
streams that have bedrock as their dominant substratum
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Figure 10.3 Dendrogram of the 18 sites on least-disturbed rivers, using genus-
level data of invertebrates derived from twelve invertebrate
samples at each site. # = pre-identified as biological mountain zone
and $ as a biological feothill zone as per Table 5.1. An * denotes those
streams that have bedrock as their dominant substratum.
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Figure 10.4 Dendrogram of the 18 sites on least-disturbed rivers, using
species-level data of invertebrates derived from twelve
invertebrate samples at each site. # = pre-identified as biclogical
mountain zone and $ as a biological foothill zone as per Table 5.1. An
* denotes those streams that have bedrock as their dominant
substratum.
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At this stage, no explanation can be offered as to why these two groups, and not others, cach consist of two
catchments.  The catchments are not geographically closest (Figure 5 1), nor 1s there any obvious
underlying geological cause (James Willis, Department of Geology, UCT, pers comm )

Secondly, within each catchment group, bedrock sites were least sumilar to other sites, illustrated by them
scparating from the other sites at the lowest similanty.  Thus, within the Olifants-Berg group, the bedrock
site 1n the Jan Disscls split off first, as did the bedrock Elandspad site in the Eerste-Molenaars group  The
bedrock site in the Dwars was the sole member of the Palmict catchment group

Thardly. within the remamming alluvial or mixed bedrock-alluvial sites i cach group, the foothill sites then
separated from the mountain sites, and usually split from the main group first  This suggests that the
mountain sites had greater within-group similanty than any other kind of site, which s perhaps not
surprising as headwater reaches are usually less affected by anthropogemic disturbance than are lower
reaches

There 1s onc anomaly in the species-level clusters: a Berg River site within the Breede catchment group
This site 15 approximately | km upstream of an inter-basin transfer (IBT) of water from the Breede
catchment A WRC project on the effects of IBTs used the Berg River immediately downstream of this
IBT input as a study rcach (B.R Davies, UCT, pers comm ) The rescarchers reported that cach summer,
when Berg River flow was low and the volume of IBT mput high, the invertebrate assemblage in the
downstream reach differed from that upstream of the IBT  However, cach winter, when Berg River flow
was high and IBT releases low, the downstream assemblage reverted to being simular to the upstream one
The samples taken in the project reported on here were collected in summer, 1¢ when the invertebrate
assemblage was mn its “changed” state, but as noted they were taken upstream of the IBT wnnel. We
speculated that of the IBT was impacting upstream nvertebrate assemblages, it could be through
multivoltine (= more than one gencration per year) species with acnal adults. It might be possible for these
species to pass through the tunnel as aquatic eggs, larvac or nymphs, emerge as adults, fly upstream to lay
cges, and produce a new generation in the same summer. One ephemeropteran, Labeobaetis sp. nov. 1,
possibly met these entena (we assumed multivoltimsm, which 1s common in bactids)  This specics
occurred in three of the four Breede sites, the hinked Berg site but not the other two Berg sites, and was
absent from all the 11 sites on other least-disturbed nivers. Other species common at the Breede and linked
Berg sites but absent at the other Berg sites were Elpedelmis sp A, Atherix sp 2. and Polypedilum F sp
These species also occurred i other nivers however At this stage, we can only offer as an hypothesis for
testing, that the BT 1s having an upstrcam impact on aquatic invertebrate assemblages duning the summer.

An alternative way of viewing the grouping of samples 1s through their ordination by multi-dimensional
scaling  Using the MDS module in PRIMER and the same invertiebraie abundance data, a plot s
constructed in a specified number of dimensions, which attempts to satisfv the conditions imposed by the
underlying simulanty matnx. Sumlar samples wall be closer to cach other on the plot than to dissimilar
ones.  There will be some distortion or stress between the similanty rankings and the corresponding
distance rankings, and the MDS module seeks to minimise this in its configuration of the points.  Stress
increases as dimensionality decrcascs (1 ¢ 2-dimensional plots have higher inherent stress levels than 3-
dimension ongs) and with increasing amounts of data. A rough rule-of-thumb guide for 2-dimensional plots
is that a stress level of
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e <0 | corresponds to a good picture with hittle chance of mis-interpretation of the data,
o <0 2 corresponds to a potentially useful picture of the relationship between samples,
e >0 3 approaches a random distnbution of the points on the plot

MDS plots of the phylum, family, genus and species are provided (Figures 10 5 - 10.8) The same trend
emerges as with the cluster analvsis, with the catchment and niver signatures becoming increasingly
apparent from phylum to species. The stress level is low for phylum (0 06), and somewhat higher for the
remaining taxonomic levels though actually decrcasing shghtly from family (0 17) to species (0 15) despite
the increasing amount of data. Two new relatonships emerge from the species plot. Firstly, the two Table
Mountain sites are placed on opposite sides of the plot, indicating a lower similanty than mught be assumed
from the cluster plot (Figure 10 4)  Although they both have boulder beds, they are indeed, quite different,
with the Disa (T29#) being a very small stream under a dense canopy, and the Newlands (T27#) having a
wide, scoured bed with no canopy. Secondly, the bedrock streams (Dwars, P244, Jan Disscls, 0018, and
Elandspad, M1 1#) arc located at the penphery of the plot, and furthest from the other nvers in their groups
This results 1in an inner core of alluvial nivers, with a mild suggestion of cobble-bed nivers closer to the
centre than boulder-bed nvers

10.3  Testing for statistically significant differences between sites

Primer was used to explore the @ priorr assumption that, in terms of invertebrate communitics, the sites
would group by biological zone (mountain and foothill) and by substratum (alluvial or bedrock)  To test
this, the species-level similanty data were used in the module ANOSIM2 (Two-way  Analysis of
Simlanty), which 1s designed for assessing data wath no replicates

The results of the companson between the pre-determined mountain and foothill sites produced a p-value of
0 38 at a sigmificance level of 0 12, showing that there was a shight pattern of sigmificant difference between
the two based on zone, but at a low confidence level  No strong conclusion could be made from this test on
the effect of biolegical zone on site, as far fewer of the sites were in the foothill zone (5) than in mountain
zone (13), creating an imbalance that lessens the power of the statistical test

Comparing sites with bedrock, alluvial or mixed substrata produced a p-value of 0 0 at a sigmificance level
of 053, indicating that there were no significant differences in species assemblages between the three types
of sites. However there s a high hkehihood (53%) that this determination could be incorrect The result
probably stemmed from the fact that only three bedrock and three mixed-substrata sites were included,
compared with 11 alluvial sites, causing the power of the test to be low

ANOSIM2 was then used to test the effect of catchment on site groupings.  The results were ssmilar to
thosc obtained for biological zones, with a p-value of 0 31 at a sigmficance level of 012 Again a pattern
of significant difference between catchments was shown, as was scen in the CLUSTER analysis for species
level, but not clearly and not with a high level of confidence  The same problems appeared as before, with
strong conclusions prohibited by an insufficient number of sites in cach catchment
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Figure 10.5 Two-dimensional MDS configuration of 18 sites on least-disturbed
rivers, using phylum-level data of invertebrates. # = pre-identfied as
biological mountain zone and $ as a biological foothill zone as per Table
51. An * denotes those streams that have bedrock as their dominant
substratum
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Figure 10.6 Two-dimensional MDS configuration of 18 sites on least-disturbed
rivers, using family-level data of invertebrates. # = pre-identfied as
biological mountain zone and $ as a biological foothill zone as per Table
51 An * denotes those streams that have bedrock as their dominant

substratum.
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Figure 10.7 Two-dimensional MDS configuration of 18 sites on least-disturbed
rivers, using genus-level data of invertebrates. # = pre-identified as
biological mountain zone and $ as a biological foothill zone as per
Table 52. An * denotes those streams that have bedrock as their
dominant substratum.
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Testing other combinations, such as bed types within biological zone or biological zone within catchment,
was not possible  This was because of the low numbers of sites in cach combination; for instance, there
was only one bedrock nver in a foothill zone It was concluded that in gencral the data were not well suited
1o using ANOSIM, and clustening techmques and MDS ordinations were more approprate

10.4  Correlation between biological groupings and environmental variables

Clarke & Amsworth (1993) describe an approach for ascertaming the environmental vanables that best
“explain” the bological distribution patterns. It 1s based on the premise that pairs of samples with similar
values for a suite of measured eavironmental vanables should have a similar species assemblage, as long as
the vanables determiming assemblage structure - and only those vanables ~ are used. Thus an ordination of
sites, using the relevant vanables, should resemble one based on the species data. Different combinations
of vanables can be tested to denve the best match between the two ordinations, 1 ¢. the set of environmental
vanablcs that best explan the biotic structure of the sites. The match will be poorer if key environmental
determinants of assemblage composition are missing, or if vanables are included that have no effect on the
species composition of the assemblage  Although the similanty matnx for the biota s created only once,
that for the environmental vanables 1s constructed for all possible combmations at cach level of complexity
(the levels differing in the number of vanables included)

Clarke & Amsworth (1993) stated that companng the scparately constructed biotic and abiotic ordinations
in a pattern-matching cxcrcise places fow constraints on the nature of the hinks between species and
environment Unhike the constramts of hincar relationships assumed by classical staustical methods, the
approach allows a mixed set of biotic-abiotic relationships, with some species hincarly related to an
environmental gradient, others non-lincarly but monotomically related and others non-monotonic over
ranges of one or more vanables  Sumlanty between the matrices is measured using the harmonic rank
corrclation (weighted Spearman cocfficient), which would have a value of 1.000 if there was a perfect
match.

Using the BIOENV module in PRIMER, a suite of cnvironmental vanables for the 18 nver sites was
analysed for combinations that could account for the groupings shown in Figures 10.4 and 108 Imtially,
13 vanables were analysed for all 18 least-disturbed sites. These included vanables linked to location
(strcam order, distance to source, channel width), topography (altitude, slope), physico-chemistry
(conductivity, water temperature, colour) and to general vegetative appearance of the site (pereent cover of
algae, macrophyvtes, mosses, CPOM and FPOM) This produced a poor weighted Spearman rank
corrclation with the biotic matnix, with the best value of 0 408 provided by conductivity, algac and mosses
In a second run, all the vegetatve vanables were excluded and one new one (Scirpus) added along with
geomorphological vanables descnbing substratum (bedrock, boulders, cobbles, gravel) (Table 10.2). The
single vanable then best explamning the biotic groupings was Scirpus, which occurs pnmanly as a mat on
bedrock streambeds.  The corrclation value was a low 0334, indicating that this vanable poorly reflected
the biotic groupings. Four topographical or geomorphological vanables (altitude, boulder, cobble and
gravel) and one water-quality vanable (conductivity) produced the overall best value of the correlation
index (0.491). Water temperature and slope contnbuted least to the biotic pattern, and were discarded in a
third run, whilst moss, macrophytes and algae were resintroduced The same five vanables produced the
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same correlation value  The four geomorphological vanables alone produced a shghtly lower correlation
valuc of 0 475

Table 10.2 Variables used and coefficients derived from the BIOENV matching exercise
of biotic and abiotic similarity matrices of the 18 least-disturbed rivers. An ™"
indicates overall best match.

w::;:' Best variable combinations (p.)
1 Scirpus (0.334)
? Cohhles and gravels (0 )
3 Cobbles, gravels, and conductivity (0.)
4 Cobbles, gravels, boulder, and altitude (0 475)
s Cobbles, gravels, boulder, altitude, and conductivity (0.491)
8 Ccobbles, gravels. boulder, altitude, conductivity, and Scirpus (0.484)

An MDS plot based on the suite of vanables responsible for the species distnbution should have much the
same groupings as that based on the species The poor match between such plots (Figure 10 9) confirms
that the measured vanables do not adequately explain the species distributions. Figure 10 9¢ illustrates the
vanables producing the highest score of the correlation index (0 491), but the catchment groups are poorly
distinguished

Following these imtial analyses, a core group of vanables that had been identified as important in at least
somc runs was chosen algac. conductivity, macrophytes, moss, colour, site slope, altitude, bedrock,
boulder, cobble, gravel and Scrrpus. These were used to analvse the best abiotic-biotic matches within
catchment groups. The corrclation values were much higher than when the analyses was done across
catchment groups, with the contnbution of geomorphological vanables increasing in importance.  For
example, in the Eerste/Molenaars group, the single vanable with the largest rank correlation was altitude
(0.618) (Table 10 3), followed by site slope (0.545) or conductivity (0 545)  The best combination of
vanables was site slope. alutude, bedrock, boulders and moss (0.941) (Figure 10.10c)  With only
topographical and gecomorphological vanables included, the corrclauon value was 0.732.

Table 10.3 Combinations of 12 environmental variables yielding the best matches of
biotic and abiotic similarity for the Eerste/Molenaars catchment grouping An
“*"indicates overall best match

“\',‘;','i‘:’;".:' Best variable combinations (p.)
1 Alttude (0.618)
2 Conductivity, site slope (0.727)
3 Conductivity, altitude, bedrock (0.818)
4 Moess, site slope, bedrock, boulder (0.864)
s* Moss, site slope, altitude, bedrock, boulder (0.941)
6 Algae, moss, site slope, altitude. bedrock, boulder (0.901)

Simularly, in the Breede catchment (including the anomalous Berg site), the single most important vanable
was cobble (0.467), whilst the lighest corrclation value of 0800 was provided by three vanables
(conductivity, macrophyte and bedrock) (Table 10.4)  When only the topographical and geomorphological
vanables were included, the correlation was still 0 682, based on site slope, alutude, bedrock and cobbles
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The single best vanable was, obviously, sull cobble (0 467)  MDS plots were not produced because the
number of sites was too small to create meamingful pattems.

Table 10.4 Combinations of 12 environmental variables yielding the best matches of
biotic and abiotic similarity for the Breede catchment grouping An ™"
indicates overall best match

'?’:':::’:".:' Best variable comblnatlonf (pw)
1 Cobble (0.467)
2 Conductivity, macrophytes (0.773)
3 Conductivity, macrophytes, bedrock (0.800)
4 Algae conductivity, macrophytes, bedrock (0.800)
5 Conductivity, macrophytes, site slope, bedrock, and cobbles (0.731)

In the Ohfants/Berg group, the single vanable with the largest corrclation value was boulders (0.505),
followed by moss (0 435) and site slope (0355) (Table 105)  Four vanables (site slope, boulders,
conductivity and macrophytc) produced the best combination, with a match of | 000 Such a high value 1s
possible with a small number of sites. The topographical and geomorphological vanables alone produced a
corrclation value of 0. 798, from data on site slope and boulders

Table 10.5 Combinations of 12 environmental variables yielding the best matches of
biotic and abiotic similarity for the Olifants/Berg catchment grouping. An *"
indicates overall best match

':‘:'::;L:’ Besl vainable combinations {p.)

1 Boulder (0 505)

2 Macrophytes, and site slope (0.798)

3 Macrophytes, boulder, and gravels (0.849)

4* Conductivity, macrophytes, site slope, boulder (1.000)

5 Conductivity, macrophytes, colour, site slope, and boulder (1.000)
B Conductivity, macrophytes, moss, site slope, boulder, and gravels(1.000)

In summary, data on the 12 variables most successful in accounting for the differences in biotic grouping of
sites stull only “explained” about 50% of the distnbution pattern.  Once within a catchment grouping of
sites, however, the same vanables scored far higher, accounting for 80-100% of the distribution pattern in
different catchments, and between 68-80% of the pattern if only geomorphological and topographical
variables were used.  Important vanables that could help explam the distinet catchments groupings clearly
were not measured, and it 15 suggested that the missing clement 15 either a subtle chemical signature for
cach catchment, or past biogeographical charactenstics of hinked or solated catchments. This topic is re-
visited in Chapter 16, Within the catchment groups, the mixture of measured vanables producing the best
fit included two that could be gleaned from maps (site slope and altitude) but most would emerge from site
visits (the proportions of bedrock, boulders, cobbles, macrophytes and moss, and the conductivity)

10.5  Testing the biological significance of the geomorphological grouping of sites

At this pont, the results of the biological classificatory exercise can be compared with those from the
geomorphological one.  The relevant comparison is between the species groups for least-disturbed rivers
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(Figures 10 4 and 10 .8) on the one hand, and the catchment/segment/zone groups (Table 6 8) Table 6 8 15
derived from Tables 6.1 and 6 7, and 1s the final grouping from the desktop geomorphological excraise In
the table, the sites are grouped primanly by catchment size and SCT index - that 1s, by scgment. They are
then further divided by zone class and valley form, that 1s, by zone  Thus, sites 14, 15, 7 and 6 arc all in
scgments with a small catchment and high SCT, 14 and 15 being mountain headwater streams, 7 a
mountain stream and 6 a transitional mountain stream

Figures 104 and 10 8 reveal that Table 6 8 recogmises some of the tightly grouped paurs of sites: sites 14
and 15 n the upper Berg catchment, 6 and 7 in the upper Breede, 18, 19 and 20 in the upper Eerste, and 9
and 10 n the lower Elands/upper Molenaars  This 1s perhaps not surpnsing as tie siies witlui €ach paiiine
arc geographically very close within a single catchment, and will have much the same catchment, segment
and zonc charactenstics

Further than that, however, the geomorphological classification does not adentfy the more complex
biological groupings.  The distinctive catchment signatures emerging from the biological groups are not
picked up, perhaps understandably so if, as speculated, they are largely of chemical or biogeographical
ongm Further, until they are understood, these catchment signatures cannot be dentified by reference to
maps, as nivers from widely separated catchments may join in a catchment group (¢.g the upper Berg with
the Olfants, the Ecrste with the Molenaars) that cannot logically be predicted with present understanding
Thus, for instance, the geomorphological grouping of the Ecrste sites (18,19, 20) in Chapter 6 fails to
extend to include three other biologically similar sites from the Molenaars catchment (9, 10 and 11)

Addinonally, within cach catchment group, at the sccond level of biological division, the bedrock sites split
off first, as lcast similar in biological terms This charactenstic of nivers cannot be supplied from maps, but
needs on-site venfication, and so forms no pant of the gecomorphological desk-top classification

The third level of biological division - into mountain or foothill sites - 1s picked up quite well in the
geomorphological classification All the sites were pre-allocated to one of these two biological zones based

on recorded data from many studies (Chapter 5 and Table 10.6). and formed logical groupings based on that
(Section 10.2)

Table 10.6 Guidelines on ranges of altitude and slope for longitudinal biological zones
in Western Cape rivers. (Extracted from several Cape studies by J M. King, pers

comm.)

Zone Altitude (m) Slope Substratum
Mountain torrent >500 >0.400 boulder, bedrock
Mountain stream 200 - 500 0.100 0400 boulder, cobble
Foothill 100 - 200 0050-~0200 cobble
Transitional 10-100 0.010-0050 cobble, sand
Lowland 0-10 0.001 -0010 sand, silt
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In the geomorphological classification of sites (Table 6 8), the geomorphological zone classes A (mountain
headwater) and B (mountain stream) contain all but two of the biological mountain-stream sites. Zone class
C (mountan transitional) contans the remaining mountain-stream sites and a few foothill sites, and zone
class D (upper foothills and rejuvenated foothills) contains the remaining foothill site and one transitional
mountain-foothill site

The same pattern for the third-level division s repeated in the reach-type classification (Table 6 9), which
reflects the ficld validation of the desk-top geomorphological analysis.  The second-level division of
bedrock sites may also be detected here, through reference to the bedrock column, although one
biologically-identified bedrock site (no 24, Dwars) 1s misclassified into the “muxed” column. Thus, if the
catchment groupings could be pre-identified, this table could be used for a tentative classification of sites
into bedrock versus alluvial, and mountain versus foothill sites. However, as the table relies on a site visit,
the same information on zones could be picked up anyway and more accurately albert not so quickly, by
dircctly sampling the biota

10.6  Physical and biological reference condition

A sccond objective within this activity was to assess if the physical (substratum and flow-type) conditions
at cach site correlated with the site’s position within the landscape (Section 3 2).  If distinct ranges of
conditions emerged for mountain and foothill sites, these could be used to descrnibe a Physical Reference
Condition for cach  Simularly, the faunal assemblage at cach site could be used to define a Biological
Reference Condition for mountain and foothill sites.  Here we address the Physical Reference Condition,
the Biologcal Reference Condition 1s addressed in Chapter 16

The results of this project reveal that the Physical Reference Condition, if 1t could be described, could not
act as a comprehensive indicator 1o the hikely biota of a niver, the composition of which s determined by
other factors also.  However, simply in terms of physical features of the channel, it might be a useful
concept for guiding on limits within which the physical conditions should lic. For instance, it might be
possible to provide some guidelines on what proportions of different sized substrata hie within the realm of
“normal” for mountamn or for foothill zoncs

Using data on the proportions of different categones of substrata (Table 2 4), the sites group clearly at quite
high similanty levels (Figure 10.11)  The same groups appear in the MDS ordination plot  The three
groups are. bedrock, mixed bedrock-alluvial, and alluvial sites - indicating a spht at the second level of the
bologically-derived division of the nvers  In the alluvial group, which reflects the third level of site
division, sites do not group clearly by biologically-defined mountain or foothill zonc. Nor do they group by
map gradient, site gradient or altitude  This precludes the possibility of using the substrata data in Table 7 3
and 7 4 to define ranges of proportions of different size substrata that are typical of cach of the two zones
However, within the alluvial group as a whole, when mixed categones were allocated to the main
substratum categories (Table 7.3), boulders and cobble constituted 84-98% of the substrata, with the
exception of the Disa (78%) Sand and silt constituted <1-7% of the substrata, and gravels 1-4%
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Figure 10.11 Dendrogram of the 18 sites on least-disturbed rivers, based on the
categories of substrata listed in Table 24. A = bedrock rivers, B =
mixed alluvial-bedrock rivers, and C = alluvial nvers # = pre-identfied
as biological mountain zone and $ as a biclogical foothill zone as per
Table 5.1
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Table 7 4 provides a shghtly more realistic picture, with the mixed categories shown as well as the man
categories.  Parucles were well sorted by size, with very low levels of muxed substrata  The mamn
exceptions were the two large foothill nivers (Berg and Molenaars), where 39-48% of the substrata
consisted of mixed boulders and cobbles, and the Disa, which had an unusually high level of silt-embedded
cobbles (20%6). In all the other alluvial sites, the substratum was charactenstically well sorted, consisted
mainly of boulders and cobble and had very low levels of sand and silt

Flow types also were used to group sites (Figure 10 12)  Agan, strong groups of sites appeared, but these
were not obviously related to the bedrock or alluvial nature of the bed or to its presence in a mountain or
foothull zone Bedrock and alluvial nvers appeared in all three major site groups, and mixed bedrock-
alluvial sites m two  Group | consisted of three moumain streams and one foothill strcam.  One was
bedrock, one mixed bedrock-alluvial niver and two alluvial oncs, and all were dominated by slow flows
(47" Barcly Perceptible Flow) Group 2 consisted of four mountain strecams and three foothill streams
Onc was bedrock, three mixed bedrock-alluvial and three alluvial sites. The dominant flow in this group as
a whole was slow smooth flow (8-44% Smooth Boundary Turbulent), but there was a substantial proportion
of fast smooth flow (Rippled Surface) at some sites. Group 3 consisted of six mountain and one foothull
sites. Once was bedrock and six alluvial, and all were dominated by fast, smooth flow (>30% Rippled
Surface)

In summary, no patterns of substrata and flow types emerged that could be used to detail Physical
Reference Conditions for Western Cape mountain or foothall streams At best, gencral gudelines could be
provided of the limits within which the proportions of large (boulder, cobble), medum (gravel) and small
particles (sand and silt) could be expected to be i undisturbed headwater streams

10.7  Conclusion

The first determinant of biotic groupings in Western Cape headwater streams 1s a semi-unique catchment
signature, which 1s probably due cither to subtle chemical signals, or to historical biogeographical
distnbution patterns. At present, there 1s nsufficient understanding of the underlying cause for this
catchment signature to be able to predict in a desktop exercise which catchments muight be similar, as
geographically close ones do not necessanly group together. Thus, at the highest level of the hierarchy, we
cannot presently predict the species composition of catchments within an essentially  homogencous
bioregion by extrapolation from ncarby studied catchments  Nor, scarching for a rapid guide, can we usc
family-level data 1o adentify similar catchments.  The management imphcations of catchment and niver
signatures are addressed in Chapter 16, as are biodiversity patterns, and related ecological concepts

The second-level determimmant of biotic groupings in Western Cape headwater streams is channel type:
bedrock versus alluvial streams. This 1s a geomorphological feature, which has to be ascertained in the

ficld, and so cannot form part of a desktop excreise

The third-level determinant of biotic groupings in Western Cape headwater streams 1s the position along the
long profile, which can be detected with some degree of accuracy from maps
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Environmental data collected “explained™ about 50% of the overall distnbution pattern of invertebrates, and
80-100% in individual catchments, with 68-80% of the within-catchment pattern  explained by
geomorphological and topographical vanables alone.  Uscful vanables in distinguishing sites within any
one catchment group were two that could be gleaned from maps (site slope and altitude) and several that
required site visits (the proportions of bedrock, boulders, cobbles, macrophytes and moss, and the
conductivity).

The concept of Physical Reference Conditions could only be developed into a practical gude at the most
coarse level, purding on the proportions of substrata and flow types expected at undisturbed sites
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Chapter Eleven

11. HYDRAULIC BIOTOPES
Prof. John Field of the Zoology Department, UCT acted as advisor for the data analyses.

1.1 Recap

The sccond aim listed for the project (Section 3.3) was to test the biwological sigmficance of
geomorphologically derived hydraulic biotopes. It 1s necessary 1o move from the highest 10 the lowest
levels of the geomorphological hicrarchy (Chapter 6) because the hvdrauhic biotopes are the “building
blocks” of the intermediate levels: the morphological umits (Chapter 12) and reaches (Chapter 13).
Definttions denved for hyvdraulic biotopes are entically important as they affect all ensuing parts of the
testing process

Two assumptions were investigated

e That within sites in the same bioregion and nver zong, the same combinations of substrata and flow
types would support the same asscmblage of invertebrate species,

e [utferent assemblages of species could be used to identify different biologically-denved hyvdraulic
biotopes. These would be assessed for corrclation with geomorphologically-derived hydraulic biotopes

To recap, testing this lowest level was done by mapping all the 18 least-disturbed niver sites, in terms of
substrata and tlow types (Section 4 3). Iwelve invertebrate samples were then collected from a wide range
of conditions at cach site (Section 4 5), and the locaton of the samples marked on the maps  Fifty<awo
invertebrate samples were also collected from one site (Eerste: nver number 18), as rephicates of a range of
substratum-flow combinations  Thus, 268 mvertebrate samples were avaulable for this analysis, cach
identificd to species where possible, and cach located at a specific point on the GIS maps.  Each of the 268
samples had accompanying records of substrata, flow type, water depth, mean column velocity and near-
bed velocity, all taken at 2-6 points within the arca of the sample. These samples, excluding the replicate
onces from the Eerste, were combined by niver to provade the species lists used in Chapter 10

The same data-analysis approach emploved in Chapter 10 was then used to scarch for hydraulic biotopes
Imtially, the samples had to be divided into logical groupings, as certaun analvsis packages within PRIMER
have hmitations as to how many samples can be analysed  Guided by the results desenbed in Chapter 10,
the catchment groupings were used

112 First analysis: grouping samples by catchment

With samples grouped by catchment, the gencral pattern that emerged was that, within any catchment
group, there was a major sphit between samples from fast flow types and those from slow flow types  In all
but the Table Mountain group, this was the first division of the samples  In the Table Mountain group,
however, the first division was by niver, and only then by fast and slow flow types  This may reflect a trend
that, where the rivers in a catchment group were quite dissimilar (the two nivers in the Table Mountan
group had species lists that were 33% simular; Figure 10.4), nver wdentity preceded local hydraulics in
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determining sample groupings. On the other hand, where nivers in the catchment group were more similar
(42% or more, Figure 10 4), local hydraulics was more imponant than nver identity 1n dictating species
groupings

The Eerste-Molenaars group of samples gave a typical picture of the kind of result obtamned (Figure 11.1)
The Elandspad River was imtially included into the run but, as in all other analyses, was shown as quite
diffcrent from the others in the group It was therefore excluded in a second run, in order to concentrate on
differences illustrated by the remaiming sites, namely the Ecrste, Langnivier, Swartboskloof, Molenaars and
Elands. The fast-flow group had two main divisions, both of which contained samples from at lcast three of
the five sites  Fast-flow group A tended to have the more turbulent tlow forms (cascade (CAS), broken
standing waves (BSW) and undular standing waves (USW)) and to be from boulder arcas (13 of |8 samples
were from boulder) The foothull site (Molenaars) was not represented in this group.  Fast-flow group B
tended toward a more fhickenng type of flow (fast nffle flow (FRF)) and the samples were manly from
cobble arcas (13 of 21 samples) The Molenaars foothill site was well represented in this group, as was the
Ecrste. whilst the latter’s two steep tnbutanes (Langnvier and Swartboskloof) were not.  Of interest were
the fairly clear sub-groups within these main groups, formed by samples from any one site.

The slow-flow group consisted mainly of samples from arcas of no flow (NF), barcly perceptible flow
(BPF) or smooth boundary turbulent flow (SBT) Three sites were represented, agan in clear nver
groupings, and mostly over cobble (8 of 12 samples) The two sites not represented here, Swartboskloof
and Eerste, had respectively no slow-flow and few slow-flow arcas sampled.

Nin¢ samples were excluded from these mamn groups  They represented a mixed range of flow types, but
were almost exclusively taken from boulder arcas. Though some were similar 10 cach other, most were
strongly dissimular from the mamn groups. A possible explanation for this dissimilanity 1s that boulders may
have a vancty of different specics assemblages, exploiting light and dark, deep and shallow areas, in or out
of hydraulic cover, only part of which was sampled on any one occasion.  Alternatively, the samples may
be poor in species because of the difficulty of reaching around and under immovable boulders, and of
ensuring that ncts catch all dislodged ammals. Lastly, although the flow types indicate that the boulder
samples come from scveral different hydraulic conditions, it may be that surface flow type 1s not a good
indicator of conditions decp among the boulders, and that the animals were from more uniform conditions
than imphied  Thus does not explain why they were outliers on the dendrogram, but could explamn why there
was no consistent picture of flow type

The same kinds of pattern emerged from all the catchment groups. Samples were always divided into fast-
flow and slow-flow groups, and always with a few outlying dissimilar samples  The outhers were usually
from very quict waters, or boulders, or both. Within the two main groups, river signatures were always
obvious. Catchment signatures were also apparent, with samples from a single nver often tending to group
together, and then join with a group of samples from a site in the same catchment, before joining fast-flow
groups from another catchment
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Dendrogram of the Eerste-Molenaars group of samples, with the
exception of those from Elandspad. Samples are coded by river and
invertebrate sample number. MO = Molenaars, EE = Eerste, SW =
Swartboskloof, LR = Langrivier. Substrata and flow categories as per
Tables 23 and 2 4.
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Of concern was an expected grouping of samples into what ecologists had hstoncally referred 10 as runs
and nffles, that was not emerging  These are charactenstic features of physical habitat long used by
ccologsts to guide location of sampling points, and are common features of some parts of nver systems
Wadceson (1995) reviewed the use of these and other habitat terms by niver ecologasts, and concluded there
was general agreement on what the terms meant but hittle in the way of supporting statistics which delineate
water depths, velocities and other hydrauhic charactenstics. King & Tharme (1994) described a nffie as: An
area with typical shallow depth relative to bed particle size  High-welocuty area, with turbulent flow
indicated by broken water surface  Substrate predominantly cobbles and boulders, with limited deposition
of fines. Generally noticeable change in slope from head to foot of riffle. Spatially and temporally variable
in that the riffle can migrate upstream or downstream with changes in flow, and transform into a run at
high flows

The same document defined a run as A feature representing an area of transition between a pool raped and
a niffle  Depth vaniable from farly shallow to deep  Velocuty general moderate, but can be low or high
depending on flow conditons.  Substrate condittons vartable  Characterised by smooth flow with no
broken surface water. No obvious change in stream bed gradient.  Higher ratio of depth to stream bed
rougihness elements than for riffle

At the beginming of this project, nffles as descnbed above were seen as channel-spanning arcas with
turbulent flow types (FRF, BSW and USW) and runs as arcas with smoother-flowing water (nppled surface
(RS) and SBT). Although such arcas did occur at some sites, and single samples with these combinations
of flow and substratum were common, grouping of samples by these charactenstics did not occur. This was
of concern because of the many publications illustrating that the invertcbrate fauna docs distinguish
between the two physical habitats (¢ g Emery 1994)

A possible reason for the non-recogmition of nfflc and runs was the pre-grouping of sites by catchment,
resulting in a mix of foothill and mountain sites in any onc analysis. This may have been a problem
because the zones tend to have different charactenstic physical habitats: mountain zones are charactensed
by step-pool sequences, and foothills by the classic nffle-run sequences (see Chapter 6 for a
geomorphological classification of sites). To reduce the possible noise in the data set from such a mix, the
data were re-analyvsed, dividing the sites across catchments based on substrata and zones

1.3 Second analysis: grouping samples by zone and substrata

Bedrock sites were placed in one group, and mixed alluvial-bedrock sites in a second group (Table 11.1)

All of the mixed sites were in pre-identified mountain streams, and so made a logical grouping by zone as

well as by substratum  One of the three bedrock nivers had been designated foothill (Jan Dissels), but the

bedrock sites had consistently grouped by substratum in terms of species distnbutions rather than by zone,

and so the three were left together  From the alluvial sites, foothill sites were selected based on the

following cnitena

e thosc that had been mapped by Prof Rowntree as having nffle and/or run morphological umits (Berg,
Molenaars, Du Touts),

o those that had a map gradient (Table 5.3) of < 0020 (the carlier three, plus the Wit, Rondegat and
Elands).
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To reduce noise, the Wit was excluded as it was consistently an outher within s group in all of the
grouping exercises. This was probably due to the site being dominated by a long pool, resulting in very low
overall numbers and taxa

The remamning alluvial sites were classed as being in the mountain zone  This division of alluvial nvers
murrored the zone designation of sites at the beginming of the project (Table 5 1), except that two sites
(Elands, Du Touts) had been designated mountain based on slope, but thought by thar appearance in the
ficld to be transitional mountam-upper foothill  Thes later status was confirmed by the vanous analyvses
presented to this point, so they are here treated as foothill sites

Table 11.1  Allocation of river sites to analysis classes based on zone and substratum.
*excluded from further analyses

Analysis class River No. River name
Bedrock 1 Jan Dissels
1 Elandspad
24 Dwars
Mixed alluvial-bedrock 6 Steenbok
7 Wolwekloof
14 Bakkerskloof
15 Zachariashoek
Alluvial mountain 18 Eerste
19 Langnwvier
20 Swartboskloof
27 Newlands
29 Disa
Alluvial foothill 2 Rondegat
8* wit*
9 Molenaars
10 Elands
13 Du Toits
17 Berg

The different groups were then run through the sequence of analyses described in Chapter 10, to produce
dendrograms and MDS plots indicating the simulanty between individual samples from all the included
rivers

1131 Alluvial foothill nvers

The dendrogram showed a typical scparation of fast-flow and slow-flow samples, with a scattening of
mixed slow-flow samples lving dissimilar from cach other and from the man groups (Figure 11 2a) The
foothill sites that are geographically closest (Berg, Du Touts, Elands and Molenaars) formed the mam group
(28% similanty), contaiming fast and slow samples. Samples from the more distant Cedarberg site
(Rondegat) grouped into fast and slow groups at lower similanty levels (25% and 17% respectively)
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Figure 11.2a Identification of similar invertebrate samples from five alluvial
foothill sites. Dendrogram from cluster analysis. Samples are
coded by river and invertebrate sample number. MO = Molenaars, EL
= Elands; DT = Du Toits; BE = Berg; RO = Rondegat. Substrata and
flow categories as per Tables 23 and 2 4.
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Stress = 0.18
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Figure 11.2b Identification of similar invertebrate samples from five alluvial
foothill sites. MDS ordination plot. Samples are coded by niver
and invertebrate sample number. M = Molenaars, E = Elands, D =
Du Toits; B = Berg. R = Rondegat.
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Eleven main sub-groups were distinguished in the dendrogram, all but one clearly charactensed by local
hydraulics (Table 11.2). As the dendrogram groups were based on faunal distributions, the groupings they
reflect are, for the purposes of this project, descnibed using famihiar terms such as nffle but with the prefix
“bio” (¢ g bio-nflle) Where geomorphologically denved arcas with the same name are referred to in

subsequent chapters, they will be designated with the prefix “geo™ (e g geo-nftles)

Hydraulic characteristics of the 11 groups of samples from five alluvial
foothill sites, as recognised in Figure 11.2 The sub-groups are recognised as
bologically denved hydraulic biotopes. Depth (m), Mean-column (0 6) and near-
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Table 11.2
bed (NB) velocity (ms™').
s:m. ~ Hydraulic biotope 2‘9':;" FlowSubstrata  Depth

1 Mixed RO2 FRF/B
018 NFILG
MO11 NF/B
BES SBT/SA

2 Bio-Pool RO6 FRF/SC
RO7 BPF/SC
RO3 SBT/SC
RO11 SBTILC

3 Bio-Pool BE1 SBTALC
BE2 RSB
BES BPF/SC
BE10 SBTILC
BE11 BPFILC
BE12 BPF/SC

4 Bio-riffle BE3 uswe
BE4 CASB
BE6 RS/ILC
BE7 UswiLC
BES8 RSAG

5 Bio-run (cobble) D17 RS/SA
o718 RSAC
o712 SBTAG
DTS SBTALC
DT10 SBTAG

6 Bio-nffle DT3 CAS/B
DT1 FRFILG
DT4 RSB
DT9 CAS/SC
DT11 SBTALC
DT12 FRFAC

7 Bio-rapid (boulder) EL1 CHB
EL4 CAS/B
EL8 RS/B

8 Bio-nffle EL7 FRFLC
EL11 FRFILG
MO2  RSILC
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No

0218
0.000
0.000
0.000
0.366
0.023
0.036
0047
0.000
0034
0.000
0011
0.000
0.000
0.375
0324
0327
0483
0225
0.058
0.062
0089
0014
0002
0.338
0396
0472
0.750
0.151
0.106
0633
0.291
0152
0.170
0336
0.148
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group Mydrautic biotope  cOOPI®  Flowsubstrata Depth 06 NB i g
8 Bl MO1  BSWAC 010 052 043 0474
MOS  BSWB 015 028 008 0226
MO6  FRFIC 004 044 044 073
MO?  FRFAG 004 023 023 0376
MO8  FRF/SC 004 020 020 0408
9  Biowun (cobble)  ELS  NFB 015 000 000 0.000
EL9  BPF/SC 011 000 000 0002
EL12  RSAC 029 030 025 0.178
ELI0  RSAC 084 007 000 0023
EL6  SBTAC 068 002 000 0008
MO4  RSLC 011 021 015 0142
MO10  SBTAC 022 003 000 0015
MOS  RSLC 030 025 016 0015
MO12 RSB 049 018 004 0083
10 Biorapd (boulder) EL2  BSWB 058 022 005 0093
EL3 RSB 038 011 005 0059
MO3  SBTAC 016 015 015 0.121
ROS  CASB 007 074 064 0897
RO10  STRB 006 087 094 1331
11 Bioile RO4  RS/SC 032 033 023 0190
RO8  USWIC 017 031 023 0248
ROl FRFAC 010 037 017 0388
RO  BSWLC 018 039 023 0323
RO12  USWB 012 068 034 0521

Table 11 2 continued

Sub-groups 4, 6, 8 and 11 (Figure 11 2a) were recognised as bio-niffles. A total of 24 samples were
contaned within these sub-groups, heavily dominated by fast flow-types (3 CAS, 3 BSW, 4 USW, § FRF,
5 RS. 1 SBT), and cobble substrata (6 boulder, 11 large cobble; 3 small cobble, 4 large gravel) Water
depths ranged 0.04-0 32 m (mean 0 12), with only one sample from decper than 0.20 m. The range of mean
column velocitics was 0 06-0 69 m s, with only four values <0 10m s, and 19 of 24 values 2 020 m s’
(mean 0.32). River identitics held true in these four groups. Bio-nffle 4 consisted of five samples from the
Berg, bio-nfTle 6, six samples from the Du Touts, bio-nffle 8, six samples from the Molenaars, and two
from the Elands site approximately | km upstream on the mamstem, and bio-nffle 11, five samples from
the Rondegat

Sub-groups S and 9 (Figure 11.2) were recogmised as bio-runs. Fourteen samples resided in this category,
generally reflecting noticeable flow but with less turbulence (6 RS, 6 SBT. 1 BPF. | NF) The substrata
were predominately cobbles (2 boulder, 8 large cobble, 1 small cobble; 2 large gravel; | sand) Water
depths tended to be greater than in bio-nffles, with a range of 0 07-0.94 m and 30% of samples from > 0 20
m (mean 027 m, SD 0.26) The range of mean column velocities was <0 010 30 m s ' (mean 0 09 m s')
Slow-flow arcas predominated, with ten of the fourtcen samples having velocities <0 10 m s'. Again, the
nver wdentities held true. with bio-run 5 consisting of five samples from the Du Tous River. and bio-run 9
of four samples from the Molenaars and five from the Elands.
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Two other small sub-groups (7 and 10) occurred in the fast-flow group, which have tentatively been named
bio-rapids.  Scven of the cight samples in these were from boulder substrata and, as previously with such
samples, they presented a shghtly more confused picture. The predominant flow types were turbulent or
typical of boulder and bedrock areas (2 CAS, | CH (chute), | BSW; | STR (stream), 2 RS, | SBT), and
velocities tended to be high (six samples > 020 m s’ mean 043 m s). Boulder beds and rapids tend to
occur higher in the system than do cobble nffles, and these two small sub-groups might represent a habitat
that 1s abundant in the mountain zone (see Section 11 3.2) but becoming increasingly rare downstream
through the foothill zone

Sub-groups 2 and 3 were recogmised as bio-pools (cobble)  Ihe ten samples were from quiet waters (1
FRF, | RS, 4 SBT, 4 BPF), and over relatively small substrata (1 boulder, 4 large cobble, 5 small cobble)
Apart from the outhier collected in FRF, velocitics were very low, ranging <0 01-0 24 m s~ at 06 depth
(mean 0 05 m)  Agan the nver dentities held true, with bio-pool 2 consisting of four samples from the
Rondegat River and bio-pool 3, six samples from the Berg.

Sub-group | contained four samples <17% simular to the man sub-groups. Two (B9 and MO11) were from
backwaters, well sheltered from the current and one (DT6) from an solated pool  The remaming one
(RO2) was <2% sumilar to any other sample, probably because it was extremely low in species and
numbers

The MDS ordination (Figure 11.2b) provided essentially the same picture, at a stress for this two-
dimensional plot of 018, which 1s acceptable  There 1s a gradient from top nght to bottom left of fast-flow
to slow-flow samples, and a gradient from bottom nght to top left that could be linked to geographcal
location or chmatic conditions. Three of the nvers were identified with bio-runs and no bio-pools, and two
with the opposite, for reasons not yet understood

In summary, these five alluvial foothill sites reflected a pattern of invertebrate distnbutions that was
dominated by catchment signatures and distinction between fast and slow-flow arcas. Clear correlation
occurred between the sub-groups and their prevailing local hydraulic conditions.  Four biologically-bascd
hydraulic biotopes may be denved from this analysis: bio-nffle, bio-run, mo-rapid and bio-pool, with one
other possible: bio-backwater Within cach of the four, nver identities were clearly maintained

11.3.2 Alluvial mountain nvers

Five alluvial mountain nivers, represented by 60 samples, were included in the analysis. Two were from
Table Mountain and three from the Ecrste catchment (Table 11.1). It was expected that trends might be
more difficult to detect from this group, as the pattern of physical heterogencity in stecp mountain sites 1s
far greater than in foothill ones. Figures 7 5b and 7.6b respectively illustrate the mosaic of flow types in a
mountan site (Langnvier) and a foothill site (Rondegat). The mapped mosaic patches of Rondegat are
visibly larger, and would be even more so if the maps had the same scale  [n the mountain sites, the patches
are stacked close together, and it may be that they are too small to sustain any hydraulic integnty and are
continuously changing from the influence of neighbounng patches. The smaller oncs may, in fact, be “all
boundary”, with no central arca of charactenstic conditons that allows a typical fauna to exist  The
influence of patch size on invertebrate distnbutions 1s not well understood, although Giller ef al. (1992)
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record the growth of interest n this ficld  Another possible reason why a confused picture might emerge
was that, in these kind of turbulent waters, flow types at the surface may bear little relation to mean column
or near-bed velocitics because of the complex patterns of flow

Initial study of the dendrogram and MDS plot for the alluvial mountain sites revealed an over-nding
division of Table Mountain from Ecrste sites, with a complex pattern of grouping within the three sites
from the Eerste catchment.  To aud interpretation of this, the 52 samples from the intensive sampling
programme at the same site on the Eerste River were first analysed  These 52 inverntebrate samples
consisted of rephicates from a range of flow-substratum combinations, taken durning the same summer as the
12 routine samples for this sste (Table S 1)

Using both the dendrogram (Figure 11 3a) and the MDS ordination (Figure 11.3b) to search for patterns, six
subgroups of samples were recogmised, with one outher (no. 37) that 1s not considered further here  In the
dendrogram, the major pattern of division was agan into fast-flow and slow-flow groups, with a substantial
number of samples from boulders lying outside  The boulder samples were allocated to groups with
reference to their position on the MDS ordination

Sub-group | samples were recogmised as coming from bio-rapids (boulder)  The cight samples had a low
similanty to most other samples, and all came from boulder arcas.  Their flow types were typically
“turbulent” (3 CAS, 3 CH, 2 BSW). Depths were very shallow, ranging from 0 01 to 0 16 m, and velocntics
were high (mean of mean-column velocities 065 ms')

Table 11.3  Hydraulic characteristics of the six groups of samples from the replicate set
collected at the Eerste site, as recognised in Figure 11.3. The sub-groups are
recognised as biologically derived hydraulic biotopes. Depth (m), Mean-column
(0.6) and near-bed (NB) velocity (ms™').

_;:'o':p Hydraulic biotope ’;‘;‘&_"_ FlowSubstrata Depth 06 N8B F’s:f"
1 Biorapid (boulder) 41 BSWB 013 018 002 0171
4  BSWB 006 097 092 1238

5 CHB 012 083 080 0922

2  CHB 003 036 036 0303

8  CASB 016 037 037 0925

22  CASB 002 065 085 1377

39 CASB 001 126 125 3992

40 CHB 005 085 0.85 1.288

2 Bio-pool (boulder) 26 BPFAC 014 001 000 0011
48  BPFB 008 005 004 0047

9 SBTB 010 004 067 0043

25  SBT/B 033 004 003 0022

4 RSB 025 014 011 0092

0 RSB 018 007 005 005

24 BPFB 007 001 001 0017

47 SBTB 028 004 003 0025

4  SBTER 019 010 007 0074

52 SBTAG 009 000 000 0.000
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_::‘obl;p Hydraulic biotope  Seoma’ FlowiSubstrata  Depth 0.6 NB (004 <

3 BionMe 20  BSWIC 007 024 024 0292
32  FRFAC 011 027 016 0272

17 FRF® 008 038 037 0430

13 CAS®B 008 046 038 0521

33 FRFB 007 025 023 0278

3 uswic 018 025 025 0264

1 UsWALC 007 030 030 0382

19 UswB 007 030 029 0384

21 usws 012 012 001 0114

38 CASLC 004 017 017 0253

35 CASAC 005 032 031 0486

&  FRFAC 006 028 028 0363

@ Bio-run 15 RS/B 0.20 012 005 0086
8  USWAC 011 024 026 0249

45 USWB 014 027 020 023

6  FRFIC 007 024 024 0313

7 RSAC 012 005 001 0045

14 FRFB 012 025 018 0229

5 Bio-pool (cobble) 16 BPFB 010 000 000 0002
10  SBTAC 015 009 008 0076

18 BPFILC 022 002 000 0013

27 SBTAG 028 001 000 000

28 SBTAC 056 009 004 0040

12 RSAC 022 018 014 0124

3 SBTAG 016 004 002 0031

4 RSLC 041 005 001 0028

11 SBTAC 016 003 001 0025

23 BPFAC 008 002 002 0019

29 BPFAG 012 001 000 0012

42  BPFAG 010 000 000 0002

43 BPFAG 009 000 001 0003

6  Bio-run (bedrock) 50  SBTER 014 021 019 0196
51 SBTBR 021 008 005 0053

Table 11 3 continued

Sub-group 2 were recogmsed as coming from bio-pools (boulder).  Six of the ten samples were grouped in
the dendrogram, whalst the other four were scattered among the boulder outhiers, but all ten formed a loose
but discrete group in the MDS plot. The substratum was typically of large clasts (1 bedrock. 7 boulder, |
large cobble, 1 large gravel), with medium water depths (range: 0.07-0 33 m; mean 0 17 m)
were slow (mean column range 0 00-0 67 m s ', mean 0. 10 ms”'). One sample (number 9) illustrates that
mean-column velocitics can be muslcading, having a high value (067 m s ), but a low near-bed velocity
(0.04 ms"). Although the samples do not form as cohesive a sub-group as the following ones, either in the
dendrogram or on the MDS plot, they do have a scparate identity from these, justifving their recognition as

an cntity
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Figure 11.3a Identification of similar invertebrate samples within a group of 52
samples taken from replicate flow-substratum conditions.
Dendrogram from cluster analysis. Samples are coded by
invertebrate sample number, and flow and substratum categones
Substrata and flow categories as per Tables 2 3 and 2 4. Sub-groups 1
and 2 are interspersed; members of sub-group 2 are denoted with * (see
text)
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Figure 11.3b Identification of similar invertebrate samples within a group of 52
replicate samples taken from flow-substratum conditions. MDS
ordination plot. Samples are coded by river and invertebrate sample
number
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Sub-group 3 consisted of samples from bio-nffles. The twelve samples were all from fast-flowing arcas,
with a high proportion of flickering flow (3 CAS, 2 BSW. 3 USW, 4 FRF) and cobbles (4 boulder, § large
cobble). Water depths were shallow, ranging from 0.04 to 018 m (mean 0 08 m), and velociues high
(mean-column velocity: range 0 01-0 37 m s, mean 025 ms ') This was the most tightly clustered group
of samples, suggesting cither more consistent hydraulic conditions with a consequent more consistent
species assemblage in bio-nffles or, perhaps, the ability to sample more thoroughly in shallow arcas of
smaller bed elements

Sub-group 4 consisted of 6 samples from bio-runs.  This was a more poorly defined sub-group of six
samples within the main fast-flow cluster, which appeared to be somewhat different from the bio-nffle sub-
group. Flow was a little less turbulent (2 USW, 2 FRF, 2 RS), and the substratum less obviously dominated
by cobbles (3 boulder; 3 large cobble) Water depths were shightly deeper than in bio-nffles (range 0.07-
0.20 m; mean 013 m), and velocitics slower but still faster than in pools (mean-column velocities range
001024 m s’ mean 015 ms') On the MDS ordination, these six samples formed a loose cluster
between the niffles and pools

Sub-group 5 was recognised as a bio-pool (cobble). Its 13 samples were from slow-flowing arcas (2 RS, §
SBT, 6 BPF), and cobble-gravel substrata (1 boulder; 7 large cobble, 5 large gravel)  The water was deeper
than in bio-nffles and bio-runs (range 0.08-0.56 m; mean 0.20 m), with slow current speeds (mean column
velocity: range 0.00-0 14 ms’, mean 0 02 ms")

The final sub-group consisted of two samples (50 and 51) from bedrock.  They have been recognised as
representing a bio-run (bedrock). With a 33% similarity to cach other but <10% to any other sample, they
were gathered in water of moderate depth (0 14 and 0 21 m), in currents most typical of bio-runs (mean-
column velocity 0.05,019ms’)

The MDS plot shows a gradient from night to left of boulder to cobble, and from top 1o bottom of fast flow
to slow flow

With mountain-zone hydraulic sub-groups defined, the less distinct pattern from the five alluvial mountain
sites was re-assessed (Figure 11 4a and b).  As mentioned, the first division was geographical, scparating
the Table Mountam from Eerste arcas  With the catchment having such an overwhelming influence, groups
of samples that might be representing different hvdraulic biotopes were divided between three, if not four
main sub-groups (Disa. Newlands, Eerste and Eerste tnbutaries (Langrnivier and Swartboskloof)) instead of
clustening together  The very small divisions within the Disa and Newlands sub-groups then became
essentially imadequate for good recogmition of hydrauhic biotopes  This was because in cach analysis, any
onc hvdraulic biotope was charactenised by the majority of its samples, with a few outhers showing the
spread of recorded conditions  Groups with very few samples could consist mamly of outhers  The
following analysis therefore concentrates on the Eerste sites, with the Disa and Newlands sites mentioned
briefly afterwards

Within the Eerste group of sites, the major split was between the Eerste, and its two steep tnbutances
(Langnvier and Swartboskloof)  Using both the dendrogram and the MDS ordination, four sub-groups
were recogmised
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Figure 11.4a Identification of similar invertebrate samples from five alluvial
mountain sites. Dendrogram from cluster analysis. Samples
are coded by river and invertebrate sample number. Eerste group

EE = Eerste; LR = Langrivier, SW = Swartboskloof.
Mountain group: DI =

Disa; NL =

categories as per Tables 2.3 and 2 4.
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Stress = 0.18

Figure 11.4b Identification of similar invertebrate samples from five alluvial
mountain sites. MDS ordination plot. Samples are coded by
river and invertebrate sample number. Eerste group E = Eerste, L
= Langrivier, S = Swartboskloof. Table Mountain group: D = Disa,
N = Newlands.
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Table 11.4 Hydraulic characteristics of the eight groups of samples from alluvial
mountains sites, as recognised in Figure 11.4. Subgroups are recognised as
biologically-derived hydraulic biotopes. Depth (m). Mean-column (0 6) and near-
bed (NB) velocity (m s ™).

Sample

Froude

::'!:;1 Hydraulic biotope  ¢o@P!® FlowSubstrata Depth 06 N8 0"
1 Bio-pool (boulder) LR2  NF/SC 008 000 000 0.000
LR10  SBTB 041 001 000 0008

LR3  BPFB 013 003 002 0021

LR11  RSILC 019 014 010 0.111

2 Bio-rapid EE4  BSWB 027 052 043 0313
EE9  FF/B 013 108 098 1061

EE?  BPFB 045 008 000 0035

EE2  USWB 020 047 036 0374

EE6  USWB 022 027 015 0213

EE1  RSAC 018 035 019 0268

EE10  FRFAC 007 043 042 0544

3 Biorun EE3  RSAC 021 009 007 0.060
EE11  SRF/B 008 007 006 0077

EE12 RSAC 071 007 002 0027

EES  FRFAC 028 026 005 0159

LRe  SBTAC 021 026 021 0178

LRS  FRFAG 008 012 009 0134

LRS  FRFIC 007 004 005 0052

4 Bio-rapd SW3  FRFILC 016 008 005 0075
SW6  RSBR 035 014 006 0078

LRt FFB 024 074 067 0482

SWS  CASB 023 106 073 0777

LRE  CASEB 012 108 097 1473

SW8  CAS/B 005 025 031 0720

LR7  USWILC 016 052 037 0413

LR8  BSWB 008 048 042 0610

LR12  CAS/SC 010 085 076 0936

SW? RSB 011 008 007 0087

SW& RSB 020 019 012 0137

SW10 RSAC 020 036 026 0289

SW2 BSWB 017 101 078 0837

SW11  USWILC 021 052 020 0341

SW8 CASB 020 061 042 0484

SW1  USwB 025 066 040 0416

SW12  BSWB 025 027 011 0178

5  Disa (rapid) DI3  CASB 004 020 020 0322
DI8  CASAC 006 031 031 0408

6  Disa (pool) DI7  NF/B 003 000 000 0000
D SBTB 018 008 007 0054

D4 SBT/SC 012 008 005 0089

DI SBTB 007 006 006 0087

D6 FRF/SC 005 019 019 0293

D10 RS/SA 005 008 008 0117

7 Disa (run) DI2 RSB 009 007 006 0095

DIS  BPFISC 008 003 002 0032
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Sub-  Hydraulic biotope g’ Flow/Substrata Depth 06  NB  ''nud®
7 Disa (run) DI BPF/LC,SI 014 005 0.03 0041
DH2  BPF/BSI 011 004 003 0038
8 Newlands(fas) N2  FRFB 009 043 034 0554
NLS  FF/B 002 135 135 3572
NL3  CAS/B 006 052 052 0661
NLE RSB 017 030 017 0243
NL4  SBTAC 011 009 008 0098
NLO  USWILC 014 010 011 0091
NL1  RSISC 013 008 008 0067
NLE  FRFIC 011 015 015 0204
NL11  CAS/B 008 031 029 0369
9 Newlands (Bio-pool) NL10  TRISC 002 005 005 0092
NL7  NF/SC 012 000 000 0000
NL12  BPF/B 014009 004 0077

“Table 11 4 continued

Sub-group 4 consisted of 17 samples, all from the tributarnics, and all from bio-rapids (boulder). These were
very high-velocity arcas charactensed by turbulent, tumbling flow (1 FF (free fall), 5 CAS. 3 BSW, 3
USW, 4 RS, | FRF) The substratum consisted of large clasts (1 bodrock. 11 boulder; 4 large cobble: |
small cobble). Water depths ranged 0.05-0 71 m (mean 0.21 m) and mean column velocity 0 08-1 06 m s
(mcan 045 m s')  The wide range indicates quict water occurning in hydraulic cover downstream of the
boulders and very fast flow between boulders

Sub-group 2 also represented bio-rapids (boulder), but from the Eerste sitc. With a similar composition of
substrata and flow types, hydraulic conditions tended to be about the same (mean depth 0.22 m; means of
mean column velocity 0 44 ms ).

Sub-group 3 is best charactensed as a bio-run. With a mixture of smooth and flickening flow, it has some
clements of a bio-nffle, but on average currents are oo slow (mean column: range 0.06-0 26 m s, mean
0.13ms ), and depths rather high (range 0. 7-0. 71 m; mean 0 23 m). The dominance of cobbles, however,
suggested a bio-nffle, and the sub-group is possibly a mixture, but one that could not be further logically
scparated.

Sub-group | consists of four samples from quiet waters in Langrivier. It is not clear of this represents
boulder or cobble pools, as the samples are equally divided  As this 1s a high-gradient tnbutary, the sub-
group 1s designated bio-pool (boulder), for the sake of consistency. Depths range from 009 1o 0 41 m, and
mean-column velocities 0 000 14 ms™

Subgroups 5, 6 and 7 were recogmsed in the Disa group of samples. This very narrow stream (~ 2 m wade)
was confined between heavily mossed and vegetated banks, and gave the impression of having a relatively
low gradient. There was hittle development of a typical step-pocl channel, and the overall impression was
rather of water quictly tnickling over a poorly sorted substratum  The subgroups have been named afier
biotope types already recognised carlicr, although their character 1s far less distinet (Table 11.4).  Sub-
group 3 represented bio-rapids, with two samples from cascades over boulders  Sub-group 6 represented
bro-runs, with six samples from boulders, small cobble and sand  Flow types were charactenstic of runs (1
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RS, 3 SBT, | FRF, INF), and current speed higher than in pools  Sub-group 7 consisted of four samples
representing bio-pools. Current speeds were mostly lower than in the bio-runs, and the flow types typical
of pools (1 RS, 3 BPF)

Subgroups 8 and 9 were distinguished in the Newlands samples  This agh-gradient stream had a wider
active channel and an open canopy.  Its bed was dominated by large clasts  Most of its samples were in a
fast-flow group (2 CAS, | FF, | USW, 2 FRF, 2 RS, 1 SBT), in shallow waters (0.02-0.17 m) Mecan-
column velocities ranged 0 00-1.35 m s”, with a mean of 037 m s’ Members of the group could not
logically be allocated to a rapid or run grouping. The three samples in sub-group 9 represented a bio-pool
(1 BPE, 1 NE, ) IR (Inckic))

In summary, the alluvial mountain sites reflected a pattern of invertcbrate distnbutions that agam was
domunated by catchment signatures and distinction between fast and slow-flow arcas The most obvious
difference between the alluvial mountain and alluvial foothill sites was the presence of boulder biotopes i
the mountain group and their much greater rarty in the foothill group  Comparing the foothil) group with
the rephcate samples from the (mountain) Eerste site (Tables 11.2 and 11 3), and discou sting the outliers
already mentioned, 20% of the mountan samples were from biologically recogmised bould :r pools and 16%
from boulder rapuds, 24% from cobble nffles, 12% from mixed boulder-cobble runs, 4% from cobble
pools and 4% from bedrock runs. In the foothill analysis, 14% of samples were from boulder rapids, none
from boulder pools. 43% from cobble nffles, 25% from cobble runs and 18% from cobble pools. Within
cach of these analyses, catchment, and to some extent niver, identitics were clearly mamtained

1133 Bedrock nivers

Thirty-six samples from three nivers were included in this analysis.  These were the only fully bedrock
rivers mapped in the project.  In alluvial channcls, flow shifts and sorts the bed panicles, dircctly
influencing the nature of hydraulic habitat, but in bedrock channels the shape 1s fixed over all but the
longest time spans. Thus, the repetitive patters of, for instance, step-pool, or niffle-run channcls will not
occur, with unknown implications for the occurrence of hyvdraulic biotopes

The similanty analyses again showed an over-nding catchment influence (Figure 11 5a and b), with three
groups cach contaiming the 12 samples from one nver. Within cach river group, the same kinds of sub-
groups as distingwished carlier could be detected

Sub-groups 3. 4 and 9 represented bio-rapids (bedrock) from the Jan Disscls, Elandspad and Dwars
respectively.  Although the samples came from a range of depths (0 05-0 46 m), velocities were consistently
quite high (means of mean-column velocitics: 0.36, 041 and 029 m s ). The charactenstic flow type was
moderate to fast and often turbulent (1 FF, 3 CAS; 2 BSW, 2 USW. 5 RS, | SBT), and all but onc sample
was from bedrock
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Figure 11.5a |dentification of similar invertebrate samples from three
bedrock sites. Dendrogram from cluster analysis. Samples are
coded by river and invertebrate sample number: JOD = Jan Dissels;
EP = Elandspad; DW = Dwars. Substrata and flow categories as per
Tables 2.3 and 2.4. Sub-groups 2 and 3 are interspersed; members
of sub-group 3 are denoted with an *.
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l[_ | Stnu- 0.18
|

Figure 11.5b Identification of similar invertebrate samples from three
bedrock sites. MDS ordination plot. Samples are coded by niver
and invertebrate sample number: E = Elandspad,; J = Jan Dissels;
D = Dwars.
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Sub-groups 2, 5 and 8 represented bio-runs (bedrock). Water depths tended to be greater than in bio-rapids
(0.16-0 65 m), and velocities lower (means of mean-column velocities: 011, 0 16 and 0 14 m s ). Flow
types indicated a slower less turbulent flow (7 RS, | STR; 1 FRF), and there was some appearance of
scttled alluvial matenal on the bedrock base (5 bedrock; 2 boulder, 2 small gravel)

Sub-groups 1, 6 and 7 represented bio-pools (bedrock)  Water depths were considerably deeper than in bio-
rapids or bio-runs (U.25-1.17 m), and velocities very low (mean of mean-column velocities 0 01, 001 and
005ms’) Flow types reflected this (4 SBT, 6 BPF, 3 NF). The substratum was a mixture of bedrock and
settled out alluval matenal, some of it quite fine (6 bedrock; | boulder, 3 large cobble, | large gravel, |
sand, | silt)

On the MDS plot (Figure 11 5b), the three sites were strongly separated, and arranged 1n a circle, with the

bio-rapids clustered most closely within any one group and closest to cach other toward the muddle of the

circle. Bio-pools were most scattered and furthest from other nivers” bio-pools on the outside of the aircle

This suggests that

e across similar nvers, the fauna of bedrock bio-rapids are more simuilar than are the fauna of bedrock bio-
pools, with bedrock bio-runs intermediate,

e bedrock bio-rapids are more homogencous than bedrock bio-pools in terms of physical habitat and so
the same species are more consistently sampled

Table 11.5 Hydraulic characteristics of the nine groups of samples from bedrock sites,
as recognised in Figure 11.5. Sub-groups are recognised as biologically-derived
hydraulic bictopes. Depth (m), Mean-column (0 8) velocity (m s”) and near-bed
(NB) velocity (ms™).

:;”;P Hydraulic biotope SamPI® Flow/Substrata Depth 0.6  NB F’;g"‘
1 Bio-pool (bedrock) JD5  NF/SI 025 000 000 0.000
JD8  SBT/SIBR 029 002 002 0010
JD3  BPFISA 089 000 001 0.000
2 Biorun (bedrock) JD2  RS/B 065 004 000 0015
JD10  RSBR 065 024 005 0098
1 RSBR 032 008 001 0046
11 RSB 031 009 004 0083
3 Bio-apid (bedrock) JD4  USWIBR 044 057 025 0294
JD6  USWBR 013 025 016 0282
JO7 BSW/ER 013 115 065 1.020
JD9  RSBR 016 045 030 0.389
JD12  RSBR 012 070 031 0633
4  Biorapd (bedrock) EP4  BSWBR 021 044 009 0374
EP1  CAS/BR 010 047 038 0471
EPS  FF/BR 005 075 075 1213
5  Biorun (bedrock) EP3  RS/BR 049 034 009 0161
EP6  RSBR 027 005 002 0034
EP7 STR/BR 031 008 001 0.055
6 Bio-pool (bedrock) EP2  NFAC 041 000 000 0.000
EP8  BPFAC 062 005 004 0019

EP9 SBTBR 059 001 000 0002
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Sample Froude

;'“:Jp Hydraulic biotope  ¢o7P!® Flow/Substrata Depth 06 N8 0K
6  Bio-pool (bedrocky EP10  BPF/BR 033 000 001 0000
EP11  NF/BR 038 000 000 0.000

EP12 BPF/BR 095 000 000 0000

7 Bio-pool (bedrock) DW11 BPF/BR 033 003 000 0018
DW5S  SBTAC 084 015 002 0052

ODW6  SBTER 117 002 003 0005

DW10 BPFAG 051 001 000 0003

8  Bio-run (bedrock) DW3  RS/SG 016 016 007 0125
DW?  FRF/SG 020 012 004 0105

el Bio-rapid (bedrock) DW4 RS/LG 019 0982 043 0696
DW9 CAS/BR 046 017 004 0087

DW2 CAS/BR 010 060 033 0610

DW8 CASER 018 110 070 089

DW1  SBTER 018 020 004 0157

DW12 RS/BR 042 017 020 0082

Table 115 continued
1134 Mixed alluvial-bedrock nivers

Four of the sites in least-disturbed nivers had beds consisting of a mixture of bedrock and alluvial matenal
The upstrcam half of Bakkerskloof, from the Berg catchment, was mixed boulder, cobble and gravel, whilst
the downstrcam half was bedrock. Its flow types were typical of many bedrock streams, being dominated
by pool-like arcas nterspersed with cascades as water dropped from one bedrock pool to the next
Zachanashock, also in the Berg catchment, had alternating bedrock and alluvial sections through the site,
and its pattern of flow was less pool-hike but stll with a considerable quantity of quiet water. There were
also two Breede sites in this category: Steenbok, which was continuous bedrock along its left bank and
most of the bed, and boulders along the nght bank. and Wolwekloof, with patches of bedrock at the
upstream and downstrcam extremes of the site. Both had similar flow patterns to Zachaniashock, and all
four were charactensed by more pool-hike patches of water than alluvial mountain sites with similar or
lower gradients

Five main sub-groups of similar samples were recognised among the 48 from these four sites (Figure 11 6),
with a small group of uncertamn identity but named here for expediency “hio-stream™  There was one
outhier (ZA9) which 1s not considered further here. The main sphit was between fast-flow and slow-flow
sites, with all but onc of the slow set being from the Berg sites  The fast group then divided into one sub-

group from the Berg catchment, two from the Breede catchment, and the small bio-stream cluster (Table
11.6)

Sub-group 2 represented bio-pools (cobble) from the Berg tnbutanes, with farly shallow water depths
(0.03-0 45 m) and low velocitics (mean of mean-column velocities 003 m s’ ) Flow types were mostly
slow (1 USW, 3 RS, 1 SBT, 2 BPF, 2 NF, 1 TR), and the substratum dominated by cobble (2 boulder, 4
large cobble, 2 large gravel, | sand, | silt).
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Figure 11.6a Identification of similar invertebrate samples from four mixed
alluvial-bedrock sites. Dendrogram from cluster analysis.
Samples are coded by river and invertebrate sample number. Berg
group: ZA = Zachariashoek, BA = Bakkerskloof Breede group: WO
= Wolveklcof, ST = Steenbok. Substrata and flow categories as per
Tables 2.3 and 2 4.
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Stress =0 .19

Figure 11.6b Identification of similar invertebrate samples from four mixed
alluvial-bedrock sites. MDS ordination plot. Samples are
coded by river and invertebrate sample number. Berg group. B =
Berg: Z = Zacharniashoek Breede group: S = Steenbok; W =
Wolveklcof. Sub-group 6 is denoted with an *.

134



Chapter Eleven

Sub-group 1, from bio-pools (bedrock), consisted of four samples from quict bedrock arcas, two of which
had small cobble or gravel on the bedrock  ‘The hydraulic statistics of the sub-group were similar to those
of sub-group 2

Sub-group 3 represented bio-rapids (bedrock, boulder) from the Berg tnbutancs, with turbulent water (4
CAS: 1 CH, 1 STR: 2 FRF: 1 RS) over mostly bedrock (4 bedrock, 2 boulder, | large cobble, 2 large
gravel). Water depths were shallow (mean of 007 m) and mean-column velocities high (mean of 0 33 m &
). Bio-rapid 3, from the Breede tnbutanes, had a sirmlar composition of flow types (5 CAS. | FF, | USW,
I FRF, 1 RS) and substrata (3 bedrock. 2 boulder, 2 small cobble, 2 large gravel) lts depths were also
similar (mean of (.06 m) and velocities somewhat higher (mean of 0 7 ms™)

Sub-group 4 represented bio-runs (cobble)  All samples came from the Breede tnbutanies, from medium
speed. smooth flowing waters (1 USW, 7 RS. | FRF, | SRF; 1 BPF) The underlving substratum was
mainly cobble ( 2 boulder. 6 large cobble. | small cobble. 2 large gravel)

Sub-group 6 was a sct of four samples from three sites Al four were from bedrock, and three from the
flow types described as “stream”, which 1s defined in Table 2 3 as “water flowing rapidly 1n a smooth sheet
of water, similar to a chute but not forced between two large bed elements™ It was usually found as a ven
shallow, smooth sheet of water flowmng fast over large, hard substrata such as very large boulders or
bedrock. The hyvdraulic statistics attached to these four samples did not reveal any common charactenstics
other than low water depths

Table 11.6 Hydraulic characteristics of the nine groups of samples from mixed alluvial-
bedrock sites, as recognised in Figure 11.6. Sub-groups are recognised as
biologically-derived hydraulic biotopes. Depth (m), Mean-column (0 6) and near-

bed (NB) velocity (m s™).
;:‘:"m Hydraulic biotope camPle Flow/Substrata Depth 05 NB | 'i':o“"‘
1 Bio-pool (bedrock) BA6  NF/BR 016 000 000 0000
BAS  SBT/BR 016 002 001 0012
BA1  SBT/SC 069 001 000 0.003
BA7  NFI/SG 020 000 000 0000
2 Bio-pool (cobble) BAS RSB 003 012 012 0248
BA11  SBTAC 012 003 002 0023
BA12 BPFAG 023 001 001 0009
ZAS  NFAG 014 000 000 0000
BA3  BPFAC 030 001 000 0009
ZA2  RS/SA 011 008 004 0075
ZA3  USWB 018 002 002 0020
ZA6  RSAC 024 002 001 0018
BA10  NFALC 015 000 000 0.000
Wos  TR/SI 003 000 000 0006
3 Bio-rapid (bedrock-alluvial) BA2  CAS/BR 004 038 036 06099
BA8  CAS/BR 012 001 014 0311
ZA1  CHB 005 044 044 0679
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s;muo

;::;p Hydraulic biotope Coas " FlowSubstrata Depth 06 N8 g ’,f::f"h
3 Biorapd (bedrock-alluvial) ZA7  CAS/BR 010 033 043 0619
ZA8  STRBR 004 097 097 1555
ZA11  CASB 007 018 029 0410
ZA4  FRFILG 005 037 041 0655
ZA10  FRFILG 004 020 023 0427
ZA12 RSIC 014 009 006 0081
4 Bio-run (cobble) sT9 BPF/B 042 001 000 0004
ST1  USWB 012 028 027 0333
STS  RS/SC 008 013 013 0133
STé  RSAC 013 006 004 0061
ST3  RSAG 016 006 004 0048
STé  FRFAC 006 009 018 0282
ST7  RSAG 008 023 017 0239
WO4  RSILC 023 011 008 0072
WOS  RSILC 021 013 017 0085
WO8  SRFAC 009 019 017 0201
WO9  RSILC 015 029 022 0254
§  Bio-rapid (bedrock-alluvia) WO1  CAS/BR 004 095 096 1.471
STI0  CASE 005 046 046 0671
ST2  FRFAG 002 030 030 0763
ST11  RS/SC 041 035 038 0336
ST12 CASBR 009 118 153 2008
WO3  FF/B 004 057 057 0810
WO7  CASLG 004 024 024 0411
WO10  USWI/SC 008 049 052 0533
WO11 CAS/BR 004 034 034 0519
8  Bio-stream (bedrock) BA4  STRBR 002 064 064 1438
ST8  STRBR 003 018 018 0360
W02 BPFBR 013 007 006 0062
WO12  STR/BR 001 044 044 1405

/Table 11 6 continued
1.4 Summary

Apart from the three questionable sub-groups, 38 sub-groups of samples were recogmsed  Twelve were
bio-pools, 11 bio-rapids, five bio-nffles and ten bio-runs.  These four man groups had quite differemt
hyvdraulic charactenstics (Table 11.7) The following discussion uses the mean values from cach
nvertebrate sampling point

Bio-pools ranged in depth from very shallow to more than 1 m, but with very low mean-column and near-
bed velocities (0 00-0 10 m s™')  Froude numbers were mostly <0 070 The full range of substrata occurred,
with boulders, large cobble and small cobble cach contnbuting on average about 22% and a higher
proportion of sand and silt than in any other hydraulic biotope (Table 11.8) The most common flow types
were BPF and SBT (Table 11 8).
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Table 11.7a Summary statistics for each sub-group of samples recognised in Tables 11.2-11.6: ranges, means and standard deviations of
water depth, mean-column velocity and near-bed velocity. Up to six individual sets of depth and velocity measurements were
made within the area where each invertebrate sample was coliected. The means of these are the values given in Tables 11.2-116.
The values in this summary table are the ranges, means (Ave) and standard deviations (SD) cf these means. Depth (m), mean-
column (0.8) and near-bed (NB) velocity (ms ).

Hydraulic Biotope :r:gp Analysis Group Fg'u';‘ Range of Depth o‘:;"h of:m Range of NB :}’a‘ g Range of 06 :f':; ;2-
Bio-pool 2 Foothil 112  004-040 019 018 001-024 007 011 001-024 010 010
Bio-pool 3 Foothil 112  008-045 025 015 000-002 001 001 0O00-007 001 003
Rio-pool (bedrock) 1 Alwia-Bedrock 116  016-069 033 025 000-001 000 001 000-002 001 001
Bio-pool (bedrock) 1 Bedrock 115  025-089 050 034 000-002 001 001 000-002 001 001
Bio-pool (bedrock) 6 Bedrock 115  033-095 055 023 000-004 001 002 000-005 001 002
Bio-pool (bedrack) 7 Bedrock 115  033-117 071 037 000-007 001 002 001-015 005 007
Bio-pool (boulder) 1 Mountain 114  009-041 021 014 000-010 003 005 000-014 005 006
Bio-pool (boulder) 2 Mountain(iS) 113  007-033 017 010 000-014 005 004 000-067 010 020
Bio-pool (cobbie) 2 AluviaBedrock 116  003-045 019 013 000-012 002 004 000-012 003 004
Bio-pool {cobble) $ Mountain(S) 113  008-0S6 020 014 000-018 004 005 0O00-014 002 004
Bio-pool (Disa) 6  Mountain 114  003-018 008 006 000-01% 008 006 000-018 008 007
Bio-pool (Newlands) 9  Mountain 114  003-019 012 008 000-005 003 003 000-009 005 005
Bio-rapid 7 Foothil 112  005-052 028 024 011-045 027 017 034-060 046 0.13
Bio-rapid 10 Foothil 1.2  006-058 025 022 005-094 037 040 0.11-087 042 038
Bio-rapid 2 Mountain 114  007-045 022 012 000-098 040 032 008-099 044 030
Bio-rapid 4 Mountain 114  005-071 021 015 002-087 036 030 008-106 045 033
Bio-rapid (bedrock) 3 Bedrock 115 012-016 014 002 016-065 036 021 025-115 067 040
Bio-rapd (bedrock) 4 Bedrock 15  005-021 012 008 009-075 041 033 044-075 058 016
Bio-rapd (bedrock) 9 Bedrock 15  010-046 026 015 004-070 029 025 017-110 054 042
Bio-rapd (bedrock-alluvial) 3 Aluvia-Bedrock 116 ~ 004-014 007 004 006-097 038 026 001-097 033 028
Bio-rapid (bedrock-alluvial) 5 AluviakBedrock 116  002-011 008 003 024-153 055 043 024-118 057 032
Bio-rapid (boukder) 1 Mountain(S) 113  001-016 007 006 0.18-125 070 040 0O02-125 065 040
Bio-rapid (Disa) 5  Mountain 114  004-006 005 001 020-031 026 008 020-046 033 018
Bio-riffle 4 Foothil 112  015-020 017 002 014-035 026 008 026-047 035 008
Bio-nffle 6 Foothil 112  004-016 009 004 009-055 028 018 008-056 031 022
Bio-niffle &  Foothil 112  004-015 008 004 009-044 024 013 006-052 025 016
Bio-riffle 11 Foothil 112  010-032 018 009 017-034 024 006 031-068 042 016
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Sub- Ref. Ave SD _ RanoeoiNB Ave SD Range of 0.6 Ave SD

Hydnuloc Blotope gr oug_f"f_'"" Group Figure Range ol Depm Depth De Depth NB NB % 06 06

Bio-nfle 3 Mountain (IS) 113 004-018 008 012-046 028 003 001-037 025 010
Bio-run 5 Foothil 12 0.07-020 011 0.05 000-006 004 002 001-008 004 003
Bio-run 9 Foothil 12 0.11-094 037 029 000-025 007 01) 0O00-030 0.18 012
Bio-run 3 Mountain 114 0.07-0.71 023 023 002-021 008 005 CO06-026 013 009
Bio-run 4  Mountain (IS) 13 0.07 -0.20 013 004 005-027 019 012 001-024 015 010
Bio-run (bedrock) 2 Bedrock 15 0.31-065 048 020 000-005 003 003 004-024 o011 008
Bio-run (bedrock) 5 Bedrock 115 027049 036 012 001-008 004 004 005-034 016 016
Bio-run (bedrock) 8 Bedrock 115 0.16-020 018 003 004-007 006 002 012-016 014 003
Bio-run (bedrock) 6 Mountain (IS) 113 0.14-021 0.18 005 008-021 015 0039 005-019 012 0.10
Bio-run (cobble) 4 Alluvial-Bedrock 116 0.06 -0.42 016 010 000-027 013 008 001-029 014 009
Bio-run (Disa) 7 Mountain 114 008-0.14 on 003 002-006 004 002 003-005 004 001
Bio-stream (bedrock) 6 Alluvial-Bedrock 116 0.01-0.13 005 006 006-064 033 026 007-064 033 028
Fast (Newlands) 8 Mountain 14 002-0.17 on 004 005-135 031 040 000-135 040 040
Mixed 1 Foothi 11.2 003-023 011 009 000-013 003 007 000-011 003 006

/Table 11.7a continwed
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Table 11.7b Summary statistics for each sub-group of samples recognised in Tables 11.2-
11.6: percentage composition of substrata. Substrata categonies as per Table

24
Hydraulic Biotope  SYP* Analysis Group °". BR B LC SC LG SG SA SILT
group " Figure - T
dio-pool 2 Foothill 12 250 750
2i0-pool 3 Foothil 12 167 500 333
2:0-pool (vedrock) 1 Alluval-Becrock 16 500 250 250
810-poo (Dedrock) 1 Bedrock 115 333 333 233
Bi0-pool (vedrock) 6 Bedrock 15 500 167 333
Bio-pool (pedrock) 7 Bedrock 15 500 250 250
Bic-pool (boulder) 1 Mountain 114 500 250 250
8i0-pool (boulder) 2  Mountain (IS) 113 167 686 187
Bw-pool (cobble) 2  Alluvial-Becrock 116 200 400 200 100 100
Ho-pool (cobble) 5  Mountain (IS) 113 77 538 85
tho-pool (Disa) 8 Mountain 114 500 333 187
2ho-pool (Newlands) 8 Mountain 14 312 687
io-rapid 7 Foothill 12 100.0
So-rapid 10  Fgothill 112 800 200
Bio-rapid 2  Mountain 14 714 286
Bio-rapid 4  Mountain 14 59 646 236 59
Bio-rapd (bedrock) 3  Bedrock 15 1000
Hiorapd (bedrock) 4 Bedrock 1156 1000
Bio-rapd (bedrack) 9 Bedrock "5 833 167
fo-rapid (bedrock-alluvial) 3 Alluval-Becrock 16 444 222 111 222
Bio-rapid (bedrock-alluvial) 5 Alluval-Bedrock 16 333 222 222 222
Swo-rapid (boulder) 1 Mountain (IS) 113 100.0
Bio-rapid (Disa) 5 Mountain 114 500 500
Bio-nffle 4  Foothill 12 400 400 200
Bio-nflle 8 Foothill 112 333 333 167 167
Bio-nffle 8 Foothil 12 125 S00 125 250
Bio-riffe 11 Foothil 112 200 600 200
Bio-nflie 3 Mountain (IS) 113 333 667
Bio-run 5 Foothill 12 400 400 200
8w0-run 9 Foothill 112 222 666 111
Bio-run 3 Mountain M4 143 714 143
Bio-tun 4  Mountain (IS) 113 S00 S00
Bio-run (bedrock) 2 Bedrock 15 500 S00
8io-run (bedrock) 5 Bedrock 15 1000
Bio-run (bedrock) 8 Bedrock 15 1000
8Bio-run (bedrock) 6  Mountain (IS) 13 1000
Bio-run (cobble) 4  Aluvial-Bedrock 116 182 545 91 182
Bio-run (isa) 7 Mountain 14 250 250 50.0
Bio-stream (bedrock) 6  Aluvial-Bedrock 16
Fast (Newlands) 8 Mountain 114 85656 333 11
Mixed 1 Foothill 112 500 250 250
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Table 11.7c Summary statistics for each sub-group of samples recognised in Tables 11.2-11.6: percentage composition of flow types.
Flow type categories as per Table 2.3.

Hydraulic Biotope

Hi0-pool

Bic-pool

Bio-pool (bedrock)
Bic-pool (bedrock)
Bio-pool (bedrock)
Bio-pool (bedrock)
Bic-pool (boulder)
Bio-pool (boulder)
Bio-pool (cobble)
Bio-pool (cobble)
Bio-pool (Disa)
Bio-pool (Newlands)
Bio-raped

Bio-rapid

Bio-rapid

Bio-rapid

Bio-rapid (bedrock)
Bio-rapid (bedrock)
Bio-rapid (bedrock)
Bio-rapid (bedrock-alluvial)
Bio-rapid (bedrock-alluvial)
Bio-rapid (boulder)
Bio-rapid (Disa)
Bio-nffle

Bio-rffle

Biowun
Bio-run (bedrock)

Sub- Ref.
group Analysis Group Figure NF TR BPF SBT RS FRF USW BSW . CH CAS STR FF

2  Foothill 1.2 250 S00 250

3  Foothill 1.2 500 333 167

1 Aluva-Bedrock 116 500 500

1  Bedrock 11§ 333 333 333

6 Bedrock 11§ 333 500 167

7  Bedrock 18§ 333 667

1 Mountain 114 250 250 250 250

2  Mountain (IS) 113 167 500 333

2  Aluvial-Bedrock 16 200 100 200 100 300 100

5  Mountan (IS) 113 462 384 154

6  Mountain 14 750 250

9  Mountain 114 333 333 333

7  Foothill 12 333 33 33
10 Foothi 112 200 200 20 200 200

2 Mountain 114 143 143 143 286 143 143
4  Mountain 114 236 59 177 17.7 295 56
3 Bedrock 1S 400 400 200

4 EBedrock 115 333 333 333
9 Bedrock 1"s 167 500 33

3 Alluvial-Bedrock 116 11 22 111 444 11

5 Alluvial-Bedrock 116 11 11 711 556 11
T Mountain (IS) 113 250 375 315

S Mountain 14 1000

4  Foothill 12 400 400 200

6  Foothill 112 187 187 333 333

8 Foothll 12 126 625 250
1 Foothall 12 200 200 400 200

3 Mountaun (IS) 13 333 250 166 250

5  Foothill 112 600 400

G Foothal 1.2 1.1 11 333 44 4

3  Mountain 114 142 286 572

4  Mountan (IS) 13 333 333 333

2  Bedrock 11.5 — 100.0 .
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Sub- Ref.

Hydraulic Biotope group Analysis Group E!!“;' NF TR BPF SBT RS FRF USW BSW CH CAS STR FF
8io-run (bearock) 5 Bedrock 15 657 333

Bio-run (bedrock) 8 Bedrock 1"s 50 500

Bio-run (bedrock) 6  Mountain (IS) 13 1000

Bio-run (cobble) 4 Alwial-Bedrock 1186 9.1 636 182 91

Bio-run (Disa) 7  Mountamn "4 750 250

Bio-stream [bedrock) 6  Alluvial-Becrock "e 250 750

Fast (Newlands) 8  Mountain 14 111 222 222 11 222 11
Nixed 1 Foothdl 112 500 250 250

“Table 11.7¢ continued
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Table 11.7d Summary statistics for each sub-group of samples recognised in Tables 11.2-
11.6: range, mean (Ave) and standard deviations (SD) of Froude numbers.

Hydraulic Biotope j.g:_:.g Analysis Omp—m-ﬂl“;. Range of Froude Fr:"n F:&.
Bio-pool 2 Foothill 112 0000 - 0543 0116 0162
Bio-pool! 3 Foothll 12 0000 -0043 0 00g 0015
Bio-paol (bedrock) 1 Alluvial-Bedrock 116 0000-0023 0003 0.006
Bio-pool (bedrock) 1 Bedrock 18 0.000 - 0 042 0005 0013
Bio-pool (bedrock) 6 Bedrock 115 0000-0038 0003 0009
Bio-pool (bedrock) 7 Bedrock 1158 0 000 -0 088 0 021 0024
Bio-pool (boulder) 1 Mountain 14 0.000-0222 0042 0068
Bio-pool (boulder) 2 Mountain (IS) 13 0 0000243 0 03% 0 046
Bio-pool (cobble) 2  Alluvial-Bedrock 116 £.000-0.760 0043 0118
Bio-pool (cobble) 5 Mountain (IS) 113 C000-0111 0030 0 040
Bio-pool (Disa) 6 Mountain 114 0.000-0535 0114 0121
Bio-pool (Newlands) Kl Mountain 114 C000-0159 0 085 0 064
Biorapd 7 Foothill 112 0.072-1.356 0350 0327
Bio-rapid 10  Foolhid 12 0000 -2 209 0532 0832
Bio-rapid 2 Mountain 114 0005-1423 0362 0 364
Bio-rapd 4  Mountain 114 0 000-4539 0514 0637
Bio-rapid (bedrock) 3  Bedrock 115 0035-1417 0532 0350
Bio-rapid (bedrock) 4 Bedrock 115 0028 - 1806 0 686 0513
Bio-rapid (bedrock) 9  Becrock 115 0.016 - 1,357 0426 0420
Bio-rapid (bedrock-alluvial) 3  Alluvial-Bedrock 16 0000 - 2698 0583 0 583
Biosapid (bedrock-alluvial) 5  Alluvial-Bedrock 116 0.000 - 3.324 0.860 0678
Bio-rapid (boulder) 1 Mountan (1S) 13 0053 .38082 1019 0 Bo4
Bio-rapid (Disa) 5  Mountan 114 0.183-0.5627 0.3M 0145
Bio-nffle 4 Foothi 12 0.007 - 0830 0339 0217
Bio-nfle 6  Foothl 112 0000-1118 0 346 0277
Bio-nffle 8 Foothi 12 0.000 - 1.485 0.369 0360
Bio-nftle 1 Foothill 112 0058-1173 0332 0278
Bio-nffle 3 Mcuntain (I1S) 13 0.000-0835 0344 0215
Bio-run 5  Foothit 112 0.000 - 0.157 0.043 0049
Bio-run 9  Footha 12 0000 - D350 0073 0 DB4
Bio-run 3  Mcuntan 114 0.000 - 0 362 0 095 0082
Blo-run 4 Mountan (IS) 113 0.000 - 0643 0183 0178
Bio-run (bedrock) 2  Bedrock 15 0.000 - 0 221 0 060 0053
Bio-run (bedrock) 5  Bedrock 115 0.000 - 0.242 0.081 0 080
Bio-run (bedrock) 8 Bedrock 18 0028-0224 0115 0065
Bio-run (bedrock) ] Mcuntan (I1S) 13 0042-0313 0125 0084
Bio«run (cobble) 4  Allyvial-Bedrock 116 0.000 - 0.766 0161 0155
Bio-run (Disa) 7 Mountain 114 0026 -0271 0.051 0059
Bio-stream (bedrock) 6  Alluvial-Bedrock 116 0000-2213 0673 0722
Fast (Newdands) 8  Mountan 114 0.000 - 3.576 0467 08N
Mixed 1 Foothil 11.2 0 000 - 0 478 0088 0135
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Table 11.8a Means of percentages of flow types per hydraulic biotope. Flow categones as
per Table 2 3

‘Biotope NF TR BPF SBT RS FRF USW BSW CH CAS STR FF

Bio-pool 162 386 340 311 121 21 10 . . .

Bio-run 11 - 95 208 452 159 42 - . . 33
Bio-nte - 33 178 268 210 123 - 157

Bio-rapid . : 13 33 185 49 89 118 75 352 28 59

Table 11.8b Means of percentages of substrata per hydraulic biotope (alluvial and mixed
channel type groups only). Substrata categories as per Table 2 4.

Biotope BR B LC SC LG SG SA S

Ri0-pool 120 256 216 241 NS 22 22 10
Bio-run 7 186 386 60 90 - 33 83
Bio-nfe . 278 500 98 123 - . .
Hio-rapid 10 77 204 10 - - -

Table 11.8¢c Means of percentages of substrata per hydraulic biotope (bedrock channel
type only). Substrata categories as per Table 2 4

Bioope BR B LC SC LG SG SA SI

Bio-pool 444 56 104 : 83 - M1 111
Bio-run 500 16.7 . - - 333

Bic-nffle - - - . - > -

Bicrapid 04 4 . - - 56 - . -

Bio-runs were somewhat shallower but many were still more than 0 50 m decp.  Mean-column velocitics
were higher than in pools, between 005 and 0 19 m s, and Froude numbers mostly between 0070 and
0200 The full range of substrata occurred, with a predominance of bedrock, boulders and large cobble
The most common flow tvpes were RS, then SBT

Bio-nffles were consastently very shallow (all but one sample < 0.30 m), with consistently higher current
speeds than bio-runs (0. 27-0 39 ms™)  Froude numbers were within the small range 0 332 and 0 425 Four
substratum categories occurred boulder, large and small cobble and large gravel  Large cobble was most
abundant. The most common flow types were FRF, then USW, then RS and CAS

Bio-rapids had a wider range of depths than nffles, from very shallow to 0. 70 m Thas reflects the differemt
hyvdrauhic arcas over and between large bed clements. Current speeds were the highest recorded, ranging
between 038 and 0 64 m s Froude numbers were also the highest recorded (0 371-0 900). No substrata
smaller than large cobble were recorded, and boulders were most common, followed by bedrock. This
hyvdraulic biotope had the widest range of flow types, ranging from BPF 1o FF. CAS was the dominant
form, followed by RS and BSW
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It is emphasised that the above hydraulic measurements are means of all the samples in one sub-group, and
that these in turn are means of two to six measurcments taken at the point of invertebrate collection
Individual measurements covered a wider range than the above. The ranges for the sub-groups are shown
i Table 11 2-11.6, and the ranges for any one sample in the database  Nevertheless, the summarny values
above do present a remarkably consistent picture, considening the complexity of flow in these streams
Indeed single mcasurements may provide a mislcading picture of local hvdraulics, simply because they may
have been made in or out of hydraulic cover, and on or beside a large bed clement  In such a situaton,
mean values from several readings would be far better indicators of hydraulic biotopes, than would a single
rcading or a range

These analyses indicate that within Western Cape mountain and foothill nivers, there are four main arcas
with different species assemblages.  Further down stream, additional types of hvdraulic biotopes, such as
marginal vegetation, also become avaulable. The arcas wdentified are broader than expected, larger than the
hydraulic biotopes we had envisaged, but in most cases probably sull smaller than morphological umits
They appear to represent the hvdraulic conditions expenenced by broad assemblages of specics rather than
the more specific conditions expenenced by individual species The hydraulic brotiopes are probably an
appropnate level for use in niver surveys, biomonitoring and similar activitics, where it can guide the choice
of sampling points within a site. Thewr distribution within morphological units is addressed in Chapter 12,
therr distnibution within different reach types in Chapter 13 and therr relationship with discharge in Chapter
14.

It 1s clear from the above that hydraulic biotopes do not adequately descnibe the exact conditions in which a
species may be found. The very small chironomid Aphrotenia, for example, occurs in quict walters, as are
described above for bio-pools  Its actual habitat within that bio-pool, however, i1s small gravel in very quict
edge waters in hydraulic cover such as that provided by a boulder  'We suggest that this level of detail be
called the hwdraulic habuar of the species.  Encompassing descniptions of a specific combination of flow
type and substratum and other details of where the species is found, the hydraulic habitat is an appropnate
unit for the study of species as opposed to one of species assemblages. The hydraulic habitat would be
denived from many measurements of where a specific species occurs, and developed as a profile of its
required physical habitat. Thus process is described in Chapter 17
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12. MORPHOLOGICAL UNITS
12.1 Recap

The third aim histed for this project (Section 34) was to assess the biological sigmficance of
geomorphologically denved morphological units (MUs)  MUs were mapped for cach study site (for
example. Figures 7 4¢, 7 5¢ and 7 6¢), so that every invertebrate sample could be linked 1o one  Thus, the
twelve samples from cach lcast-disturbed niver, and the 52 replicate samples from the Eerste, were agan
available for the analyses It should be noted, however, that because the MUs were not mapped until the
sccond year of the study, that is unul afier the invertebrate samples had been collected, biological sampling
could not be designed specifically to test MUs

It was thought that cach study site could differ in its combination of MUs, and thus could either be
supportng different combinations of species or the same species assemblages but in different proportions
Euther way, samples collected for instance for biomonitoring purposcs, could produce different results
simply because of the arcas within the site that were sampled  Bio-niffles, and bio-rapids on boulder,
cobble or bedrock, all have the appearance of turbulent, fast-flowing water over rock, and could be sampled
together in one comprehensive biomonitonng sweep.  In Chapter 11, however, they have been shown to
have distinet species assemblages. In this chapter, we report on initial analyses designed to investigate the
nature of within-site physical differences, and how these might be affecting ammal distributions

12.2  Physically similar sites

The number, type and area of coverage of cach MU were outputted from the digitised GIS maps  The
number and tvpe of cach MU within cach site was used to run the CLUSTER module of PRIMER, just as
invertebrates were used in Chapters 10 and 11, to determine which sites were similar in terms of MUSs.
Four main groups (Figures 12 1 and 12 2) were recognised.  Group 1 consisted of six mountain sites.
Altitudes ranged 100-350 m, and slopes were very similar (0.060-0 100) (Table 12.1). Group 2 consisted of
four transitional/upper foothill sites, with an altitude range of 380-700 m and similar slopes (0.013-0 030).
Group 3 consisted of the bedrock streams, although one mixed alluvialbedrock site (Bakkerskloof) was
meluded  There were wide ranges of altitude (80-860 m) and slope (0 005-0 100)  Group 4 consisted of
two sub-groups. Sub-group 4a included the two lower foothill sites at relatvely low altutudes (260, 430 m),
and relatively low slopes (0.002, 0010). Sub-group 4b consisted of what we have previously identified
(Chapter 11) as a mixed bedrock-alluvial site (Steenbok) and a transitional mountain/foothill site (Du
Tonts) These two are recogmised as outhers, probably duc to Steenbok having some unusual MUs (bedrock
pavement, slump) and Du Toits consisting almost entirely of the one MU, Planc-bed.

In summary, substratum, via MUs, remained a good distinguisher of different kinds of sites at the second

(bedrock v alluvial) and third (mountain v foothill) levels of distinction, with slope also providing a tight,
consistent pattern within the alluvial groups (1, 2 and 4a). Altitude was a less useful guide
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Figure 12.1 Dendrogram of the similarity of 18 least-disturbed sites, based on
the number and types of MUs mapped at the sites, . # = pre-identified
as biological mountain zone and $ as a biological foothill zone. * denote
mixed alluvial-bedrock streams.
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Stress = 0.15

Figure 12.2 Two-dimensional MDS configuration of the 18 least-disturbed sites,
based on the number and types of MUs mapped at the sites. Group 1
= mountain zone, Group 2 = mountain-upper foothill zone; Group 3 =
bedrock sites in mountain and foothill zones, Group 4a = lower foothill
zone; Group 4b = outliers. # = pre-identified as biological mountain zone
and $ as a biological foothill zone. * denotes mixed alluvial-bedrock
streams

147



Chapter Twelve

Table 121 Summary of altitude and map slope data for the groups recognised in
Figures 12,1 and 12.2. # pre-identfied as in a biological mountain zone and S as
in a bological foothill zone, * mixed alluvial-bedrock streams.

Altitude  Map
Group River Code Zone (m asl) Slope

1 Zachanashoek® B15# Mountain 310 0.100
Disa T29# 100 0.080
Vvuiverivui® ROTH 350 0.100
Langrivier E198 350 0.080
Swartboskloof E20#% 340 0.080
Newlands T278 180 0.060

2 Elands M10# Mountain transitional to upper foothill 460 0.020
Wit RO8S 700 0.013

Eerste E18#% 380 0030
Rondegat 0023 470 0.026

3 Bakkerskloof* Bl4g Bedrock mountain and foothill 320 0.100
Elandspad M11# 860 0.200

Jan Dissels Q018 190 0.005
Dwars P24s 80 0.040

4a Berg B17S Lower foothill 260 0002
Molenaars M09S 430 0.010

4b Du Toits R13% Quitlier 400 0.020
Steenbok* ROG# 290 0060

The four categones of sites recogmised in Figures 121 and 122 (1.e. excluding the outhier group) have
different pereentages of cach MU (Table 12 2), with a pattern emerging of charactenstic MUs  Alluvial
mountain sites are dominated by step and pool MUs, with a minor presence of many other MUs, of which
the most common are lateral bars and planc-bed.  Lower down, alluvial mountaim/upper-foothill sites also
have a high number of pools, fewer steps than the mountain sites, but more lateral bar and plane-bed MUs
Further downstream, alluvial lower foothills are dominated by runs, with a range of less-abundant MUs,
including pools, planc-bed, rapids, nffles and several kinds of bars  The famibar downstream
transformation of channel morphology 18 shown, from step-pool in the upper reaches, through the confused
pattern of change charactensed by plane-bed in the upper foothills, to the classic nffle-run configuration of
the lower foothills It should be noted, however, that even in the nffle-run zone, nffles are far less common
than runs

Rapids and pools (Table 12 2) dominate bedrock mountain and foothill sites It was expected that the same

clustening of sites would emerge when the number of cach MU was replaced by percentage arca, but this
did not emerge (Figure 12 3)
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Figure 12.3 Dendrogram of the similarity of 18 least-disturbed sites, based on
the area of each type of MU mapped at the sites. # = pre-identified
as biological mountain zone and $§ as a biological foothill zone *
denotes mixed alluvial-bedrock streams. Numbers in bold to the right
of each site code indicate the group number of each river site in Table
12.1: 1 = mountain zone (alluvial); 2 = mountain-upper foothill zone
(alluvial); 3 = mountain and foothill zones (bedrock); 4a = lower foothill
zone (alluvial); 4b = outliers (alluvial)
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Table 12.2 Percentage of MUs (by number) found within the sites in each classified
stream zone, with the groups based on Figure 12.1 MUs are defined in Table

6.3,

Alluvial Mountain Bedrock Alluvial

Morphological Unit Alluvial Transitional to Upper Mountain and Lower

Mountain Foothill Foothill Foothill
Step 360 86 3.5 0.0
Pool 302 229 158 77
Laters! Bar 81 171 no 7.7
Plane Bed 70 171 00 7.7
Rapid 35 29 246 1.7
Riffle 35 00 00 1.7
Run 12 0.0 0.0 308
Bedrock Pool 12 29 18 00
Bedrock Rapid 1.3 00 00 0.0
Boulder Bank 1.2 00 00 00
Boulder Bar 12 00 00 00
Boulder Rapid 12 29 00 00
Lee Bar 12 57 83 00
Mid-Channel Bar 12 29 00 Tl
Proto Step 1.2 00 18 00
Sandy Lee Bar 1.2 00 00 00
Backwater 00 57 39 00
Bar 00 00 18 00
Bedrock Core Bar 0.0 0.0 1.8 00
Bedrock Pavement 0.0 0.0 53 00
Bedrock Step 0.0 0.0 70 00
Canal 00 0.0 88 0o
Cataract 0.0 0.0 18 00
Flood Bench 0.0 29 0.0 00
Flood Channel 00 0.0 18 00
Island 0.0 0.0 18 1.7
Lateral Channel 0.0 8.7 0.0 00
Lateral Channel /Plane Bed 0.0 00 0o [ 57 4
Mid-Channel Bar Remnant 0.0 00 0.0 %,
Plunge Pool 00 00 88 00
Sculplured Bedrock 0.0 0.0 18 0.0
Secondary Channel 0.0 29 18 00
Waterfall 0.0 0.0 18 00

12.3  The distribution of hydraulic biotopes among MUs

Each invericbrate sample, with the exception of a few outhers, had been allocated to a hydraulic biotope
(bro-rapad, bio-nffle, bio-run or bio-pool) (Chapter 11). These samples and thus their hydraulic biotopes
were now allocated to MUs  In order to preserve the pattern emerging in Chapter 11, scparate analyscs
were done for alluvial foothill, alluvial mountain, bedrock, and mixed alluvial-bedrock sites (Table 11.1),
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and for the rephicate-sampling site on the Eerste. The breakdown by individual nivers 1s given in Appendix
12.1

1231 Alluvial foothill sites

All four hydraulic biotopes were recorded in the alluvial foothill sites (Figure 11 2a), with bio-rapids being
least represented. Twenty-two of the 60 samples occurred in Planc-bed MUs (Table 12.3), with cight in run
MUs, six in nffle MUs, six in pool MUs, five in rapid MUs, and four or less in secondary channcls, lee
bars, flood channcls, steps, middle-channel bars and lateral bars. These proportions cannot automatically
be accepted as representative of the proportion of MUs in alluvial foothills, as no attempt was made to
randomly sample  The four outher samples recogmsed in Chapter 11 were not allocated 10 a MU There
was little consistency in the distnbution of hydraulic biotopes within a MU Invertebrates in the 22 Planc-
bed samples were from bio-runs (6), bio-nffles (10), bio-rapids (3), and bio-pools (3). Run MUs viclded
five bio-pool samples, two bio-nffle samples and only one sample from a bio-run. Only the nifle and rapid
MUs viclded mamnly invertebrates from a ssmilar hydraulic biotope: five of the six samples from nfflc MUs
were bio-nffle assemblages, and four of the five samples from rapid MUs were bio-rapid assemblages

Table 12.3  Alluvial foothill sites: allocation of invertebrate samples, identified by
hydraulic biotope, within MUs. Each of the entries in the body of the table
represents one invertebrate sample. Each sample is designated by the hydraulic
biotope from which it was taken: Ri = bio-riffle, Ru = bio-run, Ra = bio-rapid, Po =
bio-pool.

River
Sandy lee
bar
Secondary
channel
Flood
channel
Pool
Riffle
Plane bed
Rapid
Step
Run
Mid-
channel
bar
Lateral bar
Qutlier

Berg S5Ri 5Po 1
1Po

Molenaars 1 Ru 1R 2RI 1Ru 1
2Ru IR
1Ra

Rondegat 1 Po 1RI 3Po TR
IR
Z2Ra

Du Tots ER 1 Ru 1
4 Ry

Elands 1Ru 1Ru  3Ru 4Ra 1R

- ~__1Ra 1R o B

1232 Alluvial mountan sites

None of the 60 samples collected in the alluvial mountain sites were from bio-nfiles (Figure 11 4a),
although mine of the Newlands samples were from arcas catcgonsed as “fast”  Although these arcas
contained more cobble than expected for bio-rapids, their flow types were charactenstic of bio-rapids and n
both its proportion of MUs (Figure 12.1) and uts slope (Table 12 1), Newlands was wdentified as a mountain
rather than foothill site and so more likely to have rapids than nffles. For the purpose of this analysis, the
mine “fast” sites at Newlands have therefore been called bio-rapids. Nineteen of the samples from alluvial

151



Chapter Twelve

mountain sites were from step MUs, 24 from pool MUs, mine from pool MUs, with three or less from lateral
channel, nfflc and rapid MUs  There was one outhier (Table 12.4) Again, there was no great consistency
in the distnibution of hydraulic biotopes among MUSs, with bro-run and bio-rapid samples constituting 42%
of the samples taken from pool MUs, and Planc-bed MUs supporting a muxture of samples  Bio-pool
samples, however, were mostly confined to the Pool MU, and step MUs viclded almost entirely bio-rapid
samples

Table 124  Alluvial mountain sites: allocation of invertebrate samples, identified by
hydraulic biotope, within MUs. Each of the entries in the body of the table
represents one invertebrate sample. t£ach sampie 1S gesignated by the hydrauiic
biotope from which it was taken. Ru = bio-run; Ra = bio=rapid, Po = bio-pool.

g 5 o é g 3 g }
(4 : a o o 7]
*EéréteA 1 R; éha T N ' Ra 1
1Ry 2Ru 1Ru
Langnvier 3P0 2Ra 1Po 1Ra 2Ra
2Ru 1Ru
Swartboskloof 4 Po 4 Ra 4 Ra
Disa 4 Po Z2Ra
4Ru 2Ru
~Newlands ~__3Po SRa

1233 Bedrock mountamn and foothill sites

Of the 36 mvertebrate samples taken from bedrock sites, none were from nffle MUs as these do not occur
in bedrock arcas (Table 11 8c) (Figure 11 5a)  Eleven of the samples were from bedrock pool MUs (Table
12 5), eight from other pools, mne from rapids, and two or less from canal, step, backwater and cataract
MUs. Pool and bedrock pool MUs yiclded almost as many samples from faster-flowing hydraulic biotopes
as from slow oncs (three bio-rapid samples, six bio-run, ten bio-pool), and typical fast-flowing arcas such
as rapid and cataract MUs also produced a mixture  Too few samples were taken from other MUs to
attempt gencralisations

1234 Mixed alluvial-bedrock sites

The 48 invertebrate samples taken from mixed alluvial-bedrock sites. represented bio-pools, bio-rapids, bio-
runs, the unusual hydraulic biotope “stream”, with one outher (Figure 11 6a) The distnbution of samples
among MUs was: cight from rapid MUs, seven from step MUs, twelve from plane-bed MUs, and 13 from
vanous kinds of pool MUs (Table 12 6) One sample was taken from a nffle MU, and there were several
samples from unusual MUs such as plunge pools, bedrock pavements and sandy lee bars. The wide range
of MUs reflects the diversity of this group of sites: the mountain sites provided rapid, step and pool MUs,
and the foothill sites, nffle MUs  Additionally, bedrock sites provided pavement, cataract and plunge pool
MUs and alluvial sites planc-bed MUs  Again, there was no consistency in the distnbution of hydraulic
biotopes among MUs, although bio-pools were the most common hydraulic biotope in pool MUs and bio-
rapads in raped MU's
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Table 125 Bedrock mountain and foothill sites: allocation of invertebrate samples,
identified by hydraulic biotope, within MUs. Each of the entnes in the body of
the table represents one invertebrate sample. Each sample is designated by the
hydraulic biotope from which it was taken: Ru = bio-run; Ra = bio-rapid; Po (BR) =

bedrock bio-pool

Step
Backwater
Cataract

Pt § ot i

“JanDssels 3 Ru "~ 1Po(BR) 3Ra 1 Po (BR)
1 Po(BR) ! Ra 1Ru
1 Ru
Elandspad 5Fo(BR) 1Ra 1 Po (BR)
2 Ru 1 Ru
2Ra
Deaars ZRa 1Ra 1Po(BR) 2Ra
2Ru 1 Ra
3Po(BR) S e .

Table 126 Bedrock mountain and foothill sites: allocation of invertebrate samples,
identified by hydraulic biotope, within MUs. Each of the entries in the body of
the table represents one invertebrate sample. Each sample is represented by the
hydraulic biotope from which it was taken: Ru = bio-run;, Ra = bio-rapid; Po = bio-
pool, Po (BR) = bedrock bio-pool. Stream = very fast, shallow, smooth flow cver
rock

g
=

Sandy lee
bar
Bedrock
pool
Plunge
pool
Flood
channel

' Pool
Riffle
ne-bed
Rapid

Bedrock

pavement |
Step
Run
OQutlier

Bakkerskicof 3Po(BR) 1Po  1Po 2P 1Ra ' 1Ra

(BR) 1 Stream 1Po

1Po
Zachariashoek 1 Po 2Ra 1Ra 1 Po 1Ra 1Ra 1

2Po 2 Ra
Steenbok 1 Ru SRu 1Ru 1Ra
3Ra 1 Stream
Wo'wekloof 1 Stream 4Ru 2Ra IRa
1 Stream 1 Po

1235  Summary

In summary, Tables 12 3-12 6 suggest that there 1s a mixture of biological assemblages within any one MU
type  The total array of MUs provided a good indication of whether a site 1s bedrock or alluvial, and
mountain or foothill, but individual MU-types provided a poorer indication of the species assemblages they
support. Some MUs, however, provided a better indication than others did Of the 19 samples taken over
all the nivers from step MUs, 15 (80%) were designated bio-rapid assemblages  Scoring somewhat poorer,
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of the 54 taken from Pool MUs, 30 (56%) were designated bio-pool assemblages. Riffle MUs scored better
in alluvial foothulls sites (83% of samples were designated bio-nffle assemblages), where nffles are most
prolific, than in alluvial mountain sites (0%) where they are small and rare This suggests a prerequisite of
some mimimum amount of riffle arca or abundance before a distinct nffle assemblage develops. Sconng
among the lowest in terms of predictability were plane-bed MUs, where of the 43 samples, ten (23%) were
designated bio-nffle, 16 (37%) bio-run, 13 (30%) bio-rapid, four (10%) bio-pool assemblages  This reflects
their somewhat unstructured mixture of physical and hydrauhic conditions

12.4  The distribution of hydraulic biotopes within a single MU

The high mix of biological assemblages within any one MU type might be a reflection of having pooled
data from the same MU-type in different nvers.  Individual MUs might show higher consistency  The 52
samples from the Ecrste site were used to investigate this. The locations of the 52 samples were plotted on
a map of MUs, with cach sample represented by its hydraulic biotope as designated in Figure 11 3a (Figure
12 4)

The site consisted of the following MUs
e 3 plane-bed,

e 2 pool,

o | step;

e | lateral channel

Analysis of the hydraulic biotope linked to each sample (Table 12.7) revealed a range of specics
asscmblages within any onc MU Again, the step MU was the most consistent, viclding only the fast-flow
bio-niffle and bio-rapid communitics. Simular to the findings from the other sites (Scction 12 3 5) sixty-two
percent of the samples from pool MUs were of bio-pool assemblages.  Planc-beds again were the least
consistent, with samples allocated to hydraulic biotopes as follows: 20% bio-nffle; 15% bio-run, 30% bio-
rapid; and 35% bio-pool. Two of the three plane-bed MUs had samples representing all four of the main
hydraulic biotopes, whilst the third had samples representing three. The data suggest that in any MU there
would be considerable spatial vanability in the distnbution of invertcbrate specics
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Figure 124 Map of the morphological units of the Eerste River site, with the location of
the 52 invertebrate samples collected as part of the intensive survey (Section
11.3.2). Samples are numbered on the map 1 to 52, with an accompanying symbol
to illustrate the major hydraulic biotope which they represent. * = bio-riffle; * bic-
run, # bio-rapid; + bio-pool
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Table 127 The 52 invertebrate samples from the Eerste River site allocated by MU and
hydraulic biotope. Each sample is indicated by its code number (Table 11 3)
Sample 37 was identified as an outlier in Figure 11 3a, and is not included

- - : g - -~ -
il ouy o
23 4 3
g $83 2§ ¢ g $ 3
MU ®L8 @i @ [ o £
Plane-bed 1 % 45 ‘ 48, . a2, 43 44 47 49
Plane-bed 2 17 14 22,26 23 52
Plane-bed 3 1.3 (3} 2.4 5
Pool 1 50,51 25 18,27, 28, 24, 30
29, 31,34
Pool 2 13 9
Step 32,33 35,38 36, 39. 40, 41
Lateral channel 19, 20, 21 7.8.15 10,11, 12,
16

12.5  Hydraulic biotopes versus MUs as indicators of species assemblages

MUs and hydrauhe biotopes cach have advantages and disadvantages as indicators of ainvertebrate
assemblages MU types provide a useful guide to the overall nature of a niver reach, and create awarencss
of the bkelthood of finding any onc kind of imvertebrate assemblage.  Bio-rapid assemblages, for instance,
would not be found n a site consisting of nffle and pool MUs. At the level of the individual MU, some
types such as steps and to a lesser extent pools, may be better gundes than others as to what might be
present. Even with the better performers, however, there is sufficient diversity in invertebrate assemblages
within any one MU 1o create considerable “noise™ in distnibution patterns (Table 12 7)  Larger ammals
such as fish may be responding to MUs as single habitats, but mvertebrates appear to be distnibuted within
MUs according 10 a fincr-resolution influence

I MUs cannot be used with any great certamty 1o locate a specific invertebrate assemblage, then can
hyvdraulic biotopes” The four hvdraulic biotopes recogmised in Chapter 11 were defined by their different
imvertebrate assemblages, and so should be good indicators of where those assemblages could be found
Unlike MUs, however, they cannot casily be pinpointed within a strcam, as they are arcas that have a
charactenstic spread of flow types and substrata rather than a single one of cach (Tables 11 §)

Riffic hydraulic biotopes, for instance, are dominated by FRF and USW flow types and by boulder and
large cobble substrata  In the intensive sampling site on the Ecrste, 612 of the samples taken from one
these two flow types combined with one of these substrata were bio-nffle samples  The picture 1s more
complex than this suggests, however. When all the alluvial foothill and mountam sites were assessed, 90%
of the foothnll samples (n = 10) with this same combination (FRF or USW flow-types with boulder or large
cobble) were of bio-nfile assemblages, but 0% (n = 11) of the mountmn samples were The mountan
samples with this combination of flow and substratum contancd bio-rapid assemblages. This suggests that
bio-nffle assemblages will not occur if environmental conditions other than the flow type and the
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substratum arc unsuitable  Alternatively, perhaps msufficient nffle habitat occurs i mountain streams for a
nffle commumty to develop

Similarly, rapid hydraulic biotopes are dominated by the CAS flow type and are the only biotope to have
CH and FF flow types. They are also dominated by boulder and bedrock substratum types (Table 11 8) In
the intensive sampling site on the Eerste, 86% of the samples with one of these flow types combined with
one of the substratum types were bio-rapid samples. When all the alluvial foothill and mountain sites were
asscssed, 100% (n = 11) of the samples with onc of these combinations from mountan sites were of bio-
rapid asscmblages, as were 60% (n = 5) of the samples from foothill sites.  Overall, the likelihood of
locating a bio-rapid assemblage, using just the flow type and substratum for guide, i1s thus quite high

Bio-runs can occur on any substratum, and RS 1s their most common flow type.  In alluvial foothill sites,
71% of the samples (n = 14) with RS (any substratum) held bio-run assemblages, whilst only 25% of
mountain samples (n = 12) held such assemblages, the remainder were almost entircly bio-rapid
asscmblages  As with bio-nflle fauna, this may reflect the relative ranty of runs in mountain streams

Bio-pools can also occur on any substratum, and are dominated by BPF and SBT flow types. Only 47% of
alluwvial foothull samples (n = 17) with these flow types held bio-pool assemblages, with an even lower score
of 38% in mountain samples (n = 13). Arcas with slow flow types in high-gradient streams are often very
small, and it scems possible that the invertebrates may be responding to faster water at the edge or bottom
that 1s not reflected by the flow type.

Both MUs and hydraulic biotopes thus are imperfect guides to specific invertebrate assemblages, although
the latter appear to be the better.  Undoubtedly there 1s another finer level of physical resolution that s one
of the final determunants of species’ distributions. Thus topac 1s revisited in Section 12.7 and Chapter 17.

12.6 The influence of discharge

The distnbution of flow types changes with changing discharge, and so their proportions within any one
MU will also change over time. In order to ascertain how this mught affect hydraulic biotopes, that is, the
arcas within which specific assemblages sit, one site on the Eerste River was sampled on six different
occasions within two scasons (summer base flow and winter base flow) This investigation is reported on
in Chapter 14

12.7 Conclusion

The objective of this section of the project was to asscss the extent to which faunal distnbutions are
explained by their presence in different MUs.  The overall message appears 1o be that MUs are not
partcularly good predictors of local species distnbutions, but can gwide on the overall nature of a nver
reach and thus of the invertebrate assemblages hikely to be present MUs such as “step” arc among the
better predictors of invertcbrate assemblages and ‘planc-bed’ 1s the worst  To actually locate the
assemblages, hydraulic biotopes - through thewr component parts substratum and flow - are better guides
than MUs, but have to be used with caution for two reasons
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e The nver zone must be pre-identified, as some species assemblages do not occur in all zones  For
example, bio-nffle assemblages are rare in mountain streams, even in flow-substrata combinations
charactenstic of nffles.

e Even if both zonc and flow-substrata combinations have been identified, the expected specics
asscmblage will not always be collected. The arca of the "habmtat” patch (flow and substrata
combination) may affect the ability of an appropnate species assemblage to become established, with
smaller arcas possibly less able to support an appropnate assemblage than bigger arcas, because of edge
effects  Alternatively, conditions not reflected by the substrata and flow type mught be affecting
distnbutions

The above reasons mught explain why there 1s so much ‘noise’ in benthic invertebrate samples from nivers -

cven in what appears to be a fairly umiform arca within a site, we may well be sampling a mixture of species

asscmblages.  For biomonitoning and other similar purposcs, this “noise” would probably be reduced if the
following were used to guide collection of a sample.

e Use information such as that used in Table 5.1 and 121 to wdentify the biological zone in which the
study site is located This provides an initial indication of the kinds of MUs and hyvdraulic biotopes
likely to be present

e Map the distnibution of MUs within the site, at least mentally, to develop an understanding of where
different kinds of species assemblages might be most common

e Sample in the middle of hydraulic biotopes that cover larger rather than smaller arcas

e Sample plane-bed MUs if a high diversity of possible hydraulic biotopes and specics assemblages 1s
desired, as they seem to contain a muixture of most possible hydraulic biotopes. Avoid them, however, of
the objective 1s to collect specific species or species assemblages
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13. REACHES

13.1 Recap

The fourth aim hsted for this project (Section 35) was to test the biological significance of
geomorphologically defined reaches As the data used thus far in this report were not collected specifically
to test reach types, an additional sampling programme was designed specifically to asses reaches, using two
sites on one river within the same biological zone but in different reach types (Scction 4 6 3)

Different types of reaches have different combinations of morphological umits, which define them, and
therefore different proportions and types of available hyvdraulic biotopes (Rowntree and Wadeson 1999)
These could in turm manifest as differences 1in invertebrate assemblages or in the proportions of specics
within assemblages  If different reach types within the same biological nver zone do support different taxa,
proportions of taxa, or abundances there could be implications, for instance, for biomonitoning results. In
this chapter we report on imtial analyses of the physical and biological differences between two adjacent
but different reach types. Data from one of four sampling tnips 1s presented (29 and 28 October 1997) for
two sites representing the two rcach types (Table 14 1), Further analyses of these data wall be in DM
Schacl's PhD thesis

13.2  Methods

Overall sampling methods have been desenibed in Chapter 4 (Sections 4.3-4 5)  The methods specific to the
reach assessment are reiterated briefly here

Two 50-m long sites on the Eerste River within the Jonkershock Nature Reserve in Stellenbosch were
chosen for the study. One site (E18#) was also used in the main and intensive study programmes, but
extended to 50 m from its onginal 40 m length to make it the same length as the second site.  Study sites
were chosen to be S0-m long in order to provide adequate arcas for sampling invertebrates (Section 4 5)
Substrata were mapped once at cach site, prior to the collection of any invertebrate samples, whereas flow
types were mapped several imes, 1.¢. on cach day when invertebrates were collected  Invertebrates were
sampled at both sites on four different occasions for assessing the impact of changing discharge on physical
habitat and invertebrate distributions, only onc of these data sets 1s used here.  Sampling points were
decided upon on site using maps of flow and substratum as discussed in Section 13 3 Invertebrates were
collected quantitatively, using a 0.5 x 0.5 x 0.5-m box sampler with a 250 um mesh on the downstream
collecting side and two adjacent sides. A 500-pum mesh was used on the upstream side, so as to allow fast
flow into the sampler that would carry the ammals disturbed from the bed downstream into the collecting
nct. Because of the size of the box sampler sample points had to have uniform conditions over at least 0 5 x
0 5-mnarca Each flow/substratum combination also needed to be sufficiently abundant within cach study
site to allow for three replicate samples of that combination to be sampled  If these criteria were not met
within a site, a particular flow and substratum combination could not be used in the study for that site

After all the sampling points were chosen and delincated on the flow/substratum maps, hydraulic data were
collected within cach (depth, ncar bed velocity and mean water column (0 6) veloeity)  These
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measurements were made at four different places within the 0.5 x 0 5-m arca  The box sampler was put on
the sampling arca and a substratum gnd was placed over the top of the box sampler in order to record the
proportion of each type of substratum present. The bed profile was then measured, using the profiler
(desenbed in Section 4 3 5) which was placed side the box sampler  The substrata were then picked up
and scrubbed with a brush and all ammals collected into the net  The ammals were sorted in the laboratory
as descnibed in Section 4. 5, with most samples processed in full. ldentifications of invertebrates were done
to species where possible or to morphological types. Two famuly groups have not been identified 10 species
for these analyses, the Bactidac (Ephemeroptera) and Simuludac (Diptera)  Specialists aided in the
wdentification of type specimens for the Chironomidac (Diptera), Hemiptera, Leptocendae and
Ivdroptilidac  (Trichoptera) and Tcloganodidac (Ephemcroptera) (sec Tablke 8.1 for specialists)
Species/morph type level or closest taxonomic level data (Appendix 13 1) were used for the analysis of
similanty between samples

13.3  Physical comparisons

The two sites chosen for this study were classified as being in the same biological zone, a mountain zone
However, geomorphological asscssment of the sites classified them as being in two  different
geomorphological zones (Table 6 6 and Table 13 1), Ecrste site | (E18¢) bang in a mountain stream zone
and Ecrste site 2 (E21#) in a mountain stream (transitional) zone

Table 13.1 Geomorphological characteristics of both Eerste river sites. MU =
Morphological Unit. The number of each type of MU found in each site is given in
parenthesis after each type Site code as in Table 53.

Site  Geomorphological Reach

(code) Zone Type MU Type (No.) MU % Area
1 Mountain Stream  Step-pool/ Plane-bed (3) 34
(E18#) Plane-bed Step (1) 5
Pool (2) 19
Mid-channel bar (1) 9
Lateral bar (1) 23
Later channel (1) 10
2 Mountain Stream  Pool-rapid Boulder rapid (1) 32
(E21#) (transitional) Plane-bed (1) 47

PoolPlane-bed (1) 21

Classification of Ecrste site | (E18#), using the morphological units (MUs) in Chapter 12 (Table 12 1) with
the other lcast disturbed sites in the main study, showed that site | grouped with the mountan
stream/transitional/upper foothill zone sites. Based on that analysis, the two different reaches could be
considered to be in the same geomorphological zone.

Site 1 15 a hybnd Step-pool/Planc-bed reach, charactensed by six different MUs, the dominant one being

plane-bed, both in number and area of reach (Table 13 1) Site 2 was classified as a Pool-rapid reach, and
consists of three MUs: planc-bed, rapid and pool/planc-bed. The plane-bed MU at site 2 covers the greatest
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pereentage of the site (Table 13 1) and 1s 1in on¢ contiguous arca, whercas the three separate plane-bed arcas
in site 1 cover S, 14 and 15% of the site respectively

The dominant substratum by arca in both sites 1s boulder (B) with large cobble (LC) sub-dominant (Figure
13.1, defimtion and codes as per Table 2 4) The main difference between the substrata of the two sites 1s
the proportion of mixed substrata and smaller bed matenal (small cobble, large and small gravel, and sand)
Mixed substrata categones compnse 22 2% of the total arca in site 2 and smaller substrata 9 3% (Figure
13.1). In site |, mixed substrata compnse only 3 4% of the arca and small bed matenal 6 1%

[ ] Site1
B Sie 2

% of Total Area
S 88883

Figure 13.1 Percent cover of each substratum category for each Eerste river site.
Substratum codes as per Table 2 4, with exception of "MC™ which denotes mixed
large and small cobble. The * denotes site 1 = 0.1% which is not visible on this
scale, this category was not present in site 2

Rippled surface (RS) was the dominant flow type duning the sampling event reported here, covening 41 6%
and 54.2% of the arca at sites | and 2 respectively, with undular standing waves (USW) sub-dominant
(Table 132, defintions and codes as per Table 2 3)  Thereafter there was a difference between the two
sites in the types and proportions of flow recorded (Table 13.2) Site 1 had a greater diversity of flow types,
with 13 different types recorded as opposed to mine types in site 2

The mapped proportions of substrata and flow types guided the choice of flow-substratum combinations for
this study. To be consistent between reaches and between sampling times (Chapter 14), a standard set of
combimnations was decided upon  Even before analysis it was clear that boulder and large cobble dominated
cach site, and these categones would consistently meet the entena histed in section 13.2. Flow types that
were thought to be present within cach reach with arcas large enough to be sampled were: BSW, USW, RS,
SBT, and BPF and onginally FRF  As Table 13 2 shows, these were indeed the dominant flow types, with
the exception of FRF, which was not considered further for the study. There remained ten possible
flow/substratum combinations for the sampling programme, all of which were used when available in cach
site (combinations were used as available in a site and were site specific; sampling choices in one site did
not dictate the combmations sampled in the other site )
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Table 13.2 Flow type proportions (shown as percent of area covered) for sampling sites
1 and 2 on 29 and 28 October 1997 respectively. The five flow types used in
sampling are listed first from fastest flow to slowest followed by the other flow
types recorded at each site but not used in sampling invenebrates, also fastest to

slowest.

Flow Type Site1 Site 2
Broken Standing Waves 72 101
Undular Standing Waves 183 24 0
Rippled Surface 416 542
Smooth Boundary Turbulent B4 16
Barely Perceptible Flow 159 6.1
Free Fall 01 00
Cascade 05 05
Chute 1.1 12
Stream 07 07
Fast Riffle Flow 46 16
Slow Riffle Flow 03 00
Trickle 07 00
No Flow 06 0 0_

The distnbution of these combinations n site | (Figure 13 2) 1s more evenly divided between the boulder
and large cobble substrata than i site 2, which is dominated by boulder. The RS/B and RS/LC
combinations cover most of the arca at site | and RS/B and USW/B at site 2 Figure 13 2 and Table 132
also show that there was very hittle SBT, over cither boulder or large cobble, at either site, with the
exception of SBT/B at site 1. Barely percepuible flow over large cobble was also not available in large
cnough proportions or patch sizes to sample at site 2. As a result of the vanous levels of availability, not all
of the flow/substratum combinations were sampled, with 27 samples being collected at site 1 and 21
samples at site 2 (Table 13.3)

Table 13.3 Flow/substratum combinations sampled within each site on 29 and 28
October. Flow and substratum codes as per Tables 23 and 24 Each
flow/substratum combination listed was replicated at three dfferent places within
each site.

Site 1 Site2
Flow Type Substratum  Substratum

BSW B LC B LC
usw B LC B LC
RS B LC B LC
SBT B

BPF B _IC B
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Figure 13.2 Proportions by area of flow type and substrata combinations for both Eerste
River sites on 29 and 28 October 1997 (sites 1 and 2 respectively). All flow
types (codes as per Table 2 3) and substrata not used for sampling invertebrates
were combined into "other”

Water temperature, pH. conductivity, air temperature, and stream discharge were recorded at cach site
Water temperature, conductivity and pH readings between sites were similar on average, suggesting that
there was not a difference between the two sites (Table 13 4) Discharge between the two sites s different,
as site 2 1s approximately 1 5 km downstream from site | with two tnibutaries (Jakkels and Lang) entering
between the sites

Table 13.4 Average and standard deviation of values for water chemistry, air

temperature, and discharge for each site on 29 and 28 October 1997 (sites 1
and 2 respectively).

Site 1 Site 2
Variable Mean « SD Mean + SD
Water Temperature (°C) 148 :32 148+15
Conductivity (mScm™) 290+59 260+12
pH 56+-015 59+008
Air Temperature (°C) 260:85 270+28
Discharge (m’ s™) 0.065:0.003 0140 : 0063

13.4  Biological comparison of reaches

Invertebrate densities for cach rephicate sample within cach reach were calculated from species counts
Invertebrate densitics per sample ranged from 192 - 6,000 animals per m® in Eerste site | and site 2
respectively (Table 13.5)  Overall mean densitics between the reaches are shightly different, wath site |
having a lower abundance than site 2
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Table 13.5 Number of samples (N), minimum, maximum, mean and standard error (SE)
of invertebrate densities (# m~®) of samples in each site.

Sample Statistics Site1  Site 2
N 27 21
Minimum sample density 192 204
Maximum sample density 5328 6.000
Mean sample density 1.755 2,361
SE sample density 306 409 _

In order to determune 1if there 1s a sigmificant statistical difference between ammal abundances in the two
reaches, the data were first assessed to see if they meet the entena of normaley. The distnbution of
inverticbrate density data did not fit the normal distnbution assumption (Kolmogorov-Snurnov test,
d=0.197, p< 001), which 1s nceded for parametnc statistical tests.  Therefore, all data were 4" root
transformed (tvpical for invertebrate samples, Clark and Warwick, 1994)  The distnibution of the
transformed data was not sigmificantly different from a normal curve (Kolmogorov-Smumov test, d-0 083,
p*ns ) To assess if there was a sigmificant difference between reaches an analysis of vanance (ANOVA)
on transformed invertcbrate densitics was run using Statistica (1999)  There was no statstical sigmificant
difference between reaches using overall invertebrate densities (p=0.254, Table 13 6)

Table 13.6 General ANOVA table examining the effect of reach on invertebrate densities.
df = degrees of freedom; MSS = Mean Sums of Squares, F = test statisticand P =
significance level

df MSS F P

effect 1 3218 13 0254
error 48 2.413

Clearly this sort of analysis does not take into account the different species found or the proportion of cach
species identified within cach reach, as it integrates all specics into a companson of single numbers. In
order to take these individual species and their densities into account, the full set of data or species lists
(densitics 4™ root transformed), for cach reach was then used for agglomerative hicrarchical cluster analysis
in PRIMER using the CLUSTER module

The result of the cluster analysis shows that the primary split in the dendrogram (Figure 13 3) 1s between
the faster hydrauhic conditions (BSW, USW, and RS) and slower (RS, SBT and BPF) conditions with some
overlap of samples with RS (further explanation in section 13.5)  As all samples were from the same nver,
the catchment signature that was evident in Chapter 10 1s not apparent. It was thought, however, that the
major split would be between reaches, followed by different flow type/substrata combinations or hydrauhic
biotopes (as defined in Chapter 11) groupings. At first inspection the sphit 1s only between hydraulic
conditions with no cffect of rcach type. However on closer examination within the “fast” group there docs
scem 1o be some site differcntiation with hydraulic biotopes grouping out by site rather than mixing
between sites (Figure 13.4). This pattern 1s not seen as strongly within the “slow™ group, perhaps because
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of an unbalanced representation of slower flow/substrata combinations in site 2 compared to site | (no SBT
combinations and only BPF/B sampled in site 2).

At thus pomnt, with the data from this one analysis, there is no sigmificant difference between the two studied
reaches in terms of overall invertebrate density. A species-level multivanate analysis also showed that
there was not a strong difference between the reaches and that the hvdraulic condition (fast or slow flow)
was the pnmary sphit of groups However, within the two major groups there were subtle sub-groupings
that seemed to reflect the two different sites  Sub-groupings by hvdraulic biotope and reaches are discussed
n Section 13.5

13.5 Hydraulic Biotopes

Examining the dendrogram outputted by the cluster analysis beyond the imual spht of the two main groups
of "fast” and "slow" groups, sub-groups of invertebrate samples delincating different hydraulic biotopes can
be identified (Figure 13 4) The MDS plot (Figure 13 5) further shows the spht between “fast” and "slow”
groups of samples as well as specific sub-groupings.  Eighteen such sub-groups were identified five from
pools, four from runs, three from nffles, four from rapids and two undefined  Most of these sub-groups
were site specific, but four groups were indeterminable (50/50 sphit) and two groups had the majonty of
their samples from one site. Table 13 7 gives information on cach hydrauhic biotope denved from Figure
134.

As discussed in Section 13 4, some samples observed as RS on boulder and large cobble fell within the
“Fast” and some within the "Slow" hydraulic groupings. Hydraulically the samples that group with the
"Fast” catcgory are more closcly related to USW sample than to samples in the "Slow™ group, with ammals
reflecting this.  Rippled surface as shown in Chapter 11, 1s one of the more hydraulically vanable flow
types, and doces tend to brdge the two major hydrauhic groupings

Tables 138 and 13 9 arc summanies of the hydrauhic data for cach hydraulic biotope, giving the range,
mean and standard deviations for the parameters recorded at each sampling arca within a biotope type and
the average percentage of substrata present. These hydraulic ranges and means fall well within those seen
in Chapter 11, and most importantly demonstrate that most sub-groups contained samples from one site
Although there were sub-groups containing samples from both sites, these were not the norm. There is a
basic affiliation with site and hvdraulic biotope.

165



Chapter Thirteen

1C22 (USWB)
f 1C16 (BSWB)
_E 2C10 (BSW/B)
2C15 (BSW/B)
2C2 (RSAC)
2C8 (RSALC)
1C5 (BSWILC)
1C6 (BSWIB)
1C8 (BSWIB)
1IC1 {UsSwWALC)

‘ [ 2C11 (BSWAC)
P 1C3 (RSAC)

1C4 (USWILC)

| 1C1 (USWIB)
1C10 (USWB)

; 1C18 (BSWAC)

- U 1C2 (BSWL.C)
2C3 (BSWILC)
e 2C4 (USWILC)
2C5 (BSWILC)
2C6 (BSWEB)
2C6 (USWNLC)
I 2C7 (USW'B)
2C12 (USWILC)
k 2C13 (USWILC)
1C1B (USWIB)
_ e——— 2C16 (RSALC)
( 1C7 (BPF/B)

Fast

1C12 (BPF/B)
2C17 (BPF/B)
2C18 (BPF/B)
— 1C20 (RS/B)
3 1C21 (BPF/B)
1C23 (SB1/B)

e 2C1 (RS/B)
1C14 (BPF/ILC)
1C13 (RS/B)
Py 1C24 (RSA.C)

T 1C25 (SBT/8)
——{_‘ 1C17 (SBT/B)
2C19 (RS/B)
1C15 (BPFILC)
1C27 (RSA.C)
2C14 (BPF/B)
2C20 (RS/B)
1C9 (BPFALC)

4 [ 1C26 (RS/B)

‘ \ . ‘ : - - - . 2C21 (USWIB)
0 10 20 30 40 50 60 70 80 90 100

BRAY-CURTIS SIMILARITY

Slow

4 e
v

Figure 13.3 Species-level dendrogram for individual samples at the two sites
in different reach types on the Eerste River. Lines represent the
split between the two major groupings of flow conditions, with
the outlier at the top. 1 = Eerste site 1, 2 = Eerste site 2, C =
sampling period (Table 14.1), 29 October (site 1) and 28 Qctober (site
2) 1997. Number after the data code is the sample number. Flow
and substrata combinations appear in parentheses after each
sampling point, categories as per Tables 23 and 2 4.
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Figure 13.4 Species-level dendrogram (same as Figure 13.3) for individual
samples at the two sites in different reach types on the Eerste River,
demarcating different hydraulic biotopes. Ccdes as described for
Figure 13.3.
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Figure 13.5 MDS plot of invertebrate samples from two sites in different
reach types on the Eerste River. Codes as described for Figure
13.3. Solid circles demarcate major groupings and dotted circles
smaller sub-groups. The dotted line shows the split into two planes
between the hydraulically fast and slow samples.
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Table 13.7 Hydraulic characteristics of the 18 groups of samples from both sites on the

Sub-
group

Eerste River, as recognised in Figure 13.5. The sub-groups are recognised as
biologically derived hydraulic biotopes Site number, sampling code (SC.) and
flow types sampled are also given. Statistics are. mean and standard deviatons
(SD) of the four readings taken within each sampling area, of Depth (m), near-bed
(NB) and Mean-column (0 6) velocity (m s ') and Froude number.

Flow Depth NB 06 Froude
Hydraulic Biotope Site SC. Type  pmean SD Mean SD Mean SD Mean SD

1
2

10

1"

12

13

14
15

16

Outher 1 22 USW 031 010 012 011 026 002 0155 0022
Bo-Rapidvodcer) 1 19 BSW 020 010 055 020 048 009 0359 0094
2 10 BSW 020 004 077 026 052 015 0382 0133
2 15 BSW 015 002 026 016 034 007 0291 0075
8i0-Run (cobble) 2 2 RS 043 005 014 009 022 008 0107 0038
2 B8 RS 016 003 005 003 008 004 0056 0033
Bio-Rapid (boudder) 1 5 BSW 017 005 035 047 049 038 0424 0409
1 6 BSW 010 004 036 016 0456 013 0454 0003
1 8 BSW 007 001 069 038 101 036 1246 0527
Bio-Repid(cobbie) 1 11 USW 021 004 017 011 032 010 0228 0080
2 11 BSW 015 004 017 015 032 020 0274 0182
Bio-Rffle (cobble) 1 3 RS 020 004 005 006 010 006 0074 0052
1 4 USW 025 001 042 011 049 010 0312 0068
1 1 USW 008 002 020 019 022 018 0262 0215
1 10 USW 009 003 030 011 031 010 0359 0154
1 16 BSW 011 004 035 014 044 011 0442 0136
Bio-Rapid(cobble) 1 2 BSW 016 006 024 016 024 020 0203 0185
2 3 BSW 035 005 049 022 087 007 0472 0025
2 4 USW 023 008 019 037 059 026 0416 0232
2 5 BSW 009 004 028 010 043 014 0475 0114
2 6 BSW 024 004 038 025 036 026 0244 0188
Bio-RiMe(cotble) 2 9 USW 020 001 018 004 030 002 0213 0014
2 7 USW 017 004 009 011 016 012 0132 0104
2 12 Usw 030 004 023 005 028 003 0183 0019
2 13 USW 030 004 007 004 016 006 0095 00N
Bio-Rifle(cobble) 1 18 USW 017 009 012 011 015 010 0143 0116
2 16 RS 029 004 024 003 030 002 0182 0012
Bio-Poo! (bouder) 1 7 BPF 015 003 003 001 005 001 0038 0008
1 12 BPF 012 004 00t 001 002 001 0022 0004
Bio-Run (boulder) 2 17 BPF 043 002 013 002 014 002 0067 0010
2 18 BPF 042 005 009 001 011 002 0053 0015
Bio-Run (boulder) 1 20 RS 020 002 013 002 021 004 D123 0022
1 21 BPF 016 015 003 003 005 003 0051 0046
Bio-Pool (boulder) 1 23 SBT 041 003 004 001 006 001 0029 0005
2 1 RS 028 001 000 001 001 001 0005 0006
Bio-Pool (cobble) 1 14 BPF 047 001 002 001 005 001 0025 0007
Bio-Run (boulder) 1 13 RS 034 008 006 006 014 005 0082 0040
1 24 RS 041 006 006 003 012 001 0082 0008
1 25 sBT 043 007 002 000 003 001 0014 0003
1 17 SBT 028 007 007 001 009 001 0058 0013
2 19 RS 020 004 011 003 015 001 0105 0017
Bio-Pool (cobble) 1 15 BPF 024 005 003 001 004 001 0025 0009
1 27 RS 034 002 005 001 014 002 0079 0012
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Sub- Flow Depth NE 08 Eroude
group Hydraulic Biotope Site S.C. Type  ean SD Mean SD Mean SD Mean SD

17  Bio-Pool (boulder) 2 14 BPF 011 003 00t 001 002 001 0018 0COE

2 20 RS 044 005 013 005 0718 003 OC8S 0018

18 Mixed (boulder) 1 9 BPF 022 007 003 000 O0O5 001 0033 0003
1 26 RS 0S50 007 007 005 014 005 0081 0019
2

21 USW 032 006 01 001t 016 001 0080 0013

“Table 13 7 continued

There arc some differences between the proportions of hydraulic-biotope types identified within cach site
Site 1 had three bio-pools (one boulder and two cobble), two boulder bio-runs, one cobble bio-nffle and one
bio-rapid, with a total of seven hydraulic biotopes of four different types  Site 2 also had four differemt
hydraulic biotope types, but in a different configuration There was one bio-pool (boulder), two bio-runs
(on¢ cobble and one boulder), one cobble bio-nffle and two bio-rapids (one cobble and one boulder) for a
total of six defined hydraulic biotopes. These differences murror differences in the distnbution of flow
types between the sites and demonstrates that there were more “turbulent™ hydraulic biotopes (1¢ rapads
and nffles) present in the reach charactensed as Pool-rapid (site 2) and more "quiet” hydraulic biotope
types (1. ¢ pools and runs) identified in site 1 (Step-pool/Plane-bed reach type).

13.6 Further analyses

As could be scen by the analyses completed to date, companng the reaches by examining overall density
docs not show any difference between the two.  However, by using a cluster analysis and identifying
hydraulic biotopes, it can be shown that different reach types within the same zone have some differences
in their invertebrate assemblages.

As these are preliminary analyses, there 1s more to accomplish with these data.  Identifying the species or
groups of species that are creating these differences will be done using SIMPER in Pnimer (Clark and
Warwick 1994), as well as an investigation of the different proportions of species within a biotope, and the
relationship between sample location and species composition.  Additionally, as there are samples from
three more sample dates that have not yet been analysed, it will be possible to ascertain if these patterns are
repeated through tume and changes in discharge (Chapter 14 and PhD thesis of D M. Schacl)
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Chapter Thirteen

Table 13.8 Summary statistics for each group of samples recognised in Table 13.6:
range, mean and standard deviation (SD) of depth and percent composition
of substrata., These statistics are listed by hydraulic biotope, sub-group
number, site representation and number of samples (N) within each hydraulic
biotope. Depth data calculated from the means from Table 137 Substratum
averages from all contributions within the group. Site designation s based on
group composition, none means that both sites were equally represented in the
sub-group; and a * denotes that the majority of samples were from that site, but
that one sample in the sub-group was from the other site

—————————— e ———— e———

Depth (m) ____Substrata (% coverage)

Hydraulic Biotope Sub-group Site N Range Mean SD B LC SC LG SG
Bio-Pool (voukier) 10 1 2012-015 013 002 9 2 0 0 O
Bio-Pool (boylser) 13 none 2 028-047 034 0068 66 28 8 0 0
Bio-Pooi (cobble) 14 11 041 20 40 38 4 O
Bio-Pool (cobble) 16 1 2 024-034 029 007 20 54 18 6 2
Bio-Pool (boulder) 17 2 2011-044 028 024 62 6 24 0 &8
Bio-Rapid (boulder) 2 2 3015-020 018 003 8 3 © 3 O
Bio-Rapd (boulder) 4 1 3 007-017 ©011 005 48 37 9 S5 O
Bio-Rapid (cobble) - none 2 015-021 018 005 36 18 24 22 0O
Bio-Rapid (cobble) 7 2* 5 000-035 021 010 36 46 10 6 2
Bio-Riffe (cobble) " 1 5 008-025 014 008 16 40 28 10 6
Bio-RifMe (cobble) " 2 4 017-030 024 007 26 29 28 15 2
Bio-RifMe (boulder) = none 2 017-029 023 008 82 38 8 a4 0
Bic-Run (cobble) 3 2 2018-043 030 019 28 40 32 0 O
Bic-Run (boulder) 11 2 2 042-043 043 001 74 &4 8 0 14
Bio-Run (boulder) 12 1 2016-020 023 010 76 8 4 4 O
Bio-Run (boulder) 15 1* 5 020-043 033 009 66 19 11 3 0
Moxed (boulder) 18 none 3 022-050 035 014 @84 3 8 5 O
Outlier 1 T 031 8 0 20 0 O0
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Table 13.9

Summary statistics for each sub-group of samples recognised in Table 13.7: ranges, means and standard deviations of
mean-column (0.6) velocity, near-bed (NB) velocity and froude number. These statistics are listec by hydraulic biotope, sub-
group number, site representation and number of samples (N) within each hydraulic biotope. Four ndividual sets of velocity
measurements were made within the area where each invertebrate sample was collected  The means of these values are given in
Table 13.6. The values in this summary table are the ranges, means and standard deviations of these means. Velocity is measured
as m s”, and Froude number is dimensionless. Site designation is based on group composition, none means that both sites were
equally represented in the sub-group; and a * denotes that the majority of samples were from that site, but that one sample in the sub-
group was from the other site

Near Bed Velocity (ms™) Mean (0.6) Velocity (m s”) Froude Number
Hydraulic Biotope Subgroup Site N Range Mean SD Range Mean SD Range Mean SD
Bio-Pool (boulder) 10 1 2 001-003 002 001 002-005 003 002 0022-0038 0030 0012
Bio-Pool (boulder) 13 none 2 000-004 002 002 001-006 003 004 0005-0C29 0017 0017
Bio-Pool (cobble) 14 1 1 : 002 . . 005 . ' 0025 .
Bio-Pool (cobble) 16 1 2 003-005 004 001 004-014 009 007 0025-0C79 0052 0.038
Bio-Pool (boulder) 17 2 2 001-013 007 008 002-018 010 011 0019-0C85 0052 0047
Bio-Rapid (boulder) 2 2 3 026-077 053 025 034-052 045 009 0291-0282 0348 0049
Bio-Rapid (boulder) ¢ 1 3 035-099 057 037 046-101 065 031 0424-1246 0711 0464
Bio-Rapid (cobble) 5 none 2 017-017 017 001 032-032 032 000 0226-0z74 0250 0034
Bio-Rapid (cobble) 7 2 5 019-049 032 012 024-087 050 024 0203-0475 0362 0.129
Bio-Riffle (cobble) 6 1 5 005-042 026 014 010-049 031 016 0074-0¢42 0290 0138
Bio-Riffle (cobble) [3 2 4 007-023 014 007 016-030 022 007 0095-0213 0151 0050
Bio-Riffle (boulder) 4 none 2 012-024 018 009 015-030 022 0.11 0143-0182 0.162 0028
Bio-Run (cobble) 3 2 2 005-014 010 006 008-022 015 010 0059-0107 0083 0034
Bio-Run (boulder) 1" 2 2 009-013 011 003 011-014 012 002 0053-0067 0060 0010
Bio-Run (boulkder) 12 1 2 003-013 008 007 005-021 013 011 0051-0123 0087 0051
Bio-Run (boulder) 15 1* § 002-011 006 003 003-015 011 005 0014-0105 0064 0.034
Mixed (boulder) 18 none 3 003-010 007 004 005-016 011 006 0033-0080 0061 0028
Outlier 1 1 1 012 0.26 0.155




Chapier Fourteen

14. THE RELATIONSHIP BETWEEN HYDRAULIC BIOTOPE AND
DISCHARGE

14.1  Recap

The final aim of this project (Section 3 7) was to record changes in the distnbutions of flow types and
invertebrates with discharge, and 1o asscss the temporal stability of hvdraulic biotopes and their biota

Hydraulic biotopes are defined by their species assemblage and descnibed by hydraulic condiions (flow
type and substrata)  Thus, as flow conditions change there will be a point where the biota changes and at
that point, by defimtion, the hvdraulic biotope also changes I we can define and understand those points
of change, understanding of hvdraulic biotopes will be cnhanced through a better understanding of the
resilience of patches of differemt hydrauhe character, and the relatonship of this to invertebrate
distnibutions.

In this chapter the stability of hyvdraulic conditions and vertebrate assemblages are tracked over a senes of
discharges It was thought that up to a pont, the discharge and resulting hvdraulic changes would not be
reflected in changes in the distnbution of mvertebrate species. However, discharge should eventually
ncrease (or decrease) to a pont where mvertebrate distribution patterns would be sigmificantly affected

Prehiminary analyses of changes in hvdraulic conditions with discharge, and the links with shifts
densities of nvertebrates and changes in species compaosition of assemblages are preseated here. Further
analyses to be done in Ms Schael's PhD thesis are outlined here.

14.2 Methods

Flow types of both sites on the Eerste River (Chapter 13) were mapped, and discharge measured, on eight
occasions within a single scason (spring) of 1997 The objective was to document changes in wetted arca
and the proportions of different flow type (Table 14 1) Invertebrates were also collected on four of these
occasions, together with allied physical measurements (see Chapters 4 and 13 for collection details) Two
sample dates in summer 1997 on Ecrste River site | are included in the analyses where appropriate, with
differences in site length and sampling strategies noted (Section 13.2)

The study was confined to one scason in order to chiminate noise in the data from scasonal invertebrate
commumity shifts  Additionally, this should have allowed a wide range of discharges to be studied, as the
winter rains gradually ceased and low summer flows ensued  In this case, the preceding winter had lower
than normal ramfall, and the spring flows were lower than expected. One major ramfall event toward the
end of spring provided the only high flow condition duning the study penod, with all other discharges
studied being fairly similar

On cach sampling ¢pisode, cach site was sampled within a day or two of the other, with the downstream site

(Eerste site 2) being sampled first on all occastons except the last invertebrate sampling cpisode.  Most
mvertehiate sampling sessions were over two days, with flow-type mapping completed on the first day and
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discharge mecasured on each day of the episode. For case of reporting, all dates of mapping and sampling
are represented by site number and letter codes for cach sampling peniod (Table 14.1)

Table 14.1  Site number, data code, date of map, site area (total and wetted, m’) along
with measured discharge (m’ s”') and description of main data types
collected. Upper case letters (A-D. M and IS) used in the map code denote
periods where invertebrates were sampled, lower case letters (w-2) denote when
only flow types were mapped. M = first mapping and sampling date on Eerste
River site 1 during the main study (Chapter 5) and IS = intensive sampling for
testing hydraulic biotopes (Chapter 11).

Site  pata Map Date to1a) M.p?od Wetted  Discharge

No.  code Area (m’)  Area(m’) (m’s”) DataCollected

1 M* 15-Jan-97 326 2 158 2 0.132 substrata & flow maps and mvenebta!es
1 Is* 1-Apr-97 3262 1402 0038 flow map and invenebrates

2 A 15-Sep-97 486 6 2513 0509 substrata & flow maps and invenebrates
1 A 18-Sep-97 3946 2219 0184 flow map and invertebrates

1 w 3-0c1-97 3946 206.0 0082 flowmap

2 ” 3-0c1-97 4866 2176 0272 flowmap

2 B 8-0c1-97 486 6 2487 0339 flow map and invertebrates

1 B 10-Oct-97 3946 2183 0.110 flow map and invertebrates

1 x 22-0c1-97 3946 194 2 0067 fowmap

2 x 22-0ct-97 486 6 2155 0216 fiow map

2 C 28-0ct-97 4866 2068 0.141  flow map and invertebrates

1 Cc 29-0c1-97 3946 1908 0067 flow map and invertebrates

1 y 10-Nov-97 3946 1902 0072 flowmap

2 y 10-Nov-97 4866 2130 0200 flowmap

1 z 25-Nov-97 3946 2828 0781 flowmap

1 D 28-Nov-97 3946 2368 0451 fiow map and invertebrates

2 z 28-Nov-97 4866 263 4 0619 flowmap

2 D 30-Nov-97 4866 2593 0559  flow map and invertebrates

“Site was 40-m in length rather than the 50-m at subseguent mapping trips
14.3  Physical stability of hydraulic conditions

The first level of assessment was to examine the physical character of the two sites, which are in differmt
geomorphological recach types, as discharge changed over time.  Overall changes are descnbed, and the
siles compared

There was a sigmificant positive hincar relationship between wetted arca (WA) and discharge (Q), where Q
= 0.0077(WA) - 1466 (R = 092) As discharge increascd, wetted arca increased (Figure 14 1) However,
the changes in wetted arca are subtle, and a large change in discharge would be needed for a noticeable
difference 1in wetted arca. Mcasured discharges ranged from 0038 m' s in mid-summer of 1997 (IS) at
site | to 0.781 m’ s in late spring (sampling peniod z), also at site | (Table 14.1)  The lowest spring
discharge was 0.067 m' s (sampling peniod C). Over the measured spring discharges, wetted arca ranged
from 190 8 m’ 1o 282 8 m’, or 44 3-71 6% of total wetted mapped arca respectively  Site 2 had a higher
discharge than site 1, as noted in Chapter 13, because of the entry of two tnbutances between the sites
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Figure 14.1 Total wetted area (WA) and measured discharge (Q) for site 1 (O) and site 2
(®) on the Eerste River, on all mapping and sampling occasions shown in
Table 14.1.

The wetted arca at site 2 was greater than that at site | on all occasions, providing for a greater overall arca
for invertebrates to settle in site 2 (Figure 14.2) As the total mapped arca of site 2 was greater than that of
site 1 due to channel size and shape, they can only be directly compared through their percentage of wetted
arca  Examining percentage of wetted arca, site | actually had a shghtly greater overall percentage of
wetted arca than did site 2 (ranging from 60 - 48% and 53 - 44% for sites | and 2 respectively). The
patterns for both sites, however, remain the same, with the first two sampling periods being almost
equivalent and the greatest differences being between sampling penods C and D
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Figure 14.2 Total wetted area (m?) on each of the main sampling occasions listed in Table
14.1. Site 1: A = 18 September;, B = 10 October, C = 29 October, D = 28
November 1997 Site 2: A = 15 September;, B = 8 October, C = 28 October; D = 30
November 1997 Measured discharges (m® s™') on top of each bar

Although changes in discharge and wetted arca were recorded, these had nceghgible effect on the
proportions of different flow types for all but highest measured discharges (Table 14 2)  On all mapping
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occasions but the last two, at both sites, nppled surface flow (RS) dominated, with undular standing waves
(USW) and broken standing waves (BSW) being sub-dominant.  On the penultimate sampling occasion,
when higher discharges were measured, USW and BSW were the dominant flow types and, as flow
dropped, USW dominated on the last samphing occasion  Within site 1, the five flow types used for
sampling (BSW, USW, RS, SBT, BPF - Table 13 3) accounted for 77 - 92% of all recorded flow types
dunng the study penod. The same flow types accounted for a higher percentage (91 - 97%) of all the flow
types at site 2 Site 1 tended to have a wider diversity of flow types with up to mine types in addition to the
main five, whereas site 2 had three to four additional flow types  Examiming the wetted arca to discharge
relationships and the types and proportions of vanous flow types recorded at cach site, site | appears to be
more hydraulically complex and more heterogencous than site 2

Analysis of the flow-type proportions (Table 14 2), using the CLUSTER module of Primer (Figure 14 3),
reveals three major groups, which are correlated with discharge.  One group represents the sampling
occasions with the highest mapped discharges, the second represents the lowest mapped discharge dunng
the Intensive Sampling period at site 1, and the third group consists of all of the other mapped discharges
(here called the intermediate-discharge group). Within the intermediate-discharge group there are several
sub-groups, clustered by site and, to some extent, discharge (Figure 14 3) The data from site 1 in the main
sampling penod (January 1997: M), link with other site 1 data in one of these sub-groups.

As shown with onc sample period (C) in Chapter 13, the five chosen flow types, and the chosen substrata of
boulder and large cobble, were appropnate choices of flow/substrata combinations for this discharge-related
study of habitat. They constituted the dominant flow-substratum combinations over all the measured
discharges, although proportions of the combinations changed with significant changes in discharge (Table
14.2 and Figure 14 4). Durning the first three sampling occasions, there was hittle change in the proportions
of flow type/substratum combinations, with RS/B (Rippled surface flow over boulder) dominating (Figure
144) Atsite |, RS/LC and USW/B were sub-dominant, as were USW/B and BSW/B at site 2 With the
increase in discharge over the last samphing period, the dominant combinations shifted At site 1, USW/B
was dominant, and BSW/B and RS/B sub-dominant. At site 2, BSW/B was dominant and USW/B and
RS/B sub-dominant

There were thus three main differences between sites throughout the study.  First, there was a more cven
distnbution of flows over both boulders and large cobble at site | than at site 2 (Section 13 3). Second,
there was a low percentage of SBT at site 2 over any substratum, and it completely disappeared as a flow
type in the higher discharge conditions (Figure 14 4 and Table 14.2) Third, there was a lugher percentage
of "other” categorics of flow at site 1 than at site 2, with this proportion increasing at the highest discharge.
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Table 14.2 Proportions of flow types (shown as percent) for two sites on the Eerste River on each mapping occasion (codes as per Table
14.1). The five flow types selected for this study are listed first, from fastest flow to slowest, followed by the other flow types recorded
at each site but not used for sampling invertebrates, also listed fastest to slowest Data codes are listed by sampling period (Table
14 1) within each site. Upper case letters (M,IS, A-D) represent invertebrate sampling and lower case letters (w-z) represent mapping
only occasions.

) Site1 , - Site 2

Flow Type M IS* A w B x € y z D A w B x C€C y =z D

Broken StandingWaves 122 05 112 134 151 55 72 56 390 209 146 133 139 117 101 65 375 360
Undular Standing Waves 155 53 164 166 241 105 183 168 259 323 169 310 368 220 240 289 345 369
Rippled Surface 408 360 463 459 321 530 416 435 105 188 472 427 406 490 542 438 207 207
Smooth Boundary Turbulent 108 344 38 62 28 652 84 59 00 04 18 30 09 00 16 00 00 OO
Barely Perceptible Flow 56 67 95 66 101 109 159 176 21 76 109 55 47 128 61 163 19 24
Free Fall 18 00 02 07 06 03 01 02 17 04 00 00 00 00 00 00 00 00
Boil 00 00O 00 00 OO OO OO OO0 01 57 00 00O OO0 00 OO0 00 02 00
Cascade 25 14 10 08 13 04 05 05 11 12 06 00 11 05 05 02 18 17
Chute 33 219 15 12 13 11 11 09 28 19 21 06 04 17 12 12 09 07
Stream 17 13 09 12 13 04 07 07 51 22 47 14 10 11 07 08 22 14
Fast Riffle Flow 32 99 73 60102 111 46 49 11 71 12 26 05 08 186 11 03 03
Slow Riffle Flow 01 04 00 OO OO 0O O3 00 00O OO OO ©0O OO 00 OO OO 00 OO
Tnckle 11 04 16 11 03 13 07 16 00 03 00 00O OO 03 0O 07 00 OO
No Flow 13 24 04 04 06 03 06 20 07 11 00 00 OO0 00 0O 03 00 0O

"Site 1 on these samgpiing occasions was 40-m in length whereas on subsequent sampling occasions & was 50-m long
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Figure 14.3 Dendrogram of flow-types mapped at sites 1 and 2 on the Eerste
River in summer and spring 1997. Solid lines demarcate the three
main discharge groups, with site level sub-groups separated by dotted
lnes Data cocdes for site and mapping times as in Table 141, with
measured discharge (m’ s™') in parentheses after each code.
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Figure 144 Proportions by area of flow-type and substrata combinations for both Eerste

River sites on invertebrate sampling dates. Site 1. A = 18 September, 8 = 10
October, C = 29 October, D = 28 November 1997 Site 2 A = 15 September, B=8
October, C = 28 October; D = 30 November 1997. All flow types (codes as per
Table 2.3) and substrata not used for samphling invertebrates were combined into
“other”.
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Given the flow and substrata combinations available at cach site and cach invertebrate sampling date (Table
14 2 and Figurc 14 4), not all combinations were avaulable at all sites on all sampling occasions (Section
13 3) For example, the increase in discharge dunng the last sampling occasion resulted in arcas of BPF
and SBT being small and rare at both sites. BPF and SBT represented respectively 7 6% and 0.4% of sute |,
and 2 4% and 0 0% of site 2 duning the last samphing period (D) This yielded only 18 invertebrate samples
per site on this sampling occasion, as opposed to 27 (site 1) and 21 (site 2) samples dunng sampling penod
C  The greater number of avaslable sampling points meeting the established cntena within site | dunng
sampling penod C could be as a result of the greater number and diversity of morphological units (6 and 3
i sites | and 2 respectively, Table 13.1) resuling in a higher diversity of flow and substratum
combmnations  The combimnations sampled for cach site duning cach sampling period are shown in Table
143

Table 14.3  Flow/substratum combinations sampled within each site on 29 October (C)
and 29 November (D) at site 1, and on 28 October (C) and 30 November (D) at
site 2. Each flow/substratum combination listed was sampled at three different
places within each site. Flow and substratum codes as per Tables 23 and 2 4

Flow Cc D Cc D

Type  Substratum Substratum

BSW B LC B LC B LC B LC
Uusw B8 LC B LC B LC B LC
RS B LCBLC B LC B LC
SBT B

BPF B LC B

When data on all the combinations of flow type and substratum present in the spring study were analyvsed,
three groups of similar sampling occasions emerged (Figure 14 5). The first group, sphitting off at 53%
similanity with the rest, consisted of data collected duning the highest discharges  This reflected the pattern
shown by flow-type distnbutions. Within this group, cach site formed its own sub-group, with samples
from site 2, 97% simular and those from site 1, 72% similar. The second and third groups were site specific,
and encompassed all the intermediate discharges  They had a common similanty level of 68%  The MDS
plot clearly illustrates these different groups (Figure 14.6)  There are two different plancs of scparation,
one by site and the other by discharge.

If the flow type/substratum data from the summer sampling occasions (M and IS) arc added, a similar
pattern emerges. The data from M link with the other site 1intermediate discharge samples (Figure 14.7)
Also, the data from the IS sampling occasion, with the lowest discharge, split off as a new, scparate group
at a level of 45% similanty. The MDS plot now illustrates three planes of separation (Figure 14 8) The
first i1s by site, and the second and third distinguish samples taken at low, intermediate or high discharges
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Figure 14.5 Dendrogram of flow-type and substrata combinations mapped at
sites 1 and 2 on the Eerste River in spring 1997. Data codes for site
and mapping times as in Table 14.1, with measured discharge (m*s’)in
parentheses after each code
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Figure 14.6 MDS plot of flow-type and substrata combinations mapped at sites
1 and 2 on the Eerste River in spring 1997. Data codes for site and
mapping penods as in Table 14.1
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Figure 14.7 Dendrogram of flow-type and substrata combinations mapped at
sites 1 and 2 on the Eerste River in summer and spring 1997, Data

codes for site and mapping times as in Table 141, with measured
discharges in parentheses after each code
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Figure 14.8 MDS plot of flow-type and substrata combinations mapped at sites
1 and 2 on the Eerste River in summer and spring 1997. Data codes
for site and mapping times as in Table 14.1.
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In general, wetted area and flow-type distnbutions are fairly stable with steady intermediate discharges and
need a large shift, up or down, in discharge to effect an appreciable change  Taking the average of all
discharges and wetted arcas within cach classificd group (high or intermediate) and site, the percent change
in discharge needed to change wetted area can be calculated  In order to increase the wetted arca in site |
by 24%, an 83% change in discharge was nceded  For site 2, a change in discharge of $3% was needed to
change the wetted arca by 14%. Given there was only one low discharge event measured, and that was at
one site, a companson can not be made between the low and intermediate groups (as well as the total
mapped arca being less than that of the subsequent sites)

144 Physico-chemical and chemical comparisons between discharges and reaches

Temperature, pH and conductivity of the water at each site were recorded, as was air temperature. Overall,
there was hittle measured difference in these vanables between sites or sampling penods A temperature
was also stmilar at both sites duning cach sampling penod, but did show a continuous increase over the
scason The pH at site | on three sampling occasions was consistent with the value on the first sampling
date being shightly hugher  The values at site 2 were also quite consistent but with the value at the last
sampling occasion being lower.  Although conductivity could not be measured duning the last sampling
penod because of equipment failure the first three sampling dates showed a trend of increasing conductivaty
at both sites over ume Different sites had higher values on different days  Means are not presented for
samphing penod D (28 and 30 November) because all measurements were made on the same day

Table 144 Physico-chemical and chemical variables, and air temperature,
measurements for each sampling occasion and site Codes as in Table 14 1
Readings taken over two days of sampling were averaged (sampling tmes: A, B
and C) and means and standard deviations (SD) are given. Conductivity was not
measured during sampling period "D".

Site 1 Site 2
A B C D A 8 C D
Variable Mean+SD  Mean$SD  Mean s 50 Mean$SD MeantSD Mean SO
Water Temperature ('C) 145407 115214 148232 160 | 150214 110821 148415 150
Conductvity (mSem’') 230270 239237 290259 - | 224258 248221 260212
pH 56200 562005 56:015 56| 56:007 56200 592008 53
Alr Temperature (*C) 193260 220 260:0.1 270 | 33218 2085207 270:28 %0

14.5  Biological comparisons between discharges and reaches

1451  Overall density and species comparnisons
The invertebrate samples from sampling peniods C and D (Table 14.1) are the only ones for which

identifications have been completed to date. This preliminary analysis of invertebrate patterns is thus based
on these two sets of data
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Invertebrate densities for cach replicate sample within each reach were calculated from specics counts
There was a decrease in sample densities of 46% (sne 1) and 72% (site 2) from sampling penod C 1o D
(Table 14.5). There was not a consistent pattern as to which site had a greater number of amimals  As
shown in Chapter 13, site 2 had a greater number of ammals than site | during sampling peniod C but in
sampling penod D site | had a hagher density (Table 14.5)

Table 14.5 Number of samples (N), mean number (#) of animals per square meter and
standard error (SE) for each site and each sampling period (data code as in
Table 14.1).

Data
Site Code N Mean#/m’%SE

1 C 27 1755 £ 306
1 D 18 944 + 130
2 C 21 2 361 £ 409
2 D 18 654 £ 159

A general analysis of vanance (ANOVA) on 4™ root transformed density data was run (Section 13 4), 1o
reveal overall density patterns between sampling peniods (discharge) and sites  Although there i1s no
significant difference between invertebrate densities of cach reach, there was a sigmificamt difference
between the two sampled discharges, with a p-value of 0 0001 (Table 14 6) There was also no sigmificant
cffect of site with discharge on overall invertebrate densities, p = 0.076 at a p < 0.05 level (Table 14 6)

Table 146 General ANOVA table examining the effect of reach, sampling period
(discharge) and their interaction on invertebrate densities. df = degrees of
freedom, M.S.S. = mean sums of squares, F = test statistics and P = significance
level, with an * denoting statistical significance at p < 0.05 level.

dff. MSS df MSS.
effect effect error error F P

Reach 1 0002 80 1857 0004 0948
Discharge* 1 29673 80 1857 15975 00001

Interaction 1 6005 B0 1857 3233 0076

In order to take individual species and their densities into account, the full set of data on specics
distributions (densitics 4% root transformed) was analysed for differences between sites (reaches) and
discharges (sampling peniods) using the agglomerative hierarchical clustening module CLUSTER in Primer
The dendrogram of the cluster analysis supports the ANOVA results (Figure 14 9a), showing a split
between the invertcbrate samples taken at the highest discharge and those taken at the intermediate
discharges, with a 62% similarity The MDS of the similanty analysis (Figure 14 9b) demonstrates a
prominent dissimilarity between samples taken at the two discharges, and a less prominent separation by
site. This 1s similar to the patterns exhibited by the flow/substrata cluster and MDS plots (Section 14 3)
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Figure 149 a) Species-level dendrogram for each site and discharge, showing
the split between the discharges (discharge in parenthesis after
each data code). b) MDS plot. Data codes for site and mapping times

as in Table 141
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To include data from the IS sampling, a prehminary data standardisation exercise was completed, as
invertebrate sampling methods (Section 4 5 and 13 2 for the later study) differed in these two studies
There were 52 samples and 18 different flow-type/substratum combinations sampled duning the IS sampling
penod, but only five flow types and two substratum categories were used in the latter analysis  Thus, only
samplcs using these categories were included from the latter study  Addmonally, the IS sampling was
qualitative rather than quantitative, requinng the invertebrate counts from samphing periods C and D 1o be
converted to ratings (Chapter 1)

With this standardisation completed, the resulung dendrograms and MDS plots revealed that the sites
clustered by discharge (sampling penod) (Figure 14 10) as in the previous analvsis The IS sampling penod
at site 1 sphit off from the other two groups at approximately 53% similanty  The other two groups spht
from one another at 65% similanty, and were not site dependent, but rather discharge dependent The MDS
plot revealed that the invertebrate assemblage from the IS samphng penod was less simular to those
collected in the C and D sampling occasions than the latter were 1o cach other  This may be because there
15 a scasonal difference being reflected as well as a difference in discharge This scasonality aspect wall be
examined further in Ms Schael’s PhD thesis

1452 Hydraulic biotopes

The above analyses (Figures 14 9 and 14 10) combined all samples from a site, to represent cach site at
cach sampling date in the analyses with a biological “fingerprint” or species assemblage  This 1s the same
process as was used in Chapter 10 for the testing of biological zones, and 1s uscful to display the overall
differences between sampling penods (discharge) and sites  In order to examine the cffect of sampling date
and site on hydraulic biotopes, however, cach sample was included separately in the next round of analyscs

The CLUSTER and MDS outputs revealed that the mam sphit between samples was between hydraulically
"fast” and "slow" conditions (Figure 14 11)  This 1s the same result as seen in Chapter 13, All invertebrate
samples taken from flow types BSW and USW, and some from RS, whether over boulder or large cobble
regardless of sampling penod or site, were in the "fast™ group. Some taken from RS, and all those taken
from BPF and SBT, over cither substratum, were within the "slow” group  As in previous analyses at the
hydraulic-biotope level (Chapters 11 and 13), the RS flow type occurred in both hydraulic groups, and
appeared to be the most hydraulically varied of the flow types chosen for this study. Reference to the actual
hydraulic measurements taken on cach sampling occasion revealed that cach RS in Figure 14 11 was in its
appropniate “fast” or “slow™ group (Table 14 7)

Within cach main hydraulic group there were several sub-groups that could be identified as individual
hydraulic biotopes (Figure 14 11) Twenty were recognised in total (Table 14.7): six were bio-rapids, five
cach were bio-nffles or bio-runs, and three were bio-pools and one a bio-run/pool transition. All of the bio-
rapids and bio-nffles occurred in the hydraulically “fast™ group, together with one bio-run Al of the bio-
pools, and the majonty of the bio-runs, were in "slow” group. The same hydraulic biotopes can be detected
in the MDS plot, as can a gencral trend from “fast” hvdraulic biotopes at bottom and left to "slow™ ones at
top and nght (Figure 14 12) Ranges of depth and percentages of substrata (Table 14 8), and veloaity and
Froude number (Table 14 .9), for cach of the 20 hydraulic biotopes, arc similar to those reported in Chapters
11 and 13 for descnibed hydraulic biotopes
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Figure 14.10 a) Species-level dendrogram for each site and discharge, showing
the split between the discharges (discharges in parenthesis after
each data code. b) MDS plot. Data codes for site and sampling times
asin Table 14.1.
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Mapped substrata arcas represent the majonty of substratum present in a particular part of the strcambed,
but 1t 1s recogmised that there could be small areas within the main patch with different substratum types
Therefore, as stated in Section 13 2, a substratum gnd was used at all sample pomnts to determine the
percentage of cach substratum type present within the 05 x 0 5-m arca Table 14 8 reflects the local or
micro-scale diversity of the substrata representing the sampling arcas

Table 14.7 Hydraulic characteristics of the 20 groups of samples from both sites and

two discharges on the Eerste River as recognised in Figure 1411, The sub-
groups are recognised as bwologically derived hydraulic biotopes Site code (site
number, data code, and sample number) and flow types are alsc given Mean and
standard deviation (SD) for the four readings taken within each sampling area are
reported. Statistics given. depth (m), near-bed and mean water column (0.8)
velocity (m s’'); and Froude number

Site  Flow Depth(m) Near-bed 06  Froude Number

group Hydraulic Biotope Code Type Mean SD Mean SD Mean SD  Mean sD

1

Biorifle (bowider) 1C22 USW 031 010 012 011 026 002 015 0022
106 RS 029 004 001 001 003 002 0018 0010
1014 RS 022 019 010 006 015 002 0166 0031
D17 USW 056 0C6 030 002 039 009 0167 0028
2017 USW 029 008 028 017 031 028 0222 0200
2018 USW 043 002 012 003 017 002 0083 0010
Bio-rapid (boulder) 206 BSW 023 003 083 016 082 012 0545 0090
2011 BSW 013 004 035 024 040 010 0377 0130
2013 BSW 013 004 073 063 104 052 1012 0700
Biorapid (boulder) 202 BSW 037 009 056 045 098 026 0530 0181
205 BSW 03 006 069 068 108 058 0581 02330
200 USW 038 004 031 004 030 016 0154 008
Bio-raped (boulder) 1D1  USW 027 004 042 013 058 006 0354 0033
102 BSW 022 004 028 024 076 023 0542 0215
D4 BSW 018 004 052 025 076 013 0592 0168
105 USW 032 006 006 008 013 008 0073 0045
1ID11 USW 044 006 013 020 035 028 0177 0149
1012 8SW 034 011 033 038 065 019 038 0188
D' BSW 047 003 002 004 D48 010 0224 0053
2010 USW 019 005 043 022 034 013 0242 0072
Bio-rapid (boulder) 1C19 BSW 020 010 ©S55 020 048 009 03658 0084
210 BSW 020 004 077 024 052 014 0382 0123
2C15 BSW 015 002 026 015 034 006 0291 0069
Bio-run (cobble) 22 RS 043 005 014 009 022 O0O8 0107 0038
2c8 RS 016 003 005 003 008 004 0058 0031
Bio-rapid (bouider) 1C2 BSW 016 005 024 015 024 018 02030 0172
1C5 BSW 017 005 035 044 049 035 0424 0379
1C6 BSW 010 003 036 015 048 012 0454 0088
1C8 8SW 007 001 099 038 101 036 1246 0527
1C11 USW 021 004 017 011 032 010 0226 0080
23 BSW 035 005 049 022 087 007 0472 0025
24 USW 023 006 019 037 050 026 0416 0232
25 BSW 009 004 028 010 D43 014 0475 0114
206 BSW 024 004 038 025 036 026 0244 0185
2C11 BSW 015 004 017 014 032 018 0274 0168
Bio-rMe (cobble) 1C1 USW 008 002 020 017 022 017 0262 0199
1C3 RS 020 004 005 006 010 006 0074 0048
1C4 USW 025 001 042 010 049 009 0312 0063
1C10 USW 009 003 030 011 031 010 0358 0154
1C16 BSW 011 004 035 014 044 011 0442 0128
2C12_USW 030 004 €23 005 028 003 0183 (0018
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Sub- Site  Flow Near-bed 06 Froude Number
group Hydraulic Biotope Code 'l’ygo Mean 30_ Mean SD Mean SD_ Mean sSD

8b Biorfle (cobble) 2C7 USW 017 004 008 010 018 011 0132 0096
269 USW 020 001 018 004 030 002 0213 0013
2C13 USW 030 003 007 004 016 005 0095 0028
2012 USW (045 004 026 024 056 009 0284 0038
9 Bo-ffe (cobble) 103 USW 027 003 005 006 008 D010 0050 0058
1015 RS 027 003 005 002 008 005 0057 0028
1016 RS 015 002 009 003 O011 001 0090 0016
203 RS 046 001 004 001 012 003 0054 0014
204 RS 048 002 019 008 016 0C8 0075 0027
10 Bio-rapid (cobble) 1013 BSW 016 004 018 014 018 013 0141 0096
207 BSW 018 005 035 020 053 026 0442 0319
11 Bio-nifle {cobble) 1C18 USW 017 009 012 011 015 010 0143 0116
D7 BSW 014 004 056 021 081 025 0515 0186
108 RS 018 002 013 003 022 004 0167 0022
109 USW 018 003 027 006 035 004 0263 0046
1010 RS 054 003 020 0C8 034 003 0142 0016
208 RS 029 0068 015 0C8 020 004 0120 0029
12 Bio-nfle (cobble) 2C16 RS 029 004 024 0C3 030 002 0182 001
2015 USW 061 001 014 005 021 009 008 0038
13 Bio-pool (boulder) 1C7 BPF 015 003 003 001 005 001 0038 0006
1C12 8PF 012 004 001 001 002 001 0022 0004
14 Bio-run (boulder) 2C17 BPF 043 002 013 001 014 002 0067 0009
2C18 B8PF 042 005 009 001 011 002 0053 0013
2014 RS 048 002 013 003 017 005 0078 0024
15 Bio-fun (boulder) 1€20 RS 020 002 013 002 021 004 0123 0022
1C21 BPF 018 015 003 003 005 003 0051 0046
18 Bio-pool (boulder) 1C23 SBT 041 003 004 001 008 001 0020 0005
2¢1 RS 028 001 000 001 001 001 0005 0006
201 RS 020 002 000 001 003 001 0020 0010
17 80-pool (cobble) 1C14 BPF 041 001 002 001 005 001 0025 0007
1C15 BPF 024 005 003 001 004 001 0025 0009
1C27 RS 034 002 005 001 014 002 0079 0012
18 Bio-run (boulder) 1C17 SBT 028 007 007 001 008 001 0058 0013
1C24 RS 041 005 006 003 012 001 0062 0008
1C25 SBT 043 007 002 001 003 000 0014 0003
2C19 RS 020 003 011 003 015 001 0105 0016
16  Bio-run/pool (boulder) 1C13 RS 034 008 006 006 014 005 0082 0040
2C14 BPF 011 003 001 001 002 001 0019 0005
2C20 RS 044 005 013 005 018 002 0085 0016
20 Bio-run (boulder) 1C9 BPF 022 007 003 000 005 001 0033 0003
1C26 RS 050 008 007 005 014 005 0081 0019
2C21 USW 032 005 010 001 016 001 0080 0012
2016 RS 047 002 008 006 014 001 0085 0008

/[ Table 14 7 contimeed

Although there is not an overwhelmingly strong pattern of site and discharge (sampling peniod) groupings
in the overall pattern (Figure 14 11), there 1s a pattern within cach hydraulic biotope (Tables 14 8 and 14 9)
Of the twenty sub-groups, cight were from one site and seven had all but one of its samples from one site
Thus, in total, 15 hydraulic biotopes had a strong affiliation to onc of the two sites. The hink between
hydraulic biotopes and sampling peniod was stronger, with 13 hydraulic biotopes linked to solely to one
discharge, five predominantly representing one discharge but contamming a sample from another discharge
and only one with no partcular affiliation. Hydraulic biotopes from the "slow” group were all classified as
linked to sampling peniod C, as there were only three samples from period D within the “slow™ group as a
whole. Overall, there were fow samples in the hydraulically slower group, as SBT and BPF flow types
cither disappeared with the higher discharge from sampling period D or did not cover sufficiently large
arcas to allow sampling (Scction 13 2)
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Figure 14.11 Species-level dendrogram for individual samples at the two sites.
The sohd line represents the split between the “fast" and "slow” hydraulic
conditions. Data codes for site and sampling periods as in Table 141
and sample point number as in Table 14 7. Flow/substratum (defined in
Tables 2 3 and 2.4) combinations are in parenthesis after reach sample
code.
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Stress = 0.17

Figure 14.12 Species-level MDS for individual samples at the two sites. Data
codes for site and mapping times as in Table 14.1 with the attachment of
sampling point number (Table 14.7).

193



Chapter Fourteen

Table 148

Summary statistics for each group of samples recognised in Table 14.7:

range, mean and standard deviation (SD) of depth and percent composition
of substrata. The statistics are listed by hydraulic biotope, sub-group number, site
representation, discharge code (Q), and number of samples (N) within each
hydraulic biotope. Depth data calculated from the means in Table 147
Substratum averages from all contnbutions within the group. Site and discharge
(Q) designation are based on group composition, ‘none” means that sites or
discharges were equally represented in the sub-group, * denotes that the majonty
of the samples were from that site or discharge, but that one sample in the sub-
group was from the other site or discharge Substrata codes as in lable 2 4.

Hydraulic Biotope group Site Q

Bio-pool (boulcer)
Bic-pool (boulder)
Bic-pool (cobble)
Biowrapid (boulder)
Bic-rapid (boulder)
Bio-rapid (boulder)
Bie-rapid (boulder)
Bio-rapid (boulder)
Bic-rapid (cobble)
Bio-riffle (boulger)
Bio-nffle (cobble)
Bio-nte (cobble)
Bio-nfle (cobble)
Bio-nfe (cobble)
Bio-nle (cobble)
Bio-run (boulder)
Bie-run (boulder)
Bio-run (boulder)
Bio-run (boulder)
Bie-run (cobble)

Bic-run/pocl (boulder)

13
16

17

none

2.
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036 -038
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Overall, during the relatively low-flow conditions during this study, it required a major change in discharge
to significantly change the wetted arca and hydraulic conditions. This held equally true for both reach types
studicd.  Flow-type proportions remained steady over a range of similar discharges and only shifted when

discharges changed by 84 to 53% (sites | and 2 respectively)
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The shifts in flow-type proportions were
faurly site specific, with the more specialised (chute, free fall, tnckle, ete ) flow-types being more dominant
and widespread in site | and very rare in site 2 (Figure 14 3 and Table 14 2)
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Table 14.9 Summary statistics for each group of samples recognised in Table 14.7: ranges, means and standard deviations (SD) of near-
bed and mean-column (0.6) velocity (m s') and Froude number. These statistcs are listed by hydraulic biotope, sub-group
number, site representation, discharge code (Q), and number of samples (N) within each hydraulic biotope. Four individual sites of
velocity measurements were made within the area where each invertebrate sample was collected. The means of these values are
given in Table 147. The values in this summary table are the ranges means and standard deviations of thase means. Site and
discharge (Q) designation are based on group composition, ‘ncne” means that sites or discharges were equally represented in the sub-
group, * denotes that the majority of the samples were from that site or discharge, but that one sample in the sub-group was from the

other site or discharge.
Sub- Near-bed Velocty (ms')  Mean (0.6) Velocty (m's ) Froude Number

Hydraulic Biotope group Site Q N Range Mean SD Range Mean SD Range Mean SD

Bio-pool (boulder) 13 1 C 2 001-003 002 001 002-005 003 002 0022-0038 0030 0012
Bio-pool (boulger) 16 2° C* 3 000-004 001 002 001-006 003 003 0005-0029 0018 0012
Bio-pool (cobble) 17 1 C 3 002-005 003 001 004-014 0OB 008 0025-0079 0043 0031
Bio-rapid (boulder) 2 2 D 3 035-083 063 025 040-104 075 032 0377-1012 0645 0329
Bio-rapid (boulder) 3 2 D 3 031-069 052 019 030-108 079 042 015 -0581 0421 0233
Bio-rapid (boulder) 4 ! b D 8 002-052 027 018 034-076 051 022 0073-0592 0324 0179
Bio-rapid (boulder) 5 2* C 3 026-077 053 025 034-052 045 009 0201-0382 0348 0049
Bio-rapid (boulder) 7 none C 10 017-09% 035 024 042-101 05 025 0203-1246 0444 0302
Bio-rapid (cobble) 10 none D 2 016-035 025 014 018-053 035 024 0141-0442 0292 0213
Bio-ntfle (boulder) 1 none DO 6 001-030 016 011 003-039 022 013 0018-0222 0135 0073
Bio-nffle (cobble) Bga 1° C* 6 005-042 026 013 010-049 O 014 0074-0442 0269 0134
Bio-nffle (cobble) 8 2 C 4 007-026 015 009 016-05 029 019 0095-0264 0176 0.077
Bio-nffle (cobble) 9 none D S5 004-019 009 006 006-016 011 003 0050-00% 0085 0017
Bio-nffle (cobble) 1" 1" D* 6 012-05 025 017 015-061 O3 017 0120-0515 0226 0150
Bio-niffle (cobble) 12 2 none 2 014-024 019 007 021-030 026 007 0086-0182 0134 0.067
Bio-run (boulder) 14 2 C* 3 009-013 012 002 011-017 0.14 003 0053-0078 0086 0012
Bio-run (boulder) 15 1 C 2 003-013 008 007 005-021 013 011 0051-0123 0087 0051
Bio-run (boulder) 18 1* C 4 002-011 005 004 003-015 010 005 0014-0105 0060 0.037
Bio-run (boulder) 20 none C* 4 003-010 007 003 005-016 012 005 0033-0090 0082 0023
Bio-run (cobble) 6 2 C 2 005-014 010 006 008-022 015 010 0059-0107 0083 0034
Bio-run/pool (boulder) 19 2° C 3 001-013 007 006 002-018 011 008 0019-0085 0062 0.037
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The same pattern occurred with flow/substrata proportions, with a more site specific pattem cmerging
(Figures 145 - 14%) Ths pattern reflected difference in proportions of large cobble and boulder over
which the differemt flow-types were recorded  Site 1 tended to have more boulder over all (Section 13 3),
however site 2 had a greater proportion of wetted boulders (smaller boulder matenal and decper channel)
with three main flow types, RS, USW and BSW than did site 1, which had a more cven spread (Figure
144

Future analyscs in Ms  Schacl's PhD will focus on micro scale patterns of these flow/substrata
combinations, through studics of the digitised site maps (cg Figures 74-76) A number of
tlow/substratum patches will be tracked over nme 10 see how resilient cach phvsicai paich s, how fong i
retams s shape and position within the site, and which changes in discharge or other measured hydrauhc
variables cause it to shift 1o another flow type  Flow duration curves and time-senies analysis of daily
hvdrological data will also be completed and linked to the results from the study reported in this chapter, to
illustrate the proportion and individual spells of ume that the measured conditions are hikely to prevail in
the sites.  Until these analyses are completed, conclusions cannot be drawn on the discharge-related
behaviour of individual hvdraulic patches within the mosaic of the site, but only on the site as a whole

1462  Changes in invertebrate densitics and species assemblages with discharge

Overall inverntebrate densities decreased between sampling penods C and D within both sites. There was a
significant effect of sampling time, which is hinked to discharge that suggests that the increase of flow
dunng the last sampling peniods shifted the numbers of ammals.  Exammming the species composition or
“fingerprint” of cach site, the importance of this discharge change 1s also cvident. When examining cach
sample i the context of hydraulic biotopes the pattern remained similar to that of the reach comparnison in
Chapter 13 where hyvdraulic preferences superseded affimitics to site or discharge At this point in the
analyses it can not be pointed out if amimals moved from one area to another due to shifis n local
hydraulics (Section 14 6 .3), but that there were overall specics assemblage shifts

14.7  Future analyses

Not all of the hological data have been analysed to date, so conclusions can only be based on these two
sampling periods.  These represented the lowest and highest measured discharges, and revealed a clear
pattern of differences both in overall invertebrate densitics (Tables 145 and 14.6) and species structure
(Figure 14.9). The two remaiming sampling occasions should show simular results to sampling penod C, as
the discharges were similar. The report on this will form part of Ms. Schacl's PhD

The implications of hyvdraulic biotopes (and thus the invertebrate assemblages defining them) dentifying
with one discharge and, 10 a lesser extent, one site, requires further carcful analysis and thought. Where do
the invertebrates from “slow™ hydraulic biotopes go in high flows if they do not remain in the “fast”
hydraulic biotopes that replace the slow ones” The data suggest that, because the biotas define the
hydraulic biotopes, when the slow-flow HBs disappear, so by defimtion do the slow-flow invertebrates
But 1s this so, or arc they stll there, masked by the fast-flow species moving into the arca? This can only
be answered by tracking the fate of individual species types through the scrics of samples, as will be done
in Ms Schacl’s PhD thesis
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15.  IMPACTS OF ANTHROPOGENIC DISTURBANCE

15.1  Recap

The fifth aim histed for this project (Section 3.6) was to scarch for trends in the ways that anthropogenic
(man-made) disturbances of nvers alter the nver ecosystems. Re-iterating Section 3 6, 1t was suggested that
such disturbances could alter the distnbution and proportions of hydraulhic biotopes, species assemblages,
and possibly even of morphological units, away from the ranges recorded for lcast-disturbed sites Physical
disturbance mught result in persistence of the onginal specics assemblage of invertebrates, but in some
depauperate form, with fow new species  Chemical disturbance, on the other hand, might leave the basic
morphologica! structure mtact, but change the overall chemical environment It could, however, also
change physical microhabitat conditions by, for instance, covenng rocky-bed clements with algac Thus, n
several wavs and depending on its seventy, chemical disturbance could change the faunal assemblage, with
a Joss of onginal species and either addition of new pollution-tolerant species or, n tOXIC situations, no
addional species  Some other disturbances, such as dams and infestation by alien trees, could provide
addinonal impacts, by changing the nver’s flow and temperature regimes, destabilising banks, or changing
the dynamics of sediment transport

Within this project it was not possible to investigate the full array of disturbances present in Western Cape
nvers  Instead, ten niver sites were identified that are within the same bio-region and longitudinal zones as
the least-disturbed nvers (Table 5 1), and that had single speaific disturbances. The disturbances included
bulldozing of the nver bed, dams, alien trees and agnculture (Table 15 1) Exght of the sites were within
catchments or catchment groups already represented by the lcast-disturbed nvers (Olifants: disturbed niver
numbers 3, 4 and 8, Breede number 12, Berg: number 16, Palmiet number 23, and Table Mountain
numbers 26 and 28)  Two of the sites were on short nivers (numbers 22 and 25) with their own estuanes

Table 15.1  Summary of the ten disturbed river sites used in the investigation, and their
major anthropogenic disturbances. For more detalls. see Table 51

River # River Name Catchment Disturbance

3 Noordhoek Olifants Bulldozed river bed and banks

4 Middeldeur Olifants Agnculture - upstream nutrient enrichment

5 Grootrivier Olitants Agniculture — upstream nutrient enrichment

12 Holsloot Breede Upstream dam -continual hypolimnetic release with
thermal modification to very cold water

16 Wemmershoek  Berg Upstream dam - no flow in dry season except from
minor tnbutanies. Site bulldozed after sampling —= MUs
eradicated before mapped.

22 Lourens Lourens Orchards, piggery, disturbed banks with aken trees

23 Palmiet Palmiet Upstream dams and weirs

25 Davidskraal Davidskraal Upstream dam, downstream weir, retaining walls at
Site

26 Window Table Mountain Betanical garden

28 Cecilia Table Mountain Alien trees Populus canescens, with much woody
debris and Iittle surface flow
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Abiotic and biotic data were collected and analysed as per Chapter 4, with field mapping and sampling
done n the 1997/98 summer low-flow scason

15.2  Biologically-defined groups of sites, with disturbed rivers included

The CLUSTER module in PRIMER, used for grouping the least-disturbed sites (Section 10 2), was re-run
with the ten disturbed sites included  The catchment groupings were the same as for the least-disturbed
rivers (Figurc 10 4), with the Ohfants/Berg group scparating off first, followed by the Table Mountain
streams and then the Breede and the Ecrste/Molenaars groups, and lastly the single niver from the Palmiet
catchment (the Dwars) (kigure 13 1) Overiaid on this patein, bowever, was the distribution of the
disturbed nivers: four grouped within established catchment groups whalst the other six formed two “outhiers
groups .

Two of the nvers that entered an estabhished group were in the appropnate catchment from a geographical
perspective: the Groot appeared with the other Olfants nivers and Window with the other Table Mountain
nvers  The two short nivers appeared in two other established groups: the Lourens with the Breede nivers,
and the Dawvidskraal with the Eerste/Molenaars nvers.  Neather of these lLink-ups was with the
geographically nearest catchment, which for the Lourens is the Eerste, and for Davidskraal is the Palmict
(Figure 5.1). It 1s not understood why they joined these catchment groups. The matter 1s discussed further
in Chapter 20

Three of the four nvers just mentioned (Groot, Lourens, Davidskraal), were among the least similar within
their adopted groups, lying between the bedrock and alluvial nvers or near the group outhers. These three
nvers were recognised as having agncultural disturbance (Groot, Lourens) and a dam and retaining walls
(Davidskraal) Both the Groot and the Lourcns sites had approximately natural size channels, and flow
regimes that were somewhat modified but that remained perenmal with close-to-normal flooding  Their
main impacts were from upstream nutrient inputs and bank disturbance  The Davidskraal site had a major
dam dircctly upstream releasing hittle flow, retaiming walls through the site, and a downstrcam weir that
pushed scttled fine scdiments back into the site.  Judging from the invertebrates present, its walter quality
appeared good, though the dam must have had thermal impacts  The fourth nver that joined an established
group (Window) runs through Kirstenbosch Botanical Gardens It has a low level of disturbance of its
banks and a ncar-natural channel width and morphology. From its position well within the Table Mountain
group (Figure 15 1), it appears less impacted than the others.

Though set apart from the mam groups of least-disturbed nivers, the two outhier groups of disturbed nivers
were not necessanly less similar to them than the main groups were to cach other. Disturbed Group | was
more simular to the Eerste/Molenaars and Breede groups (33% similanty) than were the Table Mountain
(32%) and Olfants/Berg (27%) It contained nivers with dams (Wemmershock ~ Bl6, Palmiet - P23),
agriculture (Middeldeur - O04) and a bulldozed bed (Noordhoek - 003). The Wemmershoek site received
no watcr from its upstream reaches unless Wemmershock Dam was spilling, but flow from three minor
tnbutanes (Bakkerskloof - nver Bl4 and Zachanashoek - nver BIS and one other). It had collapsing
banks, extensive sandy deposits on its cobble bed, and appeared to have been widened with a berm and loss
of npanan trees on the left bank. The Palmict site was downstream of one dam (Nuwcberg Dam) and
agncultural arcas, and had recently burnt. It had a bedrock channel that appeared unmodified, and its main
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Stress = 0.18
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Figure 152 Two-dimensional configuration of the 18 least-disturbed sites
and ten disturbed sites, using species level data of
invertebrates. The groups recognised in Figure 10 4 are shown
together with the two groups of disturbed rivers. # = predetermined
mountain zone based on literature, $ = predetermined foothill zone
based on |iterature, * = disturbed rivers, * bedrock rivers. Numbers
represent the different sub-groups: 1 = Olifants-Berg. 2 = Table
Mountain; 3 = Breecde, 4 = Eerste-Molenaars; 5 = Disturbed 1,6 =
Disturbed 2.
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impacts were the reduction in flows and upstream nutnient ennchment. The Middeldeur site had a bedrock
channcl with spectacular cascades and waterfalls downstream of the site. The channel did not appear to be
modified, except perhaps by a greater than usual growth of npanan trees  Its most obvious impact was
algal growth from upstream nutnient enrichment. The Noordhock site was in mountain fynbos with no
upstrcam dams, and so the cherical and thermal regimes were near natural.  Its mamn impact was a
bulldozed channel with an artificial cobble berm on the nght bank, presumably to constrain flow within a
narrow channc!  Part of the bulldozing activity had been to create an abstraction channel upstream of the
site. to take water to a ncarby farm  This resulted in dryv-scason flows through the site being noticcably
lower than natural

The two rivers in Disturbed Group 2 were lcast stmilar to any other nver This group contained nivers with
a dam (Holsloot - R12) and alien vegetation (Cecilia - T28)  The Holsloot site received a continuous, very
powerful, hypolimnetic release. Very cold water (Table 710 12 3 °C, compared to the range 153 - 241 °C
for all other sites) flowed turbulently over a nverbed 90% covered with dense, green filamentous algac
The Cecilia site was choked with woody debnis and fallen lcaves of Populus canescens There was hitle
surface water Thus was the only niver in which the abundant invertebrate group Ephemeroptera (mayfhics)
was not found

The ordination plot of the same data was drawn with an acceptable stress of 0 18 (Figure 15 2) This also
showed the established groups, each (except the Palmict group wath its one niver) contaiming one disturbed
nver Only the Wit (ROS), which has shown up as an outher in several carlier analyses, did not sit
obviously with its group Bedrock sites tended to be located around the outer edges of groups  Disturbed
Group | was centrally placed among the recogmsed catchment groups, perhaps reflecting that these nivers
had lost their catchment and niver signatures, and had become increasingly similar to cach other  Perhaps
unique or sensitive species had been lost, leaving a core assemblage of hardy species that are common to
most nvers.  This grouping occurred despite the nivers having expenienced a range of impacts (sce
descrnptions above)  This topic is revisited in Chapter 16

Disturbed Group 2 was least similar to any other group of nivers (Figure 15 2) This may reflect a much
more drastic disturbance, with a loss of cven the hardy species, and the presence of a completely new
assemblage of invertebrates. Again, this is discussed further in Chapter 16

Following the conclusions given in Section 103, ANOSIM was not used to further explore differences
between sites

153 Correlation between biological groupings and environmental variables

BIOENV runs were completed for all groups recogmsed in Figure 15 1, that is, the Ohfants/Berg catchment
with the Grootnivier included, The Table Mountain catchments with Window. the Breede catchment with
the Lourens, the Eerste/Molenaars catchments with Davidskraal, and the two disturbed groups  The results
are not useful in some ways, as they charactense groups of nivers in which at least one nver 1s no longer
like the rest — hence the charactenisation essentially becomes “noisy”  Nevertheless, they provide an
mndication of how the overall dnving vanables of the groups changed with a disturbed nver added in  If
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Table 10 2 (for the least-disturbed nivers) 1s compared with Table 15 2 (for all nvers), for nstance, algac
and macrophytes gain prominence once the disturbed nvers have been added.

Table 15.2 Variables used and coefficients derived from the BIOENV matching exercise
of biotic and abiotic similarity matrices of all sampled rivers. An * indicates
overall best match.

“Number of
variables  Best variable combinations (p.) .

I Scirpus (0.213)
2 Conductivity and macrophytes (0 309)
3 Algae, conductivity and macrophytes (0.326)
4 Algae, conductivity. macrophytes and Scirpus (0.338)
5 Algae, conductivity, macrophytes, cobbles and Scirpus (0.351)
6 Algae, conductivity, macrophytes, site slope, cobbles and Scirpus (0.360)
7 Algae, conductivity, macrophytes site slope, altitude, cobbles and Scirpus (0.372)
8" Algae, conductivity, macrophytes, site slope, altitude, boulder, cobbles and

Scirpus (0.381)

Simularly, algac gains prominence once the Davidskraal 1s added to the Eerste/Molenaars group (Tables
10 3 and 15 3), and moss once the Lourens 1s added to the Breede (Tables 104 and 15 4)

Table 153 Combinations of 12 environmental variables yielding the best matches of
biotic and abiotic similarity for the Eerste/Molenaars catchments and
Davidskraal grouping. An * indicates overall best match.

Number of

~ variables  Best variable combinations (p,) -
1 Altitude (0 764)
2 Conductivity and bedrock (0.839)
3 Conductivity, bedrock and Scirpus (0.845)
4 Conductivity, moss, altitude and bedrock (0.856)
5 Algae, colour, site slope, altitude and cobbles (0.871)
o Algae, conductivity, macrophytes, site slope, altitude and cobbles (0.871)
7 Algae, conductivity, colour, site slope, altitude, cobbles and Scirpus (0.888)

Table 154 Combinations of 12 environmental variables yielding the best matches of
biotic and abiotic similarity for the Breede catchment and Lourens River
grouping. An * indicates overall best match

" Numberof
variables Best variable combinations (p,,)

1 Altitude (0.496) o
2 Altitude and boulder (0.655)
3 Moss, altitude and boulder (0.660)
4 Macrophytes, moss, altitude and boulder (0.602)
5 Conductivity, moss, altitude boulder and cobbles (0.595)
6 Conductivity. moss, colour. altitude boulder and gravels (0.579)

Predictably, the best overall match in cach case had a lower correlation value than when only the least-
disturbed nivers were included
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154 Changes in MUs

When the disturbed nivers are mcluded in the analysis of numbers of MUs, all but three of them group
together but apart from the zonal groups recognised in Figure 12.1 (Wemmershoek - B16 not included as
MUs cradicated, probably by bulldozing) The four main zonal groups alluvial mountain, alluvial
mountain/upper foothill, alluvial lower foothill, and bedrock mountan and foothill, are sull apparent
(Figure 15 3), although one site (M10 - Elands) has shifted groups from “mountain‘upper foothill™ to
“bedrock mountain and foothull”  But supenimposed on this s a clear grouping of disturbed nivers, which
together are less than 15% similar to almost all reference nivers in terms of the number and types of MUs
Even the two disturbed bedrock nivers group together, but scparately from all other nivers including the
other bedrock ones Al of the remaiming disturbed nivers, except Cecibia (128), group with the two lower
foothill sites (Berg - B17 and Molenaars - M09) and the two outhers (RU6 and RI3)  In terms of thar
slopes. all but the Groot (003) should be well within the upper foothill to mountan zone (Tables 121 and
15 3). and so the disturbances appear to have transformed them to less heterogencous sites typical of more
downstrcam rcaches  Further analysis 1s needed to compare, for instance, all the pristine mountam sites
with all the disturbed mountain sites, to see which MUs are typical of cach and what has been lost with
disturbance (Chapter 20)

Table 155 Recap of map slope data for the disturbed rivers, and revised zone
description based on analyses to date (see Section 15.6). # pre-identfied as in
a biological mountain zone and $ as in a biological foothill zone

River Code River Name Map slope  Catchment Revised zone
0033 Noordhoek 0.020 Olitants alluvial mountain-transitional
Q04S Middeldeur 0011 Olifants bedrock mountain and foothill
0058 Grootrivier 0.002 Olfants alluvial foothill
R12# Holsloot 0020 Breede alluvial mountain-transitional
B16$ Wemmershoek 0010 Berg alluvial foothill
L22% Lourens 0.020 Lourens alluvial mountain-transitional
P23s Palmeet 0.022 Paimiet bedrock mountain and foothill
D258 Davidskraal 0010 Davidskraal alluvial foothinl
T268 Window 0087 Table Moumain  alluvial mountain

T268 Cecilia 0220 Table Mountain

alluvial mountain

155 Changes in substrata

The attempt to define phvsical reference conditions in Cape headwater streams (Section 10 .6), revealed that
there was an insufficiently detanled pattern of distnbution of substrata to be able to distinguish nver zones
purcly on the substrata (Figure 10.11) The distribution of flow types was even less uscful for this purpose
(Figure 10 12)
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The exercise of grouping nivers by substrata was repeated, however, as it might reveal why some of the
disturbed nvers grouped as outhers On the dendrogram of all 28 nivers, based on substrata data, the three
main kinds of niver channels - bedrock, mixed alluvial-bedrock, alluvial - were grouped (Figure 15.4) The
two disturbed bedrock sites hinked with the undisturbed sites, suggesting no major change in substrata  The
mixed alluvial-bedrock sites still hinked together, as in Figure 1011 The alluvial group was increased by
the inclusion of three disturbed sites (Window, Groot, Holsloot), but the remaiming disturbed sites were in a
swathe of dissimilar sites which also contamned the two lower-foothil] sites (Berg and Molenaars)

The MDS ordination of the same data (Figure 15 5) also reflected these groupings, but gave more details on
the alluvial and ungrouped sites The overall trends of the plot were: from left to nght - bedrock to alluvial,
and possibly from top to bottom - coarse to finc sediments. The least-disturbed bedrock sites were to the
left, the least-disturbed mixed alluvial-bedrock sites in the centre, and the least-disturbed alluvial mountain
sites formed a tght group to the nght of the plot, surrounded by the least-disturbed alluvial foothull sites
The Holsloot (R12) grouped with these foothill sites but toward the top of the plot. perhaps reflecting the
coarse sediments 1n this croding, high-flow site. The remaining disturbed sites, apart from the two bedrock
ones which were located in the bedrock group, were scattered to the lower night of the plot, all located
outside any of the cstablished groups.  Again, the Window site (T26) appeared the lcast-impacted, being
closest to the estabhished mountain-alluvial group, and the Davidskraal (D25) and Cecihia (T28) sites most
impacted

Considenng site slopes, the reference mountam-alluvial group had slopes ranging 0.020-0 080, and the
alluvaal foothalls 0 002-0.026 (Table 5.3) The disturbed alluvial sites to the bottom nght of the plot should
have grouped within on¢ of these two groups (Table 15 5). If increasing distance from these groups in the
MDS plot s interpreted as increasing change in substrata, then the very high-gradient Cecibia site (T28),
though with its MUs apparently intact, clearly 1s the most disturbed in terms of substrata, with Davidskraal
(D25) a close sccond  These two sites are the only ones with more than 60% of their mapped substrata in
the gravel and finer categones (Table 15 6). By companson, among the lcast-disturbed alluvial nvers,
gravels and fines made up 21% or less of the substratum, and among the other disturbed nivers 26% or less
This difference in substrata could partially explain why Cecihia does not group with other Table Mountain
sites in terms of fauna (Figure 151 and 15 2), although with this reasoning Davidskraal should also be set
outside recogmsed catchment groups. If substratum changes alone do not place sites outside the catchment
groups (as happened with Davidskraal), then there must be additional forees influencing invertebrate
distnibutions in Cecihia, and also in Holsloot (R12), for the latter has reasonably “normal”™ substrata but an
unusual species assemblage (Figure 15 5 and 15.2) These forces could be physico-chemical changes (from
the alien vegetation in Ceciha and hypolimnctic releases in Holsloot), flow changes (very low flows in
Ceciha and very high flows in Holsloot), or temperature changes (very cold water in Holsloot). This matter
1s discussed further in Chapter 20
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Figure 155 MDS ordination of the 18 least-disturbed sites and ten disturbed
sites, using data on categories and proportions of substrata. The
groups of least-disturbed rivers recognised in Figure 10.11 are shown,
together with the disturbed nvers. # = pre-determined mountain zone; $
= pre-determined foothill zone, * = disturbed rivers. Numbers represent
different groups. 1 = Bedrock, 2 = Least-disturbed Mountain, 3 = Least
disturbed Foothill, 4 = Mixed Alluvial-bedrock
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Table 15.6 Percentages of wetted substrata in ten disturbed rivers, mapped with mixed
categories aliocated equally to one of the eight main categories. Substrata
categones are explained in Table 2.4 with the exception of “plants” which are
instream macrophytes not including Scirpus and paimiet, “concrete/rubble” which is
concrete slabs or rubble instream and on banks, "roots” which are roots of trees or
other npanan vegetation

‘Substrata 003§ 004S 0058 R12# B16S L22% P23# D25S T264 T288

B8R 00 989 00 00 00 00 859 002 00 00
8 187 08 R0 415 213 188 982 61 132 18
LC 443 00 693 156 508 261 03 29 380 169
sC 354 00 76 205 74 204 01 135 394 98
LG 00 00 00 00 00 00 00 382 58 00
SG 0.0 0.0 13 100 00 28 003 318 08 35
SA 03 00 117 53 165 189 00 94 28 491
sl 00 0.0 19 00 00 43 00 00 00 08
Concrete/Rubble 0.0 00 00 08 00 00 00 ©00 00 00
Wood 0.0 0.0 02 00 00 00 10 00 04 48
Roots 00 00 00 45 0C 00 00 00 00 34
Palmiet 00 004 00 00 00 00 O05 00 00 00
Scirpus 00 03 00 00 36 00 30 00 00 00
Plants 12 00 00 18 04 00 00 00 00 00

15.6 Changes in hydraulic biotopes. and recognition of an additional longitudinal zone

In Chapter 11, the individual invericbrate samples from the 18 least-disturbed nvers were analvsed, to
detect conditions (hydraulic biotopes) that supported similar species assemblages. The same analyses were
repeated for the ten disturbed rivers and are reported on here. Again, the samples had to be divided into
logical groups, i recognition of the PRIMER limitations in terms of number of samples

During the preceding analyses it had become increasingly apparent that the spht of samples from alluvial
nvers into mountain or foothill zone was simphistic.  Several different sets of data indicate a third zone
between these two (Tables 6.1, 68, 1211, 122, Figure 1211, 122). Thus, at this point, we suggest
recognition of a third zone in alluvial nivers and, pending further discussion with geomorphologists and
other ccologists on it, have temporanly called it the mountain-transitional zone (Table 155) The zone
appears to be related to map slopes of about 0.020-0 030

In the following analvses of hydraulic biotopes, alluvial mountain and alluvial mountain-transitional were
placed in one group, and alluvial foothills in a sccond. This allocation was done simply to achieve the best
balance of numbers per group, and without suggestion of the closest affinity of the new mountain-foothill
zone

1561 Alluvial mountain and mountain-transitional nvers

Five nvers, represented by S1 samples, were included in the analysis Two were from Table Mountain, one
from the Breede system, one from the Olifants, and one (Lourens) within its own small catchment. As
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reported in Section 113 2, the least-disturbed headwater streams consisted of complex mosaics of small
patches with very different hydraulic conditions Hydraulic biotopes were difficult to charactense, because
samples were orgamised mainly by catchment, and so “groups of samples that might be representing
different hvdraulic biotopes were divided into three, if not four, main sub-groups™ within a catchment
group. These very small groups of similar samples were essentially inadequate for good charactenisation of
hvdraulic biotopes

In the analvsis of disturbed nivers, the catchment signature was stll very clear, with all samples from any
one niver holding together (Figure 15 6 and 15.7). Because of this, the hydraulic biotopes again had 1o be
distinguished trom very small groups of samples within cach catchment group, and patterns detected should
be regarded as tentative

The overall trend appeared to be that cach niver had a group of bio-pool samples and loose group of faster-
water samples A few of the “fast™ samples could best be charactensed as being from bio-runs, but most
were from groups that could not be distinguished as cither nffles or rapids.  Some of this confused pattern
may have been the result of both mountain and mountain-transitional nivers being included in the analysis,
for the former tend to have bio-rapids and the latter to be making the transition toward bio-nffles. Even the
high-gradient mountain sites (Ceciha - CR and Window - WS) which should have had bio-rapids, however,
presented the same confused picture, suggesting that disturbance may also have played a role

Closer inspection of the hydrauhic details of the sub-groups (Table 15 7) revealed that in most cases the
boulder substratum typical of bio-rapids was not present Fast flow types usually associated with rapads
(eg USW, CAS) were present, but they flowed over smaller substrata In Window Stream, for instance,
which with s high gradient was clearly a mountain site, bro-rapids should have been very evident
(compare with Langnvier and Swartboskloof at the same gradient - Section 11 3 2)  Instead of flowing
over boulders, however, the flow types CH and CAS flowed over mixed small and large cobble At the
Ceciha site, which 1s even steeper, CAS and FRF flowed over wood  The mountain-foothill sites showed a
sumlar picture. Noordhoek, for example, had mean velocities and Froude numbers well within those given
carher for bio-rapads, with velocities generally higher than those given for bio-nffles (Scction 11 4) Al of
its fast flow types were nevertheless over mixed large and small cobble. Much the same picture emerged
for the Lourens  Only the Holsloot, with its strong, hypolimentic dam release, still displayed a boulder bed
with the appropnate flow types, velocities and Froude valucs

In summary, in terms of hvdraulic biotopes, these disturbed niver sites appeared to display two major
differences to comparable lcast-disturbed sites.  First, boulder substrata were virtually absent  Sceond,
sorting of cobble and smaller particles was poor, with about half of the invertebrate samples being taken
from mixed substrata The result was a continuing strong catchment signature superimposcd on an array of
pool biotopes and indistinct fast-flow biotopes with poorly-sorted, relatively homogencous substrata
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BRAY-CURTIS SIMILARITY

Cluster analysis to identify similar invertebrate samples from five
disturbed mountain or mountain-foothill sites. Samples are coded
by river and invertebrate sample number NO = Nocrdhoek, WS =
Window Stream; LO = Lourens; HO = Holsloot, CR = Cecilia Ravine.
Substratum and flow-type codes as per Tables 23 and 2 4
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[_— - Stress = 0.19 -

Figure 157 MDS ordination of invertebrate samples from five disturbed
mountain or mountain-foothill sites. Groups denoted are those
identified in Figure 15.6. Samples are coded by river and
invertebrate sample number N = Noordhoek. W = Window Stream
L = Lourens, H = Holslcot, C = Cecilia Ravine
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Table 15.7 Hydraulic characteristics of the 14 groups of samples from disturbed alluvial
mountain and mountain-foothill sites, as recognised in Figure 15.6. Depth
(m); mean-column (0 6) and near-bed (NB) velocity (m s”'). NO = Noordhoek, WS
= Window Stream; LO = Lourens; HO = Holsloot, CR = Cecilia Ravine. Substratum
and flow-type codes as per Tables 2.3 and 24 MC = mixed cobble
"Sub-  Hydraulic Sample  Flow/ Depth 06 NB  Froude
group biotope code substrata No.
1 Oullier NOO4 NF/MC&SA 004 001 001 0016
2 Bio-pool NOO09 SRF/SCALC 003 007 007 0135
NOO03 NF/MC&SA 0.08 001 001 0008
NOOQO8 SBT/SCALC 0.08 004 004 0049
NO10 BPF/BALC 0.15 003 001 0025
3 Bio-run NOOQS5 RS/B&LC 0.14 020 018 0181
NOO06 RS/SCALC 0.15 021 014 0181
4 Bio-pool Ws03 BPF/SC 024 000 - 0.000
WS05 NF/SA 0.16 000 000 0000
WS06 TRALG 0.08 007 011 0084
5 Bio-rapid/nffle WSO CHALC 0.1 045 - 0422
ws02 RS/SC 0.12 027 - 0.252
WS04 CAS/B 0.12 D46 054 0479
6 Bio-pool LOO7 SBT/SA 0.21 001 001 0007
LOD3 SBT/SI 0.09 008 o001 0082
LOD9 SRF/B 0.20 000 001 0002
LO02 BPF/SCa&SI 0.09 003 002 0035
LOO0S RS/B&LC 0.21 000 000 0000
LO12 SBT/SC&SA 022 009 004 0059
7 Bio-rapidirifie  LOO06 CH/B 0.12 093 113 1030
LOC8 RS/LC 0.30 034 022 0200
LO04 UswiLCcasC 023 052 033 0373
LO10 FRF/SC 0.18 027 013 0209
LOO1 FRF/LC&SC 0.06 018 018 0238
LO11 FRF/SC 0.06 020 029 0380
8 Bio-rapidiriflie  NOO1 FRF/BALC 013 038 028 0352
NO02 USWILCASC 0.14 022 019 0203
NOO07 USWISCELC 0.14 062 054 055
NO11 uUswiLC 0.16 088 076 0718
NO12 BSW/LC&SC 0.16 042 023 0341
9 Bio-rapid/riffie  HOO07 FRF/MC&B 0.06 024 023 0348
HO08 STR/B 014 089 071 0773
HO09 CAS/B 0.11 055 047 0554
HO10 USWILC&B 0.15 081 067 0.709
10 Bio-run HO02 SBT/SC&SG 029 0.11 007 0.085
HOO04 RS/SC 0.53 029 023 0.128
HOO06 SBT/SC&SA 0.26 000 000 0.000
HO11 RS/ISG 0.18 003 003 002
11 Bio-pool HOO01 BPF/SG&SA 010 004 002 0041
HO03 BPF/SC&SA 021 001 001 0005
HO05 BPF/SG 019 001 000 0006
HO12 NF/LC 0.05 000 000 0000
12 Bio-run CROS CAS/B 001 013 013 0471
CRO8 SBT/LC&SA 0.07 008 008 0103
13 Bio-pool CRO3 BPF/SA 0.10 005 004 0053
CRO2 BPF/SC&SA 005 003 003 0039
14 Bio-rapid/nffle CRO04 CAS/WOQD 0.02 014 014 0399

CRO7 FRF/LC&SA 005 028 028 0473
CRO1 SRF/SC&SA 005 008 008 0108
CRO8 RSALC&SA 0.04 006 006 009
_CRO9 FRFWOCD 0.01 020 020 0572
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1562 Alluvial foothll rvers

Three nvers, represented by 36 samples, were included in the analysis. One was from the Berg catchment,
one from the Ohfants, and one 1n its own small catchment. The catchment signatures were distinet, with
cach nver’s samples clustered together and the Ohfants River representative (Groot) splitting off first
(Figures 15 8)  Each niver group contained sub-groups of fast and slow-flow samples, with the exception of
the Wemmershock, the fastest samples of which showed greater similanty to the Davidskraal samples  In
the MDS plot, these samples appeared equidistant from Davidskraal and the other Wemmershock samples

Using the gwidehines given in Tables 11 8a and 11.8b, and the accompanying text, mine sub-groups of
samples were recognised  The Groot and Davidskraal were represented by niffle, run and pool biotopes.
and the Wemmershoek by a large heterogencous pool group of samples and the two isolated samples from
nfflc biotopes  There was one outher sample  On the MDS plot (Figure 15 9). the sub-groups were
arranged from the slowest flows at the top of the page to fastest at the bottom, with all nvers well separated

The hyvdrauhe data associated with the sub-groups (Table 15 8) revealed some mixed substrata, but less so

than for the mountain and mountain-transitional sites. This may be because many sample points contaned

few, i any larger substrata Twenty-two percent of the samples were collected where sand or silt was the

dominant substratum, compared with 3% in the least-disturbed sites Simalarly, 31% of samples were from

small cobble, compared with 15% for the least-disturbed sites. These figures cannot be used to indicate the

percent composition of substrata at the site, as stratified sampling was not done. They do suggest, however,

that the range of conditions was different between the two sets of sites, with the disturbed sites probably

having more arcas of small substrata than the least-disturbed ones  Overall, these three sites displaved the

following charactenstics

e o of them located within a recogmsed catchment group of lcast-disturbed nvers (Figure 151)
(Wemmershoek - B16 did not),

o they retained their nver signatures (Figure 15 8),

e two of them retained a fair representation of bio-riffles, bio-runs and bio-pools (Wemmershoek did not).

One mught speculate from this that Wemmershoek, with its major modification of channel bed and flow

regime, was the most seriously impacted of the three sites, even though visual assessment might have led to
the conclusion that Davidskraal was more disturbed
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BRAY-CURTIS SIMILARITY

Figure 15.8 Cluster analysis to identify similar invertebrate samples from

three disturbed foothill sites. Samples are coded by nver and
invertebrate sample number. DK = Davidskraal, WE =
Wemmershoek, GR = Grootrivrier. Substratum and flow-type
codes as per Tables 23 and 24
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Figure 159 MDS ordination of invertebrate samples from three disturbed
foothill sites. Groups denoted are those identified in Figure 15.8
Samples are coded by nver and invertebrate sample number. D =
Davidskraal, W = Wemmershoek; G = Grootrivrier
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Table 15.8 Hydraulic characteristics of the nine groups of samples from disturbed
alluvial foothill sites, as recognised in Figure 15.8. DK = Davidskraal WE =
Wemmershoek, GR = Grootnvrier. Substratum and flow-type codes as per Tables
2.3 and 24 Depth (m); Mean-column (0 8) and near-bed (NB) velocity (ms ).

"Sub-  Hydraulic Sample Flow/ Depth 06 NB Froude
gro biotope code  substrata No.
No.

1 Qutlier DKO06 SBT/SA 024 008 004 0048
2 Bio-pool WEO03 BPF/LC 017 004 004 0033
WEQ06 NF/SC 0.06 003 003 0034
weuL2 KS/ILU v.a Ve 00y 0130
WEOQ7 RS/LC&B 0.14 008 008 0072
WEO09 SBTILC 024 016 014 0108
WEDS SBTLC on 006 005 0.064
WE10 BPF/SC&SA 010 006 004 0.055
WE11 BPF/ILC 008 003 003 0038
WEOD1 BPF/SC&LC 037 003 003 0017
WE12 BPF/B 032 0068 006 0.032
3 Bio-nffle WEO4 uUswiLC 014 058 039 0.0529
WEODS RS/LC&SC 008 034 034 039
4 Bio-pool DKO03 RS/SC 023 008 004 0054
DKO04 BPF/SA 026 006 001 0038
DKD2 RS/ISC 008 008 008 0078
DK10 BPFILG 008 000 000 0002
5 Bio-riffle DKO08 FRFILG 004 021 021 0322
DKO9 USW/SC 008 033 025 0429
DKD1 USW/SC p0.o8 047 041 0607
6 Bio-run DKO5S RS/SA 008 015 013 0173
DKO7 RS/ILG 009 007 005 0084
DK11 RS/SC 0.1 017 013 0159
DK12 USWILC 0.08 040 039 0458
7 Bio-run GRO2 RS/SC 0.13 007 004 0066
GRO3 RS/ISA 0.08 007 004 0077
GROS RS/LC 0.21 019 006 0134
8 Bio-riffle GRO8 FRF/ILC 019 035 021 0251
GRO4 Uswie 014 048 031 0461
GROS uUswis 014 051 049 0508
GR10 FRFAC 009 017 013 0205
GR11 FRF/AC 012 033 015 0297
Kl Bio-pool GRO7 NF/SI| 0.11 000 000 0000
GRO1Y RS/ISA 0.07 006 005 0079
GRO0& BPF/SC 009 000 o000 0003
GR12 NF/SA 004 000 o000 0000

1563 Redrock mountam and foothsll nvers

Two bedrock sites, represented by 24 samples, were included in the analysis The Middeldeur 1s i the
Olfants catchment, and the Palmict in its own catchment.  Again, there were good catchment groupings,
but the faster-flow sub-groups from cach niver grouped with cach other rather than cach niver first linking
its fast and slow sub-groups (Figure 15 10). The one slow-flow sample from the Palmict was an outhier  In
the MDS plot (Figure 15 11), samples from the two nivers remained distinet and the rapid, run and pool
from the Middeldeur remained linked, so the suggested over-nding of fast flow types over the catchment
signature was not supported, and the trend would not be particularly strong
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Figure 15,10 Cluster analysis to identify similar invertebrate samples from two
disturbed bedrock sites. Samples are coded by nver and invertebrate
sample number. PA = Paimiet, M| = Middeldeur. Substratum and flow-
type codes as per Tables 23 and 2 4.
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Stress =0 .16

Figure 15.11 MDS ordination of invertebrate samples from two disturbed
bedrock sites. Groups denoted are those identified in Figure
15.10. Samples are coded by nver and inveriebrate sample
number. P = Palmiet, M = Middeldeur.

218




Chapter Fifteen

The hydraulic data (Table 15 9) revealed that bio-rapid and bio-run sub-groups were clearly distinguishable
within the fast-flow groups  This murrored the situaton with the least-disturbed bedrock nvers (Figure
11 5a), and possibly reflects the fact that substratum conditions can change less with disturbance than in an
alluvial nver. Therefore, as long as chemical and flow changes are not too great, it maght be presumed that
the different fast-flow biotopes, at least, will continue to support distinct communitics

Table 15.9 Hydraulic characteristics of the six groups of samples from disturbed
bedrock sites, as recognised in Figure 15.10. PA =Palmet, M| = Middeldeur
Substratum and flow-type codes as per Tables 23 and 24 Depth (m), Mean-
column (0.6) and near-bed (NB) velocity (ms™')

Sub-  Hydraulic biotope Sample Flow/substratu Depth 06 NB  Froude No.

_group - code  m S —
1 Qutlier PA2 BPFB 009 025 0269
2 Bio-pool (bedrock)  MIC8 SBTBR 0.3 0.12 0.066

Mi01 NF/BR 023 000 0.000
MIO7 BPFBR 0.18 013 0.025
M2 BPF B 0.66 008 0.033
3 Bio-run (bedrock) MIC6 SBT/BR 0.28 026 0.160
MI09 RS/BR 0.31 025 0.147
Mi10 RS/EBR 069 008 0.032
4 Bio-rapid (bedrock) MI02 B8SWBR 047 0.21 0.119
MI04 CAS/BR 014 036 0.302
Mi03 USWER 0.30 0456 0.280
MIOS STR/BR 024 081 0.415
M1 CAS/ER 023 079 0.597
5 Bio-rapid (bedrock) PAO3 RS/SA 0.53 025 0.108
PAD4 CAS/ER 0326 054 0354
PADS CH/BR 012 074 0 696
PAD1 RS/BR 023 054 0.369
PAO7 RS/BR 015 049 0.398
PAOS STRBR 019 107 0842
PAQ9 STR/BR 042 167 0.882
PA10 USWEBR 052 060 0.281
PA11 FF/BR 001 - -
6 Bio-run (bedrock) PAOS SBT/ILC 012 014 0.055
PA12 SBTBR 03 022 0.138

— - ——————

15.7  Conclusions

In terms of their invertebrate assemblages, some disturbed nivers retamed therr catchment signature, whilst

other did not. Acknowledging this, it 1s suggested that the impact of disturbance could be rated on a scale

of 14 that reflects how well a nver, as represented by its invertebrate biota, resists change and retains its

catchment signature  Rivers that

o rctain therr catchment signature and are located well within a catchment cluster could be demonstrating a
state of muld disturbance (Ratng 1),

e remain within their own catchment cluster, but as an outher, could be demonstrating a moderate level of
disturbance (Rating 2).

o relocate outside therr catchment group, but sull within the overall grouping of the region’s catchments,
could be demonstrating a hugh level of disturbance (Rating 3),
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e relocate outside their catchment group, and also outside the overall grouping of the region’s catchments,
could be demonstrating a scvere level of disturbance (Rating 4).

A vanation on this theme s provided by nivers that relocate to another catchment group, perhaps through
the introduction of species from that catchment  These nvers could probably sit at any of the disturbance
levels, depending on the nature of the impact from the donor catchment

Using this interpretation, examples of all levels of disturbance are present within the studied nivers (Figure
152) Wmmdow Stream (126) exhabits some alteration of MUs, substrata and a confused nffle-rapud
biotope, but in most ways clusters very closely wath the other Table Mountain streams, suggesting that it s
mildly disturbed (Rating 1) This strecam runs through the Kirstenbosch National Botamical Gardens, and
has some disturbance of its banks, including the presence of alien oaks Quercus robur and some abstraction
of water

An example of an outher within a group (Rating 2) is the Groot (005) This site retained its catchment
signature, but as the site within its group that was furthest from all other groups  In terms of MUs and
substrata, 1t was also located among a loose group of disturbed nvers. It retamed distinet species
assemblages in niffles, runs and pools, however. The niver runs through the Cedarberg Wildemess Arca,
but 1s subject to extensive abstraction of water in upstream farming arcas

Those sites siting outside catchment groups but stll with an overall similanty to the other catchment
groups (B16 Wemmershock, P23 Palmict, 003 Noordhoek, 004 Middeldeur), could be scen as haghly
disturbed (Rating 3) These nivers appear to have lost their individual signatures, ands become hike kinds of
gencrahsed nivers of that bioregion  Possibly, by this stage of disturbance, sensitive species have
disappeared, and any coarscr bioregion identity i1s provided by hardy, opportunistic specics.

The most disturbed sites are probably those sitting outside any catchment groups (Rating 4)  Cecilia (T28)
and Holsloot (R12) provide examples, being least simular to any other nver in terms of invertebrate
assemblages  They exhibit alteration in either MUs or substrata, but no more so than any other of the
disturbed nivers.  Their hydraulic biotopes are no more disrupted than any other of the nivers, with runs,
nifle/rapids and pools distnguishable 1t 1s suggested that their greater dissimilanty 1s due to chemical and
physico-chemical change as well as physical change.  Holsoot receives very cold, hypolimnetic water from
a dam, and the nverbed was covered with filamentous algae, drastically reducing the normal rocky habitat
Ceerha has decrduous alien trees growing into the tiny channel, its flow 1 reduced to a tnckle, and the bed
15 choked with leaves and other debnis from the trees, with unknown effects on water chenustry The
natural npanan vegetation of the region 1s evergreen with far lower Icaf-fall loads scattered over most of the
vear (King 1981), and so such clogging of the niver channel and bed as seen in Ceciha 1s not natural

There 1s one example of a site relocated to another catchment group. The Berg (B17) site appears with the
Breede River group (Figure 10.4), in what might be an upstream influence of an iter-basin transfer of
water Breede River water enters the Berg about | km downstream from our Berg site, and may
temporanly change the upstream species assemblage of the Berg site dunng the summer months of water
transfer  This topic 1s discussed further in Section 10.2.
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The above trend 1s suggested based on species composition and a coarse assessment of abundances (Table
10 1). It 1s possible that some nvers are more disturbed than the data suggest because species could be
markedly rarer than normal without the abundance rating being affected  Additionally, the trend does not
indicate an obvious relationship between type of disturbance and degree of impact. The two most impacted
sites had quite differemt disturbances (alien trees and a dam), whilst other very disturbed sites were
impacted by farming, dams and bulldozing  Some of the less disturbed sites were also downstream of
farming

Further analvsis of the species data s needed to understand what kinds of species changes were hinked to
cach niver and thus to cach disturbance, and to ascertain the relationship between kind of disturbance and
level of disturbance.  Speaifically, the data should be assessed to test if some disturbances (e g the mamnly
physical oncs) provide a depauperate version of the ongmmal set of species, and perhaps a less drastic
disturbance to ccosvstem functioming, than others (mamly the physico-chemical or chemical ones) where
major species changes occur This topic is re-visited in Chapter 20

This project focused on the physical vanables, and an underlying trend that scemed to emerge s that
disturbed nivers exhibit loss of physical heterogeneity of the nverbed  Furst, at the largest scale,
Morphological Umits (MUs) had been obliterated in some nivers, scenngly through bulldozing or
becomuing in-filled by finge sediments Sceond, fast-flow hydraulic biotopes were difficult to distinguish in
some rivers, with bio-rapids in alluvial mountain and mountain-foothill zones appeanng most vulnerable to
change. In all disturbed sites in such zones, bio-rapuds had been replaced by mixed rapid/nffle species
asscmblages  Bio-nffles and bio-runs in mountaun-transitional zones retained their identitics better, as did
bio-rapids and bio-runs in bedrock nivers, presumably because such sites were not losing their natural
substrata to the extent that higher-slope sites were At this stage 1t i1s not understood why high-gradient sites
should be losing boulder substratum  Thard, many sites exhibited poor sorting of sediments into size
classes, with mapping of substrata for disturbed sites being noticeably more difficult than for the reference
sites. The overall impression was that physical heterogeneity was being lost at several scales
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16. SPECIES DISTRIBUTIONS AND BIODIVERSITY PATTERNS

16.1  Catchment and river signatures

An uncxpected finding of this project was that, when working at the species level of invertebrate
wentification, cach catchment and nver had a clear wentity. Such a phenomenon had been suspected
before (Eckhout ef @/ 1997) At that time, however, it had been thought possible that the grouping of
ivertebrate samples by niver might have been due either to the analytical methods used, or to the fact that
different speciahists collected and identified the amimals in cach of the studied rnivers (sampling and/or
wdentification bras)  No such bias could be attnbuted to this study, because the same small group of people
did the invenebrate collections and identifications for all 28 nivers, and in a standardised way  The results,
that in least-disturbed nvers the mvertebrate samples grouped very strongly by catchment and by niver
(Chapters 10 and 11), provides compelling proof that catchment and niver signatures do cxist  Samples
from disturbed nvers also grouped by niver, but some of these disturbed rivers appeared to have lost their
catchment signature (Chapter 15)

Further proof that the analytical methods emploved were not producing nebulous signatures comes from
Chapter 14 Here, invertebrate samples were taken from two sites in adjacent reaches within one niver. If
the analvtical methods had been causing the signatures in some way, then each site should have shown up
as a different “niver”. But this did not happen, with the grouping of samples being based on current speed
(fauna from fast or slow-flowing arcas grouping independently) and then on discharge (1¢ sampling date),
and not on site

16.2  The nature and underlying causes of catchment and river signatures

Two possible reasons for the signatures can be suggested, and more might suggest themselves to the reader
They could be due to some umque species within cach nver and catchment.  Alternatively, they could be
duc to umgue combinations of common species within cach river and catchment.

The first explanation could reflect brogeographical influences, with catchments being 1solated from cach
other to some extent, and the catchment divides offening barners to the distnibution of some species. The
grouping together of the Olifants and Berg Rivers in the catchment analyvses, in isolation from the other
studicd catchments, perhaps supports this theory. They are the only two catchments studied that dramn into
the Atlantic Occan and in the distant past the main stems of the two nivers shared a common cstuary. But
could 1t be that speaics moved down from the headwaters of one of these rniver systems to a lowland
confluence with the other, and thus back up to the headwaters of the other system, more casily than they
could move across a simgle hine of mountans 1o a third unrelated catchment” Even if this could happen,
this explanation docs not reveal why the Eerste and Molenaars systems grouped together in the catchment
analysis These two nivers are not linked, and are not geographically contiguous as the Berg system lies in
between their headwaters. Additionally, the Molenaars 1s a tnbutary of the Breede, and so the expectation
might be that it would hink with that system rather than with the Ecrste
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The second explanation for the signatures suggested above 1s that they reflect unique combinations of
common specics and thus, perhaps, differences in ccosystem functioning  There could be differences in the
driving vanables of the catchments, in terms of their geological, geochemical, chimatic or other nature
These could be resuling in subtle chemical signals charactenstic of cach niver or catchment, or ones based
on different levels or kinds of nutnent processing, and so on

Scctions 16 3-16 7 serve to bnefly introduce some of the data availlable for further analysis of such
biogeographical and biodiversity issucs  Only data from the least-disturbed nivers are used

16.3 Species numbers and assemblages per catchment

The onginal summary data sct of species (Appendix 8.1) consists of average rated-abundances per site for
287 species.  These species represented eight phyla, 26 orders, 83 families and 171 genera.  Because of
PRIMER restrictions on the number of specics, the data set was reduced 1o 149 species, by deleting any
species that occurred in only one of the 18 rivers and that had an average abundance rating of <1 Thus, for
instance, excluded all the Hydracanna

The data sct based on these 149 species revealed diverse but different assemblages in each catchment
(Table 16.1) The Ecrste/Molenaars group of sites had 99 species, the Breede 71 species, the Ohfants/Berg
57 species, and the Table Mountain group 42 species. The Dwars site, sole member of the Palmiet
catchment group, had 35 species

Table 16.1 Species average abundance ratings and distributions per catchment.
Species also found in the Dwars River (only representative of the Paimiet
catchment that is least disturbed) are represented by an * on the species number

(No)
Catchment Group
Olifants-  Eerste- Table

No. Species/Morph Type Breede Berg Molenaars Mountain

1 Parameita nigroculus 040 000 0.00 217
< DOryopidae sp 1 040 000 072 000

3 Dryopdae sp 2 000 000 042 000

4 Stinasp ! 160 000 141 000

S Stmesp 2 000 0.50 000 000

€ Dytscidae sp 2 000 050 000 000

7* Elmdae sp 000 100 1.57 000

A Fimdae ap n oo nod 142 083

9 Emcdaesp 2 035 0.00 157 050

10 Emgaesp 3 000 000 082 000
11* Epigeinss sp. A 025 0.00 1.73 317

12 Fpideimssp B 053 000 148 090

13 Helodidae sp 2 110 000 03 100

4 Helodeesp 4 020 044 000 217
15 Helodidae sp 5 000 000 213 000
18 MHelodidae sp. 8 190 1.3%7 145 125

17* Helodidae sp 7 040 119 084 000

18 Hydrophikdae sp 1 000 0.00 0.00 100
18 Cyclopoida sp 1 020 000 0S0 000
20 Cyclopoda sp. 2 000 0.00 017 000

21  Cyclopoida sp 3 000 000 050 000

22 Athenxsp 1 000 000 03 000
23° Athenxsp. 2 193 000 076 050

24 Atherixsp 3 140 000 017 coo
25 Atherxsp 4 1.80 os7 oM 0so

26  Elpona barnaroy 000 000 000 100
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Catchment Group

Olifants-  Eerste-

Table

No. Species/Morph Type Breede Berg  Molenaars Mountain
27 Elpona capensis 000 oo 144 000
28 Epona wracus 060 000 033 000
28 Beirasp o0& 000 000 000
30 Berzasp 000 000 o 0%
31 Berrasp 2 000 050 025 100
A2 Forcpomya sp 1 040 000 054 000
33 Forcipomywa sp 2 108 000 073 000
34 Aphroteng bamard 000 000 000 075
35 Aphrotenva tstsikamae 000 000 017 000

Corynoneura deww 000 000 033 000

ATt Corynoneura sp ! 1.27 n 208 216
38 Cricotopus aibitibia 040 000 000 000
19 Crcotopus dbateatus 0.00 000 000 106
40 Cricolopus msanfuensis 082 025 0s0 200
41 Crcotopus sp ! 125 148 119 2
42  Crcotopus sp 2 000 000 033 000
43 Crcotopussp 3 000 000 000 100
45 Creotopussp 6 040 000 000 000
a5 Eukeffencia calviger 020 025 170 050
4 haay erthoclag 080 02% 000 000
47°  Notocladws Copold 2n 180 174 000
48  QOrhoclad gen. nov 000 000 033 000
49 Orhociadus sp 1 000 0o 0S8 050
Orthocladius sp 2 0.00 000 050 000

£1*  Parakietfenola bifoba 000 000 000 050
Farameinocnemus scoft! 027 086 094 238

£3* FolypedumE sp 158 000 192 000
54 FPolypechum U sp 156 169 114 13
S§°  Rneocncotopus capensss 158 158 206 215
£6* RYeotanytarsus fuscus 202 146 103 140
57 Stempelneda fruncata 0.00 000 017 000
58° Tanytersus sp. 1 157 150 100 050
S9° Tanytarsus sp 2 000 000 017 000
60" Tmenemanniels sp 1 080 116 182 050
61  Thenemannielasp 2 045 000 000 000
62 Thwnemanneiasp 3 080 035 000 000
83" Tvetena cavescens 161 158 176 100
84 Pencomasp 000 000 000 000
65 Pencomasp. 2 000 000 000 063
€6° Limnophia nox 167 045 000 000
67 Limomasp 1 080 000 025 000
68 Limonasp 2 000 000 050 000
€9°  Afrcptilum sudafricanum 060 133 126 000
70  Baets hamson 324 21 335 230
71 Baets latus 000 000 000 000
72 Buglhesia sp nov. 000 ors 000 000
73 Cheleocloean excisum 168 164 033 000
74 Cloedes mamgae 0.00 0E8 000 000
75 Cloedes sp nov 0AS 000 17% 000
76 Dabufsmanzia sp nov Q.00 000 083 000
17 Demoreptus capensis 200 207 284 000
78  Gen nov sp nov 0.00 0c0 os7 000
79 Labwobaens sp nov. 1 .77 0o 000 000
80* Labiodbsens sp nov 2 020 000 092 3
81 Pseudocioeon sp. nov 0.00 000 000 000
B82* Pseuvdocioeon vnosum 107 134 017 125
83 Pseudopannole maculosa 0.00 0 000 000
84 Caenis capensis 000 163 000 000
85 Caenissp ! 100 025 000 000
88 Caenissp 2 Q00 088 000 000
87 Caenis sp nov 000 050 000 000
88 Afronurus harmsory 1.30 000 067 000
88  Acenophieda aurcaiata 000 050 000 000
90 Adenophlebia peringueyela 0.00 102 000 000
G Apnonyx petersent 220 125 183 000
G2  Apnoayx rubicundus 000 000 099 000
93 Apnonyx tabulans 000 000 083 000
84* Castanophledia caida 208 100 173 000
95 Castanophledia albicanda 000 000 000 000
96  Chioroterpers mgrescens 060 000 081 000
§7 Euthralus elegans m 000 000 000
9&°  Ephemerelidae sp. 1 000 000 000 000
88  Ephemerelina barnard 000 165 100 000
100* Nadinetola crass! 070 000 163 000

101 Lestagels pencilfate 1.7 1 168 ©00 -
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o Catchment Group
_ Olifants-  Eerste- Table
No. Species/Morph Type Breede Berg Molenaars Mountain
102  Lithogicea harmsom 133 025 065 000
103 Coroidae sp.1 000 000 017 0.00
104  Laccocons Amigenus 040 c00 000 000
105° Laccocons spurcus 067 coo 000 000
108  Mcroveha maor 060 000 033 000
107" Protojanica prenicer 000 000 000 000
108 Chicraniella pengueyi 070 025 075 000
109 Taemwochaulondes ochraceopennis 108 075 o 000
110  Leplosials afncana 000 000 017 000
111* Enafagma sp 1 000 000 000 000
112 Psevdagronsp 1 020 000 029 000
113 Psevcagronsp 2 o0 000 000 000
114" Notogomphus sp ! 083 o000 vw o
115 Paragomptius sp ! 0 &0 002 000 000
116 Trithernis sp 1 c40 0.00 000 000
117 ANocnemis (eucosticta c8o 000 017 000
118  Chlorofestes sp 1 040 0.00 000 c00
119 Chlorclestes sp 2 Q00 00 on 000
120 Chliovolestessp 3 000 000 050 000
121 Aphanicerca bicornis 0as 000 20 000
122  Aphanicerca capensis 1.00 000 240 000
123 Aphanicerca lyrata 040 000 083 Q.00
124 Aphancerceda barnaraviscutats 000 000 196 Q.00
125 Desmonemoura puichelum 0.00 0%0 1.10 0.00
1268° Bardarochthen drumneum 052 050 074 Q00
127  Pavecnorming resima 030 158 1" Q00
128 Cheumalopsyche afra 0.00 146 000 Q00
126 Cheumatopsyche maculata 000 228 077 000
130 Cheumatopsyche sp. 1 0.00 000 4B k) 0.00
131 Cheumatopsyche sp. 2 000 000 094 0.00
132 Cheumatopsyche fomassed/ 000 075 000 000
133 Scedorys aculus 0.00 000 0286 000
134 Hycroptie sp nov 000 050 000 000
135  Orthotrichia bamard 0.00 000 033 000
138 Athnpsodes (Bergens's group) sp 000 156 045 208
137 Ashripsodes (Harmson group) sp 000 oM 067 000
138  Atwipsodes tergenss 000 058 000 000
138 Athvipsodes harnson 000 000 036 000
140 Athvipsodes schoenobates 000 035 000 ot0
141 Leptecho hedcothecs 000 050 000 000
142° Leplecho scirpy 000 000 000 000
143 Leplechosp E 000 000 058 000
144  Leptocendae sp ! 000 000 050 000
145 Leplocerus ?schoenadates 000 000 042 00
146 Oecehs modestsa 000 0so 000 000
147°  Petrothnncus crculans 027 109 0es oco
148 Pnilopctamicae sp 1 108 0% 000 000
149 Pniopctamicae sp 2 000 000 033 000

ZAable 161 continued
16.4  Species contributing to within-catchment similarity

The SIMPER module in PRIMER was used to investigate within group charactenstics of the Eerste-
Molenaars, Breede, and Ohifants-Berg groups of nvers. The Table Mountain group and the single Palmict
nver (Dwars) were excluded because too few nvers were studied to allow compansons. In the three groups
analysed, 10-13 specics contributed 50% to the average similanty, and 16-24 specics contributed 75%.
This left a long tal of 41-55 rarely occurnng species contnbuting the other 25% of the similanty (Table
162-16.6).
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Table 16.2 Species contributing to within-group similarity of the Breede catchment
group of rivers. Species number (No.) and species or morph type are given for
those contributing 75% to the average similanty, together with their average
abundance rating, ratio, percent and cumulative percent. The ratio is calculated
from the average abundance of a species within its group and the standard
deviation of this Therefore a high ratio indicates that it is a characteristic species
of that catchment group (Clarke and Warwick 1994)

Average Cumulative
No. Species/Morph Type abundance Ratio Percent ~percent

T70  Baetis hamsoni 324 438 701 791
11 Epdelnis sp. A 251 .77 655 14 45
21 Aprionyx petersen 220 526 550 19 65
47  Notocfadws capvcola 2N 16.00 549 2545
94  Castanophlebia cahda 208 508 §12 0 57
56 Rheotanptarsus fuscus 202 12 49 51 3568
23 Atherix sp 1 163 334 395 3963
66 Limnophia nox 187 as i85 4349
101 Lestagela pencilata 1.7 445 378 4728
16 Helodidae sp § 180 1.15 ié 50 69
63 Tvetema calvescens 181 452 325 53 04
73  Choleocioeon excisum 168 1.16 305 56 99
79  Labiobastis sp nov. 1 177 104 284 59 83
77  Demcreptus capensis 200 0.90 28 62064
25 Atherix sp 4 180 im0 268 6533
54  Polypedium U sp 156 1.02 256 67 88
§5 Rheocncolopus capensis 158 104 250 7038
37  Corynoneura sp 137 1.15 243 7ze
53  Polypediium E sp. 158 1.02 228 7509

Table 16.3 Species contributing to within-group similarity of the Olifants-Berg
catchment group of rivers. Species number (No ) and species or morph type are
given for those contributing 75% to the average similarity, together with their
average abundance rating, ratio, percent and cumulative percent.

Average Cumulative

No. Species/Morph Type Abundance Ratio Percent  percent

73 Cheleociceon excisum 194 7.27 637 = 637
129 Cheumatopsyche maculate 228 €20 6.35 1272

47  Notocladws capicola 180 479 510 17.81

37  Corynoneura sp 1.7 234 504 22 BS

70 Baetis hamsor 21 355 494 2779

54  Polypedium U sp 169 568 487 3267

41 Cricotopus sp. 1 148 541 473 37 .40

55  Rheocricotopus capensis 158 236 4068 4205

56 Rhectanytarsus fuscus 145 253 452 46 57

77  Demoreplus capensrs 207 1.58 450 5108
127  Parecnomna resima 158 586 422 5530

58  Tanytarsus sp 1 1.50 6.26 418 56 48

63  Tvetenia calvescens 158 299 415 6363

84  Caens copensis 163 265 399 67 61

60 Thienemanniella sp. 1 116 5.37 56 71.17
101 Lestagela penicitate 1.74 082 350 74 87
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Table 16.4 Species contributing to within-group similarity of the Eerste-Molenaars
catchment group of rivers. Species number (No ) and species or morph type are
given for those contributing 75% to the average similanty, together with their
average abundance rating, ratio, percent and cumulative percent.

Average Cumulative

No. Species/Morph Type ~ abundance Ratio Percent  percent
70  Baetis hamson 335 133 551 551
77  Demoreptus capensis 284 135 470 1020
122  Aphancerca capensis 240 307 447 1467
15  Helodider sp 5 <13 10C 422 18.9C
37 Corynoneura sp 208 501 421 231
121  Aphanicerca bicormvs 201 6 57 a0 27 12
85 Rheocncolopus capensis 206 561 388 3110
124  Aphanicercela barnaraV/scutats 186 908 378 34 88
53 Polypedium E sp 182 628 370 3858
63 Tveltena calvescens 176 7.38 366 42 24
€0  Thienemannieila sp 1 182 388 347 4571
81 Apnonyx petersen 193 135 304 4875
11 Epudoimis sp. A 1.73 430 3.00 5175
47  Notoclagus capcola 174 282 282 54 67
7 Elmidae sp. 1.57 6.56 282 57 45
84  Castanophiebia cabda 173 116 241 59 90
8 Elmidae sp. 1 1.42 134 216 62.06
18 Helodwae sp § 149 120 214 64 20
100 Neadinetela crass 163 126 214 65 34
27  Eipona capensis 144 110 196 68 30
4 Strinasp 1 1.41 119 1.67 7017
12 Epdelmis sp B 143 078 1.67 7184
§ Emdaesp 2 1.57 077 165 7349
101  Lestagella penicilata 1.69 0.76 165 7514

Table 16.5 Species contributing to within-group similarity of the Table Mountain

catchment group of rivers. Species number (No ) and species or morph type are
given for those contributing 75% to the average similarity, together with their
average abundance rating. As there are only two rivers in this group there are no
ratios or percentages

Average
No. Species name abundance
" Epideimis sp A - A
138 Athnpsodes (Bergens:s group) sp 308
52 Paramelriocnemus scotl 238
70 Baotis harmisoni 230
94 Castanophiebia calda 218
1 Paramelta mgroculus 217
14 Helodwdae sp 4 217
37 Corynoneura sp 216
55 Rheocricotopus capensis 215
95 Castanophiobia albicanda 200
40 Cncolopus ksantuensis 200
101 Lestagela peniciliata 1984
56 Rheotantarsus fuscus 140
54 Polypedium Usp 133
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Average

No. Species name ~ abundance
B0  Labiobaets sp nov 2 131

82 Pseudocioeon vinosum 125

16 Helodidae sp & 125

41 Cncotopus sp. 1 1.21
102 Lithogioea harrisory 120

39 Cncotopus dbalteatus 106

Table 163 contimued
Table 16.6 Species representing the Dwars River. Species number (No ), species or morph
type and average abundance rating.

Average

No.  Species/Morph Type  abundance

80  Labobaelis sp nov 2 442
17 MHeloddaesp 7 410
15 Helodidaesp 5 330
19  Cyclopoida sp 1 300
142  Leplecho scvpl 300
11 Epideimis sp A 300
107 Protojaniva prenticel 300
25 Athenxsp 4 300
7 Elmidae sp 300
56 Rheotanytarsus fuscus 300
€3  Tvelena calvescens 300
16 Helodidae sp 6 288
35  Aphrotenia tstsikamae 2N
53 Polypeailum E sp 287
94  Castanophiebia calide 267
113 Pseudagnon sp 2 250
66 Limnophia nox 240
23  Atherx sp 2 233
100  Naainetela crassi 233
60 Thenemannela sp 1 233

Two main taxonomic Orders are represented in every group: Diptera (flics) and more specifically the sub-
order Churonomidac (non-biting midges), and Ephemeroptera (mavflics) Two of the three main groups
{Breede and Ecrste-Molenaars) also had contnbutions from Coleoptera (beetles)  Plecoptera (stoneflics)
and Trichoptera (caddis flics) cach appear in only one catchment group, but arc important contnibutors
within their groups.

16.5  Species contributing to between-catchment dissimilarity

SIMPER was also used to compute between-group dissimilantics, based on the average dissimilanty
between all pairs of inter-group sites As an example, every site from the Olifants/Berg catchment group
was compared with every site from the Breede catchment group, and the average dissimilanty of the groups
then disaggregated to denve the separate contributions to it of cach species (Appendix 16 1)

With large numbers of species in cach catchment group, it 1s not surpnsing that dissimilanty between
groups docs not rest with a foew species Twenty to 34 species are needed to account for S0% of the
dissimilanty between different catchment groups, with up to 88 species needed 1o account for 90% of the
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dissimilanty  These are extraordinanly high numbers when compared with, for instance, marnne data such
as that for a Bnstol Channel studv of zooplankton (Clarke and Warwick 1994)  There, five species
accounted for 50% of the dissimulanty and 12 species for 90%

16.6  Species that typically occur in all the catchments

The top-sconny species in terms of their contribution to group similanty were also approximately the most
abundant species (Table 16 1) Species with high average abundance were ones that were found at very
consistent levels in the sites wathin their groups, and would thus be good typifiers of their catchments
Those with high average abundances in several catchment groups would be typical members of all these,
and thus not good catchment indicators  Such common species included the leptophlcbnd mayfly
Castanophlebra calida, the baetid maytlics Baens harrisoni and Demoreptus capensis, the cphemerelivd
mayfly Lestagella peniciliata, the chironomids Corynonewra sp., Notocladius capicola. Rheocricotopus
capensis, Rheotanvtarsus fuscus, Polypediflum E sp. and U sp, Thienemaniella sp | and Twetenia
calvescens, and the colcopterans Helodidae sp. 6 and Epudelmis sp A

16.7  Species from single catchments and contenders for catchment indicator species

The 216 invertebrate samples taken from the least-disturbed nvers reveal that a number of specics were
confined to one catchment group (Table 161) Thirty-one species were recorded only in the
Eerste/Molenaars group, 17 mn the Olfants/Berg group, ten in the Breede group, seven in the Table
Mountain group and four mn the Palmiet tnbutary. It 1s not suggested that the specics shown occurning in
only onc catchment are endemic to those catchments  Single scts of samples taken at one place and time
cannot provide that imformation. Additionally, many species were present in very low numbers, and may
well have been rare specics, present in the other caichments but not collected It might be sigmificant,
however, that for the Eerste/Molenaars and Olifants/Berg groups, a high percentage of 30-31% of the
species listed were found in only one catchment  In the remaining three groups, a much lower 11-16% of
the species were found in only one catchment  Overall, it would be worth investigating of the
Ecrste/Molenaars and Ohfants/Berg catchments have a higher biodiversity or higher proportion of rare
species than neighbourning catchments.

Of the species found 1 only one catchment, those with hugh average abundances would be good contenders
as discnmunators of that catchment  Species mecting this requirement were, for instance, the trichopteran
Chewmaiopsyche afra for the Olifants/Berg catchment group, and the stoncfly Aphanicercella barnards, the
blephancend mudge FElporia capensis, and the helodid beetle (Helodidae specics §5), for the
Eerste/Molenaars catchment group  These species could be investigated further to ascertain if their
distnbutions are limited to single catchments,

16.8 Summary
Sections 16.3-16.7 indicate that the database created in this project contains a wealth of information. This

would repay further mvestigation, particularly n the ficlds of catchment and niver signatures, catchment
biodiversity, and biogeographical distribution patterns.  The topic 1s re-visited in Chapter 20
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17.  SPECIES-SPECIFIC HYDRAULIC HABITAT

17.1  Introduction

In the summary of Chapter 11, it was noted that the hydraulic biotopes identified were larger in arca and
descnbed broader hydrauhic condiions than expected  They appear to descnbe the charactenstic set of
hydraulic conditions expenienced by broad asscmblages of species, with these being in arcas that are
sufficiently hyvdraulically distinet, in terms of flow type and substratum. to be coarsely distinguishable by
eve  Hydraulic biotopes do not, however, desenibe and locate the very specific conditions in which one
species within that assemblage mught be found.  They descnbe, for example, a bio-rapid with turbulent
water flowing over boulders, which supports many species in a variety of microhabitats. but they do not
single out any one of those microhabitats, such as a chute where water 1s forced at speed between two
boulders, which might be the only kind of hydraulic condition i that bio-rapid in which a speaific specics
of simulnd (blackfly) larvac occurs

To descnbe the physical conditions typically inhabited by a single species, rather than by an assemblage of
species, 1t s necessany to work at a finer resolution than hydraulic biotope. It 1s suggested in Chapter 11
that this level of detail could be called the iydranlic habitar of the species This 1s an appropnate unit for
the study of species, as it will dircetly descnibe the conditions in which that specics was found A
descnption of the hydrauhic habitat of a species could be denved through making many measurements of
where the conditions where the species was found, and developing a profile of its tvpical physical habitat

In this chapter, the process of domng this s begun. The work will be continued 1n Ms Schael’s PhD. thesis

17.2  Slcurves

SI (Sutability Index) curves (Bovee 1986) are created from frequency plots of the numbers of individuals
of a species occurnng over the measured range of a single vanable. They can be used to graphically
lustrate the response of a species to single hvdraulic vanables such as water velocity. The curves for
continuous data tend to have a bell shape (or some part of it), with the highest point representing the
hydraulic condition (1 ¢ i this case. the water velocity) at which most individuals of the species were
found These high valugs tend to be viewed as the optimal conditions for that species  SI curves of a range
of hydraulic vanables, such as water depth, water velocity and substratum size, would collectively descnibe
the optimal hyvdraulic habitat of a species (Figure 17.1)
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Figure 17.1 Examples of Suitability Index (SI) curves (from Bovee 1982; Bullock et al.
1991, King and Tharme 1994).

These three vanables are used in flow-assessment methods such as the Instrecam Flow Incremental
Mcthodology (IFIM) (Bovee 1986), because they are the vanables that are routinely used in hydrauhic
models. An environmental hvdraulic model, such as PHABSIM 11 in IFIM, simulates the condition of the
hydraulic environment in terms of these three vanables over a range of discharges, and then links this with
known optimum conditions for selected species, descnbed using the same three vanables. The output from
PHABSIM 11, which can be used in negotiations over water allocations for niver mamtenance, i1s a graph of
available habitat over the range of modelled discharges Additional SI curves showing the species’
distnibution related to, for nstance, the occurrence of filamentous algae or overhead shade, cannot be
incorporated 1into hvdraulic modcls, but can be used scparately to provide further detail of optimal habitat

There are many aspects to consider when creating SI curves, such as choosing an appropnate analytical
approach (e.g. frequency analysis, regression analysis, nonparametric tolerance intervals), pooling data
from different nvers and sampling dates, coding abundances, differentiating  between  utihisation,
availability and preference curves, and so on. King & Tharme (1994) explained these aspects with
examples, and Bovee & Zuboy (1988) provided 2 more detanled treatment of all aspects It 1s not the
intention to repeat these analyses here with the data from this project, but rather to demonstrate the kinds of
data available and point out thewr potential. Further analyses will be completed by Ms Schael in her thesis
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17.3  The available data

The project database can be used to extract all hydraulic records hinked to any one species collected duning
this project. Each record for the species will consist of the following relevant data
®  JIver,

o date sampled,

e samplc number, hinked to a specific mapped collection point within the site,

e Dife stage of the species (larva, pupa, nymph, adult),

e number of individuals,

e numbers converted to an abundance rating,

e flow type.

e substratum.

o average depth from all readings taken at that sample point,

e average near-bed velocity from all readings taken at that sample pont,

e average 0 6 depth velocity from all readings taken at that sample pont

All other data hinked to the samples could, of course, be accessed also.
17.4  Production of SI curves

Three species displaving different responses to hydraulic conditions are used to demonstrate what can be
gleancd about their optimal hydraulic habitats  The full range of velocities in which all three species were
found was divided cvenly into 11 classes. Al records for cach species were then allocated to one velocity
class The abundance ratings for cach species within cach velocity class were added, to give a final coarse
indication of the conditions in which most of the individuals were found. It 1s stressed that there are
procedures for analysing and pooling data (Bovee & Zuboy 1988) that have not been followed in this brief
example, but which anvone creating SI curves should be aware of and adhere to where possible.  The same
publication also describes how to smooth the frequency plots to produce curves, and how to standardise the
plot through allocating the highest point of the curve a value of one. Each valuc of the vanable being
displayed then has a sutability between 0 (no individuals recorded - unsuitable habitat) and 1 (most
individuals recorded - optimal habitat)

1741  Rheotanyrarsus fuscus

This chironomid (midge) larva lives on rocky surfaces, and creates a net to trap food particles passing in the
current It had been assumed that it preferred fast-flowing conditions, which would bring the particles to its
net. The histogram of velocity-related distributions suggests this is not necessanly so. The highest number
of imdividuals occurred in the lowest velocity class (0. 00-001 m s') with a diminishing number of
individuals at velocities up to more than 1 00 ms ' (Figure 17.2). If the data were separated by niver, they
showed the same pattern, indicating that the picture 1s not an artefact of pooling data.
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Figure 17.2 Frequency plot of distribution of the midge larva Rheotanytarsus fuscus in
terms of 0.6-depth water velocities. The 0-01 m s velocity class would be
recognised as representing the “optimum habitat™, and would provide the high point
of the S| curve. All occurrence records of R fuscus from this project have been
pooled

It remains possible that the low values were measured in arcas of hydraulic cover among boulders and
cobbles, in what were otherwise fast-flowing arcas. To investigate this, the flow types in which the species
occurred were assessed K fuscus was found in the full range of flow types from “No Flow™ to “"Chute”
and “Cascade”, with a muld bias toward the slower flow types  In terms of hydraulic biotopes (HBs), a
similar pattern emerged to that pertaming to flow types, with the species occurnng in all the recognised
HBs (Table 17 1) However, it was most common in fast HBs, 61% of the samples it was in were collected
from bio-rifflcs through bio-rapids  The slower HBs, bio-pool and bio-run, accounted for 33 6% of the
samples in total  In terms of Morphological Umits (MUs), R fuscus was collected from 18 different types
with five types (Planc-bed. Pool, Riffle, Rapid, and Stwep) cach accounting for more than 10% of the
7.2)

samples containing the species (Table | Planc-bed MUs yiclded the largest percentage of samples

(24 6%) and the ereatest vanabihity of flow npes

T'wo possible explanations for the wide range of flow types, HBs and MUs inhabited by R fuscus are as
follows. First, the specics may need a mix of flows to dehiver food particles (fast flows) and settle them
(slower flows) for it to capture and consume  Or, second, there may be another factor, such as water
chemistry, temperature or shade, that 1s a stronger determinant of their distnbutions, and they are relatively
flow-insensiuve  For nstance, of the 134 samples with R fuscus, 40% were from disturbed nivers where
there may have been heightened levels of nutnents and suspended solids that favour this species.  Species-
specific studies are needed to test these hypotheses
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Table 17.1  The percentage of samples within various HBs for the three species. The
"fast” category refers to Newlands River samples, which were not allocated to HBs.
The “unknown" samples are from the Wit River because it was not analysed for
HBs. The “undetermined” samples were not allocated to an HB

Hydraulic Percentage of Samples
Biotope R. fuscus D. capensis C. excisum
Bio-Pool 112 78 400
Bio-Run 224 78 367
Bio-Run/Pool 07 00 00
Bio-Riffle 201 281 67
Bio-Rapia/Riffle 134 63 67
Bio-Rapid 276 48 4 50
Bio-Stream 07 00 33
"Fast” 15 00 00
unknown 22 16 00
undetermined 00 00 17

Table 17.2 The percentage of samples within different types of MUs for each species.
“Indeterminabie” denotes samples from Wemmershoek River, where MUs had
been obliterated and so were not mapped

Morphological Percentage of Samples
Unit R. fuscus D. capensis C. excisum
Pool 201 203 150
Run 6.0 47 183
Plane-bed 2486 219 283
Riffle 119 156 83
Rapid 119 141 33
Step 104 94 1.7
Bar 0.7 16 50
Latera! Bar 07 31 00
Mid-channel Bar 22 47 00
Lateral Channel 00 47 00
Secondary Channel 07 00 00
Backwater 07 00 Ny 4
Bedrock Pavement 15 00 33
Step/Pool 30 00 0.0
Plane-bed/Pool 22 00 0.0
Canal 07 00 00
Stream 07 00 00

Indeterminable 15 00 150
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1742 /""'-'G"tf‘fu S Capenss

Of all the bactid mayflics in Western Cape nivers, this species 1s most distinctly hinked with arcas of large
cobble and boulder in fast, turbulent water. The most common flow types in which 1t was recorded were
Undular and Broken Standing Waves (USW and BSW). Fast Riffie Flow (FRF) Chutes (CH) and Cascades
(CAS). Its veloontyv-related distribution reflects this, with abundances over all the sites where 1t occurred
peaking n the 041-0 50 m s veloeity class (Figure 17.3). Data from individual nvers showed the same
general trend  Individuals did occur over the full range of velocities, however, with more in the size classes

lower than the optimum than in those higher

1. capensis mostly occurred in fast HBs (Table 17.1) Eighty three percent of the samples contaiming this
specics were from bio-niffles, bio-rapuds or some combmnation of these The low measured velocities could
have been taken in arcas of hvdraulic cover within turbulent waters, but clearly the effect of being within a
patch of what 1s considered hydrauhlically fast water plays a role in the distnbution of ). capensis. There
were ten ditterent MUSs represented by these samples  OF those, four MU types had >10% of the samples,
with Planc-bed dominant followed by Pool (Table 17 2) It should be noted that a geomorphological Pool
could have modcerate rather than slow water velocities, and be recognised as a Run by ecologists (sec

discussion in Chapter 14)
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Figure 17.3 Frequency plot of distribution of the baetid mayfly nymph Demoreptus
capensis in terms of 0.6-depth water velocities The 041-050 m s velocity
class would be recognised as representing the “optimum habitat”, and would
provide the high point of the SI curve. All occurrence records of D. capensis have
been pooled
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1743 Centroptilim excisum

This bactid mayfly typically occurs in slow-flowing areas, and 1s most abundant in summer It was found
in the full range of flow types, but when linked with the faster flow types it must have been in arcas of
hydraulic cover because recorded velocitics were almost always close to zero Its ligher abundances were
mostly linked 0 the slower flow types Rippled Surface (RS), Smooth Boundary Turbulent (SBT) and
Barely Perceptible Flow (BPF) It was found on a wide range of substrata, from bedrock, through boulder,
cobble, gravel, sand, moss and Scirpues. Tts velocity-related distnbution reflects this, with abundances over
all the sites where it occurred peaking in the 0-0 10 m s~ velocty class (Figure 17 4) Data from individual
nivers showed the same genceral trend

C excrsum mostly occurred in slow HBs, with bio-pools and bio-runs accounting for 76 7% of the samples
in which 1t was found (Table 17 1) It was collected from mine different MUs, with three vielding > 10% of
the samples, and was also i one group of “indeternmunable” samples, all from the Wemmershoek River
This river, which contnbuted 15% of the samples (n=Y) contaiming (" excisum, could not be mapped in
terms of MUs because the bed was bulldozed after invertebrate sampling was completed but before the MU
mapping exercise  Eight of the nine Wemmershock samples were from bio-pools and one from a bio-nffle
Most were from hyvdraulically slow conditions, reinforcing the finding that O excisum occurs in slow water
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Figure 17.4 Frequency plot of distribution of the baetid mayfly nymph Centroptilum
excisum in terms of 0.6-depth water velocities. The 000-010 m s velocity
class would be recognised as representing the “optmum habitat”, and would
provide the high point of the SI curve. All occurrence records of C. excisum have
been pooled.
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17.5  Presence and absence of species at individual sites

The above frequency plots were created using all the data collected on cach species dunng this project
Analyscs of these data for cach species revealed that many samples did not contain any individuals. These
absences are of interest in two ways

First, cach species was completely absent from several whole sites, that 1s, they did not occur in any of the
12 samples collected at cach of a number of sites. R fuscus was absent from the Eerste, Langnivier and
Swartboskleof sites, all in the same valley, but occurred in every other niver sampled DD capensis was
absent from 14 nvers and present in 14 It was absent from Wemmershoek on the Berg, Du foits and
Wolwekloof on the Breede, Disa, Window, Newlands and Ceciha on Table Mountain, the Palmiet and s
tnbutary the Dwars, Elandspad on the Molenaars, Davidskraal, and the Groot, Middeideur and Noordhock
on the Ohfants € excisum was absent from 13 nvers the Wit on the Breede, Disa, Window, Newlands
and Ceailia on Table Mountain, the Eerste, Langrivier and Swartboskloof on the Ecrste, the Elandspad and
Elands on the Molenaars, Davidskraal, and the Palmict and Dwars on the Palmiet  Some of these absences
might be duc to the unsuitability of the nver zone sampled or the substrata, or to disturbance, whilst others
~ such as the complete absence of 1) capensis and C excisum from all Table Mountain study nivers - may
have more obscure explanations related 1o histonical biogeographical distnbutions  This topic could be
explored further with the project’s database

Sccond, for the nvers where the species did occur, there were great numbers of samples from which they
were absent 1 only the samples from the nvers where the three species occurred were taken into account,
the following statistic emerged

e R fuscus was absent from 197 out of possible 331 samples (present in 134 or 40% of samples),
e [ capensis was absent from 156 out of a possible 220 samples (present in 64 or 29% of samples),
e (' excisum was absent from 123 out of a possible 183 samples (present in 60 or 33% of samples)

If a species occurred at a site it could be assumed that the macro-cnvironment, 1 terms of biological zone,
alutude, water chemustry, water temperature, slope, and so on, was suitable  Its absence from some samples
taken from that site could then probably be attnbuted to unsuitable micro-environment  Almost all
vanables used to descnibe micro-environment, with exceptions such as “shade™, are related to flow: water
velocity and depth, substratum particle size, the depth and nature of epilithic growth on rocks, hydraulic
cover, the shpperiness of unecoured, siltcovered rocks, the accumulation of filamentous algae, and more
The absence of a species from some samples could then be a flow-related response to one or more micro-
environmental conditions being unsuitable.  In the above bulleted examples, ). capensis might be seen as
most sclective in terms of velocity (because it was absent from the highest percentage of samples) and thus
most sensitive to changes in velocity. By the same reasoning, R fiscus would be seen as least selective and
least flow-sensitive. Again, this topic could be explored further with the project’s database
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17.6 Conclusion

SI curves are useful tools to develop predictive capacity of how individual species will react to flow
changes A first descniption of SI curves will be made for a number of species in Ms Schael’s PhD . thesis,
using the database from this project.  Such descriptions should become refined with ume, as other studies
add data  Sech a knowledge base needs to be developed to improve nputs to the environmental flow
asscssments presently beang done in South Afnca for seting the Ecological Rescrve (DWAF 1998)

The data produced in this project could be further analysed to provide insight on hydraulic sensitivities of
species and histoncal biogeographical distribution patterns.
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18.  THE HYDRAULIC NATURE OF FLOW TYPES

18.1  Introduction

The categones of flow types used in this progect appear to be influenced by three man hydraulic vanables
substratum particle size, current speed and water depth It was noticed that at consccutive points measured
along a cross-scction, flow type could change if just one of these three vanables changed. At the next point,
flow type could revert back to that recorded at the first pomnt, but due to a change in a different vanable  As an
example, the first point may have had Rippled Surface flow type, and certain values for water depth and
average velooity At the next poit, with an increase in velocity but no change in substratum or water depth,
the flow type may have changed to Undular Standing Waves. At the third point, the flow type might have
reverted to Rippled Surface, with the substratum and velocity remaming as at the second point, but with an
increase in water depth. It thus scems that any one flow type can be created by different combinations of
values of these three vanables

It was speculated that if the values for all measured points could be plotted, with the three vanables represented
on the x, v and 7z axcs, then the flow types might appear as “clouds™ of pomnts in three-dimensional space  IF
such a relavonship could be demonstrated, then it might be possible, for instance, to predict an approximate
water velocity by knowing the flow type, water depth and substratum size. These latter three vanables do not
require sophisticated measuning devices

Two university engincering departments were thus approached to investigate the hydraulic nature of flow types
Data from this project were provided, and the investigations were done within the routine post-graduate or
rescarch programmes of those departments without funding from this project The results are outhned below

18.2  University of Stellenbosch results

Analysis of the Abiotic-biotic Links project data was done in the Department of Civil Engincering by Verno
Jonkers, under the supervision of Prof André Gorgens. The work was done within WRC project K599
Hydraulic characteristics of ecological flow requirement components in winter rainfall rivers, and a scparate
report on the findings presented to the authors of this report

The nature of flow types, as discussed in Section 18 1, was not addressed  Instead, cach sample point where an
mvertehrate sample was collected was allocated to one of the onginal hydraulic biotopes recognmised by the
geomorphologists (Rowntree 1996).  In other words, the ecologically derved hvdraulic biotopes histed in
Chapter 11 were not used, because they were not vet available when the Stellenbosch work was done  Froude
numbers, Revnolds numbers and velocity depth ratios were calculated for cach sample point
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Using these data, throe analysis were done

the hvdraulic charactenistics of different types of hvdraulic biotopes,
habitat diversity per river zone (mountain or foothill) and per class of hydraulic biotope,
distnbution of velocities per class of hydraulic biotope

The conclusions were as follows (Jonkers, pers comm ).

18.3

Different classes of hydraulic biotopes, as defined by a recogmised combination of substratum and flow
tvpe. had umque hvdraulic attnbutes which held true across both mountain and foothill nver zones

The same category of substratum provided different degrees of habitat diversity in mountain and
foothill reaches, because of the different flow types charactenistic of these zones

University of Cape Town results

Analysis of the Abiotic-biotic Links project data was done in the Department of Civil Engineening by Sonja
Karasscllos as a fourth-ycar undergraduate project, under the supervision of Mr Neill Armutage  The thesis,
utled Exploring the links between ecological flow types in rivers and local hydraulics, was submitted in
November 1999

Again, the nature of flow types, as discussed in Section 18 1, was not addressed  Instead, the data provided
from the Abiotic-biotic Links project were separated into different flow types, and hydraulic indices such as the
Reynolds Number, Froude Number, and Shear Velocity were caleulated  This information was used to scarch
for any possible relationships between the visual appearance of a flow and the hvdraulic measurements taken of
the same flow

The main findings were as follows.

There 1s no clear range in values of the Reynolds Number linked to cach flow type  Flow types thus
cannot be defined by the Reynolds Number.
There 1s a “fuzzy” range of values of Froude Numbers linked to cach flow type, with the value
increasing from slow to fast flow types  The 25th and 75™ percentiles of Froude values hinked to cach
flow type provided a reasonably clear reflection of this trend. The 0% percentile values could be used
to divide the flow types into four categones:

o Low sub-crical NF, BPF, SBT, RS, TR, SRF (Fr<0 3),

o High sub-crincal FRF, USW, BSW, CAS, Boil (0.3<Fr<07),

o Transitional: STR, CH (0 7<Fr<| 05);

o  Super-critical’ FF (Fr>1 05)
There 1s no correlation between BSW and USW and the hydraulic descniption of a standing wave,
where the Froude number would be cqual to one. It 1s suggested that the wave so recorded 15 not a true
standing wave but 15 one induced by shallow water flowing rapidly over a bed clememt such as a
boulder or large cobble. The term Induced Wave is suggested as more appropriate in this study of low-
flow conditions
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e There 1s no distinct correlation between Shear Velocity and flow type  Shear Velocity 1s a measure of
the shear stress and veloaity gradient near the boundary with the bed, and provides an indication of the
increase 1n shear stress as distance to the bed decreases

e Site Gradient, Relative Depth and Relative Veloeity provided some scparation of flow types, but were
less uscful for this then Froude Numbers

In conclusion, a new classification was suggested that would group the flow types based on their Froude
Number (as histed above).  This 1s quite similar to the reduced number of flow-type categones suggested for
consultancy work (Chapter 19) The main differences appear to be that
e the engincening analysis distinguishes between vanous categones of turbulent flow, which 1s not
reflected in the distnbution of invertebrate assemblages (although it might be in the distnbution of
individual species within the assecmblages),
e the engineering analysis docs not distinguish between deep fast flow (RS) and shallow fhickening flow
(FRF), but the invertebrate assemblages indicate there 1s an ecological difference,
e the invertebrate distnbutions indicate that the last two flow types (RS and FRF) arc distinguished from
slow smooth flow (SBT), but in the engincenng analysis all three are grouped in the category of Froude
Number <0.3
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19.  APPLICATION OF THE HABITAT-MAPPING TECHNIQUE IN
ENVIRONMENTAL FLOW ASSESSMENTS

19.1 Introduction

A project to assess the environmental flow requirements for the nivers involved in the Lesotho Highlands
Water Scheme provided the opportumity to apply the habitat-mapping techniques imtiated 1in this project,
and further develop them.

The overall “health” of a niver ccosystem 1s intimately hinked to its flow regime  Rivers as ccosystems
function less cfficiently when their physical condition 1s affected by flow manipulation than when in thar
natural state (Davies & Day 1998)  Anthropogenically disturbed nivers often need costly measures to
replace “silent services” (such as control of bank crosion or attenuation of floods) once naturally provided
by the niver ecosystem. Aquatic ccologists are aware that the manipulation of niver flow, for water-resource
purposes, 15 affecting both the abiotic and biotic components of nvers (Campbell 1986, Boon er af 1992,
McCully 1996, Davies & Day 1998) Disturbed channels are changing in shape and size, and there are
widespread reports of arcas that used to support specific plant or ammal species but that no longer do so
Although flow-related species’ disappearances are sometimes due to deterioration in water quality resulting
from reduced dilution capacity, loss or deterioration of physical habitat 1s a contnbuting, and often
domunant, determinant in these disappearances (Statzner & Higler 1986)  Stazner & Higler, challenging
well-known hypotheses on biotic distributions such as the River Continuum Concept (Vannote ef af. 1980),
argued further that although other physical vanables, such as temperature, are important determinants off
biotic distributions, on a world-wide scale, stream hyvdraulics 1s the major factor affecting biological stream
zonation Similar thinking from other nver specialists has resulted in the recogmition of environmental flow
assessments as an important management tool for the sustainable use of nvers

Environmental flow assessments are now routinely completed in South Afnica for any niver targeted for
water-resource development. Such asscssments are designed to ascertain a modificd flow regime for the
nver, which would allow some abstraction of water whilst mamntauming the nver at some desired
management class (1.¢ condition) (Kleynhans er o/ 199%8).

19.2  Role of habitat mapping in environmental flow assessments

Where the Building Block Methodology (King & Louw 1998, King er @/ 2000) or DRIFT (King and
Brown in press) are applicd for flow asscssments, site-specific information of physical conditions 15 usually
provided from two main sources  Firstly, the geomorphologist completes a reach analysis of the full length
of nver nvolved in the flow assessment (Rowntree & Wadeson 1998). This wdentifies simular stretches of
river in terms of mter alia alttude, gradient, sediment production and transport, channel type and pattern,
and substrata. Each flow-asscssment site 15 located within a specific reach type, aiding understanding of its
morphological character. A general geomorphological description of the sites s also usually provided by
the geomorphologist, along with some within-site data of substrata and local hyvdraulics derived from the
surveyed cross-sections by the hydraulic modeller
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These cross-scctions form the second source of data on physical conditions at a site. The cross-sections are
sclected jointly by the hydrauhic modeller, the ecologists and the geomorphologist.  They are placed to
descrnibe both representative and cntical physical habitats for the biota, and to provide the necessary data for
detailed hvdraulic modelling.  In terms of information on habitat, they provide pont-by-pont data on
wetted arca, substrata, cover and water depth  If discharge readings are taken at a section, they also provide
data on velocity distnbutions across the wetted arca

Although velocity distnbutions across such cross-sections are available for all measured discharges, they
are not available for the range of discharges then simulated by the hydraulic modeller  Rather, information
1s usually produced, per discharge, on simulated water surface clevations (which can be converted 10 water
depths along the cross-section) and an average velocity for the cross-section. Thus, mformation on the
range of velociies pertaming at any one cross-section for any one discharge is not available through the
modelhing techmques presently used with the BBM. One reason for this 1s that such precise low-flow
hydraulic modelling 15 difficult, and the results are often of uncertain quality (King & Tharme 1994)
Another short-coming of the hydraulic modelling 1s that its results are restnicted to a descniption of
condiions at the surveyed cross-scctions. It s assumed that the cross-sections descnibe hvdraulic
conditions in any similar part of the study site. Thus, for instance, one surveyed cross-section across a nffle
15 assumcd to descnibe all nffles at the site and, by imphication, all nffles within the reach and reach type
represented by the site. But to date, details of the rest of the site, such as how many niffles are present and
where, are not usually provided

Specialists involved in environmental flow assessments have stated the need for a broader-based asscssment
of aquatic habitats at a flow study sitc. Many have said that they would hike a “bird’s eye view” of the sites,
and to be informed of the mosaic of local hvdraulic conditions present.  Others would like 1o be able 1o
assess the position and relevance of the cross-sections within the site as a whole, and know how velocities
and depths outside these cross-sections change under different discharges  Input on these perspectives can
be made through habitat maps

19.3  Kinds of habitat-mapping data used in environmental flow assessments

In flow asscssments, sites are sclected along the nver of concern to represent conditions in different parts of
the system  Accepting that at larger scales geomorphologists will be placing these sites into a catchment
context, the sites then are the pnmary means by which biophysical specialists judge present and possible
future flow-related conditions in the niver.  Habitat maps of these complete sites, using the mapping

techmques described in Chapter 4, provide a perspective on aquatic conditions not previously available in
environmental flow work

The digitised site maps provide information on the distnbutions and proportions of different substrata and
flow types, and of all combinations of these two vanables  Flow-type maps drawn at different discharges
reveal how hydraulic conditions across the complete sites change with time and, to the extent that flow
types are presently understood, inform on what those hydraulic conditions arc.

Further information on the site can be gained through hydraulic measurements taken at cach site at different
discharges within arcas with distinctly different hydraulic charactenstics, here called hvdraulic habitats
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These measurements reveal the depth, veloeity and associated hvdraulic features of the chosen arcas and
how these change through the scasons (afier Gore ef af 1992, King & Tharme 1994, Pusey ef al 1995)

The above 1dcas are summanscd in the following conceptual model

e  Environmental macrovanables such as discharge, temperature and chemical regimes, and slope, which
vary along a river, are important determinants of the overall distnibution of species within a niver
ccosystem

e  Environmental microvanables, which vary within a site, are important deternunants of species’
distnbutions within a site. Physical habitat, or more specifically hydraulic habitat, is one of the primary
determunants among these microvanables

e If suntable hvdraulic habitat docs not exist at a site, a specics will not occur there I suntable hyvdraulic
habitat docs occur but the site 1s unsuitable in terms of macrohabitat vanables, then a species will not
occur there

e Recording the availlability of different hydraubic conditions at a site allows an asscssment of the
suitability of a site for any species, within the greater context of the suitability of the reach and zone
which the site s located

e Within-site hydraulic conditions can be desenbed through the two main components substrata and flow
types. As both of these can be visually identificd, hydraulic conditions can be mapped in a simple on-
site activity .

e Substrata and flow types can be mapped scparately.  Additional flow-type maps can be drawn at
addinonal different discharges, as overlays of the onginal substratum map, to illustrate how conditions
change with discharge. Habitat maps of complete sites provide information on the mosaic of hydrauhc
condiions present there

o  Within-site arcas that arc visibly hydraulically different can be identified in the ficld and on the maps.
Here termed hydrauhic habitats, they can be charactensed at different discharges in terms of the
hvdraulic vanables velocity, water depth, flow type and substratum, as well as by any relevant
ccological features  These data can be matched with similar data on the conditions required by specific
specics, 1o assess habitat suitability.

Application of the within-site component of the conceptual model 1s described in Sections 19 4-19 7 using
data gathered dunng a project 1o assess environmental flows for the nivers mvolved in the Lesotho
Highlands Water Project (Metsi Consultants 2000).  These data are used with permission of the Lesotho
Highlands Development Authority

19.4  Substratum-flow habitat maps and local hydraulics

For cach site, the distnibution of substrata was described only once, at winter low flow (June 1998), whlst
the distnbution of flow types was mapped both then and also at summer low flow (January 1999) The
main uncertainty i the excrcise was that the second flow map was drawn on a template of the onginal
substratum map. With the water occupyving a shghtly different arca within the channel, it was sometimes
difficult 10 assess exactly where the new wetted edge was located on the onginal map  This was
particularly so when the wetted edge had crept across flat, featureless sand or bedrock Tt was felt that this
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did not senously jeopardise the cssential message from the exercise, which concerned the vancty of
hydraulic conditions that the site had to offer at different discharges

With the overall hydraulic character of the site descnbed, arcas of different hydraulic conditions (hydraulic
habitats) were delincated within the site and, in each of these, vanables descnbing local hydraulic
conditions were measured on the same summer and winter visits descnibed above  Up to four arcas per site
were chosen for the field measurements, based on the site maps, on acquired knowledge of the site and on
an understanding of which hydraulic conditions gencrally tend to support different nverine biota  In cach
arca, up to 30 hydraulic measurements were taken in a gnd pattern, on each visit:  Variables recorded were
water depth, current speed, flow iype and substratum size, as well as geacral ceological notes such as the
presence of algae  The hydraulic measurements were summansed by site and hydraulic habitat, using
frequency plots with the vanables (substratum size, mean column velocity, water depth) displayed by size

class

In a parallel excreise, the physical attnbutes of the arcas within the sites where key fish and invertcbrate
species occurred were charactenised by ccologists, using the same vanables, and the data were presented in
frequency plots using the same size classes  Thus, frequency plots of avaulable habitat and used habitat
could be matched, to assess the suitability of the sites over ime

19.5 Digitising the maps

All maps were digitised and the flow-substratum proportions summansed using Arclinfo, as descnbed in

Chapter 4. The maps were colour coded as follows

e substrata that consisted of only one class were allocated a solid colour (¢ g arcas of boulders were
shown by solid purple);

e mixed substrata were allocated a pattern using the base colour of the dominant (by size) particle (e g
arcas of mixed boulders and large cobbles were depicted by a purple pattern, and arcas of boulders and
sand by a different purple pattern).  As a result, the degree of sorung of particle sizes could be
registered at a glance,

e flow types were colour-coded for velocity, with fast categories depicted in vanous shades of red,
medium categonies in oranges and vellows and slow to no-flow areas in blucs and greens

The surveved cross-sections and the hydraulic habitats used for hvdraulic charactensation were located on
the maps, so that information from all relevant specialists could cross-refer

19.6  Presentation of the data for the workshop
The data provided for Site 7, Marakaber on the Senqunyane River, are used as an example.  A3-size colour
habitat maps of the site were displayed as wall charts (Figure 19 la<c) Early coloured versions of the maps

were sent to the ecologists before the workshop, so that they could identify relevant arcas in their reports
The data also appeared 1n a written report for use at the workshop.
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Figure 19.1a-c Habitat maps and delineation of different hydraulic habitats (HH) on the
Senqunyane River at Marakabei in Lesotho. Information from Metsi
Consultants, 2000. HHs were developed from an original idea from Angela
Arthington, Johan Rall and Mark Kennard
19.1a - Substrata
19.1b - Flow Types in June 1998. Q=076 m*s”

19.1c - Flow Types in January 1999. Q=169 m’s"
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196 1 General overview of the charactenstics of IFR Site 7

The site 1s on the Senqunyane River, about 30 km downstream of the Mohale Dam construction site. It 1s
located on a bend of the nver, 1n a relatively flat-bottomed valley between steep mountain slopes The niver
is containcd on the bend by a chiff on the left bank and has a nud-channe! island on the bend. The river is
wide and smooth-flowing n the upper and lower thirds of the sites, but narrower with more turbulent flow
around and immediately downstream of the island - Scattered trees line the nght bank, with cultivated ficlds
behind them. A footpath runs between the trees and the fields, which s used by people cultivating the
ficlds and by fishcrmen who fish at the site. The left-bank slopes are uncultivated ncar the niver as they are
rocky and steep, but ficlds occur higher up. The slopes are extensively grazed by domestic herds, which
drink at the niver.

The site was charactensed by a boulder and a mixed boulder-cobble substratum (Figure 19 1a) There were
also arcas of bedrock, particularly on the outside of the bend and in the upstream end of the site  Small
arcas of mixed cobble, with or without sand, also occurred between the island and outside bank, and sand
along the left side of the island  Overall, bedrock with or without overlyving cobbles accounted for 31% of
the wetted arca, boulder and mixed boulder-cobble 63%, muixed cobble with or without sand 4% and sand
2% (Table 19.1). Single categonies of substratum accounted for 43% of the wetted arca. Outside of the
central narrow arca, the wetted width was about 40 m

The area (m’) of wetted substrata covered by different flow types at site 7

(Marakabei) in (a) June 1998 and (b) January 1999. Data derived from Arcinfo

2000).

(a) Marakabei June 1998
FlowType BR BR,LC,&SC

Table 19.1

B B,LC,&SA LC&SC LC,SCASA Total

BPF 1758 00 980 5258 00 00 799.8
BSW 3 00 16 747 00 00 107.4
FRF 80.7 26.5 249 1786 233 0o 3143
RS 482 00 00 1011 0.0 00 149.3
SBT 21562 47 2365 5578.7 60.7 1711 8207.9
SRF 104 2 438 00 4294 208 § 62 7919
USW 1073 0.0 00 457 00 00 154.0
Total 26835 748 3610 69353 2025 1773 10524.4
(b) Marakabei January 1999
Flow Type BR BR,LC,&SC B B,LC,&SC LC&SC LC,SC&SA SA Total
BPF s 00 94 8 389 9 00 00 00 525.3
BSW 3372 286 00 3402 106 90 782 812.9
CAS 174 7 00 15 331 00 00 00 2093
FRF 00 00 156 6 3312 00 00 15 489.3
RS 993 5 75 5931 27442 1295 1325 1265 47268
S8T 1797 4 00 2066 23528 00 00 00 44468
SRF 00 00 15 69 3 00 00 00 708
USW 459 1 391 1370 43986 144 5 36 1 738 13322
Total 3802.5 75.2 12811 67003 2936 180.6 2801 126134
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Upstream of the bend, the water flowed smoothly through a pool-hke streteh, with the flow type SBT being
predominate in both winter and summer (Figures 19 1b and 19 1¢)  The stretch downstream of the bend
was also smoothly flowing, but flow changed from SBT in winter to incorporate a large central tongue of
faster water (RS) in summer. The island was also surrounded by fairly quiet water in winter, with SBT and
very shallow, slow flickering flow (SRF), but this changed to fast flow categones for about 40 m
downstrecam In summer, parts of the island were inundated, and flow around it became decper and faster,
with extended arcas of BSW and USW and the introduction of cascades  Overall, 93 % of the wetted arca
had slow flow types in winter compared to 42% in summer.

Three hydraulic habitats (HHg) were dehineated at the site (Figures 19 1b and 19 i¢), and their vdraulc
condinons mcasured in winter (June 1998) and summer (January 1999) HHI1 was in the two channcls
around the sland. HH2 was downstream in the turbulent water, and HH3 was furthest downstream in the
smoothly-flowing arca

The substratum at HH1 consisted mostly of larger categories, with lugh proportions of bedrock, boulders
and large cobble (Figure 19 2a). Velocities were quite low in winter (up to 0 39 m s ') and typificd by SRF
and SBT, but increased to a wide range (0.01-1 99 m s, BSW, USW and RS) i summer, reflecting the
typical heterogencous flow of fast water over large particles.  Depths remained much the same in both
scasons, up to 0. 79 m. In winter, the rocks in the nght channel were clean and non-shppery, whilst those in
the left channel had a cover of photosynthesising algac.  Downstream, the bedrock was covered wath fine
silt. Conditions were not recorded in summer.

HH2 was the boulder-bedrock rapid downstream of the island. Although smaller matenal lay over this arca
in winter (Figure 19.2b), much of this was swept away in summer lcaving, at least at the edge, which was
the only arca that could be measured, bare bedrock  Velocities typically covered a wade range from very
low (in hydraulic cover)to > 2 ms . Although the whole arca was sufficiently shallow for measurement in
winter (up to 0.39 m), most of it was too deep (and fast-flowing) to be entered in summer. Flow categorics
were FRF, USW, BSW and, in summer, cascades In winter the rocks were clean (not recorded in
summer)

HH3 was a downstrcam run, with smaller substrata including sand and mud (Figure 19 2¢c) At the nght
bank the water was about 0.50 m deep, and depth increased across the river so that by mud-strcam it was
always deeper than “wader depth”  In some arcas a narrow strip along the nght bank and under the trees
had shallower water (0 10-0.50 m). Velocities were very low in winter (SBT and BPF 0009 m s ), but in
summer increased to 0 49 m s in the arca that could be waded and perhaps higher further into midstream
In winter, patches of ice covered the water under the trees, and silt and algae were common on the boulders
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Chapter Nineteen

19.7 Use of the data at the workshop

In the Lesotho environmental-flows workshop, the substratum and flow-type maps were used as a general
guide to the nature of the sites.  All the specialists found the maps casy to understand and work with, and
they felt that they provided a very good “feel™ of the sites. They also matched hydraulic-unit data (Figure
19 3 a-c) with data on where specific species occurred, to assess how much habitat was available for cach
species at different discharges. The application of this techmque was limited because only two discharges
were measured, and no simulation model existed to go past these data to predict hydraulic conditions at
unmeasurcd discharges It was not possible, for instance, to assess at what very high or very low discharges
sutable habitat wouid disappear for a species, even if its habuat requirements were known

In summary, the techniques have great potential, but this needs to be developed through creation of a
hydraulic model that can use the data at measured discharges 1o simulate local hydraulic conditions at
unmeasured ones

19.8  Further development of the techniques

A WRC project (K5/1174) utled Hydraulic analyses for the determination of the ecological reserve for

rivers began at the University of the Witwatersrand in 2000 Its objectives are to

o provide hydraulic methods to hnk hydrological flow charactenstics and biotic requirements necessary
for setting the full ccological reserve,

e provide hydrauhc methods for setting the preliminary reserve, when the hydraulic data are imated,

o develop three-dimensional habitat modelling to assist in the determination of the ecological reserve for
rvers,

e develop an index of hyvdraulic charactenstics for quantifying habitat availability

This scems a likely route for continuing development of the necessary techmiques.  Liaison between that
project’s staff and the two authors of this report has been initiated.  Dr King sits on the stecring committee
for the project.

Additionally, the mapping techniques descnibed in this report could be streamlined for use in consultancy
work. Based on the results reported for this project, the 14 categories of low and aight of substratum could
be combined into fewer, bioclogically meamingful categories. As an example, the maps created for another
I esotho site are shown in this reduced form

The site shown (Figure 19.3) 1s on the Matsoku River, which appears similar to the Senqunyane site (Figure
19.1) but 1s a much smaller nver. Based on the findings in Chapters 11-15 of this report, the categones of
substrata at the site were reduced to four (bedrock, boulder, large cobble, small cobble), as were the flow
types (fast npple, fast turbulent, shallow nffle, slow smooth) In gencral, these flow types encompassed the
larger range of major flow types, as follows:

o fastnpple RS

o fast wrbulent - CH, CASC, FF, BSW, USW

o shallow nfflc - FRF, SRF
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e slow smooth SBT, BPF, NF

It is stressed that this reduction in flow types would probably be adequate for consultancy work, but not for

rescarch on species” habitat requirements. The reduced number of categones has an addittional advantage in
that they do not need to be distinguished on maps in colour

a) Substrata b)Q=020m’s"

Substrata Flow

fow

direction @D  vesrcr D  testiepe
' - boulder - a5t turbusert

G35 wegecontle ) shalowrife

———— -

¢ ) swadcobble () sowsmooth

Figure 19.3. Habitat maps and delineation of different hydraulic habitats on the Matsoku

River in Lesotho: a) substratum map; b and c) flow-type maps, with three
distinctly different hydraulic habitats (HH) delineated (Metsi 2000).
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20, Conclusions and recommendations

20.1  Conclusions

A programme of rescarch was camed out that allowed assessment of the ccological relevance of a
classification hierarchy for nivers that has been suggested by fluvial gecomorphologists.  The results are
presented in Chapters 10-15, and addibonal appheations of the data are demonstrated i Chapters 16-19
Some analyses, particularly those reported on in Chapters 13 and 14, are further addressed in the PhD
thesis of one of the authors of this report

The decision to adentify all invertebrates collected to species or, where the taxonomic literature cannot
support this, to “morph species”, was entical to the success of the work  “Morph species™ refer to ammals
that could not be identificd but could be arranged in groups of individuals with similar appearance.  Each
“morph species” was deaded wpon based on features tradiionally used to distingwish species in s
respective taxonomic Order or Fanuly

Invertebrate identifications at the species level allowed distribution patterns to be detected that were not
apparent at famuly, or even genus, level. This allowed a more incisive assessment of the geomorphological
hicrarchy than would have been possible with coarser wdentifications

Using the species distnbutions in 18 relatively undisturbed headwater streams in the Western Cape, the
ccological relevance of five aspects of the geomorphological hicrarchy were investigated

e catchments, scgments and zoncs,

e reaches.

e morphological umts,

e hydraulic biotopes,

e the temporal stabihity of hydraulic biotopes over a range of discharges

Addionally, the impact of anthropogenic disturbance on the measured geomorphological and ccological
charactenstics of the nivers was investigated, using specics distributions in ten disturbed nivers in the same
region.

201 1 Carchments, segments and zoncs

Catchments, segments and zones form the highest levels of the geomorphological herarchy  In ths project,
sites in several catchments, 28 nvers and two zones (mountain and foothill) were used to test the hicrarchy.
Segments were not addressed scparately, as the erms segment and zone both essentially refer to a stretch of
nver with much the same charactenstics

At the beginming of this project, it was expected that the invertebrate data would group the studied nvers

across the whole study arca, by zone In other words, within the finbos biorcgron (Eckhout ef al 1997),
where all the study nivers are located, all the sites from the mountain zone were expected to group together,
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through having similar invertebrate assemblages. On the other hand, all the sites from foothill zones were
expected to group together but separate from the mountain group, because they had sumilar inverniebrate
assemblages that differed from those in the mountain zones. This assumption formed the basis upon which
bioregions and bio-sub-regions were suggested as the units of management for the South Afncan River
Health biomonitoning programme (Brown ef al. 1996), with sub-regions being the arcas within a bioregion
that encompass the same zone of many nivers (¢ g one sub-region would encompass all the foothill zones,
and another all the mountain zones)

This project has indicated that the assumption is simplistic. Within the Western Cape bioregion, and based
on magcro-invertebrate distnbutions, nver sites grouped principaily by catchment and nol by zone. Tlus
suggests that cach catchment has an individual signature that 1s sufficiently strong to over-nde the very
noticcable changes in species composition down the length of the nivers: mountain and foothill sites within
one catchment linked together, rather than with other mountain or foothills sites respectively elsewhere in
the bioregion. This occurred despite the undoubted overall similanty of the nvers in the bioregion

A fow of the catchments grouped with another the Olifants with the Berg, the Eerste with the Molenaars,
and all the Table Mountain strcams together. The link-ups were not always between geographically
contiguous catchments, but mught stll be attnbutable to biogeographical dispersal patterns in some cascs
The Ohifants and Berg, for instance, are the only two catchments that draun to the west coast, and may have
once had a common cstuary (Hendey 1983). Table Mountain stood once as an isolated island off the
African mamnland, which may be responsible for the high degree of endemism exhibited by its aquatic
biotas (Wishart and Day in press), and thus the relative similanty of its streams in terms of aquatic
imvertebrates, as detected in this project.  Neither of these possible causes, however, explains why the
Ecrste linked with the Molenaars, and other explanations must be sought.  Perhaps cach niver system
functions differently, based on the underlving geology, climate or other influcnces, and this affects the
proportions of cach invertebrate species present in assemblages.  Similar influences could result in simular
nver functiomng and thus similar proportions of species.  Resolving the uncertainty as to the nature and
causes of catchment signatures might provide the basis for a new level of understanding of nver ccosystem
functioming.

Unul catchment signaturcs are better understood, management decisions should not be based on the
assumption that specific nvers can be sacnficed to developments because other similar rivers exist. At
present, the only safe assumption is that rivers in different catchments are not similar.  In terms of the
geomorphological hicrarchy, this means that it can only partially guide on river groupings at the highest
ccological level within a bioregion. Geographically, it 1s possible to delineate cach catchment on maps, but
not to indicate which ones are hkely to be biologically similar, This next step might be possible in the
future, once catchment signatures are better understood

Within a catchment, a further level of dissimilanty over-ndes the influence of zone, and so caution should
be exercised regarding any assumptions of similanty between a catchment’s rivers  Bedrock rivers occur in
their appropnate catchment group, but are quite different from the alluvial ones in the same catchment in
terms of invertebrate assemblages.  As the nature of the nverbed 1s a physical feature, its details can be
incorporated nto the geomorphological hierarchy.  Such information cannot be gleaned from maps,
however, and so cannot be part of a desktop classification but rather requires field identfication,

262



Chapter Twenty

The niver zone, far from being the expected over-nding influence on invertebrate distnbutions within a
bioregion, appears at the third level of differentiation, after catchment and nverbed substratum.  This level
already forms part of the geomorphological hicrarchy, and the dehincation of zones along the niver can
casily be done, using maps in a desktop exercise  The zones should be defined using ccological data,
however  This appears 1o be necessary, as the geomorphological analyses of such vanables as zone class
and valley form (Chapter 6), did not reflect the biological zones revealed by the nverine biota in this study
The relevant ccological data for dehincating zones can be gleaned, for anv bioregion, from ccological
studics within that region. These will provide a first estimate of the slope and alutude ranges of cach
biological zone along a niver, and the ranges can be refined with ime as addinonal data accumulate. Such
an excraise was completed in this study, when first estimates of slope and altitude ranges (Tables S 1 and
10 6), taken from the bicrature, were used to mtially guide the study, and later refined using the study's
results (Table 15°5)

In summary, the overall ecological natures of the studied headwater strcams appear to be dictated by three
main factors the catchment, the nverbed substratum. and the longitudinal zone  The top levels of the
geomorphological hicrarchy parually incorporate some of these factors, but not sufficiently accurately or
comprehensively to allow the hicrarchy to be a surrogate for ecological aspects n rescarch and management
decisions

2012 Hydraulic biotopes

Hydraulic biotopes (HBs) sit at the lowest level of the proposed geomorphological hierarchy, and are scen
as the “building blocks™ for its intermediate levels. Once distnbutions of hvdraulic conditions and the biota
at this fine scale are understood, it should be possible to seck wider patterns of distnbution at the level of
morphological umits (MUs) and reaches HBs are at the only level of the hierarchy that incorporates a
description of flow as well as of substratum  Flow was included because the ecologsts felt that the micro-
distnbution of small aquatic ammals and plants 1s dictated by both flow and substratum.

After discussions with ecologists, geomorphologists described a range of HBs (Rowntree & Wadceson 1999,
Table 4 5) that reflected ccological understanding of faunal distnibutions but were defined simply by thewr
abiotic (flow and substratum) charactenstics  Their list of HBs was:

o backwater,

o slack water;

e pool,

o ghde,

® run,

e nffle,

o rapd,

e cascade,

e chute,

e waterfall,

e boil
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This project revealed that in terms of assemblages of benthic invertebrate specics, only four main HBs were
obvious: runs, nffles, rapids and pools The other terms bulleted above appeared within these four main
groups, so that, for instance, the invertebrate samples taken from chutes and cascades were intermingled in
a larger group all recogmised as coming from turbulent water flowing fast over boulders, here named a
rapid A suggested grouping of the geomorphological HBs into ccological HBs is thus as follows

Table 20.1 Geomorphological HBs grouped by ecological HBs.

Ecological HBs

Geomorphological HBs

backwaters, slack waters, pools, slow glides: pools,
runs and fast glides: runs,
nffles nffles,
rapids, cascades, chutes, waterfalls, boils: rapids

We may be abic to ecologically distinguish features such as slack waters, chutes and cascades, however, by
concentrating on the distnbutions of individual species. Some species may occur in select smaller micro-
environments within the larger HBs, and be good indicators of these arcas. Aphrotenia sp ., for example,
occurs in pool-hke areas, but within them 1s only found on clean small gravel in quict edge waters with
hydraulic cover (Scction 11 4) The pool is the HB, the environment of the species assemblage The clean
gravel in the quict edge arca 1s the hydraulic habitat of Aphrotenia, representing an hierarchical level finer
than any presently in the hierarchy

The charactenstics of the four broad-ranging HBs can be summansed as follows (Table 202)  The
information 1s derived from Chapter 11, including from Table 11 8

Table 20.2  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 2 3.

HB Depth  Flow Substrata Mean Froude Comments
Description Velocity Number
Rapid shallow o  turbulent broken bouldersand 0 38-064 0371 - CAS IS the domnant
deep upto water CAS, large 0900 flow type, CH and
070 USW BSW.CH, cobotles FF are umque to this
STR, FF, FRF, H3
some fast RS
Rife shallow fast, fucxenng cobblesand 027-039 0332- FRF is the dommnant
<0 30 flow FRF, USW, sometimes 0425 fiow type
BSW, CAS, small
some fast RS boulders
Run shallowtc  fastto a range of 005-018 0070~ RS is the dominant
moderately moderately fast substrata 0200 flow type
deep upto rippled flow RS,
0.50 SBT, some FRF
Pool shallowor  slow smocth a range of 000-010 <0070 Bedrock and alluvial
deep 0023 flow SBT, BPF,  substrata pools may have
->100 rarely NF different species
assemblages
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In summary, the lowest level of the geomorphological hicrarchy, which focuses on the hydraulic brotopes
of species assemblages, disunguishes more HBs than the four that can be justified from the ecological data
Within the ccological HBs, however, another level of the hierarchy could be considered, to describe the
hydrauiic habitat of individual species. All species from one HB may well have shghtly different hydraulic
requirements, which in total descnbe the broad hydraulic character of the HB. Some of the species,
however, may have requirements that are so specific that they can be used as indicator species for micro-
environments within the HB, such as slack water or chutes.

The four ecological HBs could form the basis for biomonitoning programmes in headwater strecams. They
are reasonably casy to distinguish on the ground, and present the four main conditions found n such
streams  Fach HB can be distinguished visually, but this should be done by judging the overall appearance
of the flow as no one HB is uniquely described by one flow type (Table 20 1) To ensure collection of the
greatest possible range of species, the full range of micro-environments within cach HB should be sampled
It 15 emphasised that this kind of broad-spectrum samphing of an HB 1s not suntable for species studics,
because details of the specific micro-habitats will be lacking

A last point concemns noise in distnbution data for niver benthic invertebrates.  Data from the Intensive
Sampling programme (Section 11,3 2) indicated that individual invertebrate samples were collected from an
HB other than the one they represented A “pool™ species assemblage, for instance, was collected from the
middlc of an arca that otherwise produced “run” specics assemblages and had a “run™ flow type  This
patchiness 1s not yet understeod, but might help to explan the well-reported “noise™ in distribution data.
Patch dynamics of both the hydraulic conditions and the groups of invertebrates will be further studied in
Ms Schacl’s PhD

20.1.3 Morphological Units

Morphological Units (MUs) are used to explain the next larger scale of arrangement of channel features,
and as such have been very uscful in aiding ecologists to structure their studics.  The authors envisaged
MU as structures that nught be more relevant to fish ecologists and npanan botanists, for instance, than to
mvertebrate ecologists, as fish move over larger distances, and both fish and trees inhabit larger-scale
physical habitats

In this study of mvertebrates, the MUs were not particularly good predictors of the distribution of
invertebrate assemblages. Some MUs, such as “step”, were better predictors than ones such as “planc-bed”,
but none would be as useful as HBs in aiding location of specific assemblages.  Step MUs, for instance,
viclded mostly “rapid” species assemblages, but rarely “nffle” or “run” ones also, whilst “planc-beds”
vielded all four kinds of asscmblages in approximately the same proportions. Sampling by HB, using the
guides histed in Table 20 1, should provide a better chance of collecting a targetted species assemblage than
using the MUs as guides

The concept of MUs 1s uscful, however, in a prehiminary assessment of a site. MUs inform on the overall
nature of a studied nver rcach and thus provide an 1dea of the invertebrate asscmblages likely to be present
Riffle assemblages, for instance, appear not to occur in mountain zones, cven if nffle flow/substratum
combinations are present, presumably because such assemblages consist of species adapted to foothill
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conditions which 1s where niffles commonly occur. Knowing this in advance allows sampling strategics to
be planned that avoud spending unnecessary effort on arcas unlikely to vield different assemblages

In summary, the concept of MUs as a level in the hicrarchy remanns uscful for orgamising thoughts and data,
and for overall assessment of a study site. MUs are not parucularly uscful, however, as indicators of where
to locate specific assemblages of species  In addition, use of the terms nffle, run, rapid and pool at two
levels of the hicrarchy (HB and MU), 1s confusing, and it 1s suggested that alternative terms be sought that
are specific to one level

2014 Reaches

Reaches form the next level up from MUs in the hicrarchy.  Thus level, nested within the zone, 1s used 10
descnibe a length of niver with similar channel and hydrologscal charactenstics  Reaches can be delincated
from maps, based on changes in slope, geological formations, valley form and runoff, and venfied in the
ficld by the composition of MUs.  Prehiminary analyses of reach-level invertebrate data (Chapter 13) have
not led to much insight to their ecological relevance. The two reaches studied were geomorphologically
different, but the overall densities or composition of their invertebrate assemblages were not sigmificantly
different. The ammals were pnmanly grouped, 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 from cach site (1 ¢ reach) tended 10
cluster together. It secems possible that there are differences in assemblage composition at the reach level,
but any such subtletics will only be revealed with more intensive examination of the data  This wall be
done as part of Ms_ Schacl’s PhD

In terms of biomomtoring, reach type 1s a useful gwde 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 similar
MUs and HBs will probably vield much the same invertebrate fauna, whilst those with different sets of
MUs and HBs, or different substrata, could vield different species.  All reach types within a zone hkely to
add to the hist of fauna present should therefore be considered for inclusion in the sampling programme

Reach type may be important when focusing on biodiversity issues. Reach types with unusual MUs and
HBs could contain rare species that would not be detected if only one reach was selected to represent the
whole zone  As an example, the genus mentioned carlier has two species, Aphrotenia harnards and A
tsitsikamae, that are Gondwanaland relics. These species occur in steep mountain zones, but their specific
hydrauhie requirements for quicter waters would preclude their presence from the more common reach
types with their fast, turbulent flow. They would probably not be found unless rarer reach types, with well-
sorted smaller substrata and a range of slower flows, were sampled

It 1s envisaged that a predictive model can be formulated that would use the mosaic of different hvdraulic
conditions as a template upon which to predict the location of species. This will be explored in the Ph D
thesis mentioned above

In summary, reach types arc as important as MUs in gmding overall structure of a nver study, but are too
coarse to guide on the exact location of individual specics or species assemblages.  Different reach types
may vicld different invertebrate species assemblages, and sampling strategies should recogmse this
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201 5 Temporal stability of hydraulic biotopes over a range of discharges

HBs are the only part of the gecomorphological hicrarchy affected on a short to immediate temporal scale by
a change in discharge (Frissell er o/ 1986, Rowntree & Wadeson 1999). They can be defined by the n-
stream biota and then described by hydraulic conditions (Chapter 11). A preliminary analysis of the
physical stability of hydraulic biotopes over ime and with changing discharges (Chapter 14) revealed that
the overal! wetted arca and proportions of flow types persisted over a range of ssmilar low discharges, and
only changed when discharge increased substantially.  Essentially, there was a 14 - 24% change in wetted
arca once there was a 50 — 80% increase in discharge  The associated faunal data wall be analysed in Ms
Schacl’s PhD

201 6 The impact of anthropogemic disturbance

Ten nivers with a range of disturbances were studied to assess how disturbance might affect the abiotic-
brotic links described for the least-disturbed nivers (Chapter 15) In this progect, disturbance at the level of
the total species assemblage was assessed  Studied disturbances were not rated for seventy a prior, and
instead sevenity was judged based on location of cach niver’s invertebrate assemblage on MDS similanty
plots. Based on the findings, the following hypothesis is suggested for further testing.

Suggested explanation of the data, based on nvertebrate assemblages, to support this hypothesis: The most
mildly disturbed rivers yicld invertebrate assemblages that are similar to those of the least-disturbed nivers.
In other words, they remain within thewr catchment clusters on the MDS plot, and so thewr catchment
signaturcs reman antact  As disturbance increases, nivers become less similar to others within their
catchment, moving to the edge of their catchment cluster on the MDS plot.  Moderately disturbed nivers
lose their catchment signature completely, moving outside their catchment grouping on the MDS plot to
cluster together in the muddle of the nng of catchment groups  This suggests that they have lost thar
individuality and become more similar, as kinds of generalised nivers of that bioregion.  Possibly, by this
stage, all sensitive species have disappeared and any coarser bioregion signature remaining s provided by
hardy, opportumistic species. Highly disturbed nivers lose even this gencralised signature, being located
well outside all the catchment groupings. It 1s not known at this stage to what extent these nivers retain any
kind of bioregion wdentity. A vanation on the trend occurs for nivers recaiving inter-basin transfers of
water, which may take on the catchment signature of the donating catchment.

In scems important to discover exactly how different kinds of disturbances transform species assemblages,
resulting in the gradual crosion of catchment signatures. At this stage we cannot say if there are hikely to be
profound management imphcations. but we suggest that simply understanding better how  disturbance
affects the signatures would be a enitical step forward. To thas end, further analysis of this project’s data s
recommended (Section 20 3)
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20.1.7 Uscfulness of the hucrarchy

A major impression from this project was that geomorphological hierarchies are exceedingly useful tools to
aid orgamisation of thinking, studies and data analysis.  Before such hicrarchies were suggested, the
country's ccologists were using a spatial hierarchy of sorts (Table 2 2), but oncs like that tested here
enabled a giant step forward in the way ccologists viewed nivers. As a result, the study of physical-biotic
links in nivers has gradually taken its place alongside studies of chemucal-biotic hnks, providing a much
more rounded perspective on niver functioning, to the benefit of both ficlds of study

Geomorphological studies based on a spatial hierarchy now form pant of every environmental flow
assessment done 1in South Afnica (King e @l 2000), as well as contnbuting to the National River Health
biomonitoring programme  We feel this involvement 1s essential, but suggest that discussions should be
held with the geomorphologists on whether it 1s necessary for their approaches to accommodate the findings
from this project. Specifically, discussions should be held on the following

e the sigmficance of catchment signaturcs,

e use¢ of bwologically relevant zones, as opposed to geomorphologically derived ones,

e reduction in the number of HBs to the four ccologically relevant ones,

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

e studving further the role of changing physical conditions in the disturbance levels suggested 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 casc 1s the geomorphological one of grouping similar
rivers and parts of nvers basced on casily measured abiotic and landscape features  The “bottom-up”
approach in this casc 1s the use of aquatic invertebrates to indicate which nvers or parts of nvers are similar
This project was, in essence, a “bottom-up” testing of a “top-down” approach Inevitably, mismatches
occurred, but these where of a nature that should be amenable to resolution.  This should be the main
objective of the discussions suggested above.

20.2  Additional applications of the project’s techniques and data

Chapters 16-19 illustrate further applications of the data collected in this project.  In Chapter 16, use of the
data for biogeographical and biodiversity studies 1s illustrated.  Information on the hydraulic conditions in
which cach species was found is also available in the database, and examples are given in Chapter 17 A
preliminary investigation of the hydraulic nature of flow types is reported on in Chapter 18, and use of the
mapping techniques in Environmental Flow Assessments s illustrated in Chapter 19 The analyses 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 nver signatures, yet to be analysed, the database represents a considerable
resource that could enhance understanding of the nature and functioning of the region’s nivers. For ths
reason, further analvses of the data are recommended (Section 20 3).
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20.3  The value of species data

In invertebrate studies it 1s becoming increasingly common to work only to family-level wdentifications,
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 use, particularly for biomonitoring
purposes A decp understanding of ccosystem functioning and biogeographical trends, however, can only
be obtained when working at the level of species. Here, we record our view that, to improve the quality of
advice offered by ecologists on management practices for the sustainable use of our nivers, the collection of
brological data on mvertcbrate species, thewr behaviour and thewr hfe-cyvele requirements must continue to
have a place i rescarch programmes

In this project, apart from the results desenbed, the species data revealed higher numbers of species, and
higher numbers of umque species, in some catchments than in others. The results might be partly due to
sampling strategics, but they might not  Either way, they tngger some new questions and potential insights
on these rivers. For instance, why did the Ecrste and Molenaars Rivers consistently group as very similar
when they are not in the same catchment and not in contiguous catchments” And why, between them, did
they have by far the highest number of species (99 - next highest catchment had 71 species) and the highest
number of umique species (31 - next highest 17) (Section 16.3)? Could these nvers be located within some
centre of biodiversity”?  Or were the data simply reflecting our sampling strategy”  Further analyses of the
dataset might provide answers to these questions (Section 20 .4)

204 Recommendations

This project has produced a very comprehensive data set.  The data have extra value because they cover
many similar 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  Region-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 nivers and
catchments have their own signatures

The management implications could be profound. Without an understanding of the detected signatures, we
can no longer assume that all rivers within a region are ecologically similar, or that knowledge from one
can be extrapolated to the rest, or that they will respond to disturbance in a common way  There may be
other, presently unknown, factors that need to be considered before assuming, for instance, that some nivers
can be sacnficed to development because we have many more hike them

It 1s therefore recommended that further analysis of the database be undertaken Some of this wall be done
in the PhD thesis of one of the authors, as detanled clsewhere in this report. The following additional aims
will still need to be addressed.
o Ascertain the proximal cause of the signatures.  Two possible explanations are that they are due to
unigue species in cach catchment/niver (1¢. related to histoncal biogeographical distnbutions), or
that there are umque combinations of common species in cach catchment/nver (1 ¢ cach niver 15
functioming shghtly differently, perhaps due to chmatic or geochemical influences)
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Analysc the data for all the disturbed rivers, 1o ascertan the influence of disturbance on catchment
signatures.  Rate disturbances on a severity scale. The following data nced analysing species,
geomorphological, flow type and sorting of substrata

Convene a workshop, with sclected nver scientists, to reach consensus on the management
imphications of catchment and niver signatures. Transfer the findings to the management arena
Allocate SASS-type 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 it 1s important to
continuc assessment of their strengths and weaknesses.  Transfer the findings to the management
arena

Ascertain if 1t 1s hkely to be true that some of the studicd catchments had far higher numbers of
species and higher numbers of umque species, than others

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 their data 1o the database,
thereby mitiating a national database of biological and physical hinks in nvers.  The database
created in this project database 1s compatible with BIOBASE, developed by the Freshwater
Rescarch Unit at the University of Cape Town, which hinks biological and chemical data for South
Afnican nvers.
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Appendix i<l

Appendix E.I. Questionnaire to assess present methods used by scientists too choose
sampling sites and sampling areas within sites.

This way orgginally referred to as Attachment A in WRC Steering Commuitee Progress Report 2
submitted i January 1997

ELL  Overview

The purpose of the field portion of the project is to enhance understanding of correlations between
the geomorphological structure of Western Cape rivers and distnibution of  aquatic
macroinvertebrate (and to a lesser extent, riparian vegetation) taxa. If the correlations are strong,
casily measured geomorphological surrogates could be used to provide a framework that would
help river ecologists choose sampling sites and sampling points within those sites in a structured
way, and interpret the data collected  With such a framework in place, different kinds of data sets
could be brought together for the same river or same niver type, in order to contribute to a regional
knowledge of river types using a common language and compatible scales

A questionnaire was compiled to determine the ways in which South African river scientists
presently decide on site and sampling-point selection, and how well their selections would enable
their data to be linked to those of others researching the same river or river type Thus, in the
questionnaire, scientists were asked how they knew where they were in a stream at differing levels
of resolution from catchment to microhabitat, how they presently made decisions on where to
sample, and whether or not they were identifving their sampling arcas in a way that others could
understand and duplicate  The questionnaire also presented an opportunity to find out how data
were stored and interpreted and what sorts of data were being collected  No attempt was made to
interview all river scientists in the country, rather, those available during the normal course of
other work were interviewed

EL2  Participants

Twelve nver scientists in the country were iterviewed (Table A 1) Every province was not represented
but scientists i the Western Cape, Eastern Cape and KwaZulu-Natal were internviewed.  Scientists across
different disciplines with a wide range of perspectives were contacted

A-l



Appendix E1

Table E1.1  The participants in the questionnaires, region of the country and institution
at which they work and their primary expertise.
Scientist Province Institution Speciality
Mr. J. Alletson KwaZulu-Natal Natal Parks Board macreinvernebrates and fish
Or. C Bouchar Western Cape University of Stellenbosch nparian vegetation
Dr J Boelhouwers  Western Cape University of the Western Cape  geomorphology
Ms. C. Brown Western Cape Southern Waters macroinvertebrates
DOr J Cambray Eastern Cape Albany Museum fish
DOr. A Channing Westem Cape University of the Westem Cape  amphibians
Dr. M. Coke KwaZulu-Natal Natal Parks Board fish
Ms H. Dallas Western Cape Freshwater Research Unit macroinveriebrates
Dr C. Dickens KwaZulu-Natal Umgeni Water Board macroinvertebrates
Mr. B. Fowles KwaZulu-Natal CSIR- Durban macroinveriebrates
Mr. D Impson Western Cape Cape Nature Conservation fish
Ms G.Ractiffe _W_es_!_g(n Cape Southern Waters macroinveriebrates

EL3  SCIENTIFIC AND MANAGEMENT ISSUES ADDRESSED

As a reflection of the needs of the country, common themes occurred in the scientific and
management issues that the scientists were addressing  Most of those interviewed were interested
in some aspect of biomonitoring, such as water quality issues, species conservation, habitat
preservation or the determination of conservation status of rivers  These issues were being
addressed in two ways through direct monitoring of systems, using available biomonitoring
techniques, or through researching ways to change or upgrade current techniques and procedures
Data were also being collected for studies on species distributions and behaviour and on river
rehabilitation  The researchers were conducting applied rather than traditional research

programmes

ElL4 RECOGNITION AND CHOICE OF SAMPLING SITES

According to Rowntree and Wadeson (1996), there are several possible scales for site selection catchment,
segment, reach, (site,) geomorphological umt and hydraulic biotope  The extent to which rescarchers
within the country had alrcady recognised these or similar hierarchical scales and used them for site
selection was investigated

The largest scale, at a regional level, was almost always recogmised and recorded by rescarchers, and
communicated well from onc researcher to another. Regional designations and catchment information can
be gained from well established maps. It 1s at the next hierarchical level, of scgment (Rowntree and
Wadceson, 1996) or zonc (Eckhout er al. 1996), that site sclection begins to be less well orgamised and
recorded by rescarchers

For the¢ most part, rescarchers with stnct management goals sclected sampling arcas where thewr
management 1ssues would be addressed  For example, such scientists responded to the question “How do
vou sclect your sampling sites” with the answer that sites were selected upstream and downstream from a
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disturbance in order 1o monitor its effect. This 1s understandable, but leads to the next question “Was the
segment/zone/reach in which the sites occurred recorded and, if so, how? Most scientists did not formally
record where they were, but when asked were able to give an answer, such as “lower nver”™ When asked
how they had reached that particular conclusion, the answer was almost always “intwition™, “gestalt” or
“just know” . Other than one person who used a reach-break analysis, there was no structured attempt to
identsfy the location of the site within an hicrarchical framework, either geomorphological or ecological
Some people did have an intmitive feel for the slope of the arca, but had not translated this into calculated
gradients

Sclection of a sampling site was also overwhelming based on accessibility. Concern was expressed over
the representativeness of such sites, but few people made any attempt to establish if their chosen sites were
representative  Representativeness of a site was most commonly determined by the fact that it “looked as of
it had the nght sort of habitats™  However, no-one could provide data on what combination of physical
conditions would be withan the range of normal for any chosen site Thus, there seems 1o be a great body of
mtuitive knowledge on sites around the country, but little attempt by most scientists to place their sites in

contest

LS CHOICE OF SAMPLING POINTS WITHIN SITES

The choice of where to sample within a particular site was done in a similar way to that of choosing a site
Rescarchers using the SASS approach to pollution asscssment followed Dr M. Chutter’s lead by sampling
macroinvertcbrates in “stones-in-current” and “stoncs-out-of-<current”  Others, especially fish scientists,
sampled arcas that they knew from past expenences or from intuitive feel would contan the ammals they
sought  Rescarchers with a primary goai of finding a certam species tended to sample where they felt that
species would be found. in part to save tme, hence moncey, they did not usually choose or descnibe such
arcas in any structured. measurable way - Mostly, where different combinations of hydraulics and substrata
were sampled. cach arca was given a name, such as nffle, run, or pool However, usually, no clear
defimtions of these terms were given or, if they were, these tended to be desenptive rather than including
measurable charactenstics.  Thus, knowledge of sampling arcas could not casily be transferred between
scientists, nusunderstandings could anse and opportumtics for linking data scts were reduced

EL6 FATE OF SAMPLES AND DATA

When samples of plants and ammals are collected, the majonty of rescarchers send  voucher
specimens/catalogue specimens to the relevant muscums around the country, and so all common specics as
well as mew species are catalogued in the national archives.  In a fow instances, samples remain 1 the
possession of individual researchers for the duration of the project and for a sct ime penod after the
completion of the project for future validation purposes  National respositories do exast for fish, vegetatnon
and invertebrates

Data storage, or the transfer of data from sheets to some sort of permanent storage record, vanes from
scientist to scientist - A fair number of projects still have their data on data sheets and have not transferred
the information to cther a spreadsheet or database  Of those who have transferred their data to an
clectrome medum, packaged database programs scem to be the pnmary storage method, although
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spreadsheets are also in use. Overall, there is not a consistent method of storing data and, for the most pan,
the use of these data collections 1s sct up for personal use in cach individual project

None of the studies surveyved have been submutted out for journal publication, although some are in
preparation and could very well be submitted to a referced journal. Primanly, data have been analysed and
written up cither in internal reports or for reports to a particular funding agency  In a few instances data
collected have been incorporated in the relevant national Red Data Book for rare and endangered species.

E1.7 CONCLUSIONS

The maun finding, based on these questionnaires, 1s that there s a need and a desire for the development of
guidchnes on where to sample in a structured way  All but two of the scientists interviewed felt that a
geomorphological template that was ccologically relevant, or something similar, would be very helpful 1o
them n their work.  Use of this kind of physical template can enhance understanding of relationships
between biological communitics and their environment, and give rescarchers clues as to how communitics
could change with anthropogenic disturbances of a niver's physical structure.  Most rescarchers are
presently using an intwitive rather than explicit rationale for choosing sampling sites and sampling points
within a site

There thus scems a need for a framework and a common language to guide such sclections With these in
place, data coliccted in different ways by different specialists can be linked to create a growing body of
knowledge on specific nvers or river types.  Thus far there 1s not such a system in use i the country. The
geomorphological template proposed by Rowntree and Wadeson is a recent development and requires
validation as to its ecological relevance. Once the validation process has been completed for Western Cape
nvers and if the template 1s found to be vahd, this could be used for development of guidelines that will aid

Cape rescarchers in site selection, and production of a protocol for undertaking the same process in other
regions of the country
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Appendix E2.  Liaison with the Kruger National Park Rivers Research Programme,
through its abiotic-biotic links project

This was origmally referred to as Attachment B in WRC Steering Commutiee Progress Report 2
submitted in January 1997

E2.1  Introduction

Mecting objective 3 2(a), JMK and DMS participated in meetings of Phase 11 of the Kruger National Park
Rivers Rescarch Programme (KNPRRP)  The KNPRRP was one of the pninciple influcnces in the design
of this project (as cited m the explanatory memorandum of May 1996) and continucs to influcnce it. The
last year of Phasc 11 was a project to model abiotic conditions within the Sabie River and use the results to
predict biotic responses. After several vears of rescarch on the Sabie River, the project is operating in a
relatively data-nch environment  The project reported on here 1s designed to develop a framework for
orgamsing and interpreting scientific data on nivers, which can be used in data-poor situations  The man
purposes of project staff attending workshops on the KNPRRP Abiotic-biotic links project were a) to leam
the KNPRRP methodologies bamng developed and to assess the potential for theirr application in data-poor
situations, and b) to contnbute to model development where expertise allowed. The complexitics of linking
geomorphological data 1o biological/ccological data were evident, as were the differing time scale factors at
work It became clear that data collection needed to be done with the appropnate abiotic-biotic linkages in
mind, somcthing that had not always been possible i the KNPRRP because of the lack of co-ordination of
projects in the carly stages

E2.2  Activities

The specific activitics i which JMK and DMS participated are outlined below  Appendices referred to are
not attached, but are available on request

e Apnl 1996 Auended KNPRRP workshop, where the model which would hink hydrology,
geomorphology and fish community composition was presented  The core group that developed
the model were G Jewntt, A van Nickerk, G Hentage and D. Weceks

e JMK and DMS, together with R Tharme of the Freshwater Rescarch Unit, communicated with
the core group by email and eventually wrote a feedback document (Appendix 1) to the group
This expressed some concerns with the modelling process and with some of the assumptions
made in the model ttself The main concerns were

o Confusion as to how the suitability indices (S1) were calculated, used and interpreted  Channel
index appeared to have been used to create S curves, but with no explicit inclusion of hvdraulic
processes.  The codes could thus code different habitats simularly, although the arcas would be
preceved differently by instream biotas

e The calculation used to to produce the “fishy index of mceness™ or FIN seemed 10 be an
mappropriate use of the Sls calculated by the fish speciahist. The mus-use of the SI1 was quened
by JMK and R Tharme, through their expenience with a sumilar mis-use of data in the instream
flow incremental methodology (IFIM)

The feedback document was sent out May 1996, email dialogue continued April-June 1996

o May - July 1996 A paper, authored by Hentage, van Nickerk and Weeks, on the KNPRRP
abiotic-biotic hinks research had been submitted to the Ecohydraulics 2000 conference held in
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Canada. Project siaff and R Tharme compiled a five-page informal review of the manuscnpt,
upon request from the core group (Appendix 2).

e June 1996 A written response 10 the feedback document was received from the core group,
(Appendix 3)  Project staff met with Messrs. Weeks and Jewitt in Stellenbosch to discuss
development of the abiotic-biotic links models  One of the main i1ssucs discussed was the codes
used for describing the abiotic environment, which stll scemed 10 exclude appropnate
information on hvdraulic conditions. JMK and DMS agreed to design another set of codes that
could help solve this problem

e Junc 1996. An altcrnative sct of cover codes was developed by project staff and sent to the core
group

e July 1996 Continued email dialogue between DMS/JMK and the core group

e August 1996 A meeting between the core group, JMK, DMS and R Tharme was sct up to find
solutions to outstanding points stll in contention  FIN and FIN2 (a second version by Dr
Hentage) were sull scen by JMK, DMS and Ms Tharme as taking the data further than was
valid Project staff suggested an alternative way of hinking the geomorphological and fish data,
that was sumular to that used to link the hydrological and fish data The core group agreed to
consider this approach, and also decided not to use the altermative set of cover codes suggested
by project staff due to the work load involved in new analyses. JMK and DMS left the core
group to continue model development and conclude the project, which was ncanng s end

e December 1996 JMK and DMS attended the final workshop of the KNPRRP abiotic-biotic
links project.  In this, the last mecting of Phase I, the contributors to the modelling process
presented the up-dated form of thewr models and demonstrated how the modcels hinked It was
discussed that these were prototype models and that there was still much development needed to
finalise them and test their applicability ocutside the Sabie River. A proposal to refine and
advance these models was discussed

E2.3 Conclusions

There were few direet similanitics between the KNPRRP abiotic-biotic links project and the WRC-funded
Woestern Cape one However, as both groups are focussed on essentially the same problem, there 1s much to
be gained by continucd strong collaboration between them and it 1s hoped that this will continue. It 1s clear
from the KNPRRP project that a geomorphological template for biological data orgamisation for nvers can
work, although there can be problems wiath this if the details are not thought out fully before data collection
begins  For instance. when the abwotic model outputs are to be hinked to instream biota, as opposed to
riparian biota, it is still felt that there needs to be an explicit hydrological component in the linkage rather
than an implicd one through the presence of different geomorphological units. The geomorphological units
can sull be there, implying (sav) a nffle, long after all water has disappeared from a niver, with obvious
consequences for instream biotas

We were also able 1o see, through this excraise, the benefits of having a conceptual and practical framework

in place to facilitate link-ups of data on a regional basis and national basis. Without such a framework, at
this stage, there 1s no procedure for extrapolating the Sabie River data and modcls to other arcas

A-6



Appendix 3

Appendix B3 Capacity Building

Tus was originally in WRC Steering Commitiee Progress Report 5 submitted in June 2000

Capacity Building

The following umiversity theses are linked to this proyect

There has been close contact with Prof Andre Gorgens and Prof Albent Rooscboom of the Civil
Engincening Department, Stellenbosch Universaty, throughout the project, particularhy with regard
10 possible rescarch projects with an environmental slant for engineening students. The engineering
students used the study sites from this project, or data collected, as one or more of the foer of their
theses
o Ralph Canto complated a fourth-year engincering thesis Channel maintenance flows for
pristine Western Cape rivers.  This project won the Departmental and Faculty awards at
the Unnversity of Stellenbosch
o AP Zeeman complaed a fourth-vear engincening thesis Investigation of the depth-
discharye relations of Western Cape cobble-bed streams.
o Verno Jonkers i preseatly wating a PhD thesis wathin the linked WRC project Hydraulic
characteristios of ecological flow requirement components in winter rainfall rivers.
There is also close haison with Mr Nail Armutage at the Cial Engincening Department at the
Unnersity of Cape Town  As a result one fourth-year engineering project has been completed
based on the hydrauhic data from thes project
o Soma Karasscllos B Sc (Eng ) thesis project Exploring the links between ecological flow
types in rivers and local hydraulics, comploed 1999
In the Zoology Department at the Umiversity of Town, JMK supervised the following postgraduate
students directly linked to this project
o Jenmirer Bothe BSc (Hons ) project Indentifying hydraulic biotopes in a mountain stream
using the community structure of benthic macroinverthrates, completed 1997
o Carmyn Mamcom  BSc (Hons ) project Effect of the Black Wattle Acacia mearnsii on a
Cedarberg river ecosystem complated 1999
o Dense Schael  PhD thesis Distributions of physical habitats and benthic invertebrates in
Cape headwater streams at multiple temporal and spatial scales, duc for submission in
2002
o Broce Paxton BSc (Hons) project Distribution and biodiversity patterns of invertebrates
in a Cape foothill river, completed 2000
In addiuon. during the course of this project JMK acted as supervisor or co-supervisor to the
following postgraduaics
o Caw Brown  PhD thesis Modelling and managing the effects of trout farms on Cape
rivers. Completed 1997
o Sharon Pollard  PhD thesis Tustream flow requirements for the Marite River based on a
habitat-assessment approach, completed 2001
o Rebeceo Tharme  PhD thesis Towards the incorporation of low flow requirements of
riverine benthic macroinvertebrates in environmental flow methodologies, due for
submission 2002
o Geordic Racthiffe MSc thesis,  Changes in macroinvertebrate assemblages in the
Molenaars River, du Toits Kloof, during bridge construction, duc for completion in 2001,
but now upgraded to Ph D. for completion in 2002,

University of Cape Town undergraduate students emploved part-time on this project, who received
scientific traming from project stafl’
o Hclen Svfret

Behinda Day

Tun Corver

.
e Breu Macey
-
-

Glen Malherbe
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e Bruce Paxton
e Allistair McMaster
e Pcta Binedell (GIS)

Technology transfer

199697

JMK acted as scientific consultant to the Institute of Water Quality Studies for the design phase of
the National Aquatic Ecosystem Biomonitonng Programme, and sat as scienufic advisor on s
Natonal Co-ordinating Commuttee until nud 1997

JIMK was the semor planner and orgamzer of the IWQS-funded Spautal Framework workshop in
Cape Town in January 1996, she co-authored the report on Techmcal Considerations and Protocols
for the Selection of Reference and Momitoring Sites (Eckhout er @l (1996), and acted as facilnator
at the National Biomomtoring Programme consultation planning meeting in September 1996

JMK attended the Third National River Bioassessment workshop of the Australian Natonal River
Health Programme in Canberra, October 1996, and wrote a report for the Water Rescarch
Commussion and IWQS

JMK and DMS lLiaused with the Kruger Nauonal Park Rivers Rescarch Programme's (KNPRRP)
Abiotic-biotic Links project, to provide input to the fish-habitat modeling component

JMK served on the KNPRRP's Programme Development and Management Commuttee

1997/98

The habitat-mapping techmques developed in the project were apphied by consultants advising on
environmental flows from the newly-built on the Kockoedouw River, Ceres  Mapping of
downstream reaches was used to assess the success of flood releases in re-cstablhishing appropnate
aquatic habitat in the heavily silted-up niver.

The habitat-mapping techmques developed allowed Austrahan taxonomusts speciahizing i the
Gondwanaland links between Austrahia, southern Afnca and South Amernica, to visit, re-locate and
collect rare and relevant species recorded during the project.

The habitat-mapping techmques were used in the major international consultancy on environmental
flows for the Lesotho Highlands Water Project. The maps were used as guides when setting flows
for the nvers, and will provide the base-line descniption of habitat and channel conditions for future
monitoring programmes  There is no doubt that contact with the international team employed on
the Lesotho Project, and particularly with Prof Angela Arthington of Brisbane, greatly benefited the
mapping techmques being developed within this WRC project.

JMK was invited to a joint Australian/Great Britain workshop on niver biomonitoning at Oxford
University. Report submatted 10 IWQS(DWAF)

MK presented a paper Exploring the links between geomorphological and biological river data,
at scales from catchment to hydraulic biotope, co-authored by Ms Schael and Prof Rowntree of
Rhodes University, at the annual congress of the South Afnican Society of Aquatic Scientists,
Muunzim, June 1997

JMK lcctured on Physical conditions in aguatic systems to the third-year Zoology course on
Inland Aquatic Ecosystems and, with DMS, ran the associated Hydrology-hydraulics practical
scssions

JMK organized the three-week section on Conservation and Management in the same course, and
lectured on Managing river flow.

IMK lectured on Inland Water Systems in the professional IEM course rune by the Environmental
Evaluation Unit at UCT

DMS participated in the Western Cape testing of ficld data sheets for the development of a
geomorphological index for Prof Rowntree

DMS attended a KNPRRP workshop on future development of the Biotic-abiotic Links programme
within the Kruger Park

JMK contnibuted to the review of the Water Law, including wniting the discussion document
Quantifying the amount of water required for the maintenance of aquatic ecosystems.
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IMK became an inaugoral member of the intermational Advisory Panel for the journal Marnne and
Freshwater Rescarch

199899

IMK dehivered a paper at the Third Intemational Ecohydraulics Symposium in Salt Lake City
Mosaics of flow types: an ecologist’s perspective of local hydraulics  Paper co-authored by DMS
As a result of this visit, JMK was approached to organise the Fourth International Ecohydraulics
Symposium in Cape Town in March 2002,

IMK wvisited the Worid Bank i Wasinngion ai e mviiabion and gave & picscitaton
Environmental flow assessments for the Lesotho Highlands Water Project.

JMK wisited Tawwan at the ivitation of the Commussioner of the Tamwancse Provincial
Government. She ran a two-day workshop for nver engincers Sustainable Use of Rivers, and
visited water-resource projects.

JMK visited Portugal, at the invitation of the Instituto da Agua, Lisbon, to run an introductory
workshop on Environmental Flow Assessment Techniques.

JMK joined the Inernational Aquatic Modelling Group, to exchange information and ideas with
{mastiy) Amencan and European modellers

MK lectured on Physical conditions in aguatic systems 1o the third-vear Zoology course on Inland
aquatic ecosystems and ran the associated Hydrology-hydraulics practical sessions

JMK orgamized the three-week section on Conservation and Management in the same course, and
lectured on Managing river flow.

JMK referced papers in Biodiversity and Conservation, the Austrahan Journal of Ecology, Water
SA and the Southern Afnican Journal of Geography. She acted as Evaluator of Rescarch OQutputs
tor the Foundation of Rescarch Development for two senior scientists, Assessor for one
institutional application for funding and UCT Internal Examiner for one MSc thesis

IMK served on six Steerning Commuttees for the Water Rescarch Commussion.

IMK attended the SASAQS conference on the National Rivers Imtiative, Prctermantzburg, and a
two-day Planning Workshop for defining rescarch 1ssues related to assessment of the Ecological
Reserve for nvers

19992000

IMK attended a regional SADC workshop on Water Resources in Southern Afnica Enhancing
Environmental Sustamability in Harare, Zimbabwe, November 1999, and co-authored a chapter
Environmental flow assessments and requirements wm the resuling World Bank/IUCN
publication

IMK wught at a Training Workshop for Undertaking Research to Assess the Socio-economic
Benefits off Improved Water Resources Management in the Lower Zambezi Valley as the
specialist on environmental flows. Organised by CalTech (USA) and funded by IUCN. Held in
Mozambigue, March 2000

JMK was one of four international speciahists nvited to make a presentation at the World Bank's
Water Week, Washington Apnl 2000

IMK lcctured on Physical conditions in aguatic systems to the third-year UCT Zoology course on
Inland aquatic ccosystems and ran the associated Hydrologyv-hydraulics practical scssions. She also
lectured on Managing river flow i the section on Conscrvation and Management.

Planned technology transfer

It 1s hoped that the mapping techmques can be developed into a model for predicting discharge-hinked
changes in niver physical habitat. This process was begun in this project, and will form a component of Ms
Schacl's PhD thesis It was also pursued in the Lesotho project and developed further in the Breede River
Basin Study by the consultants Southern Waters. A similar idea appears i a new WRC project at the
Umversaty of the Witwatersrand, for which JMK serves on the steenng committee

Implications of the findings of the project regarding river typing need further theught and data analysis,
before presentation to the national commumity of water scientists and managers

A9



Appendix E3

Additional publications

Dunng the course of the project, JMK also co-authored the following publications:

King, JM and D Louw. 1998 Instream flow asscssments for regulated nvers in South Afnca
using the Building Block Mcthodology Aquatic Ecosystem Health and Management 1 109-124.
Cambray, JA,JM King and C. Bruwer 1997 Spawning behaviour and carly development of the
Clanwitham vellowfish (Barbus capensis. Cyprimidace), hinked to expenmental dam relcases in the
Ohfants River, South Afnca. Regulated Rivers: Rescarch and Managament 13 579-602

King, J, JA Cambray and N D Impson 1998 Linked cffetes of dam-relcased floods and water

temperature on spawmng of the Clanwilham yellowfish Barbus capensis  Hydrobiologia 384 245
265

King JM_ RE Tharme and C A Brown 1999 Detimtion and implementation of instream flows
Global thematic report for the World Commussion on Dams. Cape Town

Brown, CA and JM King In press World Bank Water Resources and Environmental
Management Guideline Senies. Guideline No 6. Environmental flow assessments: concepts and
methodologies

King JM and CA Brown In press World Bank Water Resources and Environmental
Management Guidehne Senes. Guideline No 7 Environmental flow asscsments: sclected case
studics

King, JM, RE Tharme and M. d¢ Villiers (eds ) 2000, Environmental flow assessments:

Manual for the Building Block Mcthodology. Water Rescarch Commussion Technology Transfer
Report
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Appendix 4.1 Part of the record of photographs collected at each site over the 1996-98
field seasons. Film spool number (Spool #), picture number (Pict. #), river and
details of photograph are given. All slides are catalogued and kept with Dr. JM
King

Spool  Pict.

a ¥  River Description

N | 1 Windaw Upstream from med-point of site
1 2 Window Downstream from mid-poumt of site
1 3 Window Step-poo! #2, mid-channel bar
1 “ Window Step-poc! morphological unit
1 5 Window Aini cascade-chute at 14 m
1 6 Window Chute with Simulidae at 10m
1 7 Disa Upstream from 10 m mark
1 8 Disa Downstream from 10 m mark
1 G Disa Upstream from 15 m mark (at fallen tree)
1 10 Disa Sample sorting and 1D at table
1 1 Newlands Upstream from bottom of site
1 12 Newands Downsiream from mid-point of site
1 13 New ands Island with main stream on left. temp stream on right, by fallen tree
1 14 Newlands Step-poo! morphological unit at 10 m
1 15 Newlands Step-poc! morphological unit 8t 10 m
1 16 Cecilia Popuws canescens in Cecilia Stream
1 17 Cecllia Populus canescens in Cecilia Stream
1 18 Swartbosklcof Upstream from S m
1 19 Swartboskloof Upstream from 15 m
1 20 Swartbos«lcof Downstream from 15m
1 21 Swartboskicof Flow types stream and chute
1 22 Swartbosklcof Upstream at 26 m
1 23 Eerste Upstream from md-point of site
1 24 Eerste Upstream from 0 m point
2 1 Eerste Metrociderous at 15 m bar
2 2 Eerste Metrociderous at 15 m bar
2 3 Eerste Waterfa?
2 4 Eerste Waterfak mood shot
2 5 Eerste Downstream from 25 m
2 6 Eerste Deep pool polarised at 22 m
2 7 Lang Upstream from 20 m (mid-point)
2 8 Lang Upstream from 20 m (mud-paint)
2 9 Lang Downsiream from 20 m
2 10 Lang Brabejum root at 20 m
2 11 Lang Denise Schael taking hydraulic readings
2 12 Lang Flow meter prote in water
2 13 Lang Sorting table
2 17 Molenaars Upstream from O m over slow area (left bank)
2 18 Mo'eraars Upstream from O m over fast area (nght bank)
2 19 Molenaars ‘Sideways rifie’ at 1520 m
2 20 Moleraars Clear water ¢'ean to stones at 30 m
2 21 Molenaars Downstream from 30 m
2 22 NMolenaars Water in pool went murky ~13h00
2 23 Molenaars Water in pool. went murky ~13hC0
2 24 Molenaars Source of polution RH Stream and net Elands or tunnel
2 25 Molenaars Source of pollution RH Stream and not Elands or tunnel
3 1 Elandspad Scirpus seeps on access road between David Susmans house and trout

farm

3 2 Elandspad Protea
3 3 Elandspac Denise Schael laying out cross tape at 5m
3 < Elandspaa Downstream from 15 m point
3 5 Elanaspaa Scirpus fall and long pool downstream at 5 m (cataract MU)
3 6 Elandspad Scirpus waterfall at 10-11m
3 7 Elandspad Upstream frem 25 m with fallen tree
3 8 Elandspac Denise Schael sampling with kicknet at 20 m
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Appendix 6.1 Data sheets used in the baseline survey of site geomorphology

REACH CHARACTERISATION

Recorder Date River
Reach no Contour Lat.
range Long.
Delete one

Channel gradient (measured from topographic map scale: 1: 50 000/1:10 000)

Tick presence of any of the following features

{ 1. Valley 2. Lateral mobility or 3. Channel pattern

' floor entrenchment
Flood plamn Confined channel laterally Single thread
Erosional confined by valley side walls 1) low sinuosity (SI<1 35)

| bench
Terrace Moderately confined channcl 1) high sinuosity

course determined by macro- (mcandening) (SI>1 5)

' Valley side scale features, but some lateral a) stablc-sinuous
bench migration 1s possible b) laterally mobile
Pediment Non-confined channel free to Multiple thread

migrate laterally over the valley braided (unstable)
floor (associated with flood
plain)
! Valley floor Entrenched channel confined anastomosing
absent by steep banks and/or terraces anabranching
Channel type
Tick dominant type(s)
Bedrock Comments
Mixed (note dominant alluvial type(s) below)
Alluvial sand
gravel
cobble
boulder
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REACH CLASSICATION

RIVER: REACH No: SITE No. DATE:

(Tick appropnate box)
Reach Type Description Tick
ALLUVIAL CHANNELS
Step-Pool Charactenised by large clasts which are orgamised into discrete

channel spanming accumulations that form a serics of steps
separating pools contamning finer material

Planc-Bed Charactensed by plane bed morphologies 1n cobble or small boulder
channels lacking well defined bedforms.
Pool-Riffle Characterised by an undulating bed that defines a sequence of bars
(riffles) and pools
Regime Occur i cither sand or gravel. The channel exhibits a succession of
bedforms with increasing flow velocity. The channel i1s
charactensed by low relative roughness. Plane bed morphology,
sand waves, mid channel bars or braid bars may all be charactenstic.
BEDROCK CHANNELS
Bedrock Fall A steep channel where water flows directly on bedrock with falls
and plunge pools
Cascade High gradient streams dominated by waterfalls, cataracts, plunge
pools and bedrock pools May include bedrock core step-pool
features
Pool-Rapid Channels are charactensed by long pools backed up behind channel
spanning bedrock intrusions forming rapids.
Bedrock nb Formed n steeply dipping bedrock, alluvial areas separate rock ribs
which span the channel, sigmificant pools, rapads or falis absent
Planar Bedrock | Predominantly bedrock channel with a relatively smooth bed.
Significant pools, rapids or falls absent
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Appendix 6.1

CATCHMENT AND RIPARIAN ZONE CONDITION (REACH)
(can be applied at either the reach or site scale)

RIVER: REACH No: DATE:
Riparian conditions
Ripanan land use acnial extent Ripanan / channcl degree of impact
local | freq- | wide- | disturbance low | mod | high
uent | spread
natural veld surface crosion
natural forest gully crosion
grazed veld borrow pit
pasture clearance of npanan
vegetation
arable roads
orchards bridge
forestry dnft / causeway
plantation
rural residential weirs
urban residential channclisation
urban industnal gabions
large woody debnis
water abstraction
storm discharge
other other
Local catchment disturbance
crosion low mod severe  probable causc(s)
upsteam yes no |
impoundment distance downstream from dam
wall (km)
other (specify)
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CATCHMENT AND RIPARIAN ZONE CONDITION (SITE)

Appendix € ]

RIVER: REACH No: SITE No., DATE: IATITUDE:
LONGITUDE:
Riparian conditions
Ripanan land usc aenal extent Ripanan / channel degree of impact
local | freq- | wide- disturbance low | med | high
uent | spread
natural veld surface crosion
natural forest gully crosion
grazed veld borrow pit
pasture clearance of npanan
vegetation
arable roads
orchards bndge
forestry plantation dnft / causeway
rural residential weirs
urban residential channclisation
urban industnal gabions
large woody debnis
water abstraction
storm discharge
other | other |
Local catchment disturbance
crosion low mod severe  probable cause(s)
ves no
s distance downstream from dam
impoundment wall (km)
other (specify)




Appendix 6.1

SITE MORPHOLOGY

RIVER: REACH No: SITE No. DATE:
Morphological units
ALLUVIAL
Morphological unit | Description %o
aenal
cover

pool Topographical low point in an alluvial channel caused by scour, charactensed by |
relatively finer bed matenial

backwater Morphologically detached side channel which 1s connected at lower end to the
main flow

np channel High flow distnbatary channel on the inside of point bars or lateral bars, may
form a backwater gt low flows

plang bed Topographucally uniform bed formed 1n coarse alluvium, lacking well-defined
scour or depositional features

lateral bar or channel | Accumulation of sediment attached to the channel margins, often altermating

side bar from one side 10 the other so as to induce a sinuous thalweg channel

point bar A bar formed on the inside of meander bends in association with pools. Lateral
growth into the channel 1s associated with erosion on the opposite bank and
magration of meander loops across the flood plain.

Iransverse or The bar forms across the entire channel at an angle to the main flow direction

diagonal bar

nffle A transverse bar formed of gravel or cobble, commonly separating pools up
stream and downstream,

rapid Steep transverse bar formed from boulders.

sicp Step-like features formed by large clasts (cobble and boulder) orgamized into
discrete channel spanming accumulations, steep gradient.

channel junctiion bar | Forms immediately downstream of a tnibutary junction due to the input of coarse
matenal into a lower gradient channel

lee bar Accumulation of sediment in the lee of a flow obstruction

mid-channcl bar Single bars formed within the imiddic of the channcl, strong flow on cither side.

braid bar Muluple mud-channcl bars forming a complex system of diverging and
converging thalweg channcls

sand waves or A large mobile feature formed i sand bed rivers which has a steep fromt edge

lingoid bars spanning the channel and which extends for some distance upstream  Surface
composed of smaller mobile dunes

bench Narrow terrace-like feature formed al edge of active channcl abutling on 1o
macro-channel bank

1slands Mid-channel bars which have become stabilised due to vegetation growth and
which are submerged at high flows duc to flooding
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Appendix 6.}

RIVER: REACH No: SITE No. DATE:

BEDROCK

Morphological unit Description % aerial cover

Bedrock pool Arca of decper flow forming belund resistiant strata lying across the channel

Plunge pool Erosional feature below a waterfall

Bedrock backwater Morphologically detached sade channel which is connected at lower end 10
the main flow

Waterfall Abrupt continuity in channel slope. water falls vertically, never drowned out
at hugh flows. Height of fall signaficantly greater than the channel depth

Cataract Step Like succession of small waterfalls drowned out at bankfull flows,
height of fall less than channel depth

Rapud Local steepening of the channel long profile over bedrock, local roughness
clements drowned out at intermedunte to high flows.

Bedrock pavement Honzontal or near honzontal arca of exposed bedrock

Bedrock core bar Accumulanon of finer sediment on top of bedrock

Perimeter conditions
| note approximate pereentage i bank and bed, | e silt+ | % % % % %
indicate stratified banks witha / clay sand gravel cobble | boulder | bedrock
Hank composition macro-channel
Right bank active channel
Bank composition macro-channel
Left bank active channel
r Bed composition pools
| hydraulic controls
(Use data from form S4.af
availlable. Note type of
hvdrauhic control and bars |
bar(s) if present) 2
Note relative density (¢ - dense, m ~ moderate, s = sparse or trees shrubs | grass reeds herbs

scatiered) and frequency (w - widespread. [ - frequent. | - local)

Bank vegetation - Right bank

Bank vegetanon - Left bank

Instrcam vegetation

Indicate main species if known
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Appendix 6 |
BED MATERIAL SIZE DISTRIBUTION OBSERVER

RIVER: SITE No. DATE:

Tally occurences for a sample of 100 randomly selected clasts for each morphological umit
N.B. class limits for clast sizes adapted from Gordon et al. (1992) after Brakensiek et al. (1979)

| Hydraulic Pool RBar | Bar 2
! control

MORPHOLOGICAL
UNIT

Claxt xize (mm) Tally F Tally F Tally r Tally

I F

v. fine sand/silt N
<0.125

Sine S medium sand
0.125-0.0.5

coarse’y. coarse
sand
0s-20

v.fine / fine gravel
2-8

medivm gravel
8- 16

coarse’ v.ooarse
gravel
16 - 64

small cobble
6d - 128

large cobble
128 - 250

small boulder
250 - 500

medium boulder
S00 - 1000

large / very large
boulder
1000 - 4000

bedrock
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CHANNEL CONDITION

Appendix €]

RIVER: REACH No: SITENo.______ _DATE:
Bank condition
macro-channel active channel
Right bank Left bank Right bank Left bank
wide- | freq- | local | wide- | freq- | local | wide- | freq- | local | wide- | freq- | local
spread | uent spread | uent spread | uent spread | uemt
" stablc banks )
active basal '
Lrosion
‘sub;u:lul —‘f-- 1
crosion L

crosion

crosion

r____ M-
active basal ‘

*vertical banks, undercutting, slumping

subacrial +_;I'd;')—mg bank. sp-a'lsd'\ vegetated, active nlling, hivestock trampling, cte

RIVER

OBSERVER __

 BEDSTRUCTURFE

SITE

DATE

MORPHOLOGICAL UNIT

general bed condition

|
3

5

imbrication:

Loosely packed or no packing
Moderate packing - some cffort
required to move maternial
Strongly imbricated- matenal
difficult to move

2
3

armouring

No ammour
Moderate armounng
Well developed anmour

Mcdian particle size of armour

1
2
3

bed clusters

No clusters evadent
I defined clusters
Clearly developed clusters
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Appendix 6.1

HYDRAULIC BIOTOPES OBSERVER
RIVER: SITE DATE
Flow level at time dry isolated pools | low medium high food aenal cover
of sampling (tick
box)
‘draulic | General description Flow t Is | HCS
bizuope ! (see u‘r:below) -
‘Backwater | a morphologically defined arca along-side but Barely pereepuible or

physically separated from the channel, connected to
it at its downstream end, occur over any substrate

zero flow

Small cascades may occur in cobble where the bed
has a stepped structure due to cobble accumulations.

Slackwater | an arca of no perceptible flow which is hydraulically | Barely perceptible or
detached from the main flow but i1s within the main | zero flow
channel, occur over any substrate

Pool Has dircct hydraulic contact with upstream and Barcly pereepubie Now

downstream water, occur over any substrate

Ghde Occur over any substrate as long as the depth s Smooth boundary
sufficient 10 minimise relative roughness. Ghdes turbulent Now  clearly
exhibit umform flow with no sigmificant perceptible flow without
convergence or divergence any surface disturbance

Chuwe Typically occur in boulder or bedrock channels Smooth boundary
where flow 1s being funnclled between macro bed turbulent flow
clements. Chutes arc gencrally short and exhibit exhibiting flow
flow acceleration, often due to flow convergence acceleration

Run Occur over any substrate apart from silt, relative Rippled flow or surging
roughness low. They often occur in the transition ﬂo':g
zone between nffles and the downstream pool,

[Riffle Occur over coarse alluvial substrates from gravel o | Undular standing waves
cobble, relative bed roughness high. or breaking ng
waves

Rapid Ra&ngs occur over a fixed substrate such as boulder | Undular standing waves

or bedrock or breaking ng
waves
Cascade Occurs over a substrate of boulder or bedrock Free-falling flow

HC hydraulic control (nffle / rapid/ ¢tc)

Definition of flow types used in Table |

No flow.

no water movement

Barely percepuible flow

Smooth boundary
turbulent

Rippled surface

Surging flow

Undular standing waves
Broken standing waves
Free falling

smooth surface, flow only perceptible through the movement of floating objects

the water surface remains smooth, streaming flow takes place throughout the water
profile, turbulence can be seen as the upward movement of fine suspended particies
or as ‘bouls’ on the surface in stronger flow

the water surface has regular disturbances which form low transverse nipples across
the direction of flow

undular waves forming on the surface, but move down stream, breaking up
standing waves form at the surface but there is no broken water

standing waves present which break at the crest (white water)

water falls vertically without obstruction
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TRANSECT DATA: CROSS SECTION FORM

Appendix 6.1

RIVER: REACH No: SITENo._________DATE:
MORPHOLOGICAL UNIT 1 l
Cross section channel form (msert measured values)
o macro -channel active channel
[channcl width (m)
i:zuzt_aiuc from LHB (m) [
channel depth | max l
form ratio
Bank Characteristics (tick appropnate box)
bank shape macro- active bank macro- active
RB | LB |RB |LB RB (LB |RB | LB
“vertcal < 10°
concave 10 - 30°
[ convex 30° -60°
undercut 607 - 80°
stepped > RO°
MORPHOLOGICAL UNIT 2 [
' Cross section channel Jorm (mscrt measured values)
macro -channel active channel
channel width (im)
distance from LHB (m)
" channcl depth max I
form ratio
Bank Characteristics (ick appropnate box)
bank shape macro- active bank macro- active
RB |LB | RB | LB RB |LB |RB | LB
vertical < 10°
[ concave 10° - 30°
convex 30° -60°
undercut 60 - 80°
stepped > 80°
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Appendix 6.}
TRANSECT DATA: FLOW MEASUREMENTS

RIVER: _REACH No: SITE No. DATE:
remarks | distance (m) | flow velocity | velocity | veloctty | flow type | substrate | hyvdraulic
depth ms") | ms’) | ms?) biotope
L d - d= |d=

State depth of velocity measurement from surface as a ratio of the depth. Use 0.6 1f only one measurement,
bottom, 0.8 & 0.2 to give a velocity profile.
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Appendix 6.1
CHANNEL PIAN RIVER: REACH No:________SITE No. DATE:

A1




Appendix 6.1

CHANNEL CROSS SECTIONS RIVER: REACH No: SITE Neo. DATE:
(indicate shape of channcl and banks, position and type of vegetation, bank composition. benches, bars, flood levels present water levels, bank full level)
left handbank

Right hand bank

Hydraulic control (specify
Pool
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Appendix & 1
SUNMNMARY OF SITE CHARACTERISTICS
RIVER SITE

REACH GRADIENT RIVER ZONE
CHANNEL DIMENSIONS (M)

WIDTH DEPTH XS AREA

MACRO-CHANNEL

ACTIVE CHANNEL (“bank-full’)

"OTHER SIGNIFICANT FEATURE -

—_—— -

CHANNEL TYPE

CONFINEMENT

CHANNEL PLAN

DOMINANT BED MATERIAL

DOMINANT BANK MATERIAL

REACH TYPE

ROUGHNESS

COMMENTS

A-25



Appendx 6.2
Appendix 6.2 Geomorphological classification of study sites. BR = bedrock

DESK TOP CLASSIFICATION FIELD CLASSIFICATION
Valley Valley Form Valley Channel  Channel
No. Catchment River Type  (field)  Gradient Zone Pattern  Type Bed Matarial  Reach Type

1 Olfants JanDissels va unconfined FP  0.012 D snge  bedrock  GR/boulder  poolrapd

2  Olfants, Conng Ronagat V2 cenfined 0032 Cc sngle mixed toulder plain-bed

3  Olfants Nooraghoe« V4 unconfined FP 0.015 D sngle aluvial mixed/ doukder  plain-bed

4  Oufants, Donng  Middelcecr V4 mod. confne 0013 (3] single pedrock 8R cascade

S Oufants, Donng  Groot va mod confined 0005 D muttiple aluaal mixed/ boulder pool-nifie

6  Breede Steenbok v2 mod confined 0.035 c single mixed BR/ cobble plain-bed

7  Breede Wolvekioof Vi med. confined 0060 8  single mixed cobble step-pool

8 Breede Wit v2 confined 00184 (») sngle mixed R/ boulcer plain-bed + pool-rapd

9  Molenaars Molenaars Vi confined 0 coe D muttiple aluwal boulder pool-riffie
10 Molenaars Elands Vi confined multiple fixed boulder boulder pool-rapid
11 Molenaars Elandspad v2 confined 0029 c single bedrock B8R pool-rapid
12 Breede Holsloot vé mod. confined 0013% D multiple alluwial mixed/ tculder pool-nffe
13 Breede DuTotts V1 confined 0030 8 sngle alluwiasl cobble plain-bed
14 Berg Hakkerskioof V1 confined 0.230 A multiple bedrock BR cascade
15 Berg Zachanashoek V1 confned 0.174 A multiple mixed BR/ boulcer step-pool
16 Berg Wemmershoek V8 unconfined FP o010 D single aluwal sand/ cot bie/ 77

wandering boulder
17  Berg Herg va mod. confined 0.023 C  single alluwial cobble pool-riffie
18 Eerste Eerste 1 Vi confined 0.055 8  single fixed boulder  boulder step-pool + plan-bed
19 Eerste Langrivier vt confined 0139 A single fixed boulder boulder! cobble  step-pool
20 Eerste Swartboskloof V2 cenfined 0.139 A single fixed boulder  boulder step-pool
21  Eerste Eerste 2 V4 confined 0024 C  single fixed boulder  boulder pook-rapid
22  Lourens Lourens va unconfined FP 0.018 D single, alluval boulder pool-nffie
wandering

23 Paimiet Paimuet A confined 0062 B single bedrock R cascade
24  Palmiet Dwars v2 confined 0032 c single mexed BR/ cobble pookrapd
25  Davidskraal Davidskrzal A confined 0064 B single alluwal grave! pool-nfile
26 Liesbeek Window med. confined multiple fixed boulger boulder/ cobble  step-pool + plain-bed
27  Liesbeek Newlands V2 entrenched 0200 A single fixed boulder  boulder step-pool + plain-bed
28  Sand Ceciia vi confined 0523 A single fixed boulder  boulder step-pool
29 Dwsa Disa V1 confined single fixed boulder  boulder step-pool




Appendix 7.1

Appendix 7.1 Proportions of substrata x flow type divided by total wetted area of each map of 18 "least disturbed" rivers.
Supstrata Fiow Type 8148 B17S 815¢ R13® ROS? ROSS RO7# 7200 E1B¥ 108 E208 T27f MI'® MI0F MOOS QOIS OO F2és
B2 BOIL 00 ©O 05 00 ©00 ©0 00 ©00 0C 00 OO0 ©0 00 00 €U €0 oC 0d

BOF 146 00 17 00 26 106 22 00 003 00 00 ©0 77 0O0& 00 11 34 37
BSWY 00 ©00 02 00 00 00 02 00 00 00 00 00 08 OO0 00 35 00 00
CAS 22 00 39 00 S9 00 25 00 00 00 OO0 ©O0 OO0 OO0 OO0 22 10 02
cH 00 ©00 01 00 ©2 00 00 00 003 00 00 O©00 02 OO0 00 ©06 005 01
F 02 ©00 02 00 ©O Q00 ©O O00 00 OO0 OO0 OO0 04 OO 0O OO OO0 0O
FRF 00 00 02 00 ©O7 ©04 09 00 00 OO0 OO0 OO0 00 OO OO 48 00 02
NF 37 00 00 00 ©7 ©O8 Q0 O00 0O OO0 OO0 ©O SS OO0 00 OB 0§ 07
RS 26 00 40 00 16 10 69 O00 59 00 14 00 05 Ot OO0 184 07 0S5
sart 122 07 47 00 102 04 104 00 02 00 00 00 43 04 00 96 01 235
STR 13 00 35 00 09 00 49 00 00 00 OD ©0 00 OO0 OO0 02 003 00
TR 07 ©00 31 00 25 00 11 00 00 00 OO0 O0O0 Ot OO0 OO0 OO0 005 07
usw 05 00 27 00 17 00 15 00 00 00 OO0 OO0 06 OO 00 68 OO0 00
BRSA BPf 00 00 00 00 OO0 OO0 00 OO0 00 00 OO0 ©00 00 OO OO0 @1 00 00
CAS 00 00 00 00 ©0 00 00 OO0 00O OC OO0 ©0O OO0 OO0 OO0 ©O5 00 00
FRF 00 00 00 00 ©O 00 00 00 00 00 OO0 ©00 00 OO0 OO0 33 00 00
RS 00 00 00 00 ©O0 00 OO OO0 00 00 OO0 ©0 00 OO O0C O©8 OO0 0O
SeT 00 00 00 00 ©O 00 00 00 00 OO0 OO0 ©00 00 OO0 00 24 00 00
BR'S! BPf 00 00 ©00 00 ©00 00 00 O1 00O 00 00 ©0 00 O0 OO0 46 00 00
FRF 00 00 ©0 00 00 00 00 00 0O 00 OO0 ©00O 00 OO0 OO0 ©1 00 0O
NF 00 00 00 00 00 00 00 OY 00 00 OO0 OO0 00 00 OO0 67 00 00
RS 0C 00 O00 00 00 00 00 16 00 00 00 ©00O 00 OO0 OO0 02 00 00
ser 0O 00 00 00 00 00 ©0O OS5 00 00 OO0 OO0 00 OO0 OO0 15 OO0 OO
SRF 00 00 ©0 00 00 00 00 00 0O O0OC OO0 ©0O OO0 OO0 ©00 21 0O 00
TR 0O 00 ©00 00 00 00 OO0 00 0O 00 00 ©00 00 OO0 OO0 ©8 OO0 00
BRMOSS  BPF 00 00 OO0 00 OO0 00 00O OO0 0O 0O OO0 ©O 00 OO0 OO0 €t OO0 OO0
NE 00 00 ©0 ©0 00 00 ©O 00 0O 0OC OC ©00 OO0 OO0 OO0 €02 00 0O
ser 00O 00 ©00 00 OO0 00 ©0O0 O0C 0O 00 OO0 6O OO0 OO OO0 Ot OO0 00
RS 00O 00 00 ©00 OO0 00 ©O 00 0O 00 00 00 00 OO0 OO0 012 00 00
STR 00O 00 ©0 ©C0O OO0 00 O©0O0 00 0O 00 OO0 OO0 0OC OO0 00 005 00 00
usw 00 00 00 ©0 00 00 0O 00 0O 00O 00 00 00 00 00 01 00 00
BR/PALMIET BPF 00 0C 00 ©0 OO0 00 ©O0 00 OO 00 OO0 OO S7 OC OO0 OC OO 08
NF 00 00 00 00 00 00 ©0O0 00 00 00 OO0 00 S% OC 00 00 00 49
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Substrata Flow Type Bl48 B17S B1S# RI1I8 ROSe RCSS ROTE 7208 €188 E15% E20& 7T27# Mi1t# MI0® MOSS 0O018 0028 P2as
BRPALMIET 5BT 00O 00 00 OO0 OO0 OO0 00 ©0O0 0O 00O 00 ©00 00 0OC OO OO 0O 07
BR/ISCIRPUS BPF 00 00 00 OO0 00 OO0 OO0 ©Q 00O D00 OC D00 258 00 OO OO0 OGO 74
B5W 00 00 00 00 00O OO OO ©O0 00 OO 00 OO O0Y ©00 OD OO 0O 03
CAS 00 00 00 00 00 OO ©O O©00 0O 0O 0O 00O 16 00 00 OO0 0O 23
CH 00 00 00 OO0 Q0 00 Q0O ©00 0O OO0 O0OC ©00 00 00 ©O0 ©O0 QO OO0«
FF 00 00 00 00 Q0 OO0 ©O OO0 00O OO0 ©0O0 ©00 ©1t OO0 ©O OO0 0O 00
FRF 00 00 00 OO0 00 00 ©0 oOC OO0 OO OO0 00 17 OO0 OO OO0 0O 09
NF 00 00 00 00 00 OO0 Q0 0O 00 00 OO0 ©00 02 O0C o000 OO0 00 07
RS 00 00 00 00O 0O OO Q0 ©0OC 0O Q0 O0OC OO0 38 00 o©O0 OO0 00 W3
SBY 00 00 00 00 00 O©0O OO0 O©0O0 0O 00O OO0 00 68 00 o0 OO0 OO0 240
SRF 00 00 00 O0D 00 OO 00O 00 00 OC OC 00 28 00 OO 00 OO OO
STR 00 00 00 00 00 00 ©0O 00 OO OO OC OO0 38 OO0 ©0O 00 OO0 OO
m®w 00 00 00 00 00 00 ©00 00 Q0 00 00 OO0 00O 00 OO0 OO0 OO0 04
usw 00 €O 00 00 0O OO 0©0O0O 00 OO 0O ©0O0O ©0O0 7 00 OO0 OO0 0O 25
8 B8OIL 00 00 00 00 00O OO OO ©02 0O 41 00 ©03 00 02 OO0 00 0O 0O
BPF 76 20 00 02 S7 4S8 20 162 3S 03 07 22 s 46 15 00 04 03
85w 00 04 00 06 07 00 02 00 66 W7 65 00 03 11 03 005 00 00
CAS 10 D06 27 14 03 00 O6 16 D4 9% 136 68 02 66 000 01 19 01
CH 00 00 ©0' 003 02 OO0 00 o00 09 01 13 00 0O 002 00 OO0 00 OO
FF 003 €0 00 00O OO OO ©02 o00 17 16 01 02 00 00O OO 00 0O 0O
FRF 00 05 17 14 08 10 22 89 09 14 08 27 00 30 17 0S5 03 O
NF 12 01 00 003 00 87 00 16 08 04 02 00 02 117 14 00 OY 0O
RS 10 108 24 135 B84 O0S 74 78 182 172 261 155 30 M5 127 22 34 18
ser 32 9Y 23 15 81 14 77 109 €2 47 00 21 04 129 97 03 29 o8
SPILL 00 00 00 O00 ©O OO 00 o000 Ot 00 00 ©00 00 00 OO 00 0O 0O
SRF 00 02 03 003 00 ©03 00O 00 O' 0O 003 00 00O Ot 02 00 O OO0
STR 00 ©0Y 04 00 O0S ©00 00 ©O0 06 02 24 00 00 OO0 ©0O 002 05 00
TR 07 ©00 ©00 O' ©OO ©09 005 08 03 00 OO0 04 0O Ot 01 002 00 0O
usw 003 18 11 41 12 00 01 00 1 5857 €64 12 08 24 05 03 0S5 01
8ic BPF 00 94 00 ©00 ©00 OO0 00O OO0 0O Q00 00 ©0 00 OC OO OO0 0O OO
BSW 00 03 00 ©0 OO0 OO0 00O 00 ©CO 0O 00O OO0 00 OO o©0O0 00 0O OO0
CAS 00 0 00 ©0O0O ©O0O OO0 0O 00 OO 0O O00 ©00 00 OO ©0O0 OO0 00 OO
FRF 00 3% OO0 ©O0O ©0 OO0 00O OO0 00 QO 00O ©O 00 OO o00O 0O 00 OO
NF 00 00 00 OO0 OO 00 ©O 00 ©O ©O ©0O ©O o©0O0 OC OO0 OO0 00 OO0
RS 0O 66 00 ©00 ©0O0 00 ©O 0O OO 00 ©O ©0O 0O O0C OO0 OO0 0O OO0
sav 00 174 00 ©€0O OO0 00 ©0O 00 OO ©O0O ©0O0O ©CO 00 oO0C o00 OO0 00 OO0
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Substrata Flow Type G148 B17S B1Se R13# ROGE ROBS RO/w T208 E168 E198 7208 T27¢ MI18 V1O MO0GS OO0 OQ25 P24s
BiC SRF 00 06 00 00 OO0 OO OO0 00 00 00 OO0 OC OO 00 00 OO0 00 00
STR 00 002 00O 00O OO0 OO0 OO OO OO OO OO OO OO ©00 ©ODP 00 0O 0O
TR 0 06 00 00 OO0 ©0O0 OO0 ©O OO ©O OO ©OC 0O 0O OO0 OO0 0O 0O
usw 00 04 00 00 00 ©00 00 00 00 00 ©00 OO0 00 00 0O 00 @O 0O
sl BPF o0 00 00 00O 0O ©0O OO 70 00 OO ©O ©3 OO OO0 OO0 OC CO o0O
RS 00 00 00 OO 00 00 OO O7 00 OO0 OO 00 ©0O0O o0C ©0O0 OO0 00 00
S8BT ¢ 00 00 00 OO0 ¢©O 00 23 00 00 OO0 OO0 00 0O 00 OO0 0O OO
LC BOIWL 00 00 00 00 OO0 ©0O0 OO ©0O0 OO 09 ©OC o044 OO 002 OO o©00 0O ©O
8pPF $9 05 04 19 04 222 20 19 16 O7 O7 25 o008 11 00 00 30 0O
BSW 00 002 00 ©OY 00 ©00 OO0 00 42 1S O4 00 OO ©OS OO0 o00 02 O
CAS g7 ©0* 07 12 01 04 04 02 06 10 O 30 00 o002 OC o00 04 0O
CH 00 00 03 00 01 OO0 005 00 O5 Ot ©02 03 00 00 OO oO00 0O' OO
FF 00 00 00 00 OO ©0O0 OO0 OO0 O' O©0O04 02 004 00 00 OO0 00 00 0O
FRF 00 ©003 'S 64 86 11 36 05 23 16 17 13T OO0 06 O00O5 00 28 02
NF 17 00 00 0OS 00 ©09 ©0O0 03 OS 03 O 00 ©O7 02 OO 00 00 0O
RS 11 05 69 V7 67 15 S0 19 163 17T M0 150 00 44 86 04 223 4
sBT 33 71 43 40 11 03 @81 234 27 40 O4 78 04 S57 OO OO0 96 03
SPILL 00 00 OO 00 OO0 ©O 00D 0O O' ©0O0 OO ©0O0 OO0 00 OO0 00 00 OO
SRF 00 00 ©0S 07 00 ©02 O« 00 00 ©00 ©0O0 ©00 OO0 o0C OO0 00 27 0O
STR 0o 00 ©O01 00 O ©CO OO ©O 003 00 Of OO OO ©0O0 OO0 OO0 00 OO
TR 00 00 ©00 02 O01 00 OO0 OO0 OB OO0 OO0 S2 00 00 OO0 00 003 00
usw 0T o* OS5 72 0S5 00 03 00 64 52 14 13 00 00 O4 00 12 OO
Lcs BPF 00 00 ©O 00O OO0 ©O0 OO ©00 OO OO OO OO OO OO0 485 00 00 0O
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Appendix 8 |

APPENDIX 8.1 Species list for all sites sampled for testing the geomorphological hierarchy. A “+" denotes species presence and a "
denotes absence.

ORDER FAMILY S o ;
e ALY TANON 001S 0025 0035 OGS OOSS ROG# ROTH ROB MOIS MIGH M1 R1Zé RIW BUN

Acarformes Anistse idae Arsitselidae spp - ’ ¢ ’ . ¢ . . - . .

Arsstselbdae sp 1 - . + - - . - - . . . . . .
Ansitselidae sp 2 . - . . - . - . . . - - >
Ansdselidae sp 3 - - - . . - - - - . . .
Ansitsellcae sp 4 . . . . . . . . . . . - .
Anrsitselldae sp 5 - - - - - . - - - - - - .
Arsitselidae sp & . . . . . . - : » . - . .
Arsttselidae sp 7 - - - - - - - . . - .
Arisitselicae sp 8 - - - . - . - - o . o -

Arrenunidae Arrenundae sp 1 - - - - . . . - . - . -
Arrenundae sp 2 - - - . - . - . . . - - . o
Arrenundae sp 3 . - - - - . . . . . . - -
Arrenundae sp. 4 . . . . . . . . . - . . - -
Amenundae sp. 5 - - - - - . - - - - - . - .

Hyorachnellae Hydracaring spp. + . - . + . - . . . . . . -
Hydracarna morph B - - . . . + - . . » . - - -
Hydracarna morph D - - - - - . . - . . - . - .
Mydracarina morph E - . . . . + . . . . . - . -
Hyaracarina morph F . - - - - . . . . . . - - .
Hydracarna morph M . . , . - . . " . . . . . "
Hydracarna morph K - - - - . + - . . . . - . .
Hydracarna morph M . . . . . . . - . . . - . .
Mydracarna morph N - - - . . . - - . . . . . .
Ny&lclfﬂl w 0o - - . - - . - - . - - - - -
Hydracarna marph P - - - - . - . - . . . . . .
Hydracarma marph Q . . . . . . - . . v . . - .
Hydracarma marph S - - - . . . - . . . . - . .

Hydracarna morph T - - . - - . - . - .
Hydracarma morph W - - - - . - - . . B - - o
Hydracarma morph X . - - - - . - - . . .

Hydracarna moeph Y - . . . . . . . . . . .
Mydracarna morph 2 . . . . . . . . . . .

Hydracarina morph AA : . * . . i

Hyaracanina morph AB . . " g 4 : ! - " . . = . .
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ORDER FamiLy
SUBORDER sUBTAMILY TAXON

018 0028 O03% 0048 OC5S RSN ROTH ROBY MOSS M1ON M118 RI12F R1I¥ Bws

Acanformes

“Hyarachnellae

Onbatdae

unspecified
Paramelticae

unspecified
Chydoridae
unspecified

Curculonidae

Oryopidae

Emidae

Hydracarina morph AE
Hydracaring morph AF
Hydracarina morph AH
Mydracaring morph AJ
Hydracaring morph AX
Hydracaring morph AL
Hydracaring morph AP
Hydracaring morph AT
Oribaticae sp 1
Oribaticae sp 2
Oribaticae sp 3
Cribaticae sp 4
Cribaticse sp S
Oudae sp 1

Chydoridae sp.
Coleoplera spp
Coleoplerasp 4

Oytiscicae spp
Dytiscicae sp 1
mcm
Yola mopinata
Dryopdae spp
Dryopidae sp 1
Dryopidae sp 2

Strinasp 1
Strinasp 2
Eimdae spp
Fimdae sp 1

* ¢ & o

Hydracarina morph AD . c : = - - - ) - -

-

-



ORDER A FAMILY S— TAXON 0018 0028 0035 0048 O08S ROEr RO7¥ ROBY MOSS M108 MIIF R12¥ R14 Bww
ém Emdae Elmegae sp 2 % & W ‘¢ @ & W » > N @ & 8

Emsp 3 - . .
Ctenelrms harrisoni . "
Elpndelmis sp . . . . . = . . é 2 .
Elpudelmis sp 1 - . . . . . + . . . .
Elpudelmis sp 2 . . - . . S
Elndelmis sp A . . . . . . . . . . .
Elnaelrus sp 8 . . . . . . . - . - -
Elpdelmis capensis . . - . . . - = . s s
Hapleims sp. . . . . . . ° . . o .
Pelonolus sp. . . . . . . . . . . .
Pelonoius sp 1 - . - . . - . - - . o
Pelonoius sp. 2 . . . . . . - . .
Pelonolus sp. nov. . . . . - . - . . .
Pelonolus granuiosus . . . - = . - o R
Pelonoius péoselus . . - - - - . - - - - .
Tropeceimus sp - - - . - - . - - - - .
Tropsdelmus hwdon . - . . - = = & = > e o

Gynmicae Gynirdae spp. - - . . - . . . . - . -
Aulonogyrus sp. - . - - = = . & - » & .
Auloncgyrus caffer . - - - - - . - - - - -
Orectogyrus sp . . . . . . . . = = o .

Heloddee Helodidae spp. . - - + . - - . - - . .
Helotdae sp. 1 . . . . - . . . . . . .
Heloddae sp 2 - - - - - - . - . . :
Helodwae sp. 4 . . . . - - = = = . - .
Melodidae sp. S . - - - » . - - =
Helodwdae sp 6 . . . = .
Helodwdae sp. 7 . - . - . .
Helcdwwae 5p. 8 . . . - = = o - i

hydraendae Hydraenidae spp . . . . . . . . . .
Coelonelopas sp - + - . . .
Hyaraena sp a = : : .
Hydraena sp 1 . - . . . .
Hydraenasp 2 . - . . . .
Hydraenasp 3 . . . . é - “
Mesocerahon sp - . . . . . - . . .
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Appendix 8 1
ORDER

SuBORCeR

Ccleoptera

Cycloporda

Dgtera

Blephancerndae

Mesccerancn assonum

Atherix sp 1
Athenx sp 2
Athevix sp 3
Atherx sp 4
Biephanceridae spp
Elporia barnard
Elporia capensis

0015 0025 0035 0045 0058 RO6m ROT# ROSF M09S "M102 M11F R128 R1Is B

-

¢ 4 9 & 8

L

L
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ORDER FAMILY
~ SVD-ORDCR SVDF ALY I“m e -

Detera  Cerstopogonidae  Ceratcpogomidae spp
Ceratopogonkd (Bezzia TYPE)
Cerampogonrae Ber2ia sp
Beznasp !
Bezziasp 2
Canyme e na Q“m“
Fercpermpnae Atnchopogon spp
Atrchopogon sp. 1
Fercpomysar Atnchopogon sp. 2
Fovcipomysa spp
Forciparmysa sp 1
Forcipomys sp 2
Chronomidae Chironomidae spp
Aphesterirar Aphyotenia barmnard
Aptvolenia tseskamae
Crorarsae Chwonomus sp
Cladotanytarsus near knearns
Cladotanytarsus near reductus

Omocismas Orthocladunae spp.

0015 0028 003§ 0045 0055 ROSN RIT¥ ROE¥ MOSS M08 M11¥ R12¥ R1I¥ BuN

- -

-
A -
- -
- -
- -
- -
- -
- -

-

-
- -
- -
- Ad

-
- -
- -

L

¢ % e e ¢ 9

A-3%

L

. .

L

.- s s

-

-
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- -
. -
- -
- -

-
- -

-

L R R -




Appendix 5.1

ORDER FAMILY
— ' sumsamyy TAXON 001S 0628 0038 0043 0083 ROGE ROTA ROBE MOSS MK Mite Ri2¢ R13 B4

Digtera | Cisocasess Orhoclacinae gen nov . : . : - : - = - s . c - .
Hary Orthocladnae . . - - . - . . . . . . . -
Bryophaenccladws sp . - - - - - . . . - . . - .
Cardiccladius sp . . - . . - . . . . . . . -
Cardioc/acius hessef - - - - - - . . . . . - -
Carynoneura deau¥ - - - - - - . . + . . . . .
Corynoneura sp 1 . . - . + . . . . . . . . .

I
:

4
E
-
-
LR
L
R A
-
-
.
-
+
-
-

|

$8§
T8
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TAXON 0015 0025 0038 O045 O05S ROE® ROTH ROBN MISS M10¥ M11F R12% R1I¥ Bus
Tanypod e [hignemanniela sp. 3 . R = . ‘. g = = . . .

Thienemanniels sp. 4 . . . . . - . . . . -

Thienemanniela trvitlata . - . . - . . . . .

Tvetene cavescens . . . . . . . . . . . . . .

Ablabesmya sp. . . . . . . . . . . .

Canotanypus sp - - - . - - . . . . .

Canchapelopa sp. . . . . . . . . . . . . .

i
i
f

;
3

|

§

i
j!
€

S » &
LR
> 0
® *r o
e &
* o
e v
- -
. o
.o

‘.
U
* v 4

L 2

£3

Dolchopoddae spp . . . - . . - - - - . -
Empdidae spp. . . . . . . = . - . -
Chnocera sp. + + - - - - + . . . . .
Hemerodvormia sp . . - . . . . - - - + . .

-
.
.

Percoma sp 2 - . . . o . - . - z
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satmy TAXON
Dptera  Smundee Simuium spp .
Sanwium alcockr .
Simubum beguaert .
Simubum bdowis -
Simubum denfwosum
Simudum harnison . .
Smuium impukane .
Simulum medusaeforme . .
Simulum m hargreaves: .
Simubum mercps . o
Simubum metamphaius
Smulum nevermania - -
Smuium nigrtarse . .
Simuium rutherfoorc - -
Simudum ancornufum . -
Simubum vorax . -
Stratiomyidae Stratiomyidae spp - -
Tabandae Tabandae spp .
Tabanus sp . -
Tipuwdae Tipuhdae spp. .
L oneae AMDlp . -
Limnophia sp. - .
Limnophwa sp. 1 - -
Limacphtia sp. 2 .
Limaophwa nox -
Limonva sp. -
Umonia sp. 1 . .
Limoma sp 2 - -
Limome sp 3 . "
Ephemeroptera Lrspechec Ephemeroptera spp . -
Baehdae Baetidae spp . +
Gen nov sp nov. 1 - -
Afroptium parvum . .
Afroptium sudaficanum . .
Easets sp - -
Baet's hamsony . .
Boetrs latus > -
Bugihesia sp nov . .

S 5 B A
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- -
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ORDER FAMILY » e '
W sus.ravey TAXON 0015 0025 0035 ODdS 0SS Ro6s ROTE ROBE 1MOSS MION MIW R1Z6 Rl B

Ephemeroptera  Baetaae Creleocioeon sp - - : ' . . : - - : : : = .
Creleocioeon exasum . . . . . . . ) . . . . + +
Cloeodes sp . . . . - . . . - - . . . .

!

-
-
.
.
.
-
-
.
-
-
.
-
‘.
-

Latwobaetis sp. . - . . . - + . - . . . . .

Latwabaets sp nov. 1 . . . . - . . . - - - = . .

Latwobaetis sp nov. 2 - - - - - - . - . . . . . .

Pseudocioeon vinosum - . . . . . . g 2 . a & =

Pseudoharnson? sp - - - =

Psevdopannola meculose . . . . . - - - - - - o - .
Caendae Caendae spp .

Caens sp - . . . - . - - - - - o . .
Coenis sp 2 . C = - = = = = - - = - - .
Caenis sp. nov. . . - - . - . - . a = .
Caenis capensss . . . . . - - . . - . - - .
Heptagenidae Heptagenidae spp - - . - - . - . . . . - . =
Afronurys sp. . . . - - . = = < = = . .
Afronurus havmsomn - - - - + . - . . . - - . =
Afronurys scony - . . . . = = . = = = = .
Leptophieticae Leptophlebudae spp * . - . . - - . . . . - . .
Adenophiebia sp. . . - . . - - . B = . = .
Adenophiebia auncuwlele + o - - . - - - - - = - . v
Adenophiebia penngueyela . . . . . . . . . - = = . .
Apnonyx sp - - . - . . a .
Apnonyx petersent . . . . - . + . . . v . .
Aprionyx rubicundus - . . . . c . : : . -
Aprionyx tabuwlans - - - . . - . - a
Castanophiebia sp. . . - . . . - = = . -
Castanophlebia calda . - - . - . . + . . . . .

Chovaterpes migrescens . - . . . . . . . . . . . .
Euthrauius elegans - - - - . - . - . . - . . .
Teloganodicae Teloganodidae spp . . - . - B . . . . . . . .

A2
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Haplotaxida

Hemgptera

Hemplera

g TP s o THEXS 0015 0025 ©038 0048 O0SS ROE¥ ROTE ROBE MOSS M0 M11# R12¥ R13¥ BN
Teloganoddae Telogancdidae sp 1 = e = N e . ~ .
Ephemereiing sp . . . . - . . - .
Emm‘ barnarcy * - - . .
Ephemereing crass . . . . . p
Lestagels percilats . . - . . - . - . . .
L thogioea harmsory . ; . . . ¢ ;
Enchytraesdae Enchytraeidae spp. . .
Lumbricdae Lumbncidae spp - - - . - . . - - -
Naddae Naididae spp - . . - . . . -
Nass sp . . . ’ . .
Naddae Pnstira sp . . . ) . .
Tubfccse Tubificidae spp " « = . o . ¢ & . =
unspecilied Hemptera spp . . . . . - . ’ - . . . -
Coriidae Comodae spp . . . . . - . - . . . . .
Conodae sp ! . - . . - . - . . .
Mcronecta sp. - . . . - . - . o o .
Mesovendae Mesovelidae spp . . . . . .
Mesove sdae Mesoveligoe sp 1 - - - . . . -
Naucordae Naucordae spp . . . . . .
Aphelocheims sp N . . . . . . . . ) .
Laccocons sp. . - . . - . . .
Laccocons imigenus - - - - . . . - . . . -
Laccocons spurcus . . N ) g
Notonectidae Notonectidae $pp . . . . ) . R .
Amsops letitrs . - . = °
Veindae Veludae spp. - . - . . - . - .
Mcroveda sp. . . . . - . : -
Mcroveda major . . - o - - + . . - R
m sp - - - . . e - .
unspecified Hymenoptera spp. - . - . - . + - -
Janirdae Protojarurg prenticed . - . - . -
Pyraldae Petrophda sp. . . . . . . - . . . - .
Lumbriculidae Lumbrculdae spp. . . . - . + . . . :
Corydahcae Corydaldae spp. . . . . . . . . . . . .
Chigronieda pennguey’ - . . . . - . - . . - -
Taemochaulodes cchraceapennis - . - . . . . . . .
Saidae Leptosiaiss amcans - @ - = « =« & . .
unspecified Odonats spp - - - . . . . B
Ansoptera spp - B - +

A-43



ORDER FAMILY TAXON 0018 0025 0038 0048 O0S$ ROGH ROTH ROBS MO9S M10% M112 R128 R1I8 BuW

Odonata unspecified Zygoptera spp . . - » - - = g = . . . .
Anscptens Aeshnidae Aeshnag sp . . . . . . . . - . . . .
Anax sp . . . . . . . 8 . = . . .
Corculidae Corgulidae spp - - . . . . . . . é . . :

Macroma sp . - . - . . . . . . . . * .

Syncorcuta sp . - . . . . . . - - . . = .

Notogomphus sp 2 - - . . J - . : . . . . a ~
Arsapies Gomphidae Paragomphus sp . . . . . . .
-

0
.
-
.
.
-
.

.
.
*
.
0
.
0
0

Ubeliuicae
Libeliuhcae sp. 1 . )

8

.
- b
.
.
.
.
.
.
.
.
'

Trtherms sp . 2
Trthemis sp 2 & R

$

;
8
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OCRDER FAMILY . ) N ) ’
7 [orow  gupramyy TAXON OIS 0025 003§ OO4S O0SS ROSK ROT# ROBS 1OSS MIOY MWW R1ZF R138 BN

s Syniestidae Chigrolestes sp 3 - : : - : ] : : : . . - . c
Ostracoda unspecified Ostracoda spp . . - - . . . . - . ; . -

FPlecoptera Notonemour idae Neoronemowndae spp - . . . . - . .
Aphancerca sp . . - . - . . . .
Aphancerca bicomes - - - - . - - -

. or e
e e

L
L I

-
.
.

Aphamcercella barnarcvscutata - - - . . - . - - . . - - .

Aphancercella cassda . . . - - . . . . . . .

Aphancercopsis sp . . . . - . . . - - - - .

Plecoptera Notonemowicae  Desmonemoura sp . . - . . . " . N . . N
Desmonemourea pulchelum . . . . - . - . . . - . .
Trchoptera unspeciied Trchoptera spp . . . . . . . . . . . . .
Trchoptera merph 2 . - - - - - - . + . - - -
emply case . . . . . . . . . - . .

Bararcchtnendae  Bavbarochthon brunneum . - ) . . . . . . a =

Ecnomidae Ecnomidae spp. . - . . . . - . - .

Ecnomus sp . - . . . - - - . =

Ecnomus sp nov. 1 - - . . . . - - - . - -

Ecnomus kimmins/ . . - . . - - . - -

Parecnomina sp. . . . " o - - - "

Parecnomina sp 1 . . . - . . - - a

Agapetus sp . - - - - - . . . . - . - -
Hydropsychicae Hyoropsychdae spo. - + - - . - . + . . . - . .
Diplectroninae P . . . - - . . - . . . - - o
Cheumatopsyche sp. - - - - - . n . - - . - - -
Cheumatopsyche sp. 2 . . - - - . . . - - - - - -
Cheumnatopsyche sp Type 2 - . - . . - - . . : ! : . )
Cheumatopsyche sp Type 7 . - . . . - - - . - . - - -
Cheumatopsyche sp Type 9 . - - - . . . - . - . . - -

Cheurnatopsyche sp Type 11 . - . . .
Cheumatopsyche afra . . . . - .
Cheumatopsyche maculata . . - . . - B - . . B . R .
- - - - . - - - -

A-4S



Hydropsychadae

Leptocendae

Leptocendae

Leptocendae sp 1
Athripsodes sp

Athnpsodes sp 1
Athnpsodes sp 2

Athripsodes (Bergensis group) sp.
Athripscdes berpenss
Athripsodes (Harmsoni group) sp
Athripsodes (Marrisoni group) sp 1
Atnrpscdes [hamsont type]
Athripsodes harnsont
Athripsodes schoenobates
Ceracles sp.

Leptecho sp

Leptecho sp £

Leptecho sp F
Leptecho sp near F

Leptecho helcotheca

Leptecho scirpi

Lephcho sp.

Leptocerus ?schoencbates
Leplocerus sp.

Qecels 5p
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Frulopotamidae

Polycentropoadae
Rhyacophidae

Planaridae
Corbiculdae

- -
-
- -
-
. -
*
. -
- -
- -
- .

Al

-

* ¢ &
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ORDER FAMILY TAXON B1S® B16S B17S E18% E19% E207 L22¢ P23 P24¥ D25$ T26% T27¢ T28e T29#

Acarformes Anstselicae Anstselidae spp . - . - . . .

Arrenundae Amenundae sp 1 - . - . - . . - . . . - - -

Arenuricae sp S - . . - . . . - . . - . . R
Hydrachnellae Hydracaring spp . . - "

Hydracarna morph A . - - - - - - - - . . . -
Hydracarna moeph B . . . . . . . - . . . » .
Hydracanna meeph O - . - . - . . - - - . . .
Hycracaring morph E . . . . - . . - - . - . -
Mycracarina marph F - . - . - . - . . - . -
Hydracarns morph H - . . . . . o o . - "
Hydracarna morph K - . . . . . . . - . .
Hydracarns morph M - . * - - . . - . . .
Hydracarna moeph N - . . . u - . . R . -
Hydracarna moeph O . + . . . . . - . . .
Hydracanna morph P . . . . . » - . - - . .
Hydracanna morph Q - . - . . - " - .

Hydracaring morph S - . . - . - . o . .
Hydracarns morph T - - . . . . . . &
Hydracarna morph W . . . . . . . . -
Hydracanna morph X . - . . . . . .

A
.
'
0
-
0
.

Hydracarng morph Y . - . . " .
Hydracarina morph 2 - - - - - - . . - . . . . -
Hydracaring morph AA - - - . . . - - - " - - = s
Hydracarina morph AB - . . . . . . . . e . . . .
Hydracanna morph AD - . - - A i < . - = = s 3 o
Hyracarina morph AF - - - - - . . . . . . . . .

A48
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FAMILY
"

SUBLANLY

TAXON

Acarformes

Hydrachnelae

Cribaticae

Ermicae

Hydracanna morph AH
Hydracanna morph AJ
Hyaraca ra morph AKX
Mydracaring morph AL
Hydracarina morph AP
Hydracarina morph AT
Orivandae sp 1
Oribaddae sp 2
Ornatidae sp 3
Oratdae sp 4
Orbatdae sp. 5
Owdae sp 1
Amphipaca sp
Parameita sp.

Daphmopsss sp.
Bumupia sp

Chydondae sp
Coleoptera spp
Coleopterasp 4
Curcubonidae spp

MQA.i
Dytiscidae sp. 2

Yola incpinata
Laccophius concisus
Oryopdae spp.

Cryopwdae sp. 2
Strina sp

Strwmasp 1
Strna sp. 2
Elmdae spp.
Elmdae sp 1
Elrsdae sp 2
Elmdae sp 3
Crenelrus harmsont

B1Ss R16S B17S E18+ E'9» E20% L22% P23s P24n D258 T26% T27¢ T28% Y29

.

L

L R R

&

. e

. * 42 4 0

* »

® ¢
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Coeoptera

TAXON

B15S¥ B16S BITS E18% E19¢ E20# L228 P2I¥ P4& D25§ T26¢ T278 T28#¢ T294

Elpdeims sp
Epdeims sp 1
Ejpdelrms sp 2
Epvceimis sp A
Epdems sp 8
Elpvdeimis capensis

-

LI ) .

+

-

L I L N

> & & & 0

L I I

L B R

L

L

-
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SU8 CROER sus Fawyy TAXON B15¢ B168 B17S E18% E19¢ E208 L228 P23¥ P24# DIS§ T26e T27% Taee T208

Coleoptera Hycraenicae Mesoceranon encroedy: ! . . ) . ) . ! . . . ) . B
Mesoceraton pcuncum . . . . . . . . . . - . - -
Mesoceration spiendorum . . . . . . . . . - . - .

Hyaraphiidae Hydrophiidae spp . . . . - - - - . . . . - .

Limnichdae Umnchidae spp - . . = = >

.
.
.
.
.
.
.
* o o
.
.
-
.
.
'

Cyzopoda unspecified Cyclopodda sw . .

Cyclopodda sp 3 - - o - - - . . - . - -

Decapoda Potamonautdae  Polamonautes sp . . . . " . . . . . . ‘. . .
Diptera unspecified Dptera spp . . . . . . - - . - . . . .
Anthomyidae Limnophora spp - - - . - - - . . . . . . .

688
“-wn

Elpona barnarch - . . . . . . . - . . -
- - - - - - - - -
Ceratopogonidae  Ceratopoguorsdae spp. . . . . . . . . . . . . . .

Ceratopogond (Bezzia TYPE) . . . . . - . . . . . . - -
Cowopogornae Boz2ia sp . . " o > - * . N . ” . . .

A-S1
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ORDER FAMILY

SUBFaMILY TAXON

CW mllﬂ” 1’--
Beipasp 2
Dasphriovae Dasyhoiea spp.
Facpompnae Atnchopogon spp
Farcpompnae Atnchopogon sp. 1
Atnchopogon sp 2
Forcipomyia spp
Forcipomy's sp. 1
Forcipomyia sp. 2
Chroncmicae Chronomicae spp
Aptwoterseae Aphrofenty bamarcy

Deptera

Aphrotenta Isifskamae

Croorameae Chironomus sp

Cladotanytarsus near ineans
Clagctanytarsus near reductys

Cladctanytarsus reductus

Paolypeddum sp.
FPolypeddum U sp.

Tanytarsus sp.

Tanytersus sp 1
Tanytarsus sp. 2
Tanytarsus sp. 3

Virgatanytarsys mgncomis

Virgatanytarsus sp
Ortnec ladenae Orthocladenae spp

Orthoclacus sp

Onthoclacws sp 2

Onhoclacnae gen nov

Hary Orthocladinae

Aryophaenocladius sp

-

o> e 0n

.

-

-

*

e Y

*

= 9 9 »

+

. s

. 4 s s v

* &

* s e
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Oiwptera Ornacladeae Cardhociadius 9. . - - . . . . = > e . = = “Bx
Caravaciadius hesses - . - - - . . . - - - . .
Corynonewa dewuwth . . - - . . - . . N . . . -
Corynonewra sp. 1 . - - - . . . . . . . . . -

:
:

Cncotopus misanluenss . . . . . - " .
Cncotopus obscwvus - . - . . . . . - - . . .
Cncoropus scotfae . . . . . .
Eutefeneia calviger o - - - . - . . - -

§
2

Paracoxccladius mangeld . . . . . . . . . . . .
Paraieffenela bioba - - . - - . . - . * . .
Parakietferela sp a . . . . + . . .
Parametnocnemus scott . . . . . - - . . .
Paraphaenocladius sp - - - - - . . o .
Psectrociadus sp . .

Rheocncolopus capensis . - + - - . - . . . - .
Trvenemannieda sp. . . . . . . . = . - a .
Thvenemannieda sp 1 . - . . . . . . . . .
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ORDER -FMY 4 . . & ) ERie e autmea
p— Jap— TAXON B1Sy B16S BI7S E18 E152 E208 L2720 P23x P47 D25S T26# TI7e Tiew Taow
Diptera Targposess Typtenia Calvescens . r . . . P s & e . . " Y +
Ablazesmya sp . . . + . - - . . .

Cinctanypus sp. - -

Niéotanypus sp 2 . - . - . . . ! . i . . : 5

Notanypus sp 3 - - . . . - . . . =
Paramenna sp . + . + . . . . . . . - . .
Paramenna sp 1 . . > e - -
Paramenna sp. 2 - - + . - - = - -

Procladius sp. . . . . - . . - - - + . . .
Tar gt Constempeding sp . . " > - d = . . . .

Stempelna sp. . . . . . R - - -

- - - . .

-

-
.

$

m
i
g

g
8
.
'.
L
.
'.
'.
-

!

Pencoma sp 2 . . . - . . . . . . . . . .
Sciomyzidee Sciomyadae spp . . . . - = . - - + . " .
Simulidae Senusdae spp . . . . . . . . . . . . . .

Swrubum spp . - - - . - . -
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Ephemercptera

EAMILY

SuBFAMILY

Simulngae

Stratiomyidae

Tabandae

Tipuidae

unspeciied
Baetcae

Lmaninae

TAXON B15%# B168 B17§ E182 E19% E20m L22%¢ P23 P24w D28S T26% T27x Ti28w T2
—— . - — B e
Simukum dentulosum - . -
Smulum smpukane . - - - - -
Senuhum medusaeforme + . . - - . -
Sanubum m hargreavess - - . - -
Swenuhum merops - - - - -
Senuvhum metomphalus - . - -
Simuhum nevermania . . .
Simukum nigntarsidrachiom . - - -
Sumukum rutherfoord . - . . . .
Samwbum unvcornutum - - -
Samubum varax - - . . . -
Tabanidae spp - - - . . -
Tabanus sp - - - . . .
Tipuldae spp . . - - * .
Antoches sp . . . . . .
Limnophda sp - - - . .
Limncphia sp 1 . . -
Limaophita sp 2 - - - - . .
Limncphia nox . . . . . A -
Limonia sp - - - . . .
Lmonasp 1 . -
Lmoniasp 2 - - .
Limoniasp 3 . - o .
Ephemeroplera spp - . . - . . .
Baetcae spp + . . . . . .
Gen nov sp nov. 1 - . . . . "
Afroptium parvem - - - - . .
Afrogtium sudefricanum - . . . . -
Bacts sp - - - - . -
Beets harmson . . . . . .
Bactss latus - - - . .
Cheleccioeon sp. . - - - -
Cheleccioeon excisum . . . . -
Closoces sp - . -

A-S5



B1Ssr B16S B17S E18w E15% E20# L22¢ P23# P24 D255 T26% T27¢ T8 T2

ORDER . FAMILY — TAXON
Ephemeroptera  Baeucae Clgeodes sp_ nov. 1 . . . .
Clgeodes mzingae . . . -
Cioeon sp. = ” & &
Dabulamanzia sp. nov. . o i
Demoreplus capenss . . . .
Demaoutrva crass: . .
Labiodaels sp . : 3
Labiobaets sp nov 1 - . . ’
Labiodbaetis sp nov. 2 . =
Psevdocioeon sp nov , :
Pseudocioeon vinosum . . -
Psevdohamsoni? sp &
Pseodopannota macuiosa -
Caeridae Caendae spp -
Caerws sp . .
Caenssp 2 -
Caenis sp. nov - - -
Caens capensis . .
Afronurus sp. . . e
Afronurus harmsony . &
Leptophiebidae Leptophiebidae spp . . . + .
Adenophiebia sp. - - - - -
Adenophiedia auncwiata = . .
Aprionyx sp. . = a -
Aprionyx petersemn . - . . .
Apnonyx rudicundus - - - - .
Apronyx tabularns - . - -
Castanopivebia sp. . . < =
Castanophiebrs caide . . .
Choroterpes mgrescens . - . - -
Euthraulys elegans - - - . -
Teloganodcae Teloganodidae spp . . .
Teloganodidae sp 1 . .
Ephemereling sp . - - . »
Eptemereng barnard . - - - -

- -
-
-
-
-
- -
- -
- -
- -
- -
- -
-
A
-
-
-
- -
- -
- -




FAMILY TAXON B1S® B16S B17$ E18% E19¢ E20¢ L22% P23# P24% D2%§ 7266 T2/ Y284 T2ww

Ephemercptera Telogancdidae Ephemerelina crassy . . . < - . = - = -
Lestageta penciiata . . . . . . . . . . . . .
Lahogloea hamsomn . . . . . . . - .
Enchytraeicae Enchytraedae spp . . . . . . . - - . -

-
*
*
-
.
-
.
e ¢ &

Tudficicdae Tubficidae spp . . . . . » - - - - . . - .
unspeciiied Hemgptera spp . . - . . . . . . . . . . .
Comadae Corxdae spp . + - . . . . . . . . . - .

Naucordae Navcorcae spp + . - . . . . . : . . : . =

unspecfied Hymeroptera spp - - - - . . . . . . . . . .
Janridae Protojamra prenticel . . . . . . . . . . . . . .
Fyralicae Petroptia sp - - - - . - . . - . . .
Lumbrcusdae Lumbriculidae spp - + + + + + . . . . .
Corysaidae Corydalidae spp . . . . . . .

Chiororeda penngueyr . + - + - - . .

Teervochauicides ochraceopennis . + . . - . . .
Siahcae Leplosials afrcana . . . . - - = = . é §

unspecfied Odonata spp . . . . . . . , . - . y : F
Ansoptera spp . . . . . - - . ° ’ . . . .
Zygoptera spp . . . . . - - ; : . : - ; a
Ansopea Agshndae Aeshna sp . . . - ¢ R * . - - . . - -
MI” . . . - . . - . o — . ¥ é o
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ORDER Yy MM BiSe B16S BI7S E185 EN9% E20¥ L22¢ P236 Pl4s D2S§ T26% Ta7e T28% T2oe

Ansoces Corgulidae  Coroulidae spp . . . . . . m . . . . - - -
Macromia sp - . . - - - - . . - - . - -

i

f

Protoneurdae Protoneurcae spp . - - . . . . . - . . . . .
Synlestdae Syniestdae spp - - - . . . . . - . . . . .
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ORDER FAMILY : :
TAXON B15# B16S B17S E'8F E194 E208 L2206 P34 P48 D2S$ 7268 T275 T28¢ T28e

Pecoptera Notonemoundae  Aphancevce sp . - +
Aphamcerca bicomis .
Aphanicerca capensis - s
Aphancercela sp . . . . . . . . . . . .
Aphencercels barnardi'scutata . - - . . . . . - . - .
Aphanicercopsrs sp . . - . . - " - g . - . .
Oesmonemoura sp. . - . - . - . . . .
Trchoptera unspecified Tnchoptera spp. . . . . . . . . -
Trnchoptera morph 2 - - . . . .
emply case . . . . - . . . .
Barbarochthonidae Barbarochthon brunneum . . . - - . . . + . . . . .
Ecnomadae Ecnocrmdae spp . - - - - . - . . . - . . .

. - - . - . L -

- - . -

L T S

L I I
.

Parecnomina sp. . . - . - - . . . R . 2

Farecnomina sp. 1 . . . . . . . - - - - :

FParecnomina reswma . . - . . - - . - - . - .
Glossosomaticae  Glossosomatdae spp - - . - . . - . . - -

Agapetus sp - - - . . . - - . .
Hydropsychdae Hydropsychidae spp . . . . . . - - . . - -

Mydroptikdae !‘W‘p - . - - . . « - . e - . -
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ORDER LY sy TANON BIS# B16S BI7S EI8# E19% E208 L22% P23 P24¢ D253 T268 T27e T8N T2ee

Trchoptera Hyaroptihdae }yaropeva sp : - - . :

Leptocendae Leptocendae spp . . . ° . . . . . . "

- - .
Leptechs sp F . . : g . 4 . . 5 . . . " i
Leptocho sp near F - . . . . . . . . . - . - .

Petrothrincice s Petrothnncus sp. - . - . - .

-
.
.
-
-
.
.
. &+
!
.

Philopotamedae Fhilopotamidae spp . . . . . .
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ORDER

Trehegters

Trclacda
Venerode
Unspecties

FAMILY S TAXON
Phiopctamdae Ooloptwodes sp.
Paranyctophylex sp
Prsulsdae Dysctimus thrymmfer
Polycentropodsdae  Folycertropadidee spp
Rhyacophihdae Myspoleo agas
Sercostomatidae Sencostomatidae spp
Petroplax sp
Petropiax curncosta
Plararidae Dugesia sp
Corbculdae Cordcwla sp
wrspecited €G3
Gastropoda spp.
Mollusca spp
unspecified Nematoda spp.
Nematomorpha spp
Nemertea spp
Olgochaeta spp.
Terresinal Arachnd
Tadpole
Terrestnal undentfied

B1Ss B16S B17S E18r E1S¥ E204 L22% P2I# P24® 025§ T26 127e T288 T29W

.

. A B

* o o

—— e S ———— e —————e—— ——ee

.
- - - -
- - -
. - .
- - - . - . . .
- - - - - . - -
- - - - . - .
- - - - - - - -
- . -

* - - - - - A
- - - - - . -
- . - - - . -
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Appendix 12.1

Appendix 12.1 Number of each morphological unit and total percent (in parentheses) to total area for each of the least disturbed rivers
sampled. PB = plane-bed and MCB = mid-channel bar

‘Morphological Unit 0015

oo0zs

RO6# ROT®

Pool

Step

Mane Bed

Raped

Riffle

Run

Lateral Bar
Lateral Channel
Backwater

Bar
Bedrock Core Bar
Bedrock Pavement
Bedrock Pool
Bedrock Rapsd
Bedrock Step
Boulder Bank
Boulder Bar
Boulder Rapid
Canal

Cataract

Flood Bench
Flood Channel
Island

Lateral Channel PB
Lee Bar
Mid-Channel Bar
MCB Remnant
Plunge Pool

Proto Step
Sandy Lee Bar
Sculptured Bedrock
Secondary Channel
Slump

Watertall

2(162)

3(2695)

223

3(269)
1(70)

1(1795)

1(1.6)

2(53)

10139

107)

1(125)

1995

1(23.2)
Z(124)

31(10.7)

5(189)
5(11 4)
1(581) 2415 201077
1(121) 2(141)

RO8S MO9S

5 (26 4)

154

1160

122
1(76)

2(426)

132

1(269)

1(78)

20076) 10266

105 109

2@277)
2(139)
131)

1(17.0)

1(3.0)
1(10.9)
2(200)
1(11.8)
1082

M10# M118 R13S
1(113) 3(364) 20641)

3252

1(108)

B14s

B158¢ B17# E'8#¢

2(788)

12123

2(135)
2(41)

7T(173)

139

153
2(26)
s@2n
108

1255)

1(42)

7('56) 20087,

6(120) 1(46)
3344

120 1214
122 2(422)
1(364) 1(235)
1(100)

1(524)

1034
1(19) 189

192
1013

E198 E208 P24z T27T# T29%2
S(339) 2(408) 3(428) 1(42) 6679

8(37.1)

1(70)
1(71)
2007

2(7.3

4238
1(25 ¢

I3S1Y 5286
2(385)
173

1(486)

4(187)
1(80)

135
5(226)

100
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Appendix 13.1 Species (or nearest taxonomic level) list used for analyses in Chapters 13
and 14. 1 = Eerste Rivers site 1, 2 = Eerste River site 2, C = sampling period 3
(29 and 28 October 1997 for sites 1 and 2 respectively) and D = sampling period
4 (28 and 30 November 1997 for sites 1 and 2 respectively)

Order: suborder  Family: subtamily  Taxon 1Cc 10 2C 20
Acariformes Anisitsellidae Anisitsellidae sp. 40 16 12 12
Hydrachnellae Hydracarina 356 128 164 76
Oribatidae Oribatidae sp 20 8 4 4
Amphipoda Parameitdae Paramelita nigroculus 0 4 0 8
Paramelita sp. 0 8 0 0
Coleptera Curculionidae Curculiondae 0 < 0 8
Dryopidae Dryopidae sp. 4 0 16 0
Stnna sp. 8 8 0 8
Elmidae Elmidae sp. 3 16 - 0 8
Elpigelmis sp 16 0 0 0
Elpidelmis sp. 1 168 68 128 60
Elpidemis sp 2 0 8 8 8
Elpigelmis sp A 372 388 488 296
Elprdelmis sp B 12 8 16 4
Peloriolus sp. 1372 292 1096 264
Peloriolus sp. 1 424 80 244 100
Peloriolus sp. 2 348 20 680 92
Peloriolus sp. 3 68 68 132 56
Gynnidae Gyrinidae 8 4 0 0
Haliphdae Haliplidae 0 0 “ 0
Helod dae Helodidae sp. (adult) 8 8 0 12
Helodidae sp 1 6220 1860 4240 1096
Helodidae sp. 2 0 - 0 0
Helodidae sp 6 16 24 16 40
Helodidae sp 9 8 0 0 0
Hydraendae Hydraena sp 4 0 0 0
Mesoceration sp. 0 12 0 0
Mesoceration sp. (adult) 388 64 424 72
Limnichidae Limnichidae sp. 452 32 292 52
Collembola Unspecified Collembola 0 28 0 24
Cyclopoida Cyclopidae Cyclopoida sp. 0 0 4 0
Diptera Athericidae Atherix sp 4 120 16 232 8
Blephariceridae Elporia barnardi 0 0 20 0
Elporia capva 556 28 1216 52
Elporia spp. (adult) 24 0 32 0
Elpona spp. (Juv.) 0 0 12 0
Elporia spp. (pupa) 0 4 0 0
Elporia uniradius a6 0 384 0
Elporia uniradius (pupa) 152 0 588 0
Ceratopogonidae  Atrichcpogon sp 0 B 0 0
Atrichopogon sp. 1 0 8 0 0
Bezzia sp. 0 0 0 4
Forcipomyia sp. 1 4 44 0 0
Forcipomnyia sp. 2 0 0 4 0
Chironomidae Aphrotenia sp. nov 1 0 12 0 8
Aphroteninae
Chironomidae: Cladotanytarsus sp. 0 0 4 4
Chironominae
Cryptochironomus sp. 4 0 0 0
Microtendipes sp. 4 0 12 0
Polypedilum E sp. 76 0 100 0
Polypedilum sp. (adult) 0 0 0 4
Polypedilum sp. (juv.) 24 40 4 40
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Order: sub-order Family: sub.tamily Taxon 1c 1D 2C 20
Diptera Chironomidae: Polypedium U sp 12 0 168 0
Chironominae
Rheotanytarsus fuscus 0 0 8 12
Stempeliina sp. 56 16 0 0
Tanytarsus sp. N 12 0 0
Tanytarsus sp. 1 204 8 12 0
Tanytarsus sp. nov. 0 0 8 0
Chironomidae: Cardiocladius sp 212 4 140 32
Crthoclaganae
Corynoneura dewulfi (adult) 0 20 8 “
Corynoneura dewulfi (pupa) 8 0 4 0
Corynoneurs sp. o 0 60 0
Corynoneura sp. (adult) 4 0 12 0
Corynonewa sp. (pupa) 16 4 0 -
Cricotopus dibalteatus 1€ 0 4 0
Cricotopus kisantuensis 20 4 o6 8
Cricotopus sp. (adult) 0 0 4 &4
Cricotopus sp. (pupa) 0 4 0 g
Cricotopus sp. 1 4 0 12 0
Cricotopus sp. 3 0 4 8 -
Cricotopus sp. 4 40 0 0 0
Eukieffenella calviger 0 4 8 0
Eukiefferiella calviger (pupa) 0 0 4 0
Nanocladius vitelhinus (adult) 0 8 0 0
Notocladius capicola 556 52 288 32
Notocladgius capicola (adult) 0 0 4 0
Nolocladius capicola (pupa) & 0 0 0
Orthoclad gen. nov. 8 0 0 0
Orthoclad gen. nov. (adult) 0 0 4 0
Orthoclagiinae (adult) 0 8 0 8
Paradoxocladius mangoldi 12 0 0 0
Parakiefferiella biloba (pupa) 0 & 0 0
Parametriocnemus scotti (adult) 0 0 0 4
Pseudorthocladius similis (adult) 0 12 0 0
Pseudosmittia sp. 4 0 0 0
Rheocricotopus capensis 12 0 40 20
Rheocricofopus capensis (pupa) 4 8 0 4
Thienemanniella sp. (adult) 0 8 0 0
Thienemanniella sp. (pupa) 0 4 4 0
Thienemanniella sp. 1 32 4 18 0
Thienemanniella sp. 2 0 8 0 0
Thienemanmella sp. 3 8 0 12 4
Thienemanniella sp. 4 36 0 32 0
Thienemanniella sp. 6 0 16 0 0
Thienermanrieiia lriviliala (sdull) 12 - (4] 0
Tvetenia calvescens 40 16 216 36
Tvetenia calvescens (pupa) 0 0 8 0
Chironomidae: Ablabesmyia sp. 4 4 0 0
Tanypod nae
Conchapelopia sp. 216 112 204 68
Conchapelopia sp. (pupa) 0 0 16 0
Conchapelopia sp. 2 84 0 0 4
Larsia sp. 60 28 84 8
Nilotanypus sp. (pupa) 36 20 4 8
Nilotanypus sp. 1 44 8 84 0
Nilotanypus sp. 1 (pupa) 0 0 40 0
Paramerina sp. 516 16 176 32
Paramernina sp. 1 (pupa) 4 0 0 0
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Taxon 1Ic 10

Order: suborder  Family: sub-tamily 2C 20
Diptera Chironomidae: Paramerina sp. 2 (pupa) 4 0 4 0
Tanypodnae
Prociadius sp. 12 0 4 0
Culicidae Culicidae sp 0 3 4 0
Dolichopodidae Dolichopodidae sp. 0 0 “ 0
Dytiscdae Dytiscidae sp 0 B 0 0
Dytiscidae sp. (adult) 44 8 16 0
Empididae Hemercdromia sp 12 0 12 4
Simulidae Simukidae 1380 2124 688 1520
Simukidae (adult) 4 8 0 0
Simuliidae (pupa) 0 0 0 4
Simulium alcocks (pupa) 0 12 0 4
Simulium freemaneilum (pupa) 0 0 4 0
Swinuliam medusaeforme (pupa) 4 0 0 0
Simulivm nevermania (pupa) 20 0 20 12
Simuliwm sp. (adult) 4 0 0 0
Tipulidae Limnophila nox 92 16 12 8
Limnophila sp 176 176 16 24
Limnophila sp. (pupa) 8 0 0 0
Ephemeroptera  Baetidae Baetidae sp. 15124 4188 21924 2488
Heptageniidae Afronurus harrisoni 0 0 4 0
Leptophlebiidae Adenocphlebia awriculata 0 0 24 0
Adenophlebia peringueyella 0 0 0 -
Aprionyx peterseni 1340 252 964 256
Castanophlebia calida 3056 1812 1884 920
Euthraulus elegans 320 60 1024 176
Leptophlebiidae (uv.) 552 128 672 52
Teloganodidae Ephemerelina bamardi 124 4 40 32
Lestagella pervcillata 4448 7436 4408 744
Lestagella penicillata (adult) 0 0 4 0
Lithogloea harrisoni 1420 376 1288 540
Nadinetella crassi 20 4 8 0
Haplotaxida Lumbriculidae Lumbriculidae 72 32 72 48
Nadidae Nais sp 64 0 54 12
Pristina sp. 0 0 0 4
Hemiptera Corixidae Micronecta piccanin 0 0 8 4
Micronecta scutellaris 12 0 0 4
Notericae Notendae sp 0 4 0 0
Velidae Microvelia major 0 0 0 4
Microvelia major (adult) 48 0 0 8
Microvelia sp. (adult) & 4 0 0
Rhagovela sp 0 8 0 0
Lepidoptera Pyralidae Pyralidae 0 12 - 12
Megaloptera Corydalicae Chioroniella peringueyi 4 4 12 8
Taeniochauloides 12 4 4 4
ochraceopennis
Nemalta (Phylum) Unspecified Nematoda 8 4 4 0
Odonata: zygoptera Coenagrionidae Enallagma sp. 0 4 0 0
Pseudagrion sp 8 0 0 0
Platycnemididae Allocnemis sp. 0 0 - 0
Plecoptera Notonemourdae Aphanicerca sp. 2092 1768 2284 1140
Aphanicercela sp. 64 40 8 40
Aphanicercopsis sp. 0 0 0 B
Desmonemoura sp. 776 0 12 0
Trchoptera Barbarochthonidae Barbarochthon brunneum 16 0 0 0
Ecnomidae Parecnomina resima 360 8 192 28
Glossosomatidae  Agapetus sp. 48 32 56 36
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Trichoptera Goerdae Goera sp
Hydropsychidae Cheumatopsyche maculata
Hydropsyche sp.
Hydroptilidae Orthotnchia barnardi
Leptoceridae Athripsodes (Bergensis group)
sp
Athripsodes sp.
Ceraclea sp.
Leptecho sp.
Leptecho sp. 1
near Leptecho sp
Oecetis sp
Petrothnncicdae Petrothrincus crculans
Philopotamidae Chimarra sp.
Sericostomatidae Petroplax curvicosta
Petroplax sp.
Tricladkda Plarﬂidae Dugesia sp. 7
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Appendix 161

Appendix 16.1 Comparison of abundances of species in the Breede and Olifants-Berg
catchment groups. Average abundance rating for each group, average, ratio,
percent contnbution and cumulative percentage between groups given.

No. Speces Average Average Average Cumulative

Abundance Abundance Term Ratio  Percent m_c!nl
11 Epdeimssp A 000 246 186 645 304 304
126  Cheumstopsyche maculats 228 000 170 595 276 580
79  Labtwodacts sp nov. | 000 v d) 167 315 2" 85
23 AtMernasp 2 000 204 16% 23 2852 103
S Amenssp 4 0a7 200 140 126 228 130
53  PolypeMumE sp 000 172 127 148 208 1538
99  Epbemeretna barnaral 185 000 125 132 204 1743
88  Afronurus harmisom 000 163 124 160 203 1945
13 Helodidae sp 2 000 163 124 147 202 247
84 Caens capensis 163 000 123 248 200 2347
4 Strwasp 000 163 1185 095 188 X%
70  Baens harmson 2n ja 115 140 187 xR
136  Amnpsoces (Bergenss group) sp 156 aoo 113 161 183 2908
77 Demoreptus copensis 207 180 104 127 169 074
3  Forcpomyw sp 2 000 1.3 1T 183 164 RN
128 Cheumatopsyche afra 146 Q00 098 098 160 KX B
16 Heloddsesp 8 137 238 095 119 158 Bsaq
49  Afropiium sudafncanum 133 075 085 126 158 R )
B85 Ceernssp 1 028 1.25 085 108 154 363
127  Parecnorming resima 148 03 094 227 153 40 16
24 Ammxsp 3 000 1.2% 089 oo 145 41 8
147  Petrothrincus circufans 109 000 D84 161 137 Q9
" Apngnys pertersen: 125 218 08 115 13 a“an
17 reoddaesp 7 119 0S0 081 1.25 13] 4564
114 Notogomphus sp 1 000 104 080 oo L 3 46 95
94 Castanophledia cavda 100 196 080 139 N 4826
82 Psewdocioeon vinosum 134 134 078 138 129 49 5%
102  Lthogloea harrisory 025 097 078 103 127 S0 82
101 Lestagels pencalats 17 "\ o8 184 126 5209
13 Helodidac sp 2 000 100 07s 095 123 SN
12 Elpdeimssp B 000 104 074 095 120 45
40  Crcofopus Kisaniuenss 025 102 074 108 120 5572
86 Lwmnophda nox 075 158 074 162 120 56 92
62 Thvenemanniedasp 3 02% 100 072 107 117 5809
109  Taenochauloldes ocivaceopenns 075 110 o 130 116 5925
67 LUmonasp 1 000 100 068 085S 113 60 38
80  Agencphiedia peringueyela 102 000 0es ogs 1% 61 48
108 Chloromvela peringuey: 025 088 068 102 110 2%
$4  Polypedum U sp 169 1.70 0686 134 110 6360
74  Cloeodes naingae oss 000 D4 088 105 6473
41  Crcotopus sp 1 148 157 064 . 104 6577
33  Forcipomya sp 2 000 075 0S7 089 092 6670
N Berpasp 000 075 057 089 092 67 62
86 Coervssp 2 088 000 056 058 082 68 54
47  Notocltedws capcole 190 23 ose 142 06 66 45
€3 Tvelenia calvescens 158 177 051 129 084 TO28
$6  Rheocricotopus capensis 158 198 050 1.72 082 7110
72 Bughesiasp nov 075 000 050 089 081 ns
586 Tanytarsussp 1 150 134 0S50 122 oM 7272
83  Psevdopannots macwioss 07s 000 048 0S8 o079 7351
132  Cheumatogsyche thomassed oS 000 048 0%s ore 7430
56  Rheotanytarsus fuscus t 46 21 047 205 077 7s07
52  Faramelnocnemyus scom ~_0s6 033 046 ! 075 75 83
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a2

Breede  Olifants-Berg
No. Species Average Average Average Cumulative
Abundance Abundance Term  Ratio  Percent Percentage
Aphanicerca bicomis 000 056 048 0% 074 7657
138  Afhipsodes bergensis 0sa 000 045 oed 074 N
60 Thienomanniels sp 1 118 100 045 114 on 7804
64 Pencomasp 1 028 080 043 07s on 874
31 Berrasp 2 050 000 042 096 069 7943
5 Stinasp 2 0%0 000 042 086 068 8012
14 Helccwdae sp 4 044 028 042 081 068 80 80
81 Trenemanmela sp 2 000 056 oa 0SS5 0867 81 47
123  Aphancerca fyrets 0Co uw o4 0355 006 82 13
104  Laccocons Amigenus 000 050 o4 0S5 066 827
105  Laccocors spurcus 000 050 o4 0S5 066 8345
122 Aphancerca capensis 0c0 e 04 0SS 068 a4
32 Forcrpormyna sp 1 0C0 °s0 041 085 o¢e 8477
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