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Executive Summary

Executive Summary

Introduction

In a previous Water Research Commission Project (final report 754/1/01 “Assessing the
ccological relevance of a spatally-nested geomorphological hicrarchy for river management™:
King & Schael 2001) invenichrate data were collected from headwater reaches (mountain streams
and foothills) of 17 relatively undisturbed (here called Least Disturbed or LD) sites and 11
disturbed (D) sites in the Western Cape, all sites being located within the Fynbos bioregion. In
cach site up to 12 inveriebrate samples were taken from the full available range of hyvdraulic
conditions (substratum-flow combinations). with ancillany physico-chemical data taken at the
level of sampling area or site. A species list was compiled for each of the LD sites, from its set
of invertebrate samples. These lists were used in multivanate similarity analyses 10 search for
sites that were similar in terms of their invertebrate assemblages. The hypothesis put forward
was that the sites would cluster by geomorphological biological zones. that is. into a mountain-
stream group of invertebrates and a foothill group. Instead, the sites clustered by catchment, with
a second division by channel bed form (bedrock or alluvial). River zone only appeared at the
third level of division. Within any one catchment, with the invertebrate samples dealt with
individually instead of pooled. each sample clustered with others from its site and separate from
those of other sites. These distinctions have been termed catchment and river signatures.

The possible implications of such signatures are wide: traditional management of South African
rivers recognises all headwater systems within any one biome as being essentially the same.
With this reasoning. some rivers could potentially be sacrificed to land and water developments
with the knowledge that other similar rivers remained. The data from King & Schael (2001),
however, suggested that this assumption may not be true and that all rivers may be different. in
ways as vet not understood. The small follow-up project reported on here was thus designed to
investigate the nature and causes of the river/catchment signatures, and to assess if there were
management implications.

The study was a desktop one. confined to additional analvses of the database compiled in the
original project (King & Schael 2001). A number of univariate and multivariate analyvses were
done 10 address the project objectives as listed below. investigating the nature of the species
assemblages. their secondary environmental causes. and the effect of disturbance on catchment
signatures as noted in King and Schael (2001).

Project Objectives

The project objectives. as agreed in the original contract between the University of Cape Town
and the Water Rescarch Commission are summarised below.

I. Explain the nature and proximal causes of catchment and river signatures.
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2. Idenufy, if possible. the underiving causes of the catchment and river signatures.

3. Describe the link between varous hinds of disturbance and the progressive loss of catchment
and river signatures

4. Reach consensus with other researchers on the management implications of the finding of
Objectives | = 3, and transfer the conclusions to the management arcna

5. Assess the influence (if any ) of the selection of sampling points within a site on SASS scores
Validate the present biomonitoring techniques. or suggest modifications if necessan to
enhance standardised sampling

6. Refine the database frameworh (MS Access program interface) for wide user-ship in

scientific and technical management arenas: complete user imerface for casy data access and

additions

These objectives have been addressed in full and are reported on in this document.  Chapter |
provides the bachground and impetus for the rescarch.  Objectives 1 = 3 are addressed in
Chapters 2 - 3, and objective 5 in Chapter 6. Improvements to the database are reported in
Chapter 7. Objective 4 was addressed through a workshop at the University of Cape Town
attended by a select group of research scientists, which is reported in Chapter 8. Conclusions and

recommendations appear in Chapter 9,

Are catchment signatures real or an artefact of the research? (Chapter 2)

The main objective of this chapter was to investigate whether the catchment signatures described
by King & Schael (2001) were an artefact created either by the sampling regime or by the process
used for identifving the inmvertebrates 10 species level. 1t was deemed possible that a bias in the
results could have been brought about by the combinations of habitats sampled in each site: sites
within any one catchment could have had a similar suite of available habitats and this could have
resulted in their inveniebrate samples grouping together.  Altematively. sites'catchments could
have appeared more similar or dissimilar than they reallv were because their invertebrates had
been identified by different stafl. Several permutations of the data set were, therefore. analy sed
in an attempt to detect any possible bias. First. the habitat nypes were standardised for all LD
sites by selecting only those habitats that were common to all sites. The invertebrate assemblages
of these habitat types were re-analysed using hierarchical clustering. multi-dimensional scaling
(MDS) plots and analyvsis of similarity (ANOSIM). Second. the same set of habitat-types was
used. but their imventebrate samples were analyvsed using different combinations of taxonomic
levels (species to family ) and groups (e.g. only the may lies). 1o detect any possible bias in the
data. Through all these permutations of the data, the caichment signatures persisted. Only the
Chironomidac (midges) displayed a weak carchment signature, reflecting their good dispersal
abilities and their ubiquitous presence across the landscape. In summany, the catchment was

shown 10 be the landscape feature that best explained inv ertebrate species distnbutions.

This conclusion supponts the findings of Wishart o7 «l. (2002). who reported that the genetic

structure and flow of selected imverntebrates and fish revealed that carchments in the Fanbos

bioregions of the Western Cape were unique entities.
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That study and this one identify catchment as an important large-scale unit with biological and
ecological significance and. in fact. Wisharnt er o/ (2002) regarded catchments as the best
functional unit for conservation of instream biota.

What characteristics of the data set cause the catchment signatures (Chapter 3)

Investigation of the characteristics of the invenebrate data that produced catchment signatures
revealed that there was no one over-riding cause. It was concluded that the signatures were not
caused by unique species within each catchment, nor by a unique mix of taxa in cach catchment,
nor by unique proportions of the same set of taxa within each catchment. Instead, the signatures
were caused by subtle changes of species within each major taxon group from catchment to
catchment. As an example, of the 11 stonefly species collected in the study. three occurred only
in the Eerste-Molenaars catchment group. one only in the Olifants-Berg group, and the Breede
had a mixture of these species. Those stonefly species in the Eerste-Molenaars group were
shredders. whilst those in the other two catchment groups were deposit feeders. suggesting
fundamenmtal differences in the ecological functioning of the sites.  Of interest was the
maintenance of the basic proportional presence of each major taxon group through all the species
changes: in comparisons of the major catchment groups, for instance. the percentage of the taxa
that were true flies held at 20-44%, whilst stoneflies always contnbuted 4-9%.

Of all the analyses. the only one that eradicated the catchment signatures was that using
functional feeding groups (FFGs). In this analysis, species and morph species of ecach
inveriebrate taxon is replaced by the manner of feeding it employs. This resulted in the samples
re-grouping in a way that coarsely reflected a split between mountain and foothill sites and thus
reflected the more commonly held view that the main division of invertebrate assemblages is
between the various longitudinal zones of the river. The two sets of results described above
suggest that sites in each of the river zones (mountain or foothill) were functioning in a similar
way. with the same proportions of the major invertebrate groups. even though the actual mix of
species differed.

What effect does disturbance have on catchment signatures? (Chapter 4)

Although the original similarity analyses (King & Schael 2001) revealed that most disturbed (D)
sites were distinctly different from the least-disturbed (LD) sites. the subsequent analyses in this
project did not reveal a clear picture of what caused this. Most D sites had similar invertebrate
densities, levels of diversity and species richness 10 the LD sites.  Standard measures used 10
detect differences between reference (LD) sites and D sites. such as % ephemeropterans,
plecopterans and trichopterans (EPT). number of families. *e dipterans and % non-insects, also
did not demonstrate statistical differences. although box plots did show small differences
between the two.

Once again, subtle changes of species. rather than shifts in major taxonomic groups.
distinguished D from LD sites, and the overall impression was that even though the D sites were
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showing visual signs of disturbance. this was not sufficiently intense, except for one or two siles,
to cause major changes in invertebrate assemblages. Thus. an array of disturbances. such as a
picnic area. a dam with downstream water loss. agricultural land and a bull-dozed niverbed ( Table
4.1). did not appear 1o be having a major affect on ecosystem functioning (as judged by
invertebrate assemblages). whilst a dam with a bottom release of ven cold water (Holsloot), and
an infestation of grey poplar (Cecilia) appeared to be more intense disturbances causing the carly

stages of more substantial ecosystem change

What are the underlying environmental factors causing the catchment signatures?
(Chapter 5)

I'he shifts in species in LD sites from catchment to catchment must be caused by underlying
environmental conditions.  Possible environmental candidates are water chemistry. the presence
or absence of fish. biogeographical influences such as wemperature, topography and rainfall, or
paleogeographical influences such as past drainage networks.  These were assessed in terms of
their possible contributions to catchment signatures. The main catchment signatures were caused
by: 1) the Olifants and Berg River sites. which clustered rogether: 2) the Eerste and Molenaars
Rivers sites. which clustered 1ogether: 3) the Breede River sites: 4) the Palmiet River site: and 5)

the Table Mountain sites, which were in different small catchments but clustered together

Water chemistn data from DWAF gauging weirs in all the studied catrchments for which it was
available revealed that regional water chemistry differences did not appear to be a possible cause

of the catchment signatures

Fish can have significant effects on invertebrate population structure and so data from
CapeNature were used to search for possible correlations between the presence of native and
alien fish and the catchment signatures.  The tentative conclusions, based on few data. suggest
that the presence of both native and alien fish playvs some role in the catchment signatures. but

other environmental vanables are also implicated.

One such variable could be the geographical location of sites, The caichments stretch from the
Olifants in the north, to the Palmiet in the south. and to the Table Mountain group in the south-
west (Figure 5.3). The MDS plot of inveriebrate assemblages from LD sites can be re-orientated
to coincide with this geographical layout (Figure 5.4), suggesting that the catchment signatures
may be at least parthy attributable 1o biogeographical distribution pattens. Knowing that the
signatures are caused by species replacing species within each major taxonomic group (Chapter
3 ). these replacements could be a result of some species reaching the edge of their distributional
ranges and being replaced by others. On assessing individual tana, however, some were shown to
be confined to the north or south. or absent from Table Mountain. but the majority were either
wide-spread across the region or scattered, and so again there was no clear picture of species

distributions \‘.m\in\__' the catchment signatures

P;'L-n«;n\cr;nl\hu;«H\ the Olifants and Bere svstems are thought 1o hve once had a common

estuary. and this may have caused their grouping together to provide one catchment signature

I
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Fable Mountain was once an isolated island off mainland Africa. which may accoumt for its
studied nivers — though in different small catchments - sharing a common catchment signature,
At present no suggestion can be made as to why the Molenaars sites clustered with the Eerste
sites rather than with those from the Breede, which is its parent river. Much remains unknown
and unexplained about the causes of the signatures and an exploration of “river capture™ and past
drainage networks is just one avenue of research that could be followed 10 shed further light on
them.

In conclusion. despite some positive correlations and avenues revealed for further research. none
of the analyses reported here provide proof of a single environmental driver for the catchment
signatures. Rather, the signatures appear 10 be the result of complex interactions of many
variables over long geological time.

The effect of sampling point selection and identification on SASS scores (Chapter 6)

The data used in this study were not collected using SASS techniques. They were used. however,
10 assess if the choice of sampling points for a SASS collection could affect the resulting SASS
score. Different permutations of sampling points had litle impact on the outcome in terms of
computed scores, producing essentially the same results as those of Dallas (2001) and fairly
similar 1o Dickens & Graham (2002),

A further outcome of this analysis was the demonstration that a SASS score does not detect
physical degradation of a river, and indeed was not designed to do so, being designed 10 assess
pollution levels. Rescarchers should therefore avoid using SASS as an index of river health in
terms of physical disturbance.

Catchment and river signatures workshop (Chapter 8)

A workshop was held at the University of Cape Town with the delegates being a mix of scientists
and managers. The presenters represented different disciplines in river science: invertebrates,
fish. riparian vegetation and consenation planning. Each came with their own data sets and
suggestions on the nature of catchment and/or river signatures, resulting in a range of ideas on
what caused them. The imventebrate and fish specialists found signatures in biotic data, the
vegetation specialists in a combination of biotic and physical data (species. geology. soils) and
the conservation specialist in purely physical data. It was concluded that biotic river and
catchment signatures do exist and reflect biodiversity at the landscape level. but there was no
clanty on how they form and what they indicate about the functioning of individual catchments.

It was agreed that catchment/river signatures do have management implications. especially in the
Reserve Determination process within South Africa’s current water law. Managers need further
clarity. however, on the validity of these signatures across disciplines and for the rest of South
Africa. Although it is recognised that further research is needed to confirm the nature. validity
and importance of signatures, it was recommended that catchments be better integrated into
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classifications of rivers at the second herarchical level, after ecoregions but before longitudinal

JONCS

In summary. the main conclusions and recommendations from the workshop are as follows

e River and catchment signatures appear to reflect biodiversity at the catchment lTandscape
level,

e Catchments should be represented in river classification svstems at a high level - after
ecoregion but before longitudinal zone

e Conservation targets need to be addressed per catchment. with more than one river consened
per catchment.

e Integration of imvestigations on signatures should occur across disciplines,  This could be
done via a collaborative proposal that used both historical and new field data for a series of
common study sites.

e Catchment and river signatures need to be validated for other pans of the countrny and for
lower rivers. This may require collection of new data combined with analssis of histoncal

species data

General conclusions (Chapter 9)

River and catchment signatures are real. As shown in this project. they are biotic fingerprints of
upper rivers and catchments in the Western Cape, distinguishing each from the others. There is
no reason to believe they do not exist in other pants of South Africa and. indeed. elsewhere
although this remains to be shown. Lower mvers may also have biotic signatures. but as a
majority of lower rivers are considerably degraded the data of natural conditions needed to detect

the signatures may be largely missing

We now know that the signatures are due 1o unmique mines of species per rmver and catchment
from a regional pool of mostly common species. but stll have very hittle understanding of what
caused the specific mines and what their significance 1s.  The signatures do not appear to be
strongly correlated with water chemistry, the presence or absence of native or alien fish,
ssstematic biogeographic species changes across the region or paleogeographic influences,
although all of these seem 10 play some role.  Rather the signatures are probably the result of

complex interactions of the above and other variables over many millions of vears,

Many questions thus remain unanswered to a large degree because we do not have sufficient

understanding of the biology and habitat requirements of riverine species 10 anempt further

interpretation of the signatures data set. Some additional insights hayve emerged however

e  Perennial rivers have more stable aquatic communities than non-perennial ones and therefore
may be expected to have much clearer signatures.  This would make them more amenable to
assessment of whether or not human disturbance 1s attecting them

e  Alien fauna and flora appear to be breaking down the biotic signatures, homogenising at least

fish and plant communities and presumably reducing biodiversin

v
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Rivers appear 10 have abiotic signatures 100: their complex mix of geomorphological.
hydrological. chemical and thermal attributes may be of use to distinguish them from cach
other. The question of whether or not these abiotic signatures are good surrogates for the
biotic ones lies at the heart of the national planning 10 conserve freshwater biodiversity.

The main management implications of river and catchment signatures are as follows,

It cannot be assumed that all rivers within an ecoregion are much the same and thus that a
random sclection of them can be sacrificed 1o development with no implications for
biodiversity. Biodiversity could be being reduced at the community landscape level through
catchments not being recognised as unique entities.

More than one river within cach caichment needs to be conserved at a very low level of
disturbance so that further research on signatures and its links 1o biodiversity has access to
replicate study sites.

The signatures could be used to detect veny carly levels of degradation of sensitive or
important river systems, as it will detect change carlier than standard techniques such as
“SEPT or SASS scores,

With further data collection, the signatures could be used 10 grade and compare different
hinds of disturbance on a scale from negligible impact 1o very severe impact,

Recommendations (Chapter 9)

Recommendations for future work and consideration are as follows.,

The catchment should be high in the hierarchical levels of river classification for biodiversity
management — higher than longitudinal zone ~ because rivers within one bioregion or
ecoregion are not all the same.  Individual catchments within any one ecoregion, bioregion,
geomorphological region or hyvdrological region (whichever is being used 1o partition the
country ) need 1o be represented in any system of conserved rivers.

I'here should be more than one completely undisturbed river in each catchment so that
biodiversity is conserved at the community/landscape level and so that future research on
signatures and its links to biodiversity has access 10 replicate sites per catchment.

Historical records of biotic distributions (such as those at the Albany Museum) should be
used to confirm that river and catchment signatures exist in other parts of the country.

The validity of signatures across disciplines should be researched through a multidisciplinary
rescarch programme.  The catchment should be high in the hicrarchical levels of river
classification for biodiversity using shared study sites. This would strengthen understanding
of their nature and possibly their causes.

Full understanding of why catchments and rivers are biologically distinct will not be possible
without a deeper understanding of the biology of riverine species.  Such rescarch should
become an essential component of all relevant rescarch and consultancy work at an
appropniate level of commitment.

Vil
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Chapter One

1. INTRODUCTION

In a recemt study of the ecological relevance of a geomorphological scheme for river
classification (King & Schael 2001). the data collected on aquatic invertiebrates showed that each
catchment and river had a distinct species assemblage.  The invertebrates were collected from
headwater reaches (mountain streams and foothills) of 17 relatively undisturbed (here called
Least Disturbed or LD) rivers and 11 disturbed (D) rivers in the Western Cape (Table 1.1). Al of
the sites are located within the Fynbos bioregion of the Western Cape (Figure 1.1). In each site
up to 12 invertebrate samples were taken from the full range of hvdraulic conditions (substratum-
flow combinations) available, with ancillary physico-chemical data taken at the level of sampling
area or site (Table 1.2). A species list was compiled for each of the LD sites. from its set of
invertebrate samples. These lists were used in multivariate similarity analyses to search for sites
that were similar in terms of their invertebrate assemblages. It had been expected that the sites
would cluster by geomorphological biological zones, that is. into a mountain-stream group of
invericbrates and a foothill group. Instead. the sites clustered by catchment. with a second
division by substratum (bedrock or alluvial). and river zone only appearing at the third level of
division (Figure 10.4: King & Schael 2001). Within any one catchment. with the invenebrate
samples dealt with individually instead of pooled. each sample clustered with others from its site
and separate from those of other sites. These distinctions have been termed catchment and river
signatures.

The possible implications of such signatures are wide: traditional management of South African
rivers recognises all headwater systems within any one biome as being essentially the same.
With this reasoning. some rivers could potentially be sacrificed 10 land and water developments
with the knowledge that other similar rivers remained.  The data from King & Schael (2001),
however, suggested that this assumption may not be true and that all rivers may be different. in
ways as vet not understood.

This small follow-up project was therefore approved by the Water Research Commission. 10
further investigate the nature and causes of the river'catchment signatures. The study was a
deskiop one, confined 10 additional analyses of the database compiled in the original project. It
focussed on the following main investigations,

The signatures could have one or more direct causes. They could be:
e artefacts of the collecting and analytical techniques:
e real. and due 10 some charactenstic of the species data, possibly:
© unique species in each catchment/river:
© unique combinations from a common pool of species;
© unique proportions of the same or different sets of species.

Outside the actual distribution of species, the signatures must also have one or more indirect

causes. Ihe environmental drivers could be:
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e biogeographical:
e geochemical:

e other

Another finding of the original project was that disturbance affected the caichment (and possibly
river) signatures: D rivers. chosen to represent a range of different disturbances. had lost their
catchment signatures 10 varving degrees depending on the tvpe of disturbance they were
experiencing. A further investigation imsolving D rivers thus focused on the following

e the impact of disturbance on the characteristic species assemblage of a caichment:

o i ditterent hinds of disturbances change species assemblages in different wans:

e the potential for using any trends to help prediction of the impact on rivers of different

hinds of disturbance

Table 1.1. River sites studied between November 1996 and February 1998. The
biological zone was determined from 1:50 000 maps prior to visiting each
site, using the altitude and gradient guidelines of Brown et al (19958). The
catchment each site is located in is given, the sites designated Table Mtn
are each in different small catchments. but located on Table Mountain
The contribution to particular analysis goals is listed under “Purpose”
Modified from King & Schael (2001)

River # River Name Catchment Zone Date Latitude Longitude Purpose
! JanOwses  OWamts Footndl  &Mars7 321338 1845924 Reference Condton
2 Rondegat Owtams Footnill S5-Mar-97 322208 180306 Reference Conation
3 Noordhoek Olrfants Foothill 4.Fed-58 12401) 150408 Dusturbance bulldozng
B Muoe seur Qifarts Footnill SFeo-88 224106 191648 Dmsturbance agrculture
5 Grootriveer Oifares Foothill 4Mar 87 23839 192435 Dsturbance agrc/ road
6 Steandok B-eece Mountan 25-Feb-97 333257 1§0837 Rederence Condtion
7 Wotwesioc! Breece Mourtan 12-Mar-87 333345 180745 Reference Conaton
] Wi Breede Foothill 25FebS7 3335058 150629 Reterence Condton
8 Molenaars Molgraars Footndl 22-Jan-97 334350 180700 Reference Congton
10 Elanas Moleraars Mourtan 13.Feb 97 334402 120858 Reference Condton
1" Elanaspac Moleraars Mouman 24-Jan-87 334538 181008 Referance Conaton
12 Mosioot Breede Foothill 30-Jan-88 335009 121511 Dsturbance Dam
13 Du Tous Breede Mountan BMar§7 335613 191010 Reference Conaton
4 Bakkersk oof Beg Mountan 20-Feb-87 33481) 160248 Reference Conaton
1° Zachanashoek Berg Mourtan 21.Fed57 334539 160213 Reference Condbon
16 Wemmershoes Berg Footnll 22-Jan-88 3351 1 180226 Dmswoance Dam
17 Serg Beg Foothill 15-Feb-57 325824 1504 38  Interbasin transfer
18 Eerste ! Eerste Mountam 15-Jan-97 335037 185837 Reference Condton
1% Langrver Eerste Mountan 17.Jan87 1315516 185802 Reference Conaton
0 Swannoscioo!  Eerste Moyman 13-Jan-§7 3235818 185725 Reference Condton
22 Lourens Lourenrs Foothill 20-Jan-5%8 340400 185401 Dmstubance agncullure
23 Paimet Pamet Mourtan 12Fed-58 0820 150317 Dmiurbance dam’ wer
24 Dwars Pamet Mourtan 3Fed-87 341709 185611 Reference Conaton
2 Dancsuraa Daviaskraal Footnill 29-Jan-97 205 185517 Dsturdance wer’ dam/
retaning walls
28 Window Table Min Mourman 20-Nov-56 335808 182608 Dsturbance dDotanca
garden
27 Nealands Table Min Mountan 13Dec56 235203 182640 Reference Condibon
2 Cecha Ravine  Table Min Mountan Jan-08 335048 182511  Dsturdbance aken trees
25 Disa Table Min Mourtan SJanG8 340025 182131 Reference Conaton
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Figure 1.1 Map of the study sites in the Western Cape, South Africa.
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Table 1.2
(2001).

Data Type |

Summary of data collection methods.

Details are in King & Schael

Description

Flow and substrata mapping

Invertebrate collection

Sample area hydraulic
measurements

Sample area physical data

Discharge measurements
Site-level chemical parameters

Site-level physical assessment

Invertebrate laboratory processing

Each site was delineated with 1apes and substrata ang
flow types mapped (defintions and codes for substrata
types and flow types in Appendix 1
All availabie flow-substratum combinations (hyarauic
habitats) identfied. and invertebrates collected from g
sub-set of each Kick and hand nets with 250pm-mesnh
used for different hydraulic habtats as appropnate
standardised to 2 - 3 minutes sampling at each
Invertabrate samples fixed and preserved in 4% formakn
and |ater transferred to 70% EtOH for storage
Depth. near-ded velocity and 0 6 velccity measured at 2 -
6 points within each sampled hydraulic habitat Froude
number caiculated from depth ana 0 € velocity
Flow-type and substrata (dominant and sub-dommant
degree of embeddedness) for each sampling area
recorded
One discharge transect at each site 0.6 velocity
measured at a minimum of ten points on each transect
Spot measurement of temperature, conductivity, pH andg
water colour at one spot per site
Percent canopy cover, ripanan vegetation type
submergent and emergent aquatic plant cover, moss
cover and local channel features
Samples macro-sorted (by eye) for 1 hr, micro-sorted (with
microscope) for 1 hr. All taxa identified to lowes: practical
evel - ysually species or morph-species Speciaksts
Jsed for type-spacimen or taxonomic group identificaton
anc best resclution for |ID (Appendix 2) Three different
technical sta® identifiec the invertebrates with the bulk
being done by the senor author of this report

Reports on investigations of the above data form the bulk of this report. Chapter 2 summanses
an assessment of whether or not the signatures were an artefact of the scientific techmiques used.
It was concluded that the signatures are real. Chapter 3 details analyses of the faunal data then

undertaken to explain the catchment signatures. In Chapter 4. the effects of disturbance on
catchment signatures are described. Chapter 5 addresses investigations of possible underlying
The

Dickens & Graham

environmental causes of the signatures.  Three small additional tasks are also reported on
influence of sampling point on SASS-tvpe (South Afnican Scoring System
=002) scores (Chapter 61 further development of the database. to make it accessible to other

users (Chapter 7r: and report of a workshop designed to assess the possible wider occurrence, and

implications, of catchment and river signatures (Chapter 8)




Chapier Two
2. CATCHMENT SIGNATURES = REAL OR ARTEFACTS?

2.1 Introduction

Because of the nature of insect dispersal (Minshall 1984: Downes ¢r af. 2000 Wishart ¢ al.
2002). invertebrate assemblages from rivers within a catchment might be expected to be more
similar to cach other than to those from rivers from other catchments. Some degree of similarity
might also be expected. however, from sites across any one longitudinal river zone within a
biome (e.g. mountain streams in the finbos biome) as temperature, altitude and habitat
availability are known to influence invertebrate community structure (Hynes 1970: Southwood
1977 Minshall 1984: Hawkins er al. 1993: D'Angelo ¢r al. 1997: Poff 1996. Townsend et al.
1997). In the King & Schael (2001) study, however, catchment was found to be more important
than river zone in defining the nature of the inveriebrate assemblage: samples from different
zones of LD rivers within one catchment were more similar than were samples from the same
zone across several catchments (Figure 2.1).  In three cases. samples from two caichments
grouped together (Olifants-Berg. Eerste-Molenaars, and Table Mountain) but the pattern
remained clear: samples were grouping by catchments rather than by longitudinal nver zone.
The only exception to the catchment grouping was the Berg River site (B17), which grouped with
the Breede sites. This site is about | km upstream from an inter-basin transfer scheme that brings
in water from the Breede catchment. and this appears 10 be influencing community composition
in the receiving river. In subsequent chapters of this report the Berg River is grouped with the D
rivers,

The objective of the research reported in this chapter was 1o ascertain whether or not the
catchment signatures were anefacts of either the sampling strategy or the process of identification
of the invertebrates.  The sampling strategy could have biased the results if different Kinds of
habitats were more common (and therefore more likely 1o be sampled) in some catchments than
others. The identification process could have influenced results because a number of technical
staff contributed to the invenebrate identifications.

2.2 The nature of the data sets

A summary of the data-collection methods is given in Table 1.2 and details are in King & Schael
2001). Relevant points are summansed here.

Invertebrates were collected in a stratified random approach from the 18 LD sites as originally
described in King & Schael (2001). The bulk of this report recognises 17 LD sites as the Berg
site was removed to the D group. but in this chapter the original 18 are used. At cach site the
sampling points were randomly chosen, whilst ensuring that a wide range of available flow and
substrata combinations were represented. Identifications were made by project stafT 10 the lowest
practical level for cach taxonomic group. with some groups cheched by specialist taxonomists.
Where technical assistants made preliminany identifications, these were checked. coordinated and
standardised 10 minimise discrepancies within the data.  Since sampling was not quantitative,
counts could not be treated as invertebrate densities but could be used in semi-quantitative




analyses by converting them to ratings of abundance. these abundances were then used in the
analyvses as untransformed ratings (Table 2.1)  As the sampling effort at each point had been

standardised by tme the abundance ratngs for difterent sites and habitats could be compared

Eerste-Molenaars

Table Mountain N - 1278
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Figure 21  A. Dendrogram of the 18 sites (as in King & Schael 2001) on LD
rivers, using species-level invertebrate untransformed abundance
rating data derived from up to twelve samples from each site. B. 2-d
MDS plot, with the main groups delineated in the dendrogram
separated by circles. # = site pre-identified as in the mountain zone and
$ as site in the foothill zone. as per Table 1 1. * = site with bedrock as the
dominant substratum (modified from Figure 10 4. King & Schael 2001)
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Table 2.1 Abundance ratings for the invertebrate taxa. From Table 10 1 in King
& Schael (2001)

Rating Numbers of animals
per taxon per site
1
2-6
7=20
21-100
>100

h s W -

23 Testing for a possible habitat bias
Creating the data sub-sets

A standard set of hyvdraulic biotopes was not sampled at each of the 18 LD nivers. because the
nature of the substratum-flow combinations differed to some extent from site to site. This could
have led to bias in the resulting invertebrate data. through sites within any one catchment
possibly tending to have the same Kind of bed and flows. This first series of analyses, then, was
designed 1o assess if such a bias existed in the data.

Initially. the overall number of samples used to represent each site was reduced. from the original
216 linked sets of invertebrate and hyvdraulic-habitat data to a standardised sub-set for each site
based on defined hydraulic eriteria (Table 2.2). Sample points that did not meet these habitat
criteria were excluded.

Table 2.2 Criteria for each sub-set of invertebrate data, based on standardised
hydraulic criteria. Flow type codes and substrata categones are
composites of those defined in Appendix 1. BIG = bedrock and boulder
and MED = large and small cobble

Data Sub-set Criteria for inclusion of a sampling point
Single Flow Type Ko ’
Flow Type Group BPF. SBT. RS, FRF, USW, CAS

Single Flow Substratum FasyBig = CAS/BIG and/or BSW/BIG
Flow Substratum Groups CAS/BIG, RS/BIG, BPF/BIG, RS/MED. SBT/BIG, SBT/MED,

FRF/MED
Near-bed Flow All sample areas with mean near-bed flows of 01 -05ms”’
Froude Number All sample areas with mean Froude numberof 01 =05

The first level of assessment was to identify a Single Flow Type that occurred in cach site’s data
set. The only flow type that qualified was Rippled Surface (RS), which was linked to one 10 six
of the twelve invertebrate samples per site, or 23% of the total number of samples in the data-set
(Table 2.3). The low number of samples for this analysis is not the ideal situation for analysis as
the inherent variability in benthic samples weakens the power of a statistical analysis. A second
approach was therefore adopted. in which samples collected from rare flow Bpes were

-
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chimmated. The combmation of ¢ach indinvidual rare nvpes comprised < S0% of the 1otal number
of samples. leaving the six most common low-tapes (Flow Type Group) for inclusion in the

analvses (Table 2.2). This approach reduced the overall data set by only 18% ( Table 2.5)

Table 2.3 Number of samples, N, of a possible 12 per site, meeting criteria for
use in each data sub-set listed in Table 2.2.

Single Flow Single Flow- Flow- Near-bed  Froude
Flow- Type Substratum Substratum Flow Number
River River Type Group Type Group
# N N N N N N
1 Jan Dissels 6 10 1 7 4 4
2 Rondegat 1 1 1 6 7 6
6 Steenbok 5 11 2 7 8 6
7 Wolwekloof 3 g 2 / 6 3
8 Wit 1 10 0 6 2 1
8 Molenaars - 9 1 8 8 8
10 Elands 4 g 2 7 6 S
11 Elandspad 2 7 3 6 1 3
1 Du Toits 3 1 1 8 4 5
14 Bakkerskloof 1 8 2 6 3 2
15 Zachanashoek 3 9 2 4 6 3
17 Berg 3 12 1 6 5 5
18 Eerste 1 2 10 1 7 5 5
19 Langrivier 1 G 2 6 4 5
20 Swartboskioof 4 10 3 8 7 7
24 Dwars 2 12 3 8 3 3
27 Newlands 2 - 2 7 5 4
29 Disa 2 1 1 7 3 4
Totsl number 49 177 30 119 87 79
used
Percent of total
possible 23 82 14 55 40 37

The next o data sub-sets were based on flow npe substrata combinations. As there was a mix
of alluvial. bedrock. and mined channels represented in the nver sites, substrata were combined
into coarser substratum categories than those of Appendix 1.B so that all the sites remained in the
analyses, The new substratum categories were: BIG (bedrock and boulder): MED (large and
small cobbles). SMALL (large and small gravel). and FINE (sand and silt). As the sampling of
hydraulic biotopes had been random at each site. none of these new coarse substratum categories,
when linked with a single flow type. were sampled at least once in every site. Cascade (CAS)
over BIG substrata scored highest. being sampled at least once in 77% of the sites, but this
excluded oo many sites for a good comparison with the original data set that had produced the
catchment signatures. As the flow-type Broken Standing Waves (BSW) 1s similar in hydraulic
character 10 CAS. it was added 10 the CASBIG samples 1o increase the number of samples
available for use in this permutation. thereby creating a new categony., Fast BIG. for the Single

Flow Substratum analyvsis (Table 2.2). Similar to the Single Flow Type data sub-set. the number

of samples per site was low, and the Wit River site was dropped from the analysis because no
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samples meeting the Fast/BIG criterion were taken. This left 14% of the total number of samples
collected 10 be used for the Single Flow Substratum comparative analysis (Table 2.3). The final
data sub-set based on visual observations was named Flow Substratum Group. It emploved the
same strategy used in the Flow Type Group analysis (Table 2.2). Flow Substratum Group
consisted of seven commonly sampled flow/substratum combinations. thereby keeping 55% of

the total number of available samples (Tables 2.2 and 2.3).

The above data sub-sets were created using flow tvpes. which are a visual classification of flow,
and visually-classified substrata. Two final data sub-sets were thus included. based on measured
hyvdraulic comparisons across sites.  These were: near-bed velocity, as near-bed flows have been
shown to be important 10 macro-imv ertebrate distributions (Davis & Barmuta 1989: Young 1992):
and the Froude number (Fr). which is a dimensionless number based on mean water column
velocity and depth (Table 2.2). Means were calculated for each of these varniables from the two
1o six measurements recorded with each invertebrate sample. The Near-bed velocity class of 0.1
- 0.5 m s was represented in at least one sample from each site (40% of total number of
samples). and similarly, the Fr number range of 0.1 — 0.5 was common 1o 37% of samples. and so
these two classes were used in the ensuing analyses.

Using the data sub-sets to compare invertebrate assemblages from the LD sites

When the sites were compared using the Single Flow Type data sub-set. 40% of the sites showed
no catchment trend in their grouping (Figure 2.2) whilst the remainder grouped into three of the
four main catchment groups shown in Figure 2.1, Rondegat (O02) grouped with other Olifants
catchment sites but the MDS plot showed the groups were not as strong as those of the Ecrste-
Molenaars and Breede catchment groups (Figure 2.2b).

Repeating the same set of analyses for the Single Flow Substratum data sub-sct. a patterm
emerged of some splitting of groups and some minor re-alignment of groups of sites with other
groups (figure not shown). The overall panem showed a much stronger catchment signature than
the first data sub-set.

The next level of exploration was to use the coarser categories that grouped similar flow types
(Flow Type Group) and similar flow type'substrata combinations (Flow Substrmtum Group)
(Table 2.2). This added 1o the number of samples contributing to the composite species list for
each site and increased the power of the overall analysis. but weakened the approach of
comparing like samples with like. Samples from rare conditions, such as fast riffle flow over
SMALL or smooth boundary turbulent over FINE, were also eliminated. The Flow Tyvpe Group
sub-set of data produced a pattern very similar 10 the original one in Figure 2.1 (Figure 2.3). with
the exceptions of the Berg River site (B17). which did not group with the Breede sites. and the
Table Mountain sites (127 and T29). which did not form a group. The three remaining
catchment groups remained intact. their strength indicated by both the cluster analvsis and the
MDS plot.
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I'he data sub-set Flow Substratum Group produced the same pattern as the oniginal one in Figure

(fTeure not shown) except there was no g uping of the tw Table Moumain rivers

When near-bed velocities and Froude number data sub-sets were analy sed the same basic pattem
emerged. The three main catchment groups were created by the Near-bed Flow data sub-set |
with a few sites not included in their usual or anv other group (figure not shown The same

pattern ¢merged from the Froude number sub-set (Figure 2.4). with the same three mamn

groupings. The Wit River (ROS) was represented by only one sample of its melve. which could

account for its separating out so markedIv from the other sites
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Figure 22 A. Dendrogram of the 18 sites on LD rivers, using species-level
invertebrate data in the Single Flow Type sub-set. B. 2-d MDS plot,
main groups identified in the dendrogram separated by circles. # =
pre-identified as a site in the mountain zone and $ as a site in the foothill

1.1 * =site with bedrock as the dominant substratum
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Figure 2.3 A. Dendrogram of the 18 sites on LD rivers, using species-level
invertebrate data derived from the Flow Type Group data sub-set. B.
2-d MDS plot, with the main groups identified in the dendrogram
separated by circles. # = pre-identified as a site in the mountain zone
and $ as a site in the foothill zone, as per Table 1.1. * = site with bedrock
as the dominant substratum

ANOSIM results testing the hypothesis that the invertebrate data group sites by catchment (as in
Table 1.1, not catchment groups) showed the persistence of catchment signatures. All tests were
significantly different to random permutations of the data at a P < 0.05 (Table 2.4). The data sub-
sets Flow Substratum Group and Near-bed Flow produced the best match with catchments, with

Il
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the Flow Sustratum Group being closest 1o the original ANOSIM of King & Schael (2001) for
the species-level ANOSIM test of R = 0,75, The Single Flow Type Group had the lowest R-
value (and thus produced the weakest catchment pattern) of any of the sub-sets. probably due 10
the low numbers of samples. Although the the Flow Type Group and Froude Number data sub-
sets produced similarits matrices that were strongly similar 1o the orginal one. they had lower
ANOSIM Ravalues than the Flow Substratum Group and Near-bed Flow (Table 2.4). This
demonstrates that the catchment groups (1.e. Eerste-Molenaars) were actually stronger in those
data-sets than single catchments. with the reverse holding true for the Flow Substratum Group

and Near-bed Flow data sub-sets.

Table 2.4 Comparison of the similairty matrices produced using the data sub-
sets with the original one using ANOSIM. R = 1 represents a complete
match. and R = 0 represents no match to ether the onginal similanty
matrix or catchment designation All P-values were < 0.05 therefore the
test data were significantly different from random sample permutations  *
= a modified comparison, with the Wit River not represented as there
were no samples from this river that met the criterion. FT = Flow Type FS
= Flow Substratum, NB = near-bed, Fr = Froude

}\nalysis Type R-value

Single FT 0.30
Single FS* 053
FT Group 0.50
FS Group 0.70
NB Flow 069
Fr Number 045

In summary. using different permutations of the available physical data. the catchment signature
found in King & Schael (2001) persisted.  The three main groupings (Breede. Eerste-Molenaans
and Olifants-Berg) occurred in every analvsis 10 at least a basic degree. Sites that moved in and
out of groups in the different anals ses. such as Elandspad (M11) in the Eerste-Molenaars and Wt
(RO8) in the Breede. did not have strong links with groups in the initia]l analvsis.  The few
samples contributing to the overall taxonomic list for the Single Flow Type and Single Flow
Substratum Group data sub-sets had a sigmificant eftect on the R-values in the ANOSIM analy sis.
These analyvses were 100 dependent on one or Two samples per site being entirely representative
of the site, whereas the natural vaniability of invertebrate species distributions is high (Chutter
1972) and more samples would realistically be needed 10 adequately represent the sites. Despite
this. there was a good relationship between the original similarity matnix and those from the data
sub-sets. particularly from the composite sub-sets as these included more samples.  The Flow
Tape Group sub-set produced a similaritn. matrix that was & vens good match with the original
one: most probably due to the fact that the overall sample reduction was only 18%. The most
evenly distributed and well represented data sub-set was Flow Substratum Group. which retained
$3% of the onginal samples. The data sub-sets of hydraulic measurements showed the same
overall pattern, with the three main catchment groups still combined, but with two sites in each

analvsis represented by o or fewer samples.  These poorly represented sites had the most

tenuous hinks with thewr ongmal groups.
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Figure 24 A. Dendrogram of the 18 sites on LD rivers, using species-level
invertebrate data derived from the Froude number data sub-set. B.
2-d MDS plot, with main groups identified in the dendrogram
separated by circles. # = pre-dentified as a site in the mountain zone
and $ as a site in the foothill zone. as per Table 1.1. * = site with bedrock
as the dominant substratum
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24 Testing for a possible taxonomic bias
Creating the data sub-sets

The objective of this second group of analyses was 1o explore whether the catchment signatures
could have been produced through faunal wdentifications having been undertaken by a senes of
different people. sometimes with different techmicians concentrating on different catchments. In
contrast o the last group of analvses. all twelve samples from a site were used, and instead

selected wasa were excluded from varous analyses.

Initially. the original data set of 372 tana was used 10 create data sub-sets of different taxonomic
character ( Table 2.5). The first sub-set was INSECTS. because the non-insect groups were less
likely to have been identified further than family, constituted only 6% of the taxa identified at all
sites. and occurred in the lowest numbers. From the INSECT sub-set. the Coleoptera were then
removed 1o produce the NO COLEOPS sub-set. because they represented the taxonomic group of
lowest consistency in identification,  One technician involved in their identification for some
catchments was an expert in that taxonomic group and the others were not and so. although type
specimens were compared and identifications reconciled. Coleoptera still represented a possible
source of identification bias. The Simuliidae were also removed from the NO COLEOP sub-set
because they were not identified 10 species due to loss of some samples (and the car they were

mn)

I'he DEPT sub-set was created because the dentification confidence was high and these four
groups tend to be important in bicassessments.  The following subssets in Table 2.5, of singhe
orders or families. were used because they represented vaning degrees of identification
confidence (high: Ephemeroptera. Diptera. Plecoptera and Trichoptera: low: Coleoptera) and
might allow any possible identification bias 1o be narrowed down 1o specific orders or families
Ven high levels of confidence were awarded to the Baetidae sub-set (all individuals identified to
species lesel by one person) and the Chironomidae sub-set (identified to genus. and 1o species
where possible. by the project team. and evens specimen verified by a specialist in this taxonomic
group) (Appendin 2).  The last data sub-set (DISCRIM) was created from taxa identified by
PRIMER as “top discriminators” between sites within each catchment group (King & Schael
2001). Each carchment group had been compared 1o the others using the routine SIMPER in
PRIMER. producing a list of all taxa that made a large contribution (2 2 average dissimilarity to
standard deviation ratio given in results of SIMPER) 1o their dissimilarity.  These taxa may be

seen as the drivers that separate the sites into catchments

The DISCRIM data sub-set became the basic taxon list for the second set of taxonomic analy ses
(Table 2.6). which was designed to ascertain which orders were most influencing the catchment
groupings. Initially. orders were ¢liminated. beginning with the non-insect orders, 10 produce a
sub-set DINSECT. Al insect orders except the main ones were then eliminated (MAIN
ORDERS). and then each of the main orders in turn to produce six more data sub-sets (Table

-

2.6). Two non-insect data sub-sets were also created
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DISCRIM was used again to create data sub-sets based on perceived dispersal capabilities. It
was hypothesised that those taxa able 1o disperse well as adults would be least likely 1o contribute
toward catchment signatures, whilst those with no aerial life stage or with poor flving ability
would tend to remain within a system and thus contribute strongly 1o catchment signatures.

Table 2.5 Sub-sets of the original data set for the investigation of possible
taxonomic bias, using all 372 taxa.

Taxon Group Composition of group No. Taxa
INSECT Insects only, all non-insect taxa removed 244
NO COLEOPS  Insects, no Simulndae, no Coleoptera 313
DEPT Diptera (no Simulidae), Ephemeroptera. Plecoptera, Trichoptera 232
EPHEM Ephemeroptera only 48
BAETID Baetidae (Ephemeroptera) only 21
LEPTO-TELO Leptophlebiidae and Teloganod«dae (Ephemeroptera) only 19
CHIRON Chironomidae (Diptera) only 67
COLEOP Coleoptera only 50
ELMID Elmidae (Coleoptera) only 18
PLECOP Plecoptera only 10
TRICHOP Trichoptera only 54
DISCRIM Top taxa that discnminate between catcfw_v_\_e-nt groups 136

Table 2.6 Sub-sets of the original data set, for the investigation of possible
taxonomic bias using the top discriminating species (DISCRIM) list.

Taxon Group  Composition of group No. Taxa
DINSECT Insects only, all non-insects excluded 124
MAIN ORDERS Coleoptera. Diptera, Ephemeroptera, Odonata, Plecoptera, Trichoptera 114
DNO COLEOPS Al taxonomic groups except Coleoptera 110
NO DIPT All taxonomic groups except Diptera 118
NO EPHEM All taxonomic groups except Ephemeroptera 100
NO ODON All taxonomic groups except Odonata 127
NO PLECOP All taxonomic groups except Plecoptera 127
NO TRICHOP All taxonomic groups except Trichoptera 120
NON-INSECT1  Only non-insect taxonomic groups 13
NON-INSECT2 Non-insect except Cladocera, Copepoda, Ostracoda 10
GOOD Good dispersers. Odonata and Diptera 46
MEDIUM Medium dispersers Ephemeroptera Plecoptera, Trichoptera 43
BAD Bad dispersers. Coleoptera, Hemiptera, Non-insects 48
MED+BAD Medium and bad dispersers 91

Using the data sub-sets to compare invertebrate assemblages from the LD sites

The different taxonomic data sub-sets produced an overwhelmingly similar pattern of catchment
groupings 1o the original data set (Figure 2.1), with just a few already tentatively linked river sites
uncoupling from their original groups. Since the dendograms and MDS plots for the data sub-
sets are 5o similar. selected representatives of these analyses are given (Figures 2.5 - 2.8), along
with mention of specific characteristics of the other analyses.

15
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I'he INSECT data sub-set cluster analyvsis (Figure 2.53) showed a close similarity 10 the full data
set (Figure 2.1a). with the exception of the o Table Moumain sies, which did not group
together, and the Berg River site (B17). which did not group with the Breede sites. The best
match in the dendrogram and MDS plot patterns (Figure 2.6) was produced by DISCRIM. which
is not unexpected as this sub-set of data was created using the taxa that best discriminated
between catchment groups. NO COLEOPS. COLEOPS and DEPT all produced similar panerns
to the original data where the catchment groups remained intact. with the Dwars (P24). Berg
(B17). Wit (RO8) and Elandspad (M1 1) switching positions and moving in and out of the various
groups (figures not shown). In the NO COLEOPS group. the Elandspad (M11) and Dwars (P24)
formed their own small group. most probably due their bedrock channel tvpe. Once again, the
lable Mountain rivers separated from the three other main groups. The ELMID group showed a
weakening of catchment groups. with the Breede sites interspersed among the other groups. the

Eerstie-Molenaars group losing a few sites. and the Olitants-Berg without one Berg site

I'he EPHEM and CHIRON analyses showed greater differences to the onginal similaritn matrix
than the above analyvses. but the main catchment groups remained intact in the EPHEM analysis,
with the Table Mountain rivers grouped (62% similarity ) and the o bedrock mountain streams
grouped at a 45% similariny (Figure 2.7). The Eerste-Molenaars group included the Berg (BI17)

and Wit (ROR). whereas the Olifants-Berg group and the core Breede group remained the same

he CHIRON data sub-set produced a differemt outcome 1o all the previous ones (Figure 2.8)
Fhe catchment groups were not evident. with the exception of the Olifants-Berg group that
remained intact but with the addition of o Breede sites (R13 and R06). The only other link to
the original groups was tenuous: a Molenaars group was presenmt that included one Eersie (E20)

and one Breede site (ROT). The remaining sites did not form any groups

Fhe remaining taxonomic levels, order and family-level groups BAETID, LEPTO-TELO.
PLECOP AND TRICHOP. produced catchment groupings on a gradient from that of the EPHEM

sub-set 1o that of the CHIRON sub-set. There were some remnants of catchment groups. but the

catchment signatures started 1o disappear at R-values < 0.6
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Figure 25 A. Dendrogram of the 18 sites on LD rivers, using the INSECT data
sub-set derived from the twelve samples at each site. B. 2-d MDS
plot, with the main groups identified in the dendrogram separated by
circles. # = pre-identified as a site in the mountain zone and $ as a site
in the foothill zone, as per Table 1.1. * = site with bedrock as the
dominant substratum
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Figure 26 A. Dendrogram of the 18 sites on LD rivers, using the top
discriminator (DISCRIM) data sub-set derived from the twelve
samples at each site. B. 2-d MDS plot, with the main groups
identified in the dendrogram separated by circles. # = pre-dentfied
as a site in the mountain zone and S as a site in the foothill zone, as per
Table 1.1 * = site with bedrock as the dominant substratum
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Dendrogram of the 18 sites on LD rivers, using the species-level
Chironomidae (CHIRON) data sub-set. # = pre-identffied as a stte in
the mountain zone and $ as a site in the foothill zone, as per Table 1.1.*
= site with bedrock as dominant substratum. + denotes onginal group
plus other sites.
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Despite the weahening pattern of catchment signatures within the plots, the ANOSIM results
showed that all of the taxonomic sub-sets had a significant correlation with catchment (Table
=.7). even though the pattern of catchment or catchment groups was not ev ident from the cluster
and MDS plots. The strength of the relationship was dependant on the tasonomic level or group
used. with DISCRIM scoring highest. Not surprisingly. the DISCRIM taxon showed an even
stronger correlation with catchment than did the onginal data set (R-values of 0.81 and 0.75
respectivelv). Once again the CHIRON group had the weakest relationship 1o catchment with

LEPTO-TELO and the order-level identification also low.

Table 2.7 Analysis of Similarity (ANOSIM) R-values at a P < 0.05 level
comparing catchment designation to taxonomic level or
composition of each site.

Ta;on Level R-value Taxon Group R-value Taxon Group R-\}alue

Phylum 044  INSECT 057  CHIRON 0.22
Class 051  NOCOLEOP 057 | COLEOP 061
Order 039  DEPT 0S8  ELMID 050
Family 045  EPHEM 057  PLECOP 0.43
Genus 088  BAETID 047  TRICHOP 058
Species 075  LEPTO-TELO 032  DISCRIM 0 81

I'he same set of analvses was completed for the different taxonomic groups derived from the
DISCRIM list of species (Table 2.6). using ANOSIM. Al but the NON<INSECT! and NON-
INSECT2 groups and GOOD dispersers produced very similar matrices to both the DISCRIM
and ongmal data sets. As such. the dendrograms and MDS plots are not shown because they do
not differ greatly from Figures 2.1 and 2.2, There was a tendency for sites that are not strongly
affiliated within their onginal groups to leave and either become isolated or join other groups. as

was seen in the habiit-standardisation analy ses,

Fhe GOOD disperser group and NON-INSECT! (Figures 2.9 and 2.10) illustrate the weakest
demonstrations of catchment patterns.  The GOOD dispersers were expected to exhibit a weaker
catchment signature. as the taxa within this group are ubiguitoushy distributed. The GOOD data
sub-set produced ™o broad groups of sites. one consisting of the Eerste-Molenaars with the
addition of some Breede and Berg sites, and the other a min of Olifants-Berg and Breede sites
(Figure 2.9). The Table Mountain sites. Palmiet and one Breede site were not part of any group.
Fhe NON-INSECT groups were also not expected to show a catchment signature because the
level they were identified 10 was coarse. but there was evidence of carchment groupings in NON-
INSEC T similar to that of the GOOD dispersers (Figure 2.10). There was a Breede group with
one Eerste and one Berg site. and then a larger Eerste-Molenaars group with the Table Mountain
and Palmeet sites interspersed. The Olifams-Berg group was largely imact. with one site

excluded

The ANOSIM results tests if catchments within the imvertebrate data showed similar results as

the dendrogram and MDS plots. where the relationship was significant for all tests and ranged in
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strength (Table 2.8). All tests had R-values > 0.75 with the exception of GOOD, NON-INSECT]
and NON-INSECT2. The catchment signature still persisted. even if weakly. throughout each

taxonomic group.

Table 2.8 Analysis of Similarity (ANOSIM) R-values at a P < 0.05 level for each
different taxonomic group used in the DISCRIM data set tests.

Taxon Group R-value  Taxon Group R-value
MAIN ORDERS 0.80 NO TRICHOP 0.83
DINSECT 0.79 NON-INSECT1 0.39
DNO COLEOPS 075 NON-INSECT2 0.38
NO DIPT 083 GOOD 0.58
NO EPHEM 084 MEDIUM 0.76
NO ODON 083 BAD 077
NO PLECOP 080 MED+BAD 084

Standardisation of the data. and use of taxonomic groups that were confidently wdentified and
verified, has supported the validity of the catchment signatures. The main catchment groups held
fast with evenn analvsis except the CHIRON data sub-set, where only the Olifants-Berg group
remained strong. The conclusion was reached that the catchment signatures are not an anefact of
identification procedures.

25 Discussion
Habitat standardisation

Refining data sets by standardising the habitats from which samples were collected demonstrated

that catchment signatures were not caused by a bias in sampling strategy.

Although the results of each comparison were not a perfect match to the original data set. they all
retained the pattern of three main catchment groups demonstrated in King & Schael (2001).
When all sampling points from cach site were included the signature was stronger, however,
indicating the need for sufficient samples 1o truly represent the species assemblage at any site.
Many studies comparing invertebrate community structure at different scales tend 1o sample one
habitat type consistently, usually a riffle (Hawkins o7 @l 1993: Townsend er of. 1997: Feminella
2000; Gerritsen ¢f al. 2000: Hawkins & Vinson 2000). These studies then effectively become a
comparison between riffle species assemblages across different rivers, regions or landscapes,
rather than a comparison of whole-site invertebrate assemblages. Feminella (2000) hy pothesised
that sampling a wider range of habitat types would actually enhance differences between regions
and between different landscapes. a prediction borne out by this study

In addition 10 testing possible bias in the sampling strategy. the analyses of standardised habitats
highlighted the effect of reduced sample size. The correlation between the results using the data
sub-sets and those using the original King & Schael (2001) data set increased with the number of
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samples in the sub-sets. The data sub-sets with < 3 samples per site had the weakest comparison
with the original matrix. while those with an average of > 7 had the best comrelation.  There is a
hnown effect of sample size on its representativity of the species assemblage of a site (Feminella
2000: Li er al 2001). which could affect the power of multivanate analyses (Clarke & Warwick
1994). Lier @l (2001) found that a minimum of six samples at each site should be tahen w0
decrease the overall vanability of a data-set. They also found that four 10 eight new taxa were
added to a species list for a site with cach additional sample up to five samples. after which cach
additional sample increased the number of new taxa by one or two. Results reported here suppon
the need for six or more samples 1o best represent a site. Regardless of the number of
imvertebrate samples or habitat npes used. however, the pattern of the sites grouping by

catchment was still apparent ( Table 2.8)

Taxonomic standardisation

Identification of taxa by different technicians did not create the catchment signatures, Sub-sets of
taxonomic data were created in this project to limit any possible bias, and cach sub-set. with the
exception of CHIRON, showed the same result as the onginal data set of invertichrate
assemblages clustering by catchment.  CHIRON (Chironomidac) discriminated least between
sites, perhaps because of the lack of local endemism of these midges (Harmson 2002). Of the
seven major sub-families of chironomids known in southern Alnica, only one is endemic to the
region (Aphroteniinae) as a Gondwana relic. and the rest are widespread throughout Africa and
the world (Harrison 2002). Differemt chironomid species are quite indicative of different local-
scale habitats (i.e within-site differences). and are probably more usefully used for that purpose
than for distinguishing larger-scale landscape features (i.e. between-site differences) as in this
project.  They were thus probably not a suitable group with which to test the influence of

identification bias on catchmem signatures

The level of taxonomic resolution 1s an important consideration for all studies of biological
assemblages. A species-level approach is thought 1o have the best chance 10 detect differences
among sites for bioassessments and for linking landscape-feature classifications of sites 1o
imvertebrate assemblages (Cranston 1990: Resh & McElravy 1995 Feminella 2000: Hawkins &
Vinson 2000). Taxonomic resolution at the family Jevel is common in most biomonitoring
programmes. however, as it is most cost effectine and time efficient (Downes ¢r /. 2000;
Feminella 2000: Boyero & Bailey 2001: Dickens & Graham 2002). Some studies have found
that identifications to famils-level have vielded as much information as species-level data
(Downes e al. 2000). Others have shown that even though the pattern of assemblage
distributions was the same at family and species levels, it was stronger and more clearly defined
at species level (Feminella 2000). In the King & Schael (2001) study. higher taxonomic data
such as for phylum. class and family did not produce obvious catchment signatures. |1 species-
level data had not been available. the signatures would have not been detected from the higher-
level analvses. Unlike previous studies. the familyv-level taxonomic identification did not vield

even the second best relationship between taxa and carchment

-
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each site. B. 2-d MDS plot, with the main groups identified in the
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plus other sites.
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Figure 210 A. Dendrogram of the 18 sites on LD rivers, using the NON-INSECT1
data sub-set derived from the twelve samples at each site. B. 2d
MDS plot, with the main groups identiﬁed in the dendrogram
separated by circles. # = pre-dentfied as a site in the mountain zone
and $ as a site the foothill zone, as per Table 1.1 * = site with bedrock as
the dominant substratum. + denotes original group plus other sites
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There are alternatives 10 using taxonomic levels 1o analyse similarities and difference between
sites as was done in this project. Richards er @/ (1997) used species traits or metrics such as
diversity rather than species assemblages. abundances and presence’absence data.  Life-history
traits can be good metrics as they are an adaptive response to environmental conditions and can
transcend bioregions, and they are not biogeographically constrained (Richards 7 ol 1997),
Species traits or metrics have been used in several studies as surrogates for species 1o describe
how invertebrates can be described in terms of their environment at both large landscape levels
(Vannote er al. 1980; Statzner ef af. 1988: Statzner of /. 1997: Townsend e al. 1997; Li e al.
2001: Roy et al. 2003) and smaller scales (Gore & Judy 1981: Armitage er @/ 1995: Downes er
al. 2000; Lancaster 2000. Weigle 2003 Yuan & Norton 2003). Life-history traits were
considered in the project reported here as an altermative analytical approach, as they could avoid
the possibility of bias or biogeographic constraints, but there were two problems with this. First,
there is insufficient knowledge of life-history and habit traits of South African riverine
inveriebrates 10 allow all the animals to be represented accurately. The approach would not
necessarily require any less effort in terms of time and costs than identifving taxa 10 species or
morph-species, and might be less accurate due to this poor background knowledge. Second. in a
study of only one biogeographical region, differences between sites might not have been
sufficiently great for traits or metrics 10 have distinguished between zones and meso-habitats.

2.6 Conclusion

In their 2001 study King & Schael had selected sites to suit a different research objective and. not
expecting a partern of catchment signatures. had not distributed the sites evenly between
catchments. Ideally, for this project on validating catchment signatures, the sites should have
been distributed evenly between catchments. and between zones (mountain or foothill) within the
catchments (Table 1.1). As an example, the Eerste catchment was represented by mountain sites
only, the Olifants catchment was represented only by foothill sites, and the Breede and Berg
catchments each had only one foothill site. In multivariate analyses. single sites or unique sites
within a sea of similar sites tend 10 *float” around and create what could be artificial links with or
separations from groups (Clarke & Warwick 1994). If a similar study was to be undertaken in
future. it is recommended that all potential sites have zones assigned @ priori so that there is a
balanced number of sites per zone within each catchment of interest. Second. a minimum of
three sites per zone per catchment would greatly enhance the strength of the analyses. Finally,
standardising a set of habitat types to be sampled within each site. with equal sampling effort.
would aid statistical comparison of sites,

The main objective of this chapter was to investigate whether the catchment signatures described
by King & Schacl (2001) were an artefact of a bias in either the sampling regime or taxonomic
identification process. Through all the various permutations of the available data. the catchment
signature  persisted.  independenmt of taxonomic  resolution and despite standardising the
invertebrate data by habitat. In the examination of each data sub-set, it was shown that caichment
is the landscape feature that can best explain invertebrate distributions. This has been recognised
before (Hynes 1970), but the widespread use of catchments or other landscape features as

management 100ls is more recent.
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Chapuer Three

3.  CATCHMENT CHARACTERISTICS OF INVERTEBRATE
SPECIES ASSEMBLAGES

31 Introduction

Accepting that catchment and river signatures are not an anefact of the collecting and analytical
processes followed (Chapter 2). possible causes for them must be sought within the data set
I'hree possible causes are:

® unique taxa within each catchment group:

® unique proportions of the same set of taxa within each catchment group:

® unique combinations of taxa within each catchment group.

Each of these possibilities is explored below. To recap. the data set consists of invertebrates
collected from Cape mountain streams and foothills during two consecutive summers and
identified to species or “morphological species’. with a few Non-Insects distinguished to family

level.

32 Unique taxa

Two considerations are relevant to this analysis.

First, the analysis is limited 1o the invertebrate data for the 17 Least-Disturbed (1LD) rivers in the
King & Schael (2001) data set. as it is from this that the catchment and river signatures emerged.
Some taxa shown as unique to one catchment group in this data set are known not 1o be so - they
have been collected in other catchments at other times, This fact does not negate the existence of
the signatures, but the details of who contributes what to the signatures could change slightly
with analysis of a more comprehensive regional data set such as the distribution records held at
the Albany Museum.

Second, fewer LD rivers were sampled in some catchment groups than in others. This occurred
because study sites were chosen for another purpose (King & Schael 2001) that did not ensure
equal numbers of nvers per catchment. The number of LD rivers per catchment group was:

e Olifamts-Berg: 2+2=4

e Eerste-Molenaars: 3 +3=6

* Breede: 4

¢ Table Mountain: 2

e Palmiet: |

The term “catchment group” is used instead of “catchment’, as six catchments grouped into three
pairs (Olifams and Berg: Eerste and Molenaars: and Disa + Cecilia (Table Mountain))
Investigations of why they grouped are reported on in Section 3.5,
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A composite taxon hist for each of the 17 nivers was used to search for the unique taxa. that s, for
taxa that occurred in one or more rivers in one catchment group but not in any other catchment
group. It 1s probable that Table Mountain and Palmiet are under-represented in terms of taxa
because of the few rivers sampled. and inclusion of more rivers from these arcas might have
increased the number of taxa recorded for their catchment groups and thus decreased the number

of taxa presently shown in the data set as unique to other catchment groups

Of the 372 taxa recorded in LD nivers. 172 (46%) occurred in only one catchment group ( Table
3.1). Diptera. Trichoptera. Ephemeroptera and Other Insects (mostly Hemiptera and Odonata)
accounted for most of the single-catchment numbers. The Non-Insect group barely featured. with
onlv eight single-catchment entries. Of these eight, six were worms or planktonic forms. The
results were against expectations, as insects had been presumed 10 be fair 10 good dispersers and
thus were expected to be largely shared across catchments, whilst non-insects were assumed to be
poor dispersers and thus more likely 10 be restnicted to a single catchment.  The reason for the
apparent mobility of the non-insects may be one of identification: many of them were identified
to genus or familv. and there 1s a higher likelihood of shared taxa at this level than if the
identifications had been to species. This does not explain, however, the few shared taxa among

the Insect groups. which is discussed further below

Table 3.1 Taxa occurring in only one catchment group, and the percentage
that this represents of all taxa in their taxon group. Numbers
extracted from full taxon list for all LD rivers. OB = Olifants-Berg. EM =
Eerste-Molenaars, TM = Table Mountain

Taxon gr;mp OB EM Breede TM Palmiet Total % notshared

Ephemeroptera 14 G 1 1 2 27 56
Plecoptera 0 1 0 0 0 1 10
Tnchoptera 13 16 0 1 1 3 80
Diptera 6 25 10 10 1 52 <4
oleoptera 6 8 1 3 0 18 33
Other Insects El 10 4 10 2 35 31
Non Insects 3 2 0 3 0 8 14
Total 51 7 16 28 6 172
Ave. per group 13 12 3 14 6

In terms of the percentage of taxa in each Insect group that occurred in only one catchment
group, the Ephemeroptera (56%) and Trichoptera (60%6) scored highest (Table 3.1), indicating
the least sharing of taxa between catchments. The Plecoptera had the highest proportion of
shared species (90%c). although 1t 1s difficult 10 assess how much the figure is influenced by the
comparativelys few plecopteran taxa, In the opinions of the authors of this report. and of Dr Mike
Picker (Plecopteran specialist. Zoology Department. Universitn of Cape Town. pers. comm. May
2003, the Plecoptera are likely to be the poorest of the three orders in terms of dispersal abiliny,

and so their greater level of shared species cannot be explained by better mobilitn. Compared

with the Plecoptera, however, the Ephemeroptera and 1 nchoptera have few proportions of shared
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taxa. and if this is not due 10 poorer mobility then perhaps it is linked 10 them being more
selective of catchment. This topic is re-visited in Chapter 5.

A further feature of Table 3.1 is the large number of unshared taxa in some catchment groups
compared 1o others. In absolute terms, the Eerste-Molenaars had considerably more unique taxa
(71) than any other caichment group.  As this number might have been a product of the many
rivers sampled in this catchment group. an average number of taxa per river was also calculated
for each catchment group (Table 3.1). This lefi the Eerste-Molenaars, the Olifants-Berg and the
Table Mountain catchments groups with roughly equal scores (12-14). whilst the Breede trailed
as the catchment with by far the fewest unique taxa (3).

Many of the unique taxa occurred as one to many individuals in only one river. A total of 117 of
the 172 unique taxa occurred in this way (Table 3.2) with, for instance, the Ephemeroptera
having three taxa recorded as a single individual in a single river and |1 taxa recorded at higher
abundances but still in only one river. these taxa would not be present in a SIMPER analysis, for
example. These taxa were 6% and 23% respectively of all the ephemeropteran taxa in the data

sel.

Table 3.2 Number of taxa occurring in only one river, and expressed as the
percentage of all taxa in that taxon group.

One river, > 1 % One river, one

Taxon group individual individual =~
Ephemeroptera 1 23 3 6
Plecoptera 0 0 0 0
Trichoptera 15 28 6 1
Diptera 23 19 16 13
Coleoptera 4 7 4 7
Other Insects 16 28 14 24
Non Insects 2 7 3 1

Total 7 45

In order 10 assess the extent 1o which these single occurrences could be responsible for the
signatures. the analysis was repeated using a Top Discriminator list compiled from the PRIMER
catchment dissimilarity runs (Appendix 3 for taxa). This list was compiled from the 1axa that
contributed the first 25% 1o the dissimilarity when any two catchment groups were compared.
when sonted by Dissimilarity'Standard Deviation, or in other words when ordered in terms of
how well they discriminated between the compared groups (Table 3.3). The total number of Top

Discriminator taxa was 115,

Only ten of the 113 taxa in the Top Discriminator list were unique 1o one catchment group. The
Ephemcroptera. for instance, fell from 27 unique taxa in the 1otal taxon list (Table 3.1) to only
three in the Top Discriminator list (Table 3.3). The Breede catchment had no unique species in

the Top Discriminator list,
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Table 3.3 Taxa in the Top Discriminator list that occurred in only one
catchment. Numbers extracted from Top Discriminator list for all LD
rnvers. OB = Olfants-Berg. EM = Eerste-Molenaars, TM = Table
Mountain

Taxon group oB ;EM_ Bre:de _TM _i’alr;et T_otal_

Ephemeroptera 1 0 0 0 2 3
Plecoptera 0 1 0 0 0 1
Trnchoptera 0 0 0 1 2
Diptera 0 C 0 0 0 0
Coleoptera 0 0 0 2
Other Insects 0 0 0 2 2
Non Insects 0 0 0 C 0 0
Total 1 3 0 1 5 10

As a tinal test, the PRIMER dissimilanity analvsis was repeated with all taxa that occurred only
once removed. The catchment signatures remained. with only minor changes. The Dwars (P24)
joined the Breede group rather than remamning on its own. but all other groups remained as

reported in King & Schael 2001 (Figure 3.1)

T2
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0028
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Table Mountain

Eerste-Molenaars
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Figure 3.1 Dendrogram (no transform) of the 17 sites on LD rivers, using
species-level rated abundance data of invertebrates derived from
twelve invertebrate samples at each site # = pre-cgentified as
biological mountain zone and S as a brological foothill zone. An * denotes
those streams that have bedrock as therr dominant substratum
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In summary. these analyses suggest that unique taxa are not the cause of the catchment or river
signatures.  The percentage of them represented in the Top Discriminator list is extremely low
(8.8%) and one catchment group cannot be distinguished at all in terms of them. Many more
unique species with very rare occurrences were in the total list. but their removal from the

analvsis also did not erase the signatures

33 L nique proportions of the same set of taxa

If the catchment signatures are not due 10 unique taxa per catchment group, then could they be
caused by unique proportions of the various taxa? In the original analyses (King & Schael 2001).

the signatures were revealed using untransformed abundance ratings (Table 2.1).
The PRIMER analysis was re-run using Presence’Absence data instead of rated abundances.,

thereby giving each taxon equal weight. The results were much the same - the catchment
signatures remained (Figure 3.2).

Table Mountain

Breede - RO7H

Eerste-Molenaars Moss

Olifants-Berg 002%
0 1.o 20 30 40 50 60 70 00 90 100
Bray-Curtis Similarity

Figure 3.2 Dendrogram (presence/absence) of the 17 sites on LD rivers, using
species-level data of invertebrates derived from twelve invertebrate
samples at each site. # = pre-identffied as biological mountain zone and
$ as a biological foothill zone. An * denotes those streams that have
bedrock as their dominant substratum

In summary. the catchment signatures do not seem to be due 10 unique proportions of taxa per

catchment group.
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34 Unique combinations of taxa

I'he remaining possibility 1s that the signatures were caused by unique combinations of taxa from
the same common pool. either further influenced by being in unique proportions (as per Section

3.3). or rrespective of proportions

The first and overwhelming impression of the pool of taxa collected is the high number invelved
372 taxa in 143 wdentified genera. 83 families and 25 orders. An wmnitial set of analvses was
completed to provide summan statistics that could give some insight to the overall nature of the

invertiebrate fauna from th sites

Summary statistics: numbers of taxa and diversity per catchment group

- -

The taxon list for the whole study 1s dominated by Diptera. which comprised 120 of the 372 taxa
(Table 3.4). There is a slight bias in the data because some Non-Insects were not identified to
species or morphological species and so this group is probably under-represented.  Additionally.
the Simuliidae (Diptera) remained at family level identification due to Joss of some samples semt
to a specialist: the dominance by Diptera would have been even greater with species-level data
for the simuliids.  Plecoptera are noticeably poorly represented in the assemblage. and are
characteristically poor in species and genera in the Western Cape (Stevens & Picker 2003: four
genera of six within South Africa known to be specific to the study area and 15 of 31 species)

Fhe other main insect groupings have much the same numbers of taxa

Table 3.4 Number of taxa within each catchment group (and percentage that
this represents of all taxa in the taxon group). Data extracted from full
taxon hst of LD nvers OB = Olifants-Berg, EM = Eerste-Molenaars. TM =
Table Mountain

Taxon group Totat;:.o. of OB EM Breede ™ Palmiet
Ephemeroptera 48 30 (63) 29 (80) 21 (44) S (18) 8(17)
Plecoptera 1 6 (60) 9 (90) € (60) $(50) 2 (20)
Trichoptera 53 26 (49) 33 (62) S(17) 6(11) 9(17)
Diptera 120 47 (39) 76 (83) 65(54) 41(34) 7(23)
Coleoptera 85 25 (45) 35 (65) 23(42) 21(38) 15 (27)
Other Insects 59 23 (39) 22 (37) 29 (49) 6(10) 8(15)
Nan Insects 7 9 (33) 17 (83) 11 (49) 20 (74) 13 (48)
Total no. of taxa 372 166 222 164 108 83

The three large catchment groups (Olifants-Berg, Eerste-Molenaars. Breede) have roughly
comparable numbers of taxa in most groups. with the main exception being the few Trichoptera
n the Breede. In almost all comparisons, the Eerste-Molenaars group has more taxa than any
other group. whilst the smaller groups (Table Mountain and Palmict) have the fewest tana
overall,  As this trend might be due to the number of nivers sampled in each catchment. the

analyvsis was repeated with the data standardised by dividing them by the number of rivers per

group ( lable 3.3).
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This revealed that the two smaller catchment groups now scored higher than the large groups in
almost every category. The Palmiet. in particular, which is represented by just one river, scored
very high. with noticeably higher numbers of Trichoptera, Diptera, Coleoptera. Other Insects and
Non Insects than any other catchment group. In this analysis. the Eerste-Molenaars rated lower
than or equal to most other catchments in most categories, thus suggesting that it is not more
diverse

Table 3.5 Average number of taxa per river, by catchment group. Data
extracted from full taxon list of LD nvers. OB = Olifants-Berg. EM =
Eerste-Molenaars, TM = Table Mountain.

Taxon group OB EM Breede TM Palmiet

Ephemeroptera 75 48 53 45 80
Plecoptera 15 15 15 25 20
Trichoptera 65 55 23 30 90
Diptera 118 117 16.3 205 27.0
Coleoptera 63 60 58 105 150
Other Insects 58 a7 73 30 80
Non Insects 23 28 28 100 13.0

In a last assessment of taxon counts, the three large catchment groups were compared in terms of
consistency of occurrence of each taxon. This was done because taxa occurring as a single
individual in a single river had been treated in the same way as taxa occurming consistently in
several rivers of a catchment group (Table 3.5), and this may have been obscuring strong
distribution patterns. For the comparison, the four rivers of the Olifants-Berg group and the four
of the Breede group were compared with four randomly picked rivers from the Eerste-Molenaars
group (Eerste, Swanboskloof, Elands. Elandspad). A catchment group scored wherever a taxon
occurred in at least three of its four rivers. The results were:

e  Olifams-Berg 57 taxa in at least three of its four rivers
e Eerste-Molenaars 65 taxa in at least three of its four chosen rivers
e Breede 57 taxa in at least three of its four nvers

This again suggests that the three main catchment groups are much the same in terms of overall
diversity. with the Eerste-Molenaars possibly being slightly more diverse.

Species richness and diversity can be expressed in different ways, as described by Clarke &
Warwick (1994), One way is by the number of different species/taxa. shown as Ny in Table 3.6.
In order to take abundance into account. Marglef™s index o can be used. which is the number of
species/taxa relative to the total number of individuals within a sample. Piclou’s evenness index
J' gives a measure of dominance or equity of the abundance of the species or taxa present. as a
ratio of observed species diversity 1o that of the maximum possible diversity expected if all taxa
were equally abundant. Where the observed diversity equals the maximum possible the evenness
would be 1. The final index used here. the Shannon-Wiener diversity index /7', incorporates both
species/taxa richness and evenness into one measure.

‘as
‘es
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The diversitv indices calculated for the three main catchment groups. as well as for the modified
Eerste-Molenaars group of four selected nivers. produced similar values (lable 3.6). Ths
suppornts the earlier findings that the three main catchment groups are approximately equal in
terms of overall diversity. especially if the number of rivers per catchment group contributing 10

the indices is equal

Table 3.6 Diversity indices for the three main catchment groups. N = number
of rivers used in analysis, N = number of taxa (as per Table 34). d =
Marglef's diversity index, J' = Pielou's evenness index and H(loge) =
Shannon-Wiener diversity index

Catchment Group Nz Ny Taxa/River d J’ H'(loge)
Olifants-Berg & 186 415 075 094 481
Eerste-Molenaars 5 22 370 ag 74 083 502
Eerste-Molenaars2 ¢ 194 485 34 84 0Ga 495
Breede & 164 410 29.90 083 476

Summary statistics: shared taxa

As with the previous analyses. the counts of taxa shared between catchment groups were
probably influenced by the different numbers of rivers sampled in each. Catchments with fewer
sampled rivers had fewer chances to score shared taxa, With this in mind, some trends do

emerge (Table 3.7) The Non Insects are omitted from this discussion because of the

identification of some only 10 a higher taxonomic level

The proportions of shared maxa of Ephemeroptera. Plecoptera. Diptera and Coleoptera are
appronimately the same and relatively high for most comparisons., while there are far fewer
shared trichopterans, In any taxon group, the shared proportions tend to be highest between the
three large catchment groups. dropping ofT. for all but the Plecoptera and Coleoptera, between
those and the two small catchment groups. This trend could be a reflection of the number of
rivers sampled. but there might be some geographical influence also as one of the small
catchment groups (Table Mountain) lies outside the mountain range within which the others
originate, whilst the other (Palmiet) is at the southern extreme of it. In general the fewest shared
taxa are between the two small catchment groups. probably both because of the few rivers
imolved and because of their geographical isolation.  In many respects the single river
representing the Palmiet syvstem does exceptionally well, with its proportions of shared species
being about the same as for the two-river Table Mountain group

I'he general impression from Sections 3.2, 3.4.1 and 3.4.2 is that there are complex mixes of
unique and shared species within cach catchment group. The assemblages of the carchment
groups seem to have much the same general characteristics, with some ditflerences such as few

unique tana and Trichoptera in the Breede system, and & possible higher diversing 1ogether with

high numbers of I'richoptera in the Palmiet system
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Table 3.7 Shared taxa by catchment group (and percentage that this is of all
taxa in each comparison). Data extracted from full taxon list of LD
rivers. OB = Olifants-Berg. EM = Eerste-Molenaars, TM = Table
Mountain
Taxon group Catchment group EM Breede ™ Palmiet
Ephemeroptera
OB 15(34) 14 (38) 7(21) 4(12)
EM - 22(71) 8 (29) 6(19)
Breede - 8 (38) 6 (26)
™ . 4(31)
Plecoptera
OB $(50) 3(33) 4 (57) 2(33)
EM - 5 (50) 4 (40) 2(22)
Breede - 4 (57) 2 (29)
™ - 2 (40)
Trichoptera
OB 14(31) 5(17) 3(10) 4(13)
EM . 6(17) 5(15) 5(14)
Breede - 1(7) 8 (80)
™ . 1(7)
Diptera
OB 34 (40) 36 (47) 21 (31 20 (37)
EM - 43 (44) 28 (31) 21(26)
Breede - 27 (34) 22 (32)
™ . 14 (26)
Coleoptera
OB 13(28) 9(23) 8 (21) 7(21)
EM - 17 (40) 13 (30) 12 (31)
Breede . 12 (38) 12 (46)
™ . 7 (24)
Other Insects
OB 8 (22) 10 (24) 3(12) 3(10)
EM - 10 (24) 1(4) 2(7)
Breede - 2 (6) 6(19)
™ - 1(7)
Non Insects
OB 5(24) 4 (25) 6 (26) 4 (22)
EM . 9(47) 14 (61) 10 (50)
Breede - 9 (41) 7 (41)
™ . 11 (50)

Summary statistics: Functional Feeding Groups

A final set of summary data was prepared by allocating each taxon in the full taxon list 10 a
Functional Feeding Group (FFG), and re-running the PRIMER similanty analysis. FFGs were

allocated with reference 10 the following sequence of literature sources and the definitions in
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Tables 3.8 and 3.9, Information on hst of literature used that occurs higher in the list took

precedence over all following sources

-

I'he Guides to the Freshwater Invertebrates of Southern Africa. volumes 2 - 9. Water
Research Commission. Pretoria
e Dayv. JA. BA. Stewant. L), de Moor and A.E. Louw (eds.). 2000, Crustacea |
Notostraca. Anostraca Conchostraca and Cladocera, Vol 2. WRC Repont No. TT
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Ostracoda. Copepoda and Branchiura. Vol. 3. WRC Report No. TT 14801, 177
p
c Dayv. JA. BA. Stewart. 1.J. de Moor and AE, Louw (eds.). 2002, Crustacea |11
Bathsnellacea. Amphipoda. Isopoda.  Spelacogriphacea.  Tanaidacea. and
Decapoda. Vol 4. WRC Report No. TT 131701, 141 p
c Dayv. JA. and L), de Moor (eds.). 2002a. Non-Arthropods: The Protozoans.
Ponfera. Cnidaria.  Plarvhelminthes. Nemertea.  Rotifera. Nematoda,
Nematomorpha., Gastrotrichia. Bryvozoa. Tradigrada, Polvchaeta. Oligochaeta and
Hirudines. Vol. 3. WRC Report No, TT 167/02. 293 p
Dav. JA. and L. de Moor (eds.). 2002b. Arachnida and Mollusca: Arancae.,
Water Mites and Mollusca. Vol 5. WRC Report No. 1T 18202, 141 p.
Day. JA.. AD. Harrison and 1J. de Moor (eds.). 2002, Diptera. Vol. 9. WRC
Report No. TT 201702, 200 p
e de Moor. 1J., JA. Dav and F.C. de Moor (eds.). 2003a. Insecta I
Ephemeroptera. Odonata and Plecoptera. Vol. 7. WRC Report No. TT 20703
288 p
o de Moor. L)L LA Day and F.C. de Moor (eds.). 2003b. Insecta II: Hemiptera.
Megaloprera, Neuroptera, Tnichoptera and Lepidoptera, Vol. 8. WRC Report No.
IT21403.209p
Appleton, C.C. 1996, Freshwater molluscs of southermn Africa. University of Natal Press,
Pictermartizburg. 64 p
Chessman, B.C. 1986. Dictany studies of aquatic insects from two Victorian rivers.
Australian Journal of Marine and Freshwater Rescarch. 37:129-146
Davies. B.R. and J.A. Day. 1998, Kevs to the common macroinvertebrate taxa of South
African inland waters. In Vanishing Waters. B.R. Davies and J A Day (eds). University
of Cape Town Press. Cape Town. pp. 418-460.
Davies. BR.. LIl O'Keeffe and C.D. Snaddon. 1993, A synthesis of the ecological
functioning, consenvation and management of South African river ecosystems. Water
Research Commission. Pretoria. Report No. TT 6293, 232 p.
King. JM. 1982, An ccological study of the macro-invertebrate fauna of the Eerste
River. Western Cape Province, South Africa. PhD thesis. University of Cape Town. 221
p
Scot. KMUF, 1983, On the Hydropsychidae ( Trichoptera) of Southern Africa with keys
to the African genera of imagos. lanvae and pupae and species lists. Annals of the Cape
Provincal Museums (Natural History ). 14(8):299-422
Scott. K.MUF, and F.C. de Moor. 1993, Three recently erected Trichoptera families from
South Africa. the Hydrosalpingidae. Petrothrincidae and  Barbarochthonidae
(Inmegripalpia: Sericostomatioidea). Annals of the Cape Provincial Museums: Natural
History . 18(4):293.354
Gerber. A, and MM, Gabriel. 2002, Aquatic invertebrates of South African rivers: field
cuide. Institute for Water Quality Studies. Department of Water Affairs and Forestn
Pretoria. 150p.
Memit, RW. and KW, Cummins. 1984, An Introduction to the Aquatic Insects of North
America. Kendall Hunt Publishing Company. Dubuque. 722 p
Pennak. RW. 1989, Fresh-water Imveniebrates of the United States, Protozoa 10
Mollusca. Wiley Interscience. New York
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e Thorp. JH. and A.P. Covich. 199]. Ecology and Classification of North American
Freshwater Invertebrates. Academic Press. Inc. London. 911 p.

Table 3.8 Functional Feeding Group (FFG) definitions, modified from the
literature listed above. FPOM - fine particulate organic matter,
VFPOM = very fine particulate organic matter.
FFG Feeding Mode Dominant Food Type
Predator 1 Feeds on animals via active Micro-organisms - bacteria
predation to zooplankton, zoobenthos,
elc
Predator 2 Insects to small vertebrates
Filter Feeder Collects small partcles of food Range of micro-crganisms
suspended in the water column from bacteria - aigae -
_— . zooplankton
Deposit Feeder 1 Collecter/gatherer of deposited Detritus (VFPOM and
organic material off and within the FPOM) only
. _Substratum e .
Deposit Feeder 2 Algae and detritus in
comparative amounts
cependent on avaiability.
Shredder Fragments leaves and large pieces of  Vegetation
plant matenal
Scraper 1 Scrapes thin film of mcro-organisms ~ Algae
off substrata.
Scraper 2 Algae and detritus
Grazer 1 Feeds on whole living plants, leaves Vegetation
and stems. Algal mats can be
included where scraping is not
employed as 3 mechanism for
collection. »
Grazer 2 Algae
Omnivore Feeds on anything and everything Everything
available; mainly reserved for
scavengers such as crabs.
DNF Does not feec, manly pupal fooms of  Nothing
invertebrates that are no longer
feeding
Table 3.9 Further definition of some of the food types listed in Table 3.8.
Food Type Definition
Invertebrate Predominantly macroinvertebrates of > 80um in size.
Small vertebrate Tadpoles, small fish
Micro-crganisms Predator terms: microinvertebrates < 80um in size, zocoplankton
Filter feeder terms: bacteria. fungi, algae zooplankton, etc
Vegetation Macrophytes, leaves from rparian trees, moss
Algae Diatoms, epiphytes, epilithon, filamentous algae, etc
Detritus Mix of mainly organic and some inorganic particles that are the

remains of plant and animal malterial

‘as
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Cluster analysis of the rivers. with the inventebrates sorted by FFGs, revealed that the catchment
signature had disappeared (Figure 3. 3a) - at last!! There was a veny high similarity (>80%) in the
FFG composition of all the rvers. with o sub-clusters within the mamn cluster and three
outliers. Sub<¢cluster | remained intact in the MDS plot (Figure 3.3b) and comtained. with two
exceptions, sites with 2 map gradient of < 0.040. Sub-cluster 2 also retained identity on the MDS
plot. and contaimed sites that had a map gradiemt of > 0,040, Map gradient alone had a

correlation coefficient of p 0.26 in a BIOENV procedure
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Figure 3.3 A. Dendrogram of invertebrate assemblages from LD rivers when
taxa allocated to ten FFGs, map gradient in parentheses after each
site code. B. 2-d MDS plot, points represented by map gradient, with
main groups identified in the dendrogram separated by circles. Ful

taxon list used




( 'hupla'r Three

Other environmental variables that showed a correlation were site gradient and gravels. and when
combined with map gradient. the three variables had a correlation coefTicient of p, = 0.41. which
is 4 much stronger relationship to the FFG distributions than any one of these variables alone
(gravels and site gradient each had p, < 0.24 on its own).

The overall impression was that the FFGs were reflecting an imprecise separation of mountain
from foothill sites. and thus supporting the distinction of such zones by FFGs as suggested by the
River Continuum Concept (Vannote ¢ a/. 1980). In terms of environmental drivers, map
gradients correlated with this division slightly better than did site gradients. suggesting that the
overall nature of the river channel and flow at any point may be a more important determinant of
trophic functioning than the detailed micro/mesohabitat at that point.  Overall, however, all the
sites were very similar in terms of FFG composition. suggesting that despite their differences in
invertebrate taxa the sites were functioning in much the same way.

While these analyses allow some insight into the nature of the assemblages. they do not explain
why the catchment signatures result. To facilitate further investigation, a technique was first
developed for graphically summarising and comparing their species assemblages.

Graphic representation of species assemblages

The species assemblages of the three main catchment groups (Olifants-Berg. Eerste-Molenaars,
Breede) were summarised by creating curves illustrating the contribution of each taxon group to
each assemblage. The curves were created from data on the number of taxa in each taxon group
expressed as proportions of all the taxa in that catchment group (Table 3.10).

Table 3.10 The numbers and proportions of taxa present per taxon group in
each catchment group. N = number of taxa, OB = Olfants-Berg, EM =

Eerste-Molenaars.
Taxon group OB EM Breede
N % N % N %
Ephemeroptera 12 214 12 171 8 148
Plecoptera 3 54 6 86 2 37
Trichoptera 6§ 107 5 71 3 56
Diptera 18 21 20 286 24 444
Coleoptera 10 179 17 243 13 241
Non Insects 4 71 ] 129 2 37
Other Insects 3 54 1 14 2 37
Total 5% 1000 70 1000 54 1000

These values then contributed 10 cumulative curves compiled by adding each percentage
contribution in the order shown in Table 3.10. The shape of each resulting curve is unique for its
catchment group (Figure 3.4). Pooling the data by catchment group. the cumulative percentage
points were also plotted and a 3 order polynomial regression fitted (Figure 3.5).
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Cumulative Percentage

Figure 3.4

Cumulative Percentage

Figure 3.5
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I'hese curves support the earlier finding that the overall proportions of different taxon groups in
cach catchment group are similar. This suggests that the catchment signatures must be caused by
the individual mix of specics within cach taxon group. To explore this further. the PRIMER
package was used 1o analyse between-catchment dissimilarity at the individual taxon level.

Between catchment dissimilarity — characteristics of Top Discriminator list

Again, the first impression is of the large numbers of taxa. in this case required to explain the
dissimilarity between catchment groups (Table 3.11). For the larger catchment groups 19-24 taxa
are needed to explain 20% dissimilarity and 171-195 taxa for 90% dissimilarity. The marine
examples provided in the PRIMER Manual (Clarke & Warwick 1994) show only |-2 taxa needed
for 2006 dissimilarity and 10-13 taxa for 90% dissimilarity. With such large numbers in the river
analyses, it is very difficult to assess the overall trends in dissimilarity. In an attempt to simplify
the task. the Top Discriminators were used as described in Table 3.3 and accompany ing text.

Table 3.11  The number of taxa required to explain 20% and 90% of the
dissimilarity between catchments. OB = Olifants-Berg, EM = Eerste-
Molenaars, TM = Table Mountain

Taxa to 20% Taxa to 90%

Catchmentgroups ;. cimilarity  dissimilarity
OBVvEM 24 165
OB v Breede 19 171
OBvTM 20 152
OB v Palmiet 16 128
EM v Breede 22 184
EM v TM 21 170
EM v Palmiet 21 151
Breede vTM 18 144
Breede v Palmiet 13 120
T™M v Palmiet 14 106

I'he proportions of most taxon groups within the Top Discriminator list were similar for all
comparisons, with the Plecoptera. Non-Insects and Other Insects possibly being a lintle less
consistent (Table 3.12). The Non-Insects also on average appeared more than twice as ofien in
the Top Discriminator list as their proportion in the total taxa justified, while Other Insects
appeared only half as ofien.  This may reflect the generally poor dispersal powers of the Non
Insects and good dispersal power of Other Insects such as Odonata. The Trichoptera. Diptera and
Coleoptera, which had the highest numbers of taxa in total, appeared in the Top Discriminator list
in roughly the same proportions as in the total taxon list. This suggests that there was no major
swing in assemblage composition from one catchment group to the other. supporting the findings
illustrated by the cumulative curves (Figures 3 4-3.5),
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Between catchment dissimilarity — species comparisons

Evens analysis to this point has indicated a remarkable consistency in the overall characieristics
of the imventebrate assemblages of the LD rivers. and little that reveals why they have individual
catchment signatures. As there are no major shifts of taxon groups from catchment to catchment.
the cause of the signatures must be the precise mix of species within ecach taxon group. This s
further explored using the Top Discriminator list and the three main catchment groups. In Tables
313319, the Top Discriminator taxa are arranged by taxon group. showing those taxa important
in distinguishing the Olifants-Berg group from the Eerste-Molenaars (columns 1-2), the Olifants-
Berg from the Breede (columns 3-3). or the Ferste-Molenaars from the Breede (columns 5-6)
Each entry lies within the catchment group it distinguishes, whilst any occurrence of the same
taxon in the other group in the comparison 1s shown with astenices. For instance, in Table 3.13,
Castanophichia calida s a distinguishing tason for the Breede in its comparison with the
Olifants-Berg group. but the latter group also has that species in two of its four rivers (= two

astenices).

Table 3.12 Number (and percentage) of taxa in each taxon group that appear in
the Top Discriminators in the SIMPER dissimilarity analysis, and the
number (and percentage) of each taxon group in the total taxon list
OB = Olfants-Berg. EM = Eerste- Molenaars TM = Table Mountain, E =
Ephemeroptera, P = Plecoptera, T = Trichoptera, D = Diptera, C
Coleoptera. NI = non-insects. Ol = other insects

Catchment groups E P T D Cc NI Ol
OBvEM 4(13) 6~19| 1(3) 5(15) 7(22) 7(22) 2(6)
OB v Breede 3(10) 2(7) 5(17) 9 (32) 7(24) 1(3) 2(7)
OBvTM 2(7) 2(7) 2(7) 7(27) 4 (15) 9 (35) 0 (0)
OBv Paimiet 2(9) 0(0; 2(9) 6 (27) 61(27) 4(19) 2(9)
EM v Breede 3(9) 3(9) 3(9) 11 (35) 7(22) 4(13) 1(3)
EMvTM 4(14) 2(7) 4(14) 9(32) 5(18) 3(11) 1(4)
EM v Paimeet 2(6) 0(0) 4(14) 9(31) 3(10) 4(14) 7 (29)
BreedevTM 1(4) 1(4) 4(18) 7 (28) 4 (18) 8(32) 0(0)
Breede v Paimiet 3(12) 0(0) 1(4) 7(27) 5(19) 6(23) 4(19)
T™M v Paimiet 1(6) 0(0) 4(22) 5 (28) 5 (28) 1(6) 2(10)
Average occurrence 3(9) 2(5) 3(12) 8 (28) 5(20) 5(18) 2(8)
in TD list

Total (%) of full taxon 48 (13) 10(3) 53 (14) 120(32) 55(15) 27(7) S9(16)
list

Seven ephemeropteran taxa were imvolved in ten entries (Table 3.15). with four of these entries
ivolving taxa that were not in the opposing catchment group. and six involving taxa that were
(shown in the table by asterices). Two taxa (C. capensis and Apriomx spp. early instar)
distinguished the Olifants-Berg catchment from both other catchment groups. and one

( Nadimerella crassi) distinguished the Eerste-Molenaars group from the other two. There were no

obvious trends in differences in FFGs.
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Table 3.13 Ephemeropteran taxa from the Top Discriminator list that
distinguish catchment groups as shown. For further explanation see
text. inst = early instar. FFGs represented are: Deposit Feeder 1 and
Deposit Feeder 2.

Olifa Eerste-
nts-Berg Molensers Olifants-Berg  Breede Eerste-Molenaars  Breede
Cheleocioeon . |
exaswm
| Demoveptus -
capensis
Caenis capensis C capensis
Apnonyx spp. inst . Apnonyx spp.
inst
- Leptophiebiicae -
| $PP. Inst
- Castanophiebia
cahda
Nadinetela Nadinetella crassi —
Crassi |

Six plecopteran taxa were involved in 11 entries (Table 3.14), with seven of these entries
involving taxa that were not in the opposing catchment group, and four involving taxa that were.
Genera identified to species were late instars with species identification features present.  Two
1axa (Aphanicercopsis spp. and Desmonemoura spp.) distinguished the Olifants-Berg carchment

from both other catchment groups: one (Aphanicercella spp.) distinguished the Olifams-Berg and
Breede from the Eerste-Molenaars. and two (Aphanicerca hicormis and  Aphanicerca

barnardi scurata) the Eerste-Molenaars from the two others,

There was a clear trend of the

Eerste-Molenaars being dominated by shredders and the other two catchment groups by Deposit
Feeder | (early instars).

Table 3.14 Plecopteran taxa from the Top Discriminator list that distinguish
catchment groups as shown. For further explanation see text
Aphanicercella b/s = Aphanicercella bamardvscutata. FFGs represented
are. Deposit Feeder 1 and Shredder.

Olifants-Berg Eerste-Molenaars | Olifants-Berg Breede | Eerste- Breede

Molenaars
Aphanicerca A bicormis
bicomus
Aphanicerca
capensis
Aphanicercella b's :zhumun

Aphamcercela - — Aphanicercella

Spp spp.

Apharvcercopsis Aphanicercopsis -

spp spp.

Desmonemowa - Desmonemoura

spp spp

Six trichopteran taxa were involved in nine entries (Table 3.15). with five of these entries

involving taxa that were not in the opposing catchment group, and four involving taxa that were.
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Ome taxon (Clumarra sp. and Desmonemowra spp.) distinguished the Olitants-Berg catchment
from both other catchment groups: and two (Parecnoming resima and Leptoceridae spp. carly
instar) distinguished the Breede from the other two (the first being less abundant in the Breede

and the second more abundant). There were no obvious trends in FFGs

Table 3.15 Trichopteran taxa from the Top Discriminator list that distinguish
catchment groups as shown. For further explanation see text inst =
early instar. FFGs represented are. Deposit Feeder 1, Deposit Feeder 2
Filter Feeder, Predator 1 and Scraper 2

Olifants-Berg Eerste- Olifants-Berg Breede Eerste- Breede
Molenaars | Molenaars
Chimarra sp - Chimarra sp o
Parecnomina resima P ressma

Cheumnatopsyche

maculara
. Hydropsychidae
$Op. Inst
Reua Leptocendae . Leptocendae spp nst
Spp. st
Agapeltus
sp

Eighteen dipteran taxa were imvohved in 25 entries (Table 3.16). with four of these entries
imvolving taxa that were not in the opposing catchment group. and 21 imvolving taxa that were
Three taxa (4therix sp. | and sp. 2. Limnophila nox) distinguished the Breede group. and one
(Pohvpedilum alticola) distinguished the Eerste-Molenaars. Cricoropus sp. | and Rivocricotopus
capensis were least abundant in the Breede. Most of the distinguishing taxa belonged 10 the

FFGs Predator | or 2. or Scraper 2

Table 3.16 Dipteran taxa from the Top Discriminator list that distinguish
catchment groups as shown. For further explanation see text FFGs
represented are Predator 1. Predator 2, Deposit Feeder 1, Deposit
Feeder 2 and Scraper 2

Olifants -Berg Eerste-Molenaars Olitanms-Berg Breede Eerste-Molenaars  Breede
Polypedium Usp ™ - | o T Polypeaiom U 2
Podypedium altcole P ahcola -
Conchapelopea sp -
Procladvus

Cardociadus sp -
vove

Rheocncotopus R capensis
capenses

Tanytarsus sp 1
Stempeina sp

Thenemanneia

s 1
Tverena calvescens
Athers sp 2 e Atherns sp 2
Amens sp ) o Athens 80 3
Hememdroma sp
- Lamnophia nox L nox
LAMnNoohwa g

- Chronormicae Sog
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Fourteen coleopteran taxa were imvolved in 21 entries (Table 3.17), with 17 of these entries
involving taxa that were not in the opposing catchment group. and four involving taxa that were.
Four taxa (Elmidae sp. 1 adult. Elpidelmis sp. 1 adult, Elpidelmis sp. A larva, Helodidae sp. 5),
distinguished the Eerste-Molenaars group. and three (Elpudeimis sp. larva, Peloriolus sp. adult,
Mesoceration spp.) the Olifants-Berg.  Most of the distinguishing taxa belonged to the FFGs
Scraper | or 2.

Table 3.17 Coleopteran taxa from the Top Discriminator list that distinguish
catchment groups as shown. For further explanation see text FFGs
represented are Scraper 1, Scraper 2 and Grazer 1. Ad = adult, all others
are lavae.

Olifants-Berg  perte Olifants-Berg  Breede i O Breede

Strina sp 1 Ad e
Dryopidae spp
Ad

Elmidae sp 1 Ad Elmidae sp 1 Ad
Eimidae sp 1

Elpigelnws sp 1 Elpidelmus sp. 1 Ad

Ad

Elpidelnmis sp. A Elpidetmis sp. A

Elpidelmis spp . Elpedeimis spp

Pelonolus spp. Pelonolus sp.

Ad Ad

Pelonolus sp. 1
Helodxiae sp. 5 Helodicae sp. 5
Hydraena sp. 1
- Hydraenidae
spp Ad

Mesoceration e Mesoceration

spp. spp.

Limnichidae
s“p

Three taxa of Other Insects were involved in five entries (Table 3.18). with two of these entries
involving taxa that were not in the opposing catchment group. and three involving taxa that were.
One 1axon (Aeshna sp.. Odonata) distinguished the Olifants-Berg group and one (Paragomphus
sp.. Odonata) the Breede.  All of the distinguishing taxa belonged to the FFG Predator 2.

Table 3.18 Other Insects from the Top Discriminator list that distinguish
catchment groups as shown. For further explanation see text. inst =
early instar. FFG represented is Predator 2.

Olifants-Berg  Eerste-Molenaars

Olifants-Berg Breede Eerste-Molenaars  Breede

Aeshng sp

o Corycalidae spp mst

Aeshne sp "
= Paragomphus sp

The comparisons that highlighted Non-Insects (Table 3.19) are not discussed because most taxa
were identified only to family or order level and thus provide 100 coarse and generalised a picture
of differences for this analysis.
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Table 3.1 Non Insects from the Top Discriminator list that distinguish
catchment groups as shown. For further explanation see text FFGs
represented are Deposit Feeder 1. Predator 1. Predator 2. Scraper 2 and
Grazer 2

Olifants-Berg  Eerste-Molenaars | Olifants-Berg Breede Eerste-Molenaars Breede
o LumbnculiCae PP
Naddae spp Naduiae spp
Olgochaeta sop Qlhgochaeta sop
. Cyclopoda spp Cyclopoca spp
Nematoca spp
Anisrceliviae spp
Onzandae spp Oncaticae spp
_ Chydordae spp

As a whole, the comparisons provide no clear picture of why the catchment signatures form and
apant from the Plecoptera. no clear trend in FFG replacements.  Approximatels half the Top
Discrnimmators are present not only in the catchment group they distinguish. but also - in lower
numbers - in the catchment group they distinguish against, and so the distinctions are ones of
abundance as often as of presence and absence. There is no obvious trend in the changes in
dommant species per catchment. and no pattern that can be detected within the individual taxa

replacements that would allow predictions of what might distinguish an unstudied catchment

A final investigation of the signatures (Section 3.5) addresses why two of the main catchment
groups (Olifants-Berg and Eerste-Molenaars) cach consist of two major rivers that are not

actually in the same catchment

335 Similarity within catchments groups

The Olifants and Berg Rivers have contiguous catchments on the west coast of the Western
Province, and are the onlv two catchments that drain into the Atlantic Ocean (Figure 1.1)
Fhrough all the catchment analy ses invertebrate samples from the two rivers in cach catchment
have remained closely linked. The Eerste is a small catchment draining into False Bay on the
south-western coast and the Molenaars a major tributany of the Breede syvstem (Figure 1.1). The
two rivers are not geographically contiguous although they do rise in the same mountain range

PRIMLER analvses revealed the following similarity levels between and within catchments:

Between Olifants-Berg and Eerste-Molenasars 3233
Between Olifants-Berg and Breede 36.56
Between Eerste-Molenaars and Breede 41.33
Within Eerste-Molenaars $2.00
e Within Olifants-Berg 5216
e  Within Olifants 31.52
e  Within Molenaars 52.82
e  Within Berg 60.27
e  Within Eerstie $7.92
e Breede 3342

<6
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an an

Similarity is lowest between the three main catchment groups (32.33-11.33%). appreciably
higher within the two multi-catchment groups (52.00-52.16%). and about the same or slightly
higher still (51.32-60.27) within the four individual river systems in the two multi-catchment
groups. The similarity within the two multi-catchment groups is similar to that within the single-
catchment Breede group, indicating why the former have clustered together.

The above findings are well illustrated in the PRIMER dendrograms and MDS plots (e.g. Figure
3.1). but there is no indication of how each taxon group contributes to the pattern. In a final
analvsis. the percentages of shared taxa between and within catchments were compared with the
overall trend shown by the data set (Table 3.20). The mean percent and standard deviation of
shared taxa between LD catchments was derived from Table 3.8 (columns 2 and 3). These
summary data were compared to the percent of shared taxa within the two multi-catchment
groups (columns 4 and 5), between randomly selected individual rivers within the same
catchment group (columns 6 and 7) and between randomly selected individual nvers in different
catchment groups (columns 8 and 9). In most cases. within-catchment comparisons of shared
species (columns 4-7) score higher than the between-catchment comparisons (columns 8 and 9).
There are some anomalies. but the overall pattern suggests that all taxonomic groups are
contributing in the same way 1o the similarity and dissimilanity patterns,

The pairing of different catchments within larger multi-catchment groups appears to be caused by
more shared species than between catchment groups, with all the major taxon groups involved n

much the same way.

Table 3.20 Shared taxa per taxon group, between and within catchments, as a
percentage of all taxa within those comparisons. LD rivers only. ** =
above mean + SD, * = above mean; # = below mean; ## = below mean -

SD.
LD Catchments oB EM Breede Eerste Breede
% %
Mean % % % % %
Taxongroup  shared SD  shared shared shared shared o "0  Shared
taxa taxs taxs taxs taxs taxa with taxa with
Berg Olifants
(1 (2) @ @ (5) ~(8) (7 (B) (9)
Ephemeroplera 32 16 47" 52* 83" a7 308 268
Pleoptera 41 12 87 80 a3 71 258 50*
Tnchoptera 21 22 36° athl 75* 22° 108 102
Deptera 35 7 50 49 50" 26% a4 43"
Coleoptera 30 9 57 &5 56** 48* 1488 1488
Other Insects 14 8 25" 4 1™ 54 és 22°
_Non Insects 39 14 67" 52* 67" TawE 188 118w
36 Conclusions

I'he catchment signatures are not readily explained by the above analyses of invertcbrate
community structure and can best be summarised as having the following characteristics:
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4. THE EFFECTS OF DISTURBANCE ON CATCHMENT
CHARACTERISTICS OF INVERTEBRATE COMMUNITIES

4.1 Introduction

I'he 17 mountain and foothill LD sites defined reference conditions (King & Schael 2001) for
invertebrate community composition (Chapter 3) against which disturbed (D) sites could be
compared. Eleven D mountain and foothill sites (Table 1.1) provided the data for investigating
the effects of different kinds of human disturbance on the inventebrate communities and
catchment signatures. Each site had one main disturbance (Table 4.1):

Table 4.1 The main anthropogenic disturbance at or upstream of each D site.

River River zone  Disturbance

Palmiet Mountain Dams

Window Mountain Botanical garden with cak trees and some water abstraction

Ceciha Mountain Protected natural area infested with alien grey poplar Populus
canescens

Middeldeur Foothill Vegetable farming

Noordhoek Footnit Bulldozed cobble bed with water dwersion

Groot Footnil Imgated vegetable farming

Berg Foothal Pine plantations, and mler-basin transfer 1 km downstream

Wemmaershoek Foothaél Dam, with very reduced dry-season flow, and bulidozed cobble bed

Holsloot Foothit Dam, with bottom-release of very cold water

Lourens Footni Fruit orchards, vineyards and piggery

Davidskraal Foothill Dam, concrete retaining walls and some sedimentation of bed

Cluster analysis and MDS plots of the invertebrate assemblages of all 28 sites (Figures 4.1 and
4.2) revealed that the D sites reacted to disturbance in four main ways that might reflect
increasing levels of impact:

e some sites clustered with other sites from their catchment. suggesting that disturbance
had had litle impact on invertebrate community structure: e.g. Groot (Olifants
catchment) and Window (Table Mountain);

e one site with an inter-basin water transfer about | km downstream clustered with the
donor system. suggesting a transfer of taxa between catchments: Berg (Berg):

e four sites clustered together in a separate group on the MDS plot, within the circle of LD
river catchment clusters. suggesting that they had lost their catchment signatures but
were still characteristically Western Cape rivers: Middeldeur and Noordhoek (Olifants),
Wemmershoek (Berg) and Palmicet (Palmiet):

e two sites clustered together outside all other groups on the MDS plot, suggesting that
they had lost their catchment signatures and. to some extent. their Western Cape
charactenstics: Holsloot (Breede) and Cecilia (Table Mountain).

In addition. ™wo D sites in small coastal catchments linked with larger catchment groups:

Davidskraal with the Eerste-Molkenaars group and Lourens with the Breede group.
Geographically, Lourens is nearer to the Eerste and Davidskraal to the Palmiet and so it is
unclear 10 what extent their grouping indicates a level of disturbance.




Ciaper Four

Groot (*O$)
L .. Jan Dissels (OS)
i ) Bakkerskioof (B#)
Olifants-Berg _ ) L Zachariashoek (B#)
' . .. Rondegat (O§)
Newtands (T#)
Table Mountain — — e D2 (T#)

| S — - Window (“T#)

Berg ("8S)
1 ~ Du Toits (R#)
1 —————— Steenbok (R)
' — — ——— Wolwekloof (R#)

Breede i

Elandspad (M#)

Davidskraal ("DS)

‘ . —_——— — Eorste (E#)

— — —— Langnvier (E#)

—_—— _ —— Swartboskloof (E#)
— — Elands (M#)

Molenaars (M$)

w— — — Wemmershoek ("BS)
[r—— Middeldeur (*O$)
Disturbed 1 —_— ———————— Noordhoek (*O$)

— Palmiet (*PE)

Disturbed 2 L] - Holsloot ("R#)
— Cecilia ("T®

0 10 20 30 40 50 60 70 80 90 100
BRAY-CURTIS SIMILARITY

Figure 4.1 Dendrogram of the 17 least-disturbed sites and 11 disturbed sites,
using species level data of invertebrates. Modified from King &
Schael (2001). River names are given with first letter of the catchment in
parentheses # = predetermined mountain zone and $ = predetermined
foothill zone based on literature, * = disturbed nvers
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Stress = 0.18

Figure 4.2 Two-dimensional configuration of the 17 LD sites and 11 D sites,

using species level data of invertebrates. Modified from King & Schael
(2001). The groups recognised in Figure 4.1 are shown as different sub-
groups. 1 = Olifants-Berg, 2 = Table Mountain, 3 = Breede, 4 = Eerste-
Molenaars; 5 = Disturbed 1. 6 = Disturbed 2. Each site is referred to by
the first letter of its catchment name and zone # = predetermined
mountain zone and $ = predetermined foothill zone based on Iterature; *
= disturbed rivers

Five main investigations were completed to ascertain the details of what happened to the
invertebrate communities under these disturbances:

cumulative curves of taxonomic composition per D site were overlaved on the reference
condition band for LD rivers (Section 4.2):

a range of diversity indices was calculated for each D site and compared with the LD
ranges (Section 4.3)

the numbers of shared taxa between each D site and its LD reference condition (Table
3.13) were calculated (Section 4.4).

abundance ratings for all taxa in all LD and D sites were weighted by SASS values in an
attempt to distinguish between invertebrate communities that are more or less sensitive to
chemical disturbance (Section 4.5):

the number of taxa and mean abundance rating of each taxon group in each D site were
compared with its LD reference condition. and community shifts analvsed (Section 4.6)

h]
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4.2 Percentage composition of taxenomic groups for D sites

The calculations of percemtage composition of taxonomic groups for the three mam LD
catchments ( Table 3.10) were repeated for all LD and D rivers individually, The results for LD
rivers were used 1o create a reference-condition cumulative curve similar 10 Figure 3.5, The
cumulative cunve for each D river was then overlayved on the reference-condition curve (Figure

4. 3a-d)

All but one of the regression lines for the D sites were similar to the reference-condition
regression provided by the LD sites, the exception being Cecilia, Six of the D sites had one or
more individual cumulative percentage values that lay outside the reference-condition line:
Wemmershoek, Holsloot and  Palmaet (Figure 4.3a), Cecilia and Window (Figure 4.3¢) and
Lourens (Figure £.5d). A paired t-test was used to test if the cumulative percentage of taxonomic
groups for each individual D site was significantly different from that of the overall average of
each group for the LD nvers. The means across taxonomic groups for all [ sites versus that of
the mean of the LD were also tested. The comparison between all D and LD sites showed a
significant difference between distributions at P = 0.016 (t = 3.33. d.f. = 6). Each individual D
site comparison. however. showed only three D sites were significantly different from the LD
average M a P <005 level Palmict =42, 41 =6, P =0006), Wemmershoek (1 =315, 41 =
6. P =0020) and Cecilia (1t = 274, d.f. = 6. PP = 0.034). Three other D sites were significantly
differentata P < 0.1 level: Berg (1 = -2.34. d.L. = 6. P = 0.051). Noordhoek (1t =221, df =6, P=
0.069) and Lourens (t = 205, df =6, P = 0086). All other D sites were not significantls
different from the LD sites at P > 0.1, These results were not as expected from Figure 4.3a-d as.
from inspection of the points on the plots (Figure 4.3). Holsloot was expected to be significantly
different from the LD sites and Noordhoek was not expected 1o be significantly different. The
test does not indicate where the significance difference lies. but inspection of the individual
points on the plots gives an indication of this. The Palmiet (Figure 4.3a), for instance, begins to
deviate from the reference condition curve at point 3, indicating proportionally fewer Trichoptera
taxa than expected. More Diptera than expected bring the cumulative percentage back to the
reference condition. but then fewer than expected Coleoptera and Non-Insects cause a further

deviation.

43 Diversity indices for D sites

Disturbance can appreciably reduce biological diversity, and so a second analyvsis focussed on
comparing LD and D sites in terms of a range of diversiny indices, Combining the taxonomic
lists of the D sites with that of the LD sites increased the overall number of taxa from 372 1o 460,
a 20% increase.  As shown for the LD sites. dipterans provided the most taxa, 143 in total of
23

which the D sites provided 23 new tana.  The D sites also added 25 new Trichoptera taa. but

only three Ephemeroptera and two Plecoptera. In terms of the other insect groups. the D sites

added | | Odonata taxa out of a wotal of 14
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Figure 4.3a-d. Cumulative curves fitted with a 3™ order polynomial regression for
each D site compared to the regression of all LD sites.
Figures follow on the subsegquent four pages.
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Figure 4.3d

he values for the varous indices were compared using a one-wayv ANOVA, which revealed tha
none of the D sites were sigmificantly different to the LD rivers at a P < 0.05 level. The number
tana per site ranged from 353 119 ¢ A 88) for the group of D sites, with Window (siy
Ampie g 1he 1ewest tana a ra ¢ st. The nge rLD sie ) ¢ ’
(\ 1) ana. with Swanboskloof and Lerste respectively representing the mimimum and
NN im values. Margalef™s diversity index o averaged 21 for D sites and 30 for LD sites
Means of the Shannon-Wiener index // and Pielou’s evenness J were the same for each group
sites. being 4.3 and 0.98 respectively. In terms of biotic diversity and species richness there

were no sienibicant differences between the D and LD sites
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44 Shared taxa of D and LD rivers

An analysis of similarity of taxa between sites within any one LD catchment group revealed that
generally € 50% of the taxa were shared. with the exception of the Trichoptera and Other Insects
(Table 3.20). A comparison of the proportion of shared taxa between a D site and the LD sites
within its catchment revealed taxonomic groups with < 40% of their taxa shared (Table 4.2). A
few of the D sites, such as Groot and Window. have several taxonomic groups sharing greater
than 50% of their taxa. This stronger similarity is confirmed by their tight grouping within their
cawchment groups on the MDS plot (Figure 4.1). Overall the results were similar 1o that of

comparing two rivers from different catchments (Table 3.20). with fewer shared taxa overall than

within-catchment comparnsons.

Table 4.2 Shared taxa per taxon group, between catchment groups and
individual D sites, as a percentage of all taxa within those
comparisons. LD and D sites data set

Oltants-Berg ’ Breede Table Mountain
Taxon group m““""’ - :‘m“;"‘ Groot  Berg :"m""" Holsloot | Window Cecilia
Ephemeroptera 36 39 29 35 32 29 5 0
Plecoptera 32 3 33 33 33 13 60 29
Trichoptera 15 28 43 13 25 6 14 25
Diptera 33 % 51 3 a7 | 28 a5 34
Coleoptera 29 38 54 23 20 15 29 17
Other Insects 18 26 25 1 24 0 0 29
Non Insects 33 23 36 23 27 | 25 48 48

45 SASS-weighted abundance ratings

In order 10 highlight any potential differences between LD and D sites, the data set was
transformed using South African Scoring System (SASS) scores 10 weight each taxon and its
abundance per site. SASS is used to evaluate river sites for water quality through the
invertchrates present. with scores allocated to all inveriebrate families in relation 10 their
tolerance 1o a range of water quality variables (Dickens & Graham 2001). In this case. the scores
were used to distinguish D sites with suspected water-quality problems from those with physical
disturbances, as well as from the LD sites. For cach LD and D sites, the abundance rating (Table
2.1) for each taxonomic family was multiplied by its SASS score, and the values combined per
taxonomic group. The Non-Insects were not included in this analysis as not all of the taxa have
been allocated SASS scores

An average SASS-wcighted abundance rating was calculated for the different taxonomic groups
for the LD sites as a whole and compared 10 those for the D sites (Figure 4.4). A paired t-1est
was used to assess if the proportions of each taxonomic group in any one D site and the means of
all D sites, were significantly different from those of the LD sites. The overall mean comparions

showed that there was a significant difference between D and LD sites at a P < 0.05 level.
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(T=271.d1 = 5. P 0.042) (Table 4.5). When comparing individual D sites to the mean LD
values the taxonomic group distributions of only four of the 1 D sites were significantly
different. As in Section 4.2, Cecilia and Palmiet were significanthy different at a P < 0,05 level.
with the addition of Window and Holsloot. None of the other river sites were even marginally

significantly different.

Table 4.3 Results of paired t-tests comparing the SASS-weighted abundance
per taxonomic group of each D site to the mean of the LD sites. T=
test statistic, P = significance value. Values in bold are signfficant at P <

005.df.=5
River T P River i | P
Mean Disturbed Rivers 271 0042  Groot 1,11 0.317
Berg 042 0690 Middeldeur -0 39 0715
Wemmershoek 033 0756 Noordhoek 0.24 0816
Holsloot 419 0.008% Window 3.64 0.015
Davidskraal .73 0.500 Cecilia 291 0.033
Lourens 101 0 358 Palmiet 301  0.030
4.6 Numbers of taxa and mean abundance ratings for D rivers

One possible effect of disturbance is that some taxa might markedly increase in proportion whilst
others might be reduced to very low abundances or disappear. To assess if this was happening.
the numbers of taxa within a taxonomic group and their average abundance ratings for cach D
site were compared to the mean. minimum and maximum values for the LD sites (Figures 4.5-
4.7). Overall. the D sites were largely within the same range as the LD sites. Within the order
Ephemeropiera. all sites were within the LD range except Cecilia. which was the only D or LD
site¢ where no Ephemeroptera were collected (Figure 4.5). The maximum expected number of
Plecoptera species in this region of the Western Cape 15 15 (Stevens & Picher 2003), and
therefore the few collected are not surprising, although all sites were within the LD range (Figure
4.5). Holsloot. however. not only had only three plecopieran taxa but their abundances were also

well below the mimimum yvalue for the LD sites.

Window was the only D site with fewer Trichoptera taxa than the minimum LD site. with Cecilia
Just above that minimum (Figure 4.6). [rnichoptera abundance was also very low in Window,
whilst the Lourens site was near the mean in terms of number of taxa but below the LD minimum
in terms of abundances (Figure 4.6). Dipterans tend to be robust in terms of water qualinn and
habitat 1y pes and often increase in abundance in disturbed rivers. Al D sites were well within the
LD range for numbers of taxa (Figure 2.6) and several D were above the LD mean in terms of
abundances with Middeldeur above the LD mavimum. Coleoptera. Other Insects and Non-
[nsects in D rivers were all withinn the LD ranges. except for the low values for Other Insects in

Window (Figure 4.7)
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D sites are ranked from highest to lowest numbers per taxonomic group,
and so x-axis labels are not in the same sequence for each Order.
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In summary, the comparison revealed no major pattern breaks within taxonomic groups between
individual D sites and the LD reference ranges. As some taxonomic groups are universally
recognised as tending to be more abundam (Diptera. Oligochaeta) or less abundam
(Ephemeroptera. Plecoptera, Trichoptera — EPT) in disturbed rivers, an analvsis was done using
some summary metrics of the full suite of LD and D sites.

4.7 Summary metrics of LD and D sites

Comparisons between the LD and D sites were made using different taxonomic metrics
commonly used in bicassessments 10 compare references condition or LD sites 1o D sites or for
comparisons between sites in different regions (Li ef @/ 2001 Roy ¢f @l. 2003). The metrics
investigated were: overall number of taxa: number of families: proportion of Ephemeroptera.
Plecoptera and Trichoptera (% EPT). proportion of Diptera: and proportion of worms
(Oligochaeta, Nematoda, and similar). Box plots for the grouped LD and grouped D sites
illustrate that the means and medians of the numbers of taxa, numbers of families and abundance
ratings were almost equal (Figure 4.8). The ranges for number of taxa and number of families.
however. were greater for the D sites than for the LD sites. As expected. the mean’'median values
for the percent of EPT were greater for LD sites than for D sites, and the converse was true for
the Diptera and worms.  T-test comparisons for all of these metrics, however, revealed no

significant difference within any metric at a P < 0.05 (Table 4 4).

Table 4.4 T-test comparisons between LD and D sites for different taxonomic
metrics. N = 26 for all tests. EPT = Ephemeroptera, Plecoptera and
Tnchoptera, Worm = Oligochaeta, Nemotoda, Nemertia and more.

Taxonomic Metric T P

Number of Taxa 0.31 078
Number of Families 0.80 043
Mean Abundance Rating 0.58 0.57
% EPT 1.15 026
% Diptera 1.18 025
% Worms -1.16 026

48 Taxonomic audit of presence and absence of discriminator species in LD

and D sites

The main difference between LD and D sites appears 1o be species-level partems of occurrence
and absence that do not change the overall proportions of the major taxon groups. The Berg site,
for instance, was recognised as a D site because of its linking with the Breede sites. A major
cause of this linkage appeared to be the presence of the ephemeropteran Labeobactis sp. nov.] in
most Breede sites and the Berg site but no other LD sites. Likewise the major difference between
the Cecilia and other Table Mountain sites probably lies with its high abundance of the
trichopteran Dvschimus thrymmifer as well as its complete lack of Ephemeroptera
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A final analvsis was thus done of the taxa that discriminate between each D site and its LD
catchment. Each D site was compared to the catchment that it 1s geographically located in, with
Davidskraal and Lourens removed because they are not within the geographical catchment of any
LD sites. The large taxonomic data set of 460 taxa was distilled 10 a smaller. more managable
list by using the top SIMPER taxa that together contributed 25% to the dissimilanty between a D
site and its LD catchment. These taxa were assessed in terms of how strongly they contributed to
the difference. and if they only occurred in either the D site or the corresponding LD catchment.

Once all the D and LD comparisons were compiled. taxa that occurred in more than one D site or
LD catchmenmt were included in a synthesis of important taxa (Table 4.5). The Non-insects
component is not presented in full as the coarse resolution of identification made comparisons
meaningless. The table was then used to determine which taxa were present in D sites but no LD
sites within the same catchment (denoted P in Table 4.5), or in LD sites but no D sites within the
same catchment (denoted C in Table 4.5). A + sign denotes the taxon was found in both D and
LD sites within a specified catchment and a — sign that it was found in neither LD or D sites
within a specific catchment. A taxon with Ps but no Cs and no + was found in a D site within the
specified catchment and never in a LD site and thus, within this data set. was considered to have
potential as an indicator of disturbance. Likewise. a taxon with Cs and no Ps and no + was found
only in LD sites within a specified catchment and thus, within this datas set. was considered to
have potential as a disturbance-sensitive taxon. None of the taxa in the table. however, are
known from other literature sources as being indicators of disturbance.

There were ten taxa found only in D sites and four only in LD sites. indicated by the bold font in
Table 4.5. Within the D sites, the ten taxa consisted of four Trichoptera. three Chironomidae.
two Odonata and one Cladocera. These taxa are probably indicative of slower flows or pool-like
conditions rather than disturbance per se. Even though there were few taxa solely in D or LD
sites. there were some subtle trends within midly disturbed D sites.  The Ephemeroptera
Adenophlebia peringuevella and Coleoptera Elpidelmis sp. 1. for instance, were present in LD
sites but also in the D-rated Groot site (Table 4.5), The presence of these taxa in the Groot may
indicate that its level of disturbance was mild, as suggested by its position in the original MDS
plot (Figure 4.2). Similarly, Lithogloca harvisoni (Ephemeroptera) was generally found only in
LD sites. but also occurred in the Berg. which again may be indicative of the fact that its
disturbance was probably related to a transfer of taxa through an imter-basin transfer scheme
rather than through disturbance of the physical or chemical habitat (Table 4.1). There were many
such subtle taxon shifts that distinguished between D and LD sites, but these were not easy 1o
detect because of two main confounding factors.  First, as stated in Chapter 3. many taxa
contributed significantly to the dissimilarities between sites and catchment groups (Section 3.4).
Second. the disturbances themselves were subtle, resulting in mixes of taxa that are represented
in both LD and D sites.

65




Table 4.5 Taxa that contribute a total of 25% of the difference between a D site and its LD catchment, and appear in more than
one D or LD site. C = present in the LD sites only. P = present in the D site only.  Hols = Holsloot, Wems = Wemmershoek,
Middel = Middledeur. Inst. = early instar, - = absent in both D site and its LD calchment, + = present in both D site and its LD
catchment
Order Family Taxon Hols Woms Berg Groot Middel Noord Window Cecilia Palmiet
T Ephemeronter: Raehoae Cloeoaes 8p nov 1 c P P . . P
Damarapius caponiss ’ c . c Cc C
Labsotasobs spp c c C + ‘ C . . P
Lobwobaobs sp nov 2 . » . C c +
Poudockoeon wwsosivm e . . = + ~ - & .
Heptogenndse Afrornmirs havnsoun c » P P . .
Leptophiehndae Adanophieban povingueyalls Cc [ ‘. C C
Apoyns spp  inst . L4 c c Cc . .
Castawphinhia cavnia Cc . . Cc ¢ C . c C
Teloganoddae Ephemersinia havnard . c C C g C P
Lestagella parvcliata Cc ¢ . ¢ Cc . * C
Lihoghoea havrisory C " . Cc
Plecoptera Notonesnourkae Aphanncerceia spp nst . C C . C * P P ‘
Apharncercupsss spp st C . C Cc . C
D@ Smooamow s sop inst Cc C * C Cc
Trchoplora Fenomedan Ecnomus spp . P P .
Hydropsyc hudae Chevmatopsyche a%a . C B C " .
Cheumatopsyche macivale C c C . C P
Chewmaslopsyche spp NSt - . e . C
Cheumatopsyche sp. type 11 " P . -
Macrostemum capense . . P P . . .
Leptocendan Athipsodes (Derganss group) spp P . C . . C + C P
Leptecho sp F . P P . - P
Leptecho spp P < G c c
Ovcens sp . . . C C C Cc
Leplocerdas spp inst Cc C + + Cc C *
Petrathninodae Petrothrincus circulavis Cc Cc Cc C c C
Prdopctamsdan Chunarna s Cc c . . . .
Sencostomataae Paliogwar sp - C c * * * P
Dhptera Coratopogonidas Alchapogon sp C . C C C




Order Family Taxon Hols Wems Berg Groot Middel Noord Window Cecilia Paimiet
Dintera Ceratopogonidae  Bezzva sop . P . & T = c c =
Chironomdae Crcodopus obscurus P P . P B - . .
Crcotopus ksontuensis + + C Cc C c c c .
Crcotopus sp 1 . c Cc . Cc . B 3 &
Cricotopus sp. 5 P . . =] . . . ]
Lavsie sp c Cc c . . . o .
Paradoxociadhus mangold . P . P P 4 . . .
PolypecWum atcala + + . P P o P c
Stempetuna sp c . c . + S . c
Tanytarsus sp 3 . P . . P : -
Thwnomanviela sp 1 . . . c c - . .
Psychoddae Pericoma sp 2 P . . . . - c c
Smulidae Simubum medvsasforme puoa c . - P P - . .
Topuhdae Hemearodvonma sp . Cc . . . c o c
Coleaptara Cimdas Elmndae spp adult . c c c . . =
Elpidelmis capensis adult . c C c C c .
Elpedalans sp ' adult c P . . P o C c .
Elpecdainns spn |arva . Cc c . C e . - o
Elpecdalnns sp A larva c i » . P P . . ;
Elpecdairws sp B larva c . . . P . P P
Pelorodus sp 2 adult Cc . . . . - o . -
Heloddae Helodwdae sp 1 larva . v . P P C . P
Helodwdae sp 2 larva c . + . . . + C (2]
Holodidae sp 6 larva Cc c . . . . c c .
Helodae sp 7 larva - C c . . Cc Cc Cc c
Hydraendae Hydraenidae spp. adult . C c c C . . c
Hydrophdidae Hydrophildae spp larva . P - . c c
Hydrophildae sp 1 larva P - . . c c .
Lmmchidae Lmnodae sp C . Cc . c . P . c
Hemplera Velidae Microvelia sp. adult - - - . - c c )
Leprootera Py aidae Patrophiia sp [ c c . . . [ .
Odonata Asshnidae Aoshna so . . + + c . [ ¢ .
Corduldae Syncordubs sp . . c c Cc c . - -
Gomphdae Notogamphus sp 1 Cc o . . . P . . c
Paragomphus sp 1 c P P - . P - - P
Libellulidae Crocothemis sp. . . - P P . .
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Chaprer Four

Conclusions

I'he overwhelming pattern in all the analyses presented in this chapter. was the lack of significant

differences in overall metrics between LD and D sites. The patterns shown between D and LD

sites can be summarised by the following points

overall. mean LD and mean D sites are statistically significanthy different in terms of
proportions of taxa within a taxonomic group (Sections 4.2 and 4.5);

when comparing proportions of taxa for individual D sites to mean LD sites onlv 3 -4 D
sites differed significantly from the LD sites:

number of taxa (richness) and abundances did not differ significantly between most D
sites and LD sites and diversity indices did not differ at all (Sections 4.3 and 4.6):

the percentage of shared taxa between D and LD sites within the same catchment was
low and dependant on the degree of disturbance. in support of Figures 4.1 and 4.2
(Section 4.4):

although metrics such as % EPT, mean abundance and number of familes, % dipterans
and % worms demonstrated small differences between LD than D sites graphically. there
was no statistical difference between the two groups (Section 4.6);

there are subtle mixes of taxa that define differences between D and LD sites (Section
4.7), some of which may be indicators of disturbance, but further research is needed 10
determine which taxa were simply absent from D sites due to factors other than
disturbance.

Even though there were indications of physical disturbance in most D sites. these did not translate

into measurable changes within the invertebrate species assemblages sampled.
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Chapier Five

5. THE UNDERLYING ENVRIONMENTAL CAUSES OF
CATCHMENT SIGNATURES

5.1 Introduction

The investigations into caichment and niver signatures in Chapters 2-4 revealed that they are a
result of changes in invertebrate communities at the species level. This is the proximate cause of
the signatures, which will have been driven by underlving, environmental differences within the
rivers'catchments. In this Chapter some possible candidates for these environmental drivers are

investigated.

S.2 Water chemistry

The original rescarch upon which this project was based (King & Schacl 2001) focussed on
physical-biological links, and did not include a comprehensive investigation of water quality.
Spot measurements of water iemperature. pH. colour and conductivity were made in the ficld at
onc point per site.  Of these, only conductivity showed any correlation with the catchment

grouping of invertebrates, and this was very weak.

There may have been fundamental differences in water chemistny between the catchments that
would not have been revealed by this limited chemical analvsis. Depanment of Water Affairs
(DWAF) gauging-weir data of water quality were thus analysed for any insights they may
provide on catchment signatures. DWAF data from the summer months (December to March)
were selected from gauging stations nearest to LD sites or, for rivers where no stations existed.
from stations considered representative of those catchments (Table 5.1). Water chemistry records
were used 1o characterise the catchments. and were analysed for their individual pattems. not in
conjunction with the invertebrate data. Records were of variable length from one vear 10 40 or
more, but no relevant records were found for the Table Mountain or Davidskraal sites. Using
only those water-chemistry variables that were available for all the selected stations (Table 5.2),
one mean value was calculated for each station from all the available vears of data. The
PRIMER packages CLUSTER and MDS were then used to analyse the pattern of station

distributions based on their available water chemistny

If regional water chemistn was plaving a significant role in the appearance of catchment
signatures. hierarchical clustering of the water-chemistry stations should be similar to that of the
invertebrates (Figures 3.1, 3.2 and 4.1). The clustering of stations by water-chemistry values,
however, was quite different from that of the invertebrates (Figure 5.1). There were two main
groups of stations, dividing at the 63% similarity level. The first group consisted of stations from
all of the catchments studied except the Berg and Molenaars, The second group has at least one
station from cach studied catchment except the Lourens. and divided into three sub-groups:
Eerste. Palmiet and Breede (2a), Olifants (2b) and Berg, Molenaars and Breede (2¢) (Figure 5.1).

The locations of the stations in the first cluster group were from arcas with probable farming

impacts (groups 1b and 1¢). and a combination of dam and farming impacts (group 1a). whilst the
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stations were in relatively less impacted areas. Each main group had one Breede site that

group 2

did not join with any of the sub-groups (Figure 5.1)

Table 5.1 DWAF water-chemistry data used for regional summer water-
chemistry analysis, and the number of years of data captured for
each. Sampling intervals vaned from biweekly to seasonally n = number
of samples

Code DWAF weir Location Reqord -

Period
"~ 1978-80 1997- 1
01 E1H006Q01 Jan Dissels River at Clanwifiam commonage ;;. 8-99, 196 o8
983-89 1998-
02  E1H007Q01 Bulshoek dam on Oifants River leftcanal o0 oo 1000 39
03 E1H013Q01 Olifants River a1 Citrusdal 1995-98 15
Q4 E2HOO07Q01 Leeu River 1877-04 141
R1 H1H007Q01 Wt River at Drosterskloof 1875-04 380
R2 H1HD09Q01 Hoisloot River at Boontjies River 1906-99 14
e81 2
R3 H1HD12Q01 Hoisloot River at Daschbosch River ;58 85, 2000 85
G73.81 1985- 2
R4 H1H015Q01 Breede River at gie Nekkies (under Brandvier) ;; 3-81, 1988 234
, ’ ' -~ : st | T:. 2
e H1R0020Q01 i:ltrynshlao dam on Holsloot river near dam §72-689 0
M1 H1H017Q01 Al Hawequas Forest Reserve on Elands River 1871.82 241
X , U r 1671. 7
M2 H1HO18Q01 lolenaars River at Hawequas Forest 971-04 375
Reserve
B1 G'HO71Q01 Wemmershoek dam on river. pipeline from D 1987-88 19462 &
. . 1971.77. 1985- 130
B2 G*R002Q01 Wemmershoek dam on river near dam wall g0
E1 G2H002Q01 Jonkershoek on Bosboukloof 1981-90 31
E2 G2H007Q01 Langrivier at Jonkershoek 1982-90 31
- A~ 0 ‘ Jonkershoak (Eerste) nver Jonkershoek 1977-93 144
E3 G2H008Q01 IKieinplas
E4 G2HD09Q01 Lambrecnhtsbos sprunt at Jonkershoek 1983-90 26
ES G2H028Q01 Swartboskloof spruit at Jonkershoek 1985-90 22
L1 G2H016Q01 Lourens Rwver at Somerset West 1978-91 88
P1 G4HD05Q01 Palmiet River at Van Anes Kraal/Applethwaite 1978-04 125
~aunnTane  Paimiet River at Farm 562- 1978-04 381
P2 G4H007Q0 Welgemoed/Kleinmond
Keogelberg Dam on Palmiet River down 1988-04 130
" n" f 3
P3 G4H022Q01 STOBM Woir
L] | et n 1QR2.045
pa G4RDI2001 E:'?nhn Dam on Palmiet River. near dam 982-03 66
. raal Dam o miet River n 1982 g
P5 G4R005Q01 :-raﬁ“ aal Dam on Paimiet River near ¢cam ag
gelberg D (v et River: n < 1885-0 13
P G4R005001 ::ae bergc Dam on Paimiet River. near dam 85-03
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Group 1

S0 60 70 &0 90 100
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Figure 5.1 A. Dendrogram of water chemistry stations. B. 2-d MDS plot, with
the main groups identified in the dendrogram separated by circles.
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A. Dendrogram of group 2 water chemistry stations from Figure 5.1.
B. 2-d MDS plot, with the main groups identified in the dendrogram
separated by circles.
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Table 5.2 DWAF water-chemistry variables used in the catchment analyses.
Variable Abbreviation  Units
pH pH pH units
Total Alkalinity  TAL mgL"’
Conductivity COND mSm’
Nitrate + Nitrite NO, + NO, -N mglL’
Ammonium NH. -N mg L”
Orthophosphate PO, " -P mg L’
Sulphate SO,*-S mglL”
Sodum Na® mgL"”
Magnesium Mg’ mg L’
Silica Si mglL’
Chiloride cr mg L"
Potassium K™ - mg L’
Table 5.3 Results of t-test comparison of cluster groups 1 and 2 from Figure

5.1 to ascertain significant differences in water chemistry. Degrees
of freedom = 23; t = t-lest statistic. P = significance value; statistically
significant P-values < 0.05 are in bold ‘

Variable t P

pH 2.76 0.011
TAL -398  <0.001
COND 395 <0.001
NO; + NO, -N 029 0.773
NH," -N 054 0.592
PO, -P 067 0512
s0,%-s 280  0.010
Na' 590 <0.001
Mg 470 <0.001
Si 0.20 0.842
cr 6528 <0.001
K' 312 0.005

I'he level of similarity between the group 2 stations sites was high, with a split into two main
groups at 89% similarity (Figure 5.2). Group 2a comprised the Eerste, Molenaars, Berg and one
Breede stations. and group 2 the Olifants. Palmiet and remaining Breede station. Within group
2a, there is a split into Berg-Breede, Molenaars and Eerste sub-groups. This is along catchment
lines 10 some extent. but the inveniebrate clusiering of the Eerste with the Molenaars and the
Olifants with the Berg is not evident in these water-chemistry clusters.  Water chemistry thus

does not appear 10 be a major driver of the catchment signatures.
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5.3 Alien and indigenous fishes

I'he Western Cape has a low biodiversity of indigenous freshwater fishes, with 18 main species.
50% of which are endemic and 14 that are threatened or endangered (Impson e af. 2000). The
Olifants catchment is considered a fish endemic hotspot with eight species endemic 10 the area
and threatened with extinction (Impson ¢f @ 2000). One of the major threats to the indigenous
fish population is posed by introduced alien fishes. Aliens such as smallmouth bass (Microprerus
dodomicu) and rainbow trout (Oncorivnchus mkiss) are voracious predators of the indigenous
fish population. and their carly hife stages are competitors for food sources such as invertebrates.
Different combinations of indigenous and alien fish populations may be resulting in inventebrate
communities with varving levels of impact from catchment to catchment. A list of nivers that are

known to have alien fish was compiled (Table 5 4), together with the species present

A BIOENV analysis was done, incorporating all 28 sites. to assess possible linkages between fish
communities and catchment signatures. A standard set of environmental variables as per King &
Schael (2001). namely <chemical (conductivity. pli. colour). substratum (percent composition of
bedrock. boulder, cobbles and gravels). vegetation (percemt cover of moss, algae. emergent
macrophyvtes. Scirpus (a submergent macrophyic)) and topography (altitude. site slope, map
slope). was supplemented with information on the fish. Native and alien fish were entered

separately, indicating in each case the number of species present

Table 5.4 River systems from Table 1.1 known to harbour alien fish. SMB =
smalimouth bass (Micropterus dolomieu), BGS = bluegill sunfish
(Lepomis macrochirus), BT = banded tilapia (Tilapia sparrmanii), RT =
rainbow trout (Oncorhynchus mykiss). Dean Impson, Cape Nature pers
comm. and impson et al. 2000. An astenx denotes that these aliens may
not be resident. but present during high flows

VRIvori = Ri;or na;o ;\Iicn 6sh present

1 Jan Dissels SMB & BGS
3 Noordhoek BT
5 Grootrivier SMB & BGS
9 Molenaars RT & SMB
10 Elands RT
11 Elandspad RT
12 Holsloot RT & SMB
16 Wemmershoek RT. SMB & BGS
17 Berg RT & SMB
18 Eerste RT
19 Lang* RT
20 Swartboskloof* RT
22 Lourens RT

I'he results show which enmvironmental vanable or combination of vanables best matches the
imvertiebrate ordination of sites, that is, the set of environmental vanables that best explains the
biotic structure of the sites. A Spearman weighted correlation coefficient (p,) is gencrated, with

a correlation coefficient of 1.000 indicating a perfect match between the environmental and hiotic
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matrices. T'he analysis was done twice, first using the 17 LD sites and then using all 28 sites.
The addition of fish 1o the BIOENV analysis did alter the original result reported King & Schael
(2001) (Tables 5.5 and 5.6).

In the analysis using the 17 LD sites. the suite of environmental variables that best matched the
invertebrate matrix was the combination of conductivity. gravels, cobbles. indigenous fish and
moss cover (p, = 0.542, Table 5.5). The original BIOENV results in King & Schael (2001) also
used five variables 10 best explain the pattern, but the correlation coefficient was shightly weaker
(Pw = 0.491) and included a different mix of vanables. namely. cobbles. gravels, boulder, altitude
and conductivity. Inclusion of the fish made the correlation stronger and other variables become
less important. In both the oniginal analysis in King & Schael (2001), and in this one, the highest
scoring singhe variable was Scirpus (Table 5.5). but as this drops out when other vaniables are
introduced. it is most Likely also related 10 those physical variables.

The best combination of variables to match all niver sites was indigenous fish and site slope (p,, =
0.332. Table 5.6). a weaker correlation coefficient compared 1o the oniginal p, = 0381 (King &
Schael 2001). The latter was created with eight different variables: algae. conductivity,
macrophytes. site slope. altitude. boulder. cobbles and Scirpus. whilst the best correlation
coefficient with only two variables, conductivity and macrophyies, was p, = 0.309. Interestingly,
indigenous fish emerged as the best single variable, and alien fish also appeared in the group of
the best three vanables. together with indigenous fish and site slope (Table 5.6).

Table 5.5 Variables used and coefficients derived from the BIOENV matching
exercise of biotic and abiotic similarity matrices of the 17 LD rivers.
The best overall match is indicted in bold font

:‘::::: :f Best variable combinations p« Rank
1 Scipus 0368 5
2 Conductivity and gravels D446 4
3 Conductivity, gravels, and cobbles 0.537 3
- Conductivity, gravels, cobbles, and indigenous fish 0539 2
5 Conductivity, gravels, cobbles, indigenous fish, 0542 1
and moss

Table 5.6 Variables used and coefficients derived from the BIOENV matching
exercise of biotic and abiotic similarity matrices of all 28 sampled
river sites. The best overall match is indicted in bold font

?:";:::’d Best variable combinations pe Rank
1 Indigenous fish 0289 S
2 Indigenous fish and site slope 0.332 1
3 Indigenous fish, site slope, and alien fish 0.305 2
4 Algae, conductivity, colour, and boulder 0.301 4
5 Indigenous fish, algae, conductivity, colour. and boulder 0302 3
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In summan. the presence and numbers of indigenous and alien fish 1axa may play a role n
catchment signatures but the uncertainty is high and needs rescarch on fish-invenchrate
relationships. It seems probable that different Kinds of fish communities do affect the structure of
invertebrate communities. probably acting as one of several environmental drivers rather than the

primarn one

s4 Geographical context

In the oniginal project (King & Schael 2001) the invertebrates have been wdentified by catchment
group because that is the pattern of clustering indicated by the classification dendrogram (Figure
4.1) and the MDS plot (Figure 4.2). Another possible insight on the catchment signatures can be
gained if the groups on the MDS plot are delincated by geographical catchment and not by the
dendrogram clusters. The catchments stretch from the Olifants in the north, to Davidskraal and
the Palmiet in the south, and to the Table Mountain group in the south-west (Figure 5.3). The
MDS plot can be orientated 10 coincide with this geographical layout (Figure 5.4). and then new
lines drawn around the sites that are located within each individual catchment. The fact that the
MDS plot can be orientated successfully in this way suggests that the catchment signatures may
at least partly be attributable 10 biogeographical distribution patterns.  In other words, knowing
that the signatures are caused by species replacing species within cach major taxonomic group
(Chapter 3). could these replacements be a result of some species reaching the edge of their

distributional ranges and being replaced by others?

F'o investigate this, individual distribution maps were drawn up for all the top discriminator taza
in Tables 313, 3,14, 315 and 3.17 (Figure 5.5a-¢). A few taxa occurred mostly in the Olifams
catchment in the north with venn limited occurrence elsewhere (designated RN on the maps)
Some were found only in the southern clump of catchments (designated RS). whilst others were
widespread and common (W) or widespread but vens patchily distributed (S). A few of the taxa

were widespread but never collected on Table Mountain (W-1M)
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Map of quaternary catchments containing samples sites. Shading
indicates main catchment groups. Molenaars is a sub-catchment of the

Breede. Site numbers as per Table 1.1

Many of the taxa used in this project are known 10 occur outside the areas listed

The distribution

maps in Figure 5.5 are thus far from complete, and interpretation of them should be done with

It can be said, however, that there does not appear to be a simple shift of species from

Several different Kinds of distributions appear to be present. perhaps reflecting

physiological abilities 10 cope with differemt environments

appear to be caused by a drift from species to species across the landscape

biogeographical histones such as niver capture and changing chimate, as well as physical and

The carchment signatures do not
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Figure 54 Two-dimensional MDS configuration of the 17 LD sites and 11 D
sites, using species level data of invertebrates and rotated to
positions which approximate the geographical positions of the
catchments. Modified from Figure 4.2 1 = Olifants, 2 = Berg, 3 =
Breede, 4 = Molenaars, 5 = Eerste; 6 = Table Mountain, Palmiet, Lourens
and Davidskraal lie outside these groups. Each site is designated by the
first letter of its catchment name and by zone. # = predetermined
mountain zone and $ = predetermined foothill zone (King & Schael 2001)
* = disturbed rivers
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Figure 5.5 Distributional maps for top discriminator taxa listed in Tables 3.14,
3.15, 3.16 and 3.18, by quartenary sub-catchment, a) Ephemeroptera,
b) Plecoptera c) Trichoptera, d) and e) Coleoptera. Dark shading
indicates a study catchment where a species was collected; light shading
indicates a study catchment where the species was not collected. RN =
restricted to the north; RS = restricted to the south, W = widespread, W-
TM = widespread but absent from Table Mountain; S = scattered
Figures on the subsequent five pages.
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5.5 Palcogeography: links to the past

Inveriebrate samples from the Berg and Olifants Rivers clumped together through all the analyvses
reported in this project. except the one on Functional Feeding Groups. This persistent grouping
could not be due 1o geographical contiguity, as the Breede headwaters lic between the Olifams
and Berg headwaters. The Olifams and Berg are the only rivers in the study draining to the
Atlantic Ocean, with all the others draining to the Indian Ocean. Part of the geographical histon
of the Western Cape is that the Berg and Olifants Rivers may have shared a common estuan
during the Oligocene epoch in the Cenzoic era (Hendey 1983).  Is it possible that their
invertebrate communities are similar because of this - a phenomenon that, if their mountain
stream species did not distribute widely over the mountains and into the Breede headwaters,
would presumably have required them 1o distribute down the complete length of one of the rivers

and up the complete length of the other?

Past geographical isolation may be the cause of the Table Mountain streams grouping together,
although they are in different catchments, Table Mountain has at times been an isolated island
ofT the coast of South Africa. with its last re<connection to mainland Africa being at the end of

the Pleistocene about 150 000 mya (Walker 1952: Deacon er al. 1983)

These two examples tngger the question of how long a river might maintain a catchment
signature based on ancient land and drainage connections. One investigation that might shed
light on this is of the Klein Berg River, which used to be a headwater of the Breede svstem (Prof
de Wit Geological Sciences. University of Cape Town. pers. comm.). Macro-inveriebrates from
the Klein Berg headwaters may have retained their Breede identity or assumed a Berg identity,
and calculating the time when the river was captured by the Berg would give some idea of the

times over which catchment signatures could persist among inventebrate communities.,

5.6 Conclusion

None of the analyses reported here provide clear proof of a single environmental driver for the

catchment signatures. Rather, the signatures most probably are the result of complex interactions

of many variables over millions of vears.
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6. EFFECT OF SAMPLING POINT HYDRAULICS ON THE
OUTCOME OF SASS SCORES

6.1 Introduction

T'he South African Scoring Svstem (SASS) is a 100l used in the rapid bioassessment of water
quality in South African rivers. It uses benthic macroinvertebrate communities to indicate a level
of biotic integrity or svstem health (Dickens & Graham 2002). It was first developed by Chutter
(1972) and further refined for ease of use for local and national regulatory authorities (Chutter
1994; Chutter 1998). SASS was based on similar biotic indices developed in other parts of the
world, such as RIVPACS in the United Kingdom (Wright ¢r a/. 1984) and AusRivAS in
Australia (Smith er al. 1999). The focus of all of these indices was the use of invertebrates as
indicators of the chemical aspects of water quality, with stream morphology and availability of
habitat as only cursory elements of the indices.

Despite the lack of integration of habitat in these carly bioassessment indices, it is widely
recognised that differences in habitat do result in differences in species composition (Southwood
1977: Minshall 1984; PofT & Ward 1990: Palmer er @l 1991: Statzner ¢ @l. 1997). which could
then affect the outcome of a bioassessment (Chessman 1995 Dallas 2001).  The rescarch
conducted by Chutter (1998) and Dallas (1997 and 2001) into integrating habitat into SASS
assessments has made the svstem much more robust.  Dallas (2001) in particular has done
extensive work 10 enhance understanding of the effects of different habitats on SASS scores.

The essence of the SASS system as it stands now (SASS: Chutter 1998; SASSS Dickens &
Graham 2002) is the field identification of aquatic invericbrates 1o the family Jevel. Each family
has a designated score that reflects its tolerance to chemical pollution. The invertebrate samples
are collected in a number of differem physical conditions ~ here called SASS biotopes — and
three main metrics are calculated for cach SASS biotope and for all SASS biotopes in
combination. The combined score for all SASS biotopes is used 10 compare rivers across the
landscape. The metrics are SASS score, number of taxa (famibes). and the Average Score per
Taxon (ASPT). These provide different perspectives on the data. The SASS score indicates the
sum of the taxon scores for taxa present at a site. with axa that are sensitive to pollution being
accorded higher scores than those that have a higher olerance. A high SASS score would
therefore indicate the presence of sensitive taxa and thus low levels of chemical pollution
(Chutter 1995 Dallas er afl. 1998). The ASPT is the SASS score divided by the number of taxa
used 1o create the score and is the most stable of the two measures as it is least affected by
biotope availability as sensitive and hardy species will absent equally (Dallas 1997: Chutter
1998 Dichens & Graham 2002). The ASPT is also less affected by an increase in sampling
efTort than is the SASS score (Dickens & Graham 2002). As an example, the SASS score for an
unpolluted headwater stream in the Western Cape is 2 140 and ASPT 2 7.5 and a score and
ASPT for a lowland stream is > 50 and > 5.0 respectively (Dallas er ol 1998). These two
biological zones have naturally different SASS values because there are more pollution-tolerant
taxa in the downstream reaches.
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The data set used in the project reported here was not collected with SASS in mind or using the
SASS method but 1t does contain comprehensive details of the species present in a range of
physical conditions in Western Cape rivers.  Because many samples were collected from many
sites. these data have the potential to provide some insight into whether or not various
permutations of sampling points within a site would produce differences in SASS scores. The
objective of this chapter is thus to assess how different combinations of physical conditions could

cffect the resulting SASS score.

6.2 Development and analyses of SASS metrices

A summany of the sampling design. and enumeration and identification of the invenebrates, is
reported in lable 1.2 and details are in King & Schael (2001). Basic points regarding the

rescarch reported here are summarised this section

Each invertebrate sample was reduced to familv-level data and the relevant SASS score was
assigned 1o each family as preseribed by Dichens & Graham (2002). Each sample (6-12 per site)
also had data on its flow and substratum conditions (King & Schael 2001). The samples were
then combined into larger groups in three ways. They were grouped according to SASS4
biotopes (SIC, SOOC, VEG. GSM), 10 SASSS biotopes (S, VEG, GSM) and to Schael’s (in
prep.) flow-substratum (FS) biotopes (Table 6.1). The SASS metrics were then calculated per
site and per SASS or FS biotope. These metrics are not true SASS ones as the invertebrates were
not collected and identified in the preseribed SASS way — finer net-mesh than the standard 1.0
mm SASS net was used. and the animals were identified 1o species by microscope rather than in
the field by eve. Taxa that could have been missed in the field were thus probably captured. and
mis-identification at the family level was Jess likely.  The metrics may still sene a useful
purpose. however, allowing samples 1o be mined and matched in various ways (Table 6.1) and
the resulting scores to be compared in the search for the mfluence of physical habitat.  Because

they are not true SASS metrics. they are shown in this report in ialics. as SASS meirics

For cach LD and D site. the total SASS Score. number of tavae and average score per taxon
(ASPT) were calculated using SASS4, SASSS and FS biotopes.  These metries were the source

data for all the analyses reported in section 6.3

First, an analvsis of variance (ANOVA) was used to determine if LD and D sites had
significamly differem SASS Scores. A series of one-way ANOVAs was then used 10 compare
SASS Score and nmumber of taxa between biotopes.  If the gencral ANOVA model showed
significant difference berween biotopes. a Tukey 's multiple pair-wise comparison test was then
used to determine which biotopes were significantly different.  The results of the Tukey's test are
illustrated on the figures comparing biotopes. where those biotopes that are represented by the
same lower case letter. e.g. "a’. were not significantly different from one another. The AS/7 data
violated the assumption of a normal distribution of data. therefore an ANOVA could not be used.

A Kruskal-Wallis ANOVA on ranked data was then used to test if there was a significant

difference between biotopes in terms of ASPT. To compare cach biotope group tvpe for the
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ASPT dara the Dunn’s pair-wise comparison procedure for ranked data was used. instead of the
Tukey's test used in the ANOVA procedure for the other variables.

Table 6.1 Biotopes to which invertebrate samples were assigned. Each sample
from each site was assigned to one biotope in each of the three biotope
columns. Details of SASS biotopes are in Dickens & Graham (2002) and
Dallas (2001). and of FS biotopes in King & Schael (2001) and Schael (in
prep.)

SASS4 SASSS FS
Code Description  Code  Description Code Flow Substratum
description  description
SiC Stones (> 2 S SIC + FB Fast currents Bedrock and
cm) and SOOC as in such as FF, boulder, > 25
bedrock in SASS4 CAS, CH, cm as per
current BSW, USW Appendix 1
and FRF, as
defined in
Appendix 1
SO0C Stones (> 2 VEG As in FC As for FB Large and
cm) and SASS4 small cobble, 6
bedrock out of - 25 cm, as per
any perceptible Appendix 1
current
VEG Emergentand | GSM As in FO As for FB Al substrata <
submergent SASS4 6 cm, such as
vegetation in gravels, sand
and out of and much, as
current é per Appendix 1
GSM Gravel, sand MB Moderate Asin FB
and mud (s 2 currents such
cm) in @ variety as RS and
of currents SBT as
defined in
'} Appendix 1
MC As in MB Asin FC
MO As in MB Asin FO
SL Slow currents  All substratum
such as BPF  types
and NF as
cefined in
Appendix 1,
6.3 The effect of biotope on SASS Scores

The samples collected were not apportioned equally by biotope as prescribed by SASS (Figure

6.1).

9l
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Of the three SASSS categories, 81% of samples tahen were from the stones (S) categons with 17
and 2% from gravel. sand and mud (GSM) and emergent and submergent vegetation (VEG)
respectively (Figure 6.1a). Only four samples of 328 fitted the VEG biotope description, mainly

because aquatic and marginal vegetation is rare in Western Cape headwater streams

When the samples allocated to the S biotope of SASSS were re-allocated to the two separate
stony biotopes of SASSY (SIC stones in current - and SOOC stones out of current). most
(63%) went 1o the SIC biotope (Figure 1b) indicating the fast-flowing. cobble nature of the
strcams.  The samples allocated 10 GSM and VEG biotopes remain the same in SASSY and

SASSS (Figure 6. 1a)

100 ———— .
A. L ——
SRS B.
80 - ] S0
—>
& oo *
S ]
5 | L |
e s
g ‘ SIC SO0C
0
20 - ;
, B
| | :
o - — — A —— PO

S GSM VEG

Figure 6.1 Proportion of invertebrate samples allocated to SASS biotopes for,
a) SASSS, and b) the individual SASS4 components of stones (S)
inset. Codes as per Table 61 The scale in b) is not equivalent to that in
a)

When the samples were allocated to FS biotopes the proportions were more even (Figure 6.2a)
I'he mital allocation was by flow: fast (F). moderate (M) or slow (SL). F and M held
approximatehy equal numbers of samples (38 and 40%: respectively). with fewer samples
representing SL (22%6). With the substratum component added. most samples from F flows were
allocated 10 bedrock and boulder (Figure 6.2b), and about the same number of samples from M

flows went 1o boulders bedrock or to cobble (Figure 6.2¢)

Few samples came from other substrata.  Representing essentially the same set of samples as

GSM does in Figure 6.1a. the samples were allocated between the FO (<53%), MO (<10°%) and

S f‘l.-t.-pq-- lable 6.1)
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The SASS Score. number of taxa and ASPT do not differ markedly between SASS4 and SASSS,
and so all results from hereon refer to SASSS. SASS Scores were high for all sites (Table 6.2),
indicating that the water quality of cach site. in terms of the Dallas (1997). Dallas ¢r al. (1998)
and DWAF (1999) assessment categories. would be considered excellent (A-category. >140).

The only exception was the Holsloot which, with a score of 134, would be considered very good
(B-category, 121-140). The ASPT values are also within the A category of >7, with the exception
of Holsloot. which is once again in the B category. A one-way ANOVA comparison of SASS
Scores, number of raxa and ASPT between LD and D sites confirmed that there was no
significant difference between the two Kinds of sites (Score: F, o, = 0.016, P = 0.899: No. laxa:
Fia=0017, P=03898: ASPT: F, 5 = 0.00025, P = 0.988). All subsequent statistical tests then
combined 1.1 and D sites into one data set 1o evaluate the effects of different biotopes on SASS

metrics compared 10 the sites totals.

100
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Figure 6.2 Proportion of all samples that were within a) each individual
hydraulic biotope of fast (F), moderate (M) and slow (SL) current,
and the individual flow-substratum components of b) the fast
current, and c) moderate current by substratum type. Codes as per
Table 6.1. Note that the scales of b) and c) are not equivalent to that of
a).
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SASS biotope metrics

Data from all sites were pooled by biotope (Table 6.1) and the SASS merrics illustrated as box
plots (Figures 2.3 and 2.3). Differences were evident between the metrics for indiv idual biotopes
and between these and the metrics for all biotopes combined (T). A one-way ANOVA
comparing SASSS with SASSY biotopes, essentially a comparison between S on the one hand
and SIC and SOOC on the other, showed an overall significant difference in terms of SASS Scor
(Foiu=2734.P<0.001). The Tuhey's test. represented by the lower case letters on each Higure.
where those biotopes with the same letter were not significantly different from one another,
showed that the SASS Score for T was not significanthy different from those for either S or SIC m
aP <0035 level (Figure 6 3a). S4SS Scores for GSM and SOOC were not significantly different,
but both were significanthy differemt from those for T. S and SIC (P < 0.05), The under-
represented VEG biotope had a large range of S4SS Scores. and was only significantly different

from T (P < 0.03)

Table 6.2 SASSS Score, number of taxa and average score per taxon (ASPT)
for each site, following the protocol of Dickens & Graham (2002). (D)
= disturbed as in Chapter 4

River# River Name Score Taxa ASPT
T 1 JanDissels 281 B 78

2 Rondegat 244 32 76

3 Noordhoek (D) 255 a3 7.7

4 Middiecuer (D) 238 3N 7.7

5 Groot (D) 275 37 7.4

IS Steenbok 223 30 74

7 Wolvekloof 22 30 7.6

g Wit 247 K} 80

G Molenaars 236 30 7.9

10 Elangs 271 35 7.7

1" Elandspad 207 27 7.7

12 Holsloot (D) 134 20 8.7

13 DuToits 219 30 7.3

14 Bakkerskioof 215 29 74

15 Zachanashoek 231 32 T

16 Wemmershoek (D 273 38 7.2

17 Berg (D) 221 2 7.9

18 Eerste 345 43 80

19 Langrivier 2 2 7.5

20 Swartboskloof 9 2 80

22 Lourers (D) 288 368 7.8

23 Paimiet (D) 255 30 85

24 Dwars 152 20 75

25 Davigskraal (D) 213 28 76

26 Window (D) 178 2 7.7

27 Newlands 216 28 7.7

28 Ceciia (D 141 17 83

__29 Disa_ 185 24 7.7
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The same pattern of a significant difference between biotopes was shown by the nmumber of 1axa
(Foysg = 27.82, P < 0.001) and the Tukey's test also showed the same pattern of significant
differences between biotopes (Figure 6.3a&b).

The ASPT was not significantly different between biotopes. and means ranged between 6.8 and 8
(Table 6.2, Figure 6.3c). Similar 10 the SASS score and number of 1axa. the ASPT overall
Kruskal-Wallis ANOVA on ranks showed that there was a significant difference between groups
(H=135.df= 5 P = 0.019). Unlike the other two metrics. however, the pair-wise comparison
test (Dunn’s) did not reveal any significant differences in AS/T between cach of the biotopes or
between them and T, with P-values > 0.05, hence there are no lower case letters on Figure 6 3¢ as
all biotopes and T were designated the same.

FS biotope metrics

There were no large differences in SASS meirics between the FS biotopes, but there was a
significant difference between individual FS biotopes and T (Figure 6.4). Overall, SASS Scores
differed significantly between biotopes (Foyo = 1684, P < 0.001). but only T differed
significantly from all the individual FS biotopes (Tukey’s P < 0.05; Figure 64a). The same
pattern was shown in number of taxa (F- ;= 17.65, P < 0,001, Figure 6.4b). Again the Kruskal-
Wallis ANOVA on ranks showed an overall significant difference in the ASPT between biotopes
(H = 1958 . df = 7. P = 0.007). The Dunn’s pair-wise comparisons did not show significant
differences between biotopes at P < 0.05, however. ASPT was very stable across all biotope
combinations in comparison to SASS Score and number of taxa (Figures 2.5 and 2.4).

SASS metrics by biotope

The mean, standard deviation (SD) and coceficient of variation percentage (CV%) of each SASS
metric. across biotopes, demonstrated that AS/7 is the least vanable and most consistent across
biotopes (Table 6.3). In terms of niver assessment category (Dallas e @/, 1998 and DWAF 1999),
the ASPT of any one biotope. if that were the only one sampled. would put. on average, all of our
sites into an A category (Table 6.3). The exception was the SL biotope, which marginally missed
that category and, if sampled alone, would have placed most of our sites, on average, in the B

categony.

I'he SASS Score showed much greater variabilitn between biotopes (Table 6.3). The SASS Scores
for T, and the S, VEG, SIC. and FC biotopes. if sampled individually 10 represent a site. would
put that site within category A, the FB, FO, MB and MC biotopes in categony B. and the GSM.
SOOC, MO and SL would be in categony C (101 = 120). on average. There was high variance
within each biotope. suggested by the high CV% and large range (Figures 2.3 and 2.4) within
VEG, GSM, MB. MO, MC, SOOC and SL.  These biotopes would not necessarily be good
representatives of a particular site, as they could over or under-estimate SASS Scores.
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Figure 6.3 a) SASS Score, b) number of taxa and c) ASPT for all SASS5
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The strongest differences in SASS Scores, number of taxa and ASPT were between the SASSS
biotopes (Figure 6.3 and Table 6.3). SIC (a SASS4 biotope) had veny similar SASS Scores 10 S
(SASSS biotopes). and SOOC similar ones 1o GSM. The IS biotopes did not show strong

differences for any of the SASS merrics, and are therefore not considered further

To determine which of the family-level taxa contributed to the differences between the SASSS
biotopes (S. GSM and VEG). the proportion of the samples from cach biotope in which cach
taxon occurred was calculated (Table 6.4). Several taxa occurred in consistently high proportions
in all three SASSS biotopes., such as the Notonemouridae, Chironomidae and Elmidae Dyropidae.
Others were dominant within the S biotope such as the Blephariceridae. Ceratopogonidae,
Veliidae Mesovellidae. and Ecnomidae. Taxa that co-occurred in GSM and in S and'or VEG
were present in equal or lower proportions of the GSM samples. VEG was under-represented in
the data set due 10 its rarity in the study streams and. possibly for this reason. had relatively few
taxa though some. e.g. Notonectidea. Naucondae, Coenagrionidae and Pyralidae, were present in
the that biotope in higher percentages than in others.

Table 6.3 The number of sites (N), mean, standard deviation (SD) and
coefficient of variation percentage (CV%) for SASS Score, number of
taxa and ASPT for each biotope. Codes as per Table 6.1, TOTAL = all
biotopes combined. An A" category has a score of > 140 and ASPT of >
7, a "B category has a score ranging from 121 - 140 and ASPT from 6 -
7 and a "C” category has a score range from 101 - 120 and ASPT from 5

- 6 (DWAF 1999)
Score Number of Taxa ASPT
Code N Mean SD CV% | Mean SD CV% |Mean SD CV%
TOTAL 28 2266 475 21 295 50 20 77 04 5
S 28 | 2059 409 20 27.3 49 18 75 05 3
GSM 24 | 1182 559 47 16.1 59 43 72 09 13
VEG 4 | 1418 739 52 185 70 38 74 18 24
sic 28 | 2000 419 21 260 50 19 77 04 6
SOOC 286 | 1124 474 42 157 58 37 70 13 19
FB 27 11346 429 32 182 25 14 77 07 9
FC 17 | 1436 244 17 17.2 48 28 79 08 -
FO 9 | 1353 345 26 | 177 43 24 76 05 7
MB 23 | 1266 589 47 16.1 75 46 80 1.0 13
MC 24 | 1315 545 41 17.4 59 38 75 07 10
MO 16 | 1098 485 44 149 55 37 71 09 13
SL 27 | 1073 434 4 | 152 58 37 69 15 22
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Comparing the values shown for each biotope with those for the biotopes combined revealed that
overall S contributed most to the total (Table 6.4). This further supported the results reported
carlier that SASS Scores. number of taxa and ASPT did not differ statistically between Tand S. A
Kruskal-Wallis ANOVA showed the taxon composition of each SASSS biotope was significantly
differemt (H = 12,5, df = 2, P = 0.002), where S and GSM, and S and VEG were significantly
difTerent from one another (Dunn’s test, P < 0.05) and GSM and VEG not significantly different
(P >0.05).

Table 6.4 Percentage of each SASS5 biotope that contained the listed family-
level taxa. SASSS biotopes: stones (S), gravel-sand-mud (GSM) and
emergent and submergent vegetation (VEG) and for all combined
(Total). Definttions of categories as per Table 6 1

Order Taxon S GSM VEG Total
Number of samples: 27 24 4 55
Acarng Hygdracarina 89 63 75 78
Annelida Oligochaeta 86 83 50 54
Coleoptera Dytiscidae 32 13 0 22
Eimidae/Dyopidae 93 79 75 87
Gyrinkdae 43 21 50 35
Helodidae 86 75 100 &4
Hydraenidae 82 42 50 64
Hydrophikdae 25 8 25 18
Limnichidae 43 21 25 33
Crustacea Amphipoda 43 33 50 40
Potamonauticae 43 17 25 31
Diptera Athencidae 68 42 25 55
Blephancendae 21 0 0 1
Ceratopogonidae B2 58 25 69
Chironomidae 93 96 100 96
Culicidae 21 4 25 15
Dixicae 18 13 25 16
Empudidae 75 25 25 51
Ephydrdae 4 0 0 2
Muscidae 4 0 0 2
Psychodidae 18 13 0 15
Simuliidae 89 71 75 82
Tabanidae 14 0 0 7
Tipubdae 82 45 25 64
Ephemeroptera Baetdae 1 type 7 21 0 13
Baetidae 2 types 7 25 25 16
Baetidae 3+ types 82 42 75 65
Caenidae a9 21 25 3
Heptageniidae 29 13 0 20
Leptophlebidae 89 683 25 75
Teloganodidae 82 63 50 73
Gastropoda Ancyhdae 0 4 0 2

Hemptera Naucondae 25 13 50 22
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Order Taxon S GSM VEG Total

Memiptera Notonectidae T ( 25 5
Velrdae/Mesovelidae 50 29 0 38
Lepidoptera Pyrahdae 39 13 75 31
Megaloptera Corydalidae 68 21 0 a4
Sialidae 7 0 0 4
Odonata Aeshnidae 43 4 25 25
Chiorolestidae 18 0 0 g
Coenagnondae 29 17 75 27
Corduliidae 25 8 0 16
Gomphidae S0 25 50 40
Lesndae - 0 0 2
Libelluhdae 36 21 25 29
Platycnemdae 18 < 0 1
Prototoneurncae 4 0 2
Pelecypoda Corbiculidae 4 4 0 4
Plecoptera Notonnemoundae 96 83 75 91
Trichoptera Barbarochthonidae 25 4 50 18
Ecnomidae 68 33 0 45
Glossosomatdae 21 17 0 18
Mydropsychidae 1 type 21 33 25 27
Hydropsychidae 2 types 2 8 25 22
Hydropsychidae 3+ types 25 4 0 15
Hygroptihdae 54 25 25 40
Leptocendae 83 58 100 80
Trichoptera Petrothrincdae 32 29 50 - x.
Philopotamdae 61 13 50 40
Pisulidae 4 4 0 4
Polycentropodidiae 4 0 0 2
Sencostomatidae 21 17 25 20
Turdelana  Plananidae 0 21 25 35
6.4 Conclusions

The rescarch reported here indicates that there were differences in SASS merrics between the
SASSS and SASSY biotopes. but not between the FS biotopes. Overall, SASY Score and ASPT
were high for the combined biotopes and for each individual biotope. and placed the sites studied
in good to excellent health categories in terms of water quality, irrespective of the degree of
physical perturbation As an example of the anomaly in these results. the study  site
Wemmershoek in the Berg catchment was downstream of a major dam, and the river bed had
been bulldozed to the point where its natural geomorphological character was lost (King &
Schael 2001). Despite this. the site had a S4S8 Score of 275 and 4SPT of 7.2 (Table 6.2). which
places it in an A river-health categonn. Approximatels 78% of the study sites had scores =>200,
which is well above the =140 level set by Dallas er af. (1998) for a site in excellent condition in
Western Cape mountain streams. It should be remembered that the SISS merrics reported in this
chapter are most likelv inflated due to the laboratony adentification of the invertebrates, and

would probably have been lower 1o some unhnown extent if based on field identifications. but
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probably not to the extent that they would have resulted in the sites being downgraded to
category B or lower. Thus, interpretations of river health based on SASS scores should be made
with caution and with an understanding that this coarse metric cannot detect many Kinds of river
degradation.

Even though there were unequal samples of the different biotopes in SASSS, it did not seem to
have a negative effect on scores. The additional availability and/or effort within the S (SIC and
SOOC) biotope may have also inflated the results because of the tendency 1o have more taxa and
diversity of taxa within SIC and SOOC than GSM or VEG (Pnidmore & Roper 1985 Dallas
2001). This skewness may be especially true in summer. or a low flow scason. as there are more
S biotope types available for sampling than during other sampling periods (Dallas 2001). and
these data were collected during the summer. Overall. however. results of the between SASSS/4
biotope comparisons were much the same as that of Dallas (2001) and fairly similar 10 Dickens &
Graham (2002). Dallas (2001) is a comprehensive study that compares biotopes between
regions, within regions and within sites. with specific SASS4 sampling methodology in place,
and should be consulted for further information.

Our study showed little impact of biotope choice overall on SASS scores. number of taxa and
ASPT representing water quality health of a river site. In other words the SASS score will be
roughly the same no matter which biotopes the samples are collected from. This study also
demonstrates that a SASS score cannot detect physical degradation of a river. and indeed was not
designed to do so. Therefore, researchers should avoid the temptation 10 use SASS as an index of
river health in terms of physical disturbance.,
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7.  DATABASE AND QUERY CENTRE FOR LINKED PHYSICAL
AND MACROINVERTEBRATE DATA

7.1 Introduction

The database of invertebrate taxa, arranged by Western Cape river, site and hydraulic biotope. was
created in WRC project KS/754 (Chapter 9: King & Schael 2001). The database has now been further
developed, as reported in this chapter. The database is in Microsoft (MS) Access version 2000
(9.0.2720), upgraded from the previous MS Access version 95, The structure of the database (Section
7.2) and the data-entry facility (Section 7.3) require MS Access 2000 to run. The query centre is a
stand-alone product. however, compiled in Visual Basic. and does not require MS Access and would
not be prone to problems with different versions of the programme.

The database was designed for two primary reasons.  First, a facility was needed 10 efficiently store
and access all data generated in the original project, especially the descriptive data. Second. so much
physical-biological linked data were collected within the project that the opportunity was created to
initiate a potential national database along the same lines as the chemical-biological one created by
Dallas er o/ 1998 and Dallas & Janssens (1998). This would enable others collecting similar data 10
contribute 1o and access the database for future national studies. Although the database for this project
cannot be linked directly into the Biobase. SASS and River Health Programme databases developed
by Dallas er /. (1998), Dallas & Janssens (1998) and Fowler ¢r @l (2000) respectively it can be
viewed as a companion 10 these. As these previous databases were designed primarily for linked
chemistry and invertiebrate data. modifications were made 1o this database so as 1o house data on
physical variables. Although the bulk of the present data refer 1o once-ofT visits 1o river sites. the
database has the flexibility for adding additional sampling dates and sites. The database has already
been used for the macro-invertebrate chapter of the Olifants-Doring environmental water requirements
study. where 308 data points were provided on Ephemeropteran-flow links, 28 on Trichoptera flow
links. 205 on Diptera flow links, 369 on Coleoptera flow links and 22 on Megaloptera flow links
{Ractliffe & Dallas 2004)

7.2 Installation

Installation of the database requires a computer with a CD-ROM drive and Windows 98 version or
higher. The database and query centre have been tested and will run on the following versions of the
Windows operating system: 98. ME. 2000, XP. XP professional. MS Access 2000 1s only required 10
add data 10 the database via the front-end forms. The query centre, however, does not need that
program and can access the data and run on any Windows machine. Installation of the program and
associated files is automated after insertion of the CD. It will first install the “Install Shield™ program,
which may take a minute or two on older computers with processors of Pentium 2 or lower

e Once “Install Shield Wizard™ has installed. a screen with the general database information will

appear. Click the “next™ button,
© A standard license agreement will appear. Click the “accept™ option and then “next™.
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e The next screen to appear requires details of name and organisation. Enter these and click
"neat”, where a summany of the installation information will appear
= Chechk that the information provided is correct, then click “neat™. or ¢click “back™ 10
make an amendment”,

After the "next™ button. the program will install.

After successful installation the following fikes will be present in a directony created on the hard dnive
called “uctdata™ (C: uctdata): flondat.mdb (5.5MB) the actual data, and flowprog?k.mdb (1 8MB) the
front-end data entry forms. The *.mdb files are needed for the queny centre 10 operate. as it accesses
the data from those files. The installation program will also create a folder within the “Program Files™
directory on the computer, called “UCT Queny Centre™, and an icon within the “start™ menu on the
Windows tool bar. To access the query centre click that button, To add new data. MS Access must be

activated and the file flowprog2k.mdb file opened

Once installation has been completed once. insertion of the CD a second time will produce a ditferent
initial screen with options to "modify ™. “repair™ or “remove” the database program. Each option is
explained in the accompanying text.  To uninstall the program and all of its components. click

“remove’,

73 Structure

The database consists of interconnected tables. with each table housing a specific set of nterrelated
data. Lach of these tables connects to at least one, if not many, other tables within the database
structure,  Some variables, such as site code or site name. carry over from one data set 10 others, thus
connecting different types of data.  The "Site” table forms the root of the database (Figure 7.1a&kb).
I'his table contains relatively constant information on study site. such as river name, site code, altitude,
longitude and latitude, access details and stream order.  This central table links, for example. 10 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 10 as look-up tables (Appendix 3.J). These tables
are created to support and streamline data entry.  Terms that are often used when entering data can be
put into these tables and accessed.  Each look-up table gencrally only connects with one 1vpe of data
table. For instance. there is a look-up table for npes of valley floor, which i1s one of the variables
entered into the “Site™ table of general descriptors.  This look-up table contains the different 1y pes of
geomorphologically defined valley floors common in the Western Cape: erosional bench. flood plain.
pediment. terrace. valley side bench. valley floor absent. Regions with different 1y pes of valley floors

would need 10 add new 1erms 10 this table as desenibed below in Section 7.4, A user would not be

directly aware of the look-up tables. as they provide the drop-down lists of terms when entering data.
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74 Data entry

For case of data entry. a form-style interface was designed for operation in MS Access 2000. An
initial form with a series of icons appears on the start-up form in MS Access. from which the user
chooses the type of data that will be entered. Currently a "Sites™ option takes the user into the emered
list of rivers and sample dates and gives the user the option 10 add another river. site or sampling date.
From that screen, a series of tabbed forms allow for the addition of various site descriptors (for new
sites) and other general information.  Alternatively. menubuttons allow data 10 be entered on. for
instance, invertebrates or local hydraulics.

The next three options on the main interface refer 10 tables that aid in general data entry. These
options are “Picklist”, “Taxonomy-Invericbrates”. and “Taxonomy-Riparian Veg" (rniparian
vegetation). The "Picklist™ option is used to add information to the look-up tables, which are tables of
lists of terms commonly used in the data-entry process, as mentioned above. For example. if a new
morphological unit (MU) is added to the general terminology, it can be entered into the look-up table
for MUs. Terms that are not in the look-up table cannot be added into the database linked to a site
until they are inputted into the look-up table that the data table links 0.  The "Taxonomy-
Invertebrates” interface is much the same as the "Picklist™ one, but at a larger and more complex scale.
All possible faunal taxa must be entered into “Taxonomy-Invertebrates™, and floral taxa must be
entered into “Taxonomy-Riparian Veg™ before they can be entered into the database linked 1o sites.
This is the heart of the biological component of the database, and its most complex part. The very
large look-up tables contain their own series of supporting look-up tables, and any mistakes made in
creation of this component transfer through the entire database. On the positive side. corrections of
mistakes in one arca are automatically carmied through all interconnected data.

75 Using the Database Query Centre

The Query Centre for the database was designed 1o facilitate access 10 any required type of data and its
linked data. One of the major strengths of a database is the facility it provides to manipulate data so
that specific sets can be chosen. The Query Centre is not fully automated. as there are hundreds of
possible requirements for linked data. However, there is sufficient structure to answer such queries as
“all the flow types in which Baeris sp. X has been found™. A more experienced user of MS Access
will be able 10 design specific queries within that structure tailored to their requirements. Data can
also be out-put in their entirety from the Query Centre and imported into a spreadsheet and
manipulated there. The individual queries can also be refined in a spreadsheet.

The drop-down menu bar on the query centre similar to all MS Windows applications, each category
can be clicked on and a list of choices are given. The first menu item is “quen™ which consists of a
series of eight automated queries designed 1o access various components of the database that it was
perceived a general user might use. Each of these is discussed in more detail below. The second item
- “front end” - has two options. The first - “about the front end” - provides user information about the
MS Access part of the database. such as where the program file is located and how to access it. The
second - “remove all the front end database records™ - removes all of the data held in the database. but
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leaves the entire structure intact. It is designed for users who wish to populate the database with only
their own records. Once the user has confirmed the deletion process. all the records are permanently
deleted and the only way 1o restore them is 1o reinstall the program as stated above. The third menu
item is “window ™, which is the standard Windows operating syvstem function to toggle between
multiple open frames.  The last item s “help™, which gives comtact details for users experiencing

problems with the database

All of the queries have the option 10 export all data within that queny field (click the “export all data™
button). or a subset of data at the user’s request (“run quen”™ button can be chicked. criteria must be
selected or an error will be returned). Data from quernies are exported as *.CSV (comma separated
values) files which can then be imported into a spreadsheet or word processing program of the user’s
choice. Upon running a query the user will automatically be given an output file name and location.
which can be amended to a new name and location at the prompt. Once the data have been compiled
and saved the file will be accessible via the user’s spreadsheet or word processing program. and then
another query can be made. Lach output table has a set of headings: explanations of these are given in
Appendin 4, and further detailed in King & Schael (2001).

7.6 Automated queries

Each sampled site has a unique site code assigned to it when first entered ino the database. The codes
used in this project reflect the catchment each site s in (first two letters). its river (next two letters) and
its longitudinal biological zone (mountain = MT and foothill = FH) (last two letters) (Table 7.1). If
there were more than one site on a river a number was added to the end of the alphabetic code. This
code is a standard quens criterion as well as output for all avtomated queries. New sites added could
have their own coding system. with the new river name and catchment added to the “River™ table.

I'he first automated query in the drop down list 1s “Extended Site Details™, which outputs information
on individual sites or all sites in terms of gencral physical characteristics of the site and catchment.
cathered from 1:50 00 maps and site visits (Appendix 4.A). Along with the abilitv 10 obtain
mformation on one site or a sub-set of sites. the user can also quenn for sites with specific
characteristics.  The queny fields are: lateral mobilitn, channel pattern. bed condition. upstream
impacts. upstream land use. channel nvpe. erosion-bank side and erosion type. For instance. a user
may wish to assess the data for all sites with a low sinuosity channel pattern and bedrock bed
condition.  That specific quens would return all of the detailed information (Appendix 4.A) for the
Palmiet and Middeldeur sites in a *.CSV file. Because data categories such as land use. erosion, and
bank have more than one possible entry . information will be repeated for cach site with each additional
piece of information. which can make the file quite large. Quenving one of the fields with multiple
entries. such as a specific land use. will decrease the incidence of multiple entries.  Extending the
example above, if arable land was also selected as a enterion, Palmiet and Middledeur would still be
returned but the number of records returned would decrease from 880 10 368. Thus. as the number of

criteria increase and become more specific the number of records retumed decreases
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Schematic of the database data table structure modified from King & Schael (2001). Each table contains different
types of data, which link to other data tables

The bold print indicates knked variables, arrows from each box show
connectivity  The “look-up” tables are not included in this schemalic because of the complexity Shaded boxes are repeated
in Figure 7.1b to continue linkages.
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Figure 7.1b  As in Figure 7.1a. Shaded boxes were presented in Figure 7.1a and shown here to continue the table linkages.
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Table 7.1 Site codes for each river sampled as they appear in the database,
with river and catchment listed. Note Eerste River site 1 was sampled
for two different purposes (King & Schael 2001), therefore there are two

codes in the database for that site

River Name Catchment Site Code

Jan Dissels Olfants
Rondegat Olifants
Noordhoek Olifants
Middeldeur Olifants

Grootrivier Olfants
Steenbok Breade
Wolwekloof Breede
Wit Breede
Molenaars Molenaars
Elands Molenaars
Elandspad Molenaars
Holsloot Breede
Du Toits Breede

Bakkerskioof  Berg
Zacharnashoek Berg
Wemmershoek Berg

Berg Berg
Eerste 1 Eerste
Eerste 1 Eerste
Langrivier Eerste
Swartboskloof Eerste
Eerste 2 Eerste
Lourens Lourens
Pamiet Paimiet
Dwars Palmiet
Davidskraal Davidskraal
Window Liesbeek
Newlands Liesbeek
Cecila Ravine Sand
Disa Desa

OLJDFH
OLROFH
OLNOFH
OLMIFH
OLGRFH
BRSTMT
BRWOMT
BRWIMT
MOMOFH
MOELMT
MOEPMT
BRHOFH
BRDTMT
BEBAMT
BEZAMT
BEWEFH
BEBEFH
EEJKMT
EEJKMT1
EELRMT
EESWMT
EEJKMT2
LOLOFH
PAPAMT
PADWMT
DKDKFH
LIWIMT
LINLMT
SACRMT
DIDIMT

The second automated query - “Flow Data-Taxon™ - concerns invertebrates and their associated

measured hydraulic variables. There are a number of queny options available, from searching for

all of the taxa recorded in a particular morphological unit (defined in King & Schael 2001) or

flow type (Appendix 1.A). 1o a range of depths, or near-bed or 0.6-depth velocities of the user's

choosing. The data output for this query is listed in Appendix 4.B. In order to avoid the problem

of multiple entries per record. the depths and velocities returned in the output are averages of the

2 — 6 ponts collected within each invertebrate sampling area (coded as M, or macroinvertebrate

sample point number). It cach measured hydraulic vanable was included in the output cach

taxon would be repeated 2 - 6 times. making the data table extremely large and difficult 10

manage. 11 the full set of information is required. a separate query can be run on a particular site

and MI within that site for the raw data in the “Flow Data-No Taxon™ auvtomated quers function
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A query could be run to find all taxa in those sites that are in a bedrock pool MU, Altematively,
a range of depths could be selected to find which taxa occurred within that range. A list of taxa

and their related detanls would be returmed

The “Flow Data-No Taxon™, the third querny on the list. can be used 1o retrieve the substrata.
depth. and flow measurements linked 1o cach site and MI (Appendin 4.C). MU, flow-1yvpe or a
specified range of depths, near-bed and 0.6-depth velocities are categones that can be chosen 10
query the data. The data wble report will return measurements recorded for evers point within an
MI (i.e. the 2 — 6 measurements per MI) and all related data.  If the user wanted to know the
range of depths and velocities measured in the MU pool. for instance. all records with pool

entered would be returned with their allied details

Site level observations and measurements of water chemistn were recorded in a table called
“Site Visit Obsenvations™ (Figure 7.1). which provides data on such categories as algal cover,
moss cover. overhead npanan cover. discharge, pH, conductivity and temperature. These data
can be accessed using the “Obsenvations™ query menu item.  The output data 1able lists each
biological and phy sico-chemical obsenvation recorded (Appendin 4.D) for cach site and can only

be queried by site.

The next two automated queries - “Parameter Coverage™ and “Parameter Matrix™ - relate to GIS
outputs from the digitised site flow, substrata and MU maps (Appendices 4.1 and 4F). The term
parameter refers 1o flow-types, substrata and MUs as different mapped GIS covers with aerial
extents. The percenmtage arca conered is provided for each tvpe of flow, substrata or MU within a
site. as mapped on the day of sampling. There are three types of aerial coverage within the site.
the parts of the niver channel that are “wet™, “dn™ and the “10tal™ or entire site. Each substratum
and MU has two entries for its percent composition within the site. a “total” or site-level cover
and the parts that are considered within the wetted channel or “wet™. For obvious reasons the
flow-types are only reported as a percentage of the “wet™ arca of the site.  Each entry has an
explanation of how the percentages were calculated for each parameter. This section of the

database can be quened by site and 'or by parameter type.

The ~Parameter Matrix™ is an extension of the “Parameter Coverage”. in that it represents the
area conered by the intersection of two parameter covers, e, flow-types and substrata. For case
of data entry, cach intersection was entered as a “parameter” and a “dependant parameter™.
therefore if the user were interested in what percent of the site was composed of B substratum
and a RS flow-type. the parameter would be B and the dependant parameter would be RS
Substratum is always a main parameter and flow-type is always a dependant parameter. MU is a
dependant parameter with substratum and a main parameter with flow-type. These data can be

queried by specific parameter intersections or by site

I'he last three automated queries are based on site level information on the channel and discharge
transect (“Site Transect Data”). invencbrates collected irrespective of the flow linkage
(“Taxonomy Details™) and any information collected on the surrounding riparian vegetation

(“Vegetation™).  Information on channel shape and discharge can be queried from the ~Site
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Iransect Data™ query, and be queried by site, or by specific channel features (Appendix 4.G).
I'he location of specific taxa can be queried at any taxonomic level using the “Taxonomy Detail™
query, as well as the raw data from a particular site or group of sites (Appendix 4.H). Finally, a
search for specific vegetation taxa can also be done, which vields data on their relative abundance

per site, if this has been recorded (Appendix 4.1)

I'he quenes outlined above do not allow for further data manipulation within the query centre
bevond that which is in the various criteria selection lists.  Further manipulation of the data in a
spreadsheet might be needed to address additional questions. For more complex queries. an
experienced database user can use the MS Access interface and design their own query. Tt is felt

that the automated queries provided will address most users” needs, however
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8. WORKSHOP: RIVER AND CATCHMENT SIGNATURES:
WHAT ARE THEY AND ARE THERE MANAGEMENT
IMPLICATIONS?

A workshop was held on 28 February 2005 emitled: Western Cape river and catchment
signatures: what are they and are there management implications? This was a one-day
exploratory workshop. involving primarily river scientists and some representatives from the
management arena.  There were eight presenters and a further ten non-presenting participants,
with Dr JM King as the moderator (Table 8.1),

presentations of invertichrate. fish and riparian vegetation data that demonstrated catchment or

The moming session was restricted 1o

river signatures as well as the use of landscape features 1o represent biodiversity.  The afiernoon
session formed the interactive discussion pan of the workshop where the likely causes of these
signatures were discussed.  The implications for management of rivers were considered and

finally a recommended way forward defined.

Summary of presentations

Each presenter provided a summary of their presemtation, as follows (contributions may have

been edited by project staf).

Table 8.1 List of presenters and participants

Participant Affiliation Presentation

Jacke King Freshwater Research Unit, UCT Opening and modcerator

Denise Schael Freshwater Research Unit, UCT Catchment and river signatures of
macroinvertebrates of the Western Cape

Roger Bills* SAIAB, Rhodes University The contribution of the Albany Museum's
Makana Biodiversity Centre 1o
understanding aquatic inverebrate and
fish biodiversity, and to identfying unique
river signatures

Roger Billsand  SAIAB, Rhodes University and Fish diversity and nver signatures

Dean Impson™ CapeNature, Stellenbosch

Charlie Boucher Botany Department, University of  Botanical examples of nver and

Stellenbosch catchment signatures from the Western

Cape

Karl Reinecke Freshwater Research Unit. UCT River signatures in indigenous riparian
vegetation

Barrie Low Coastec, Cape Town Flonstics of Western Cape riverine
systems patterns and pointers

Jeanne Nel CSIR, Stellenbosch Developing physical signatures for
bicdiversity

Steve Mitchell Water Research Commission

Pretoria

Neels Kleynhans DWAF, Pretoria

Uschi Pond Coastec, Cape Town

Darragh Freshwater Research Unt, UCT

Woodford
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Participant Affiliation Presentation
Geordwe Ractliffe Freshwater Research Unit UCT

Justine Ewart- Freshwater Research Unit UCT

Smith

Candace Hill Freshwater Research Unit. UCT

Sandile Koni Freshwater Research Unit. UCT

Dean Olls Freshwater Ressarch Unit. UCT

Steven Lowe Freshwater Research Unt. UCT

* presentation on behalf of Albany Museum Stall (Ferdy de Moor. Helen Barber-James and Jim

Cambray )

** presentation representing both Dean lmpson and Roger Bills,

8.1.1 The contribution of the Albany Museum's Mahana Biodiversity Centre to
understanding aquatic invertebrate and fish biodiversity, and to identifving
unique river signatures ~ Ferdy de Moor, Helen Barber-James & Jim
Cambray, Albany Museum, Grahamstown.

1 A “bottom-up™ approach is used and aquatic ecosystems are carefully examined to
identifs the diversity of biotopes that support aquatic macroimvertebrates.  The basic
SASSS npe of surveying has a strict protocol and follows a “top-down™ approach to
sampling. being rigid in selection of biotopes and sampling effort.  This could lead to

rare and specialised taxa that would contribute a unique “river signature”™ being missed.

1J

Kinds of data collected: focussed sampling. covering the full diversity of aquatic
biotopes and efforts 10 capture all stages of the life cacle of aquatic insects. A range of
aquatic biotopes such as riffles, pools, vegetation in and out of current. sediments and
trickling hygropetric seeps are all searched for aquatic biota.  Basic bio-physical

information is recorded: temperature, pH. conductivity, total dissolved solids, flow

law

A diversity of techniques are used. preferable over a range of seasons and covering wet
and dnn hadrological cycles, to capture the largest diversity of species covening all their
life-cycle stages. Different mesh sizes and sizes of nets and hick screens ensure a large
coverage of potential habitats and species. Various techniques are also used to capture
adult insects: drift nets. light traps. malaise traps. emergence traps and hand nets to
collect nymphal. larval. pupal and adult stages of aguatic insects

4 In the laboratory, selected taxa are identified to “species™ level and relative abundances
are calculated for cach site and biotope sunesed. Data are recorded in hand-written
catalogues and transferred to an electronic database.

d Species collected are dentified on morphological features. which along with
morphometric measurements are used 1o identifs taxa.  For species identification,
detailed features in the adult stages are often needed. Microscope preparations are
needed to identify species

6 Although not specifically collected to identify river signatures. data collected over many

vears show a distinct distnibution pattern of aquatic invertebrates along a river, associated

with particular biotopes. These in turn are related 10 the zone of the river concemed. so a

headwater section has a fauna distinct from a section further downstream. The organisms

found in a particular stream are also strongly influenced by the geology . water chemistn
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and temperature. so similar streams in different pans of the country will have different
species composition and hence a different signature based on species present.  The
closely approximated Mikomazi and Mooi Rivers in KwaZulu-Natal serve to illustrate
that similar rivers can have different biota.
Between 1953 — 1998 a total of 296 and 264 taxa were identified from the Mhkomazi and
Mooi Rivers respectively. Of those, 14% were unique 1o Mkomazi and 19% to the Mooi.
When examining species composition within the Ephemeroptera. Trichoptera and
Simuliidae (Diptera), there were large numbers of unique species recorded in each
svstem. In the Mkomazi |18%. 46% and 25% taxa were unique to the Ephemeroptera,
Trichoptera and Simuliidae respectively.  Within the Mooi River there was a higher
percentage of unique taxa. at 38%. 48% and 20% for the Ephemeroptera, Trichoptera and
Simuliidae respectively.
Distributions of, for example. Ephemeroptera and Simuliidae along the Mhkomazi and
Mooi Rivers produce distinct zones based on river species assemblages, as does the
filer-feeding Trichoptera family, Hydropsychidae.
Sometimes. a species varies in appearance not only between rivers but within a site,
which can lead to erroneous assumptions on species diversity. For example, there was
great variation in the appearance of the bactid. Cheleaclocon excisum from one site.
Another bactid. Psendoclocon glawcum, is also well known 10 vary in this way.
Both individual species and community structure or assemblages of invericbrate species
clearly show differences between and along individual rivers systems. Much more data
are needed both within a single river system over a number of years and also between
closely approximated river systems before any sound conclusions on the nature and
significance of river signatures can be made. In more perenmial river systems the
community structure of species appears 10 be more stable from year 10 vear, whereas
assemblages in less perennial systems appear to show a larger fluctuation of species over
time and thus are predictably poorer in providing strong river signatures,
Alien fish are affecting any existing river signatures, as are inter-basin transfers of water,
having an homogenising effect on species assemblages of fish.
Conclusions:
a.  Aquatic macroinvertebrate assemblages. when identified to species level, clearly
distinguish between nivers catchments provided the rivers are not too disturbed.
b. Many abiotic factors, possibly also producing distinct river/catchment signatures
of their own, help 10 shape the environment that is colonised by different suites
of species. These suites of species over time represent the biotic river signature.
¢. Many more inverichrate data. both on different rivers systems and over longer
time periods. need 10 be gathered 10 enhance our understanding of the nature.,
persistence and importance of biotic river/catchment signatures.
d. Not only morphological species data but also molecular biological information
can be used 10 assess the uniqueness of vanous river systems.
¢. River/catchment signatures are a potentially fruitful avenue of research,
facilitating investigation of processes or concepts such as colonisation,
competition, species redundancy and abiotic drivers of community structure. If
further species information. such as life-history data, distribution ranges and
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consenvation status, can be added this would further enhance understanding of
the nature and causes of the signatures
f.  Alien fish species are possibly eradicating biotic river signatures
Acknow ledgement and thanks to Roger Bills for delinvening the presentation at the

workshop

Fish diversity and river signatures — Roger Bills' and Dean lmpwm". 'SAIAB,
Grahamstown and “CapeNature, Stellenbosch.

This ik will cover o aspects - 1) the Kind of data available within SAIAB and the sons of

analyses SAIAB is imvolved with. and 2) the diversity of fishes within the Western Cape. which

may be relevant to river signatures

SAL4B. ns fish collections and dara analvsis

-3

6

[itle shide. Thanks also 10 Emst Swartz & Paulette Bloomer™s UP group for data'shdes
SAIAB s a fish muscum and most of the people making collections of fishes are
svstematists, As such. the data associated with the fishes within the collection are
onentated towards our interest in the fish and not necessanly the environment.  Only
basic environmental data are recorded as a general rule ¢ g wemperature. conductivity,
and descriptive notes on where the fish occurred and anvthing noteworthy about the
fish’s condition. In tum. much of this mformation may not be recorded in our databases
and may simply remain in original ficld notes. which may or may not be archived
depending on the researchers at the ime of accessioning.

Many of the daa associated with samples are generated within SAIAB using sarious
methods. Basic information includes numbers and size ranges. Depending on research
projects it can extend into biological analyses of diet. age and growth. breeding states.
and morphological and molecular studies examining geographical variation, The latter is
most relevant to river signatures

Mapping of distributions is an essential first step and all data are linked 1o geographical
coordinates.  Examples of individual species. overall biodiversity, and endangered
species distributions for Swaziland are shown. This was later compared to formally
conserned areas within Swaziland and recommendations for increasing levels of
pr mection for nON=Consen g‘d Arcas were :_'i\g‘n

Investigating morphological variation within a species across its distribution range. and
differences  between  closely  related  species.  imvolves  detailed  morphological
measurements. which are usually analvsed using Principal Component Analysis

Genetic analyvses are conducted on specimens by various collaborators.  Much of this
work s associated with understanding fine-scale geographical variation and so s

appropriate 10 the 1ssue of river signatures.

Cape Floristic Regron fish diversin
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Fishes of the CFR. At the present moment recognised species diversity in the CFR is
relatively low although endemicity is high. However. morphological and genetic
diversity within the CFR’s fishes is much more complex and does lend itself 10 use in
river signature work. Two detailed examples for Pseudobarbus minnows and Galaxias
zebratus are given.

Pscudobarbus diversity (slide provided by Emst Swartz).  Although six species are
described from the CFR. at least 13 lincages have been identified on the basis of
morphology and genctics. Possibly a few more are still to be identified. Much of the
diversity within this group is in the southem part of the CFR,

Galaxias zebratus diversity (slide provided by Emst Swartz). Only a single species is
presently formally recognised in southemn Africa although our present samples suggest
there is the same level of diversity as in Pseudobarbus. However, sampling for Galavias
is difficult and targeted surveys will probably reveal many more populations. So far the
pattern of distribution of ‘morphs” does not follow that for Pseudobarbus.  There is
greater Galaxias diversity in the south-western streams of the CFR compared 1o
Psendobarbus. which shows greater diversity in the southern central streams.

Four examples of differemt Galaxias morphs from tributary streams in the Cedarberg
mountains show some of the morphological diversity.

Genetic vanation amongst Pseudoharbus, Galaxias and Sandelia is roughly similar.

Jan Dissels River - Austroglanis gilli. Within-species changes occur down single river
systems.  An example of the Jan Dissels River near Clanwilliam is used. Here the
Clanwilliam rock catfish occurs in approximately 15 km of the river in physically
pristine habitat. There are two distinct colour morphs (unspotted and heavily spotted
forms). which occur in different proportions down the catchment. We examined this
using morphology. mIDNA and allozymes and this work is still in progress. Heavily
spotted forms are most frequent in the upper reaches and disappear at the lowest sites.

Jan Dissels transect. Mitochondrial DNA analyvses indicated different alleles at sites
down the river. Allozaymes revealed vanving frequencies of alleles between sampled fish
down the river. Indications are that this species does not move up and down the river to
any great extent and that there is genetic structuring down the system,

Jan Dissels - alien fish impact on signatures. The impacts of alien fish on native fish
species are well known. Eradication of indigenous species either through direct
predation or competition results in the loss of populations of indigenous fishes and thus
natural iver signatures. The Jan Dissels is an example of this: two species (L. capensis &
P. phlegethon) are extinct from the system, almost certainly due 1o the presence of
smallmouth bass (M dolomien). Smallmouth hass occupy approximately 90%% of the
mainstream Jan Dissels system and indigenous species excepting Adusrroglanis are
restricted to side streams or the final upper reaches of the stream where bass have not yet
imvaded.

The larger scale impact of alien fishes can perhaps be understood if their wider
distribution within the CFR is seen. Alien fish distributions in the Western Cape: three
species are shown. These are small-mouth bass (Micropterus dolomien). rainbow trout
(Oncorhynchus mykiss) and carp (Ovpwinus carpio).

17




Chapter Eight

17 Fish signatures? There are undescribed species, some taxa occur in sympatrs with close
relatives. there 15 geographical vanation across and down river carchments.Genetic

diversity in the three groups examined (Psewdobarbus. Galavias & Samdelia)
appear similar despite varied morphology . although their patterns of distribution
are not the same. Freshwater fishes in the CFR can thus provide good signatures
for catchments if diversity below species levels is examined using a mixture of
morphological and genetic methods. 18. Catchment management implications
Avoid indigenous fish movements through IBTs and fisheries operations
Avoid alien fish introductionsMaintain processes giving rise to vanation over
substantial lengths of niver

19 What's needed 1o better identifs and descnibe river signatures

Shared sites for several disciplines
Invertebrate. fish and frog collections
Deposit samples in museums

All species'populations, all systems
Samples - 5-20. range of sizes
Formalised specimens and tissues
Live colour photos

L L I I I

8.1.3 Botanical Examples of River and Catchment Signatures from the Western Cape
- Charlie Boucher, University of Stellenbosch

The question s rarsed as to whether there is similarity between the Cape Flora and Riparian
Phyvtogeographical Centers (Goldblatt & Manning 2000) in the Cape Floral Kingdom?  The
following are examples of species with different distribution ranges that could correlate 1o centers
at different levels. Cantluum  inerme (Cape  Peninsula-Zimbabwe)  Dioynwros  winteana
( Tulbagh-Cape Peninsula-Mapumalanga): Sideraxvion incrme (Cape Peninsula-Tropical Africa)
Erica caffra and Priovium serratuns (Cape and Natal Group Sandstones), Brahejum stellatifolium
(Gitberg-Gouritz  River):  Penaca  cncorum  (Kogelberg-Port — Elizabeth).  Iseinrolepis
subverticillara (Bainskloof-Riviersonderend). Cripvocarva angustifolia (Gitberg-Swellendam)
and [Iviamthes retzioides (Cederberg-Porterville). Each of the above species relate to
phytogeographical centers recognised in the Cape Floral Kingdom. This suggests that there is a
correlation betw een the riparian flora signatures and the fynbos flora at a national level.

Fhe number of non-riparian vegetation types centred around the Western Cape suggests that the
riparian vegetation should show similar diversity.  An analysis of the vegetation of the high-
altitude marshes associated with rivers of the Hottentots Holland Mountains (Sieben ¢r al. 2004)
dentified five differemt Mire (= Fen) communities found in wet, swampy  habitats that are
characterized by organic-rich, peaty soils and are fed by minerotrophic water (water percolated
through mineral substrata). They are dominated by low-growing. mat-forming Restionaceae such
as Anthochortus crinalis . This excludes the ombrotrophic (rain-fed) bogs at high altitude on
steep south-facing slopes with ericaceous vegetation. They describe another four communities.
called Restio Marshlands. which occur in the better<drained surrounds of mires with

minerotrophic soils relatively low in peat.  This vegetation 1s dominated by tussock-forming

Restionaceae. eg. Resvio subiidis and emergent Chondropetalun mucronatum
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They found the major factors influencing the riparian vegetation to be the following
environmental gradients (in order of magnitude from high 1o low ):

1. Geological gradient (patchy effect)

2. Climatic gradient

3. Ahitudinal gradient (Longitudinal axis of river — stream power effects on rooting

strategies)

4. Lateral gradient (Inundation degree - aerobic / anaerobic effects on rooting strategies)

I'he abiotic signature of each river draining the Hottentots Holland Mountains is determined by
each of the above gradients. Every catchment is a unique habitat supporting its own mix of
species. possibly including endemic ones? The local geomorphology determines the stream
power and the degree of inundation. which a major determinant of the species assemblage
present.  The highest similarity between rivers, based on the Jaccard Similarity Index, using
species content. is found between the Palmiet and Riviersonderend River catchments (black
water rivers). although the Similarity Index is quite low (44%). The Eerste and Berg Rivers had
a 40°% similarity. The Lourens was very different from the others with a 27% similarity. The
low similarity levels are attributed 10 the large number of species recorded in a single sample.

Examination of the soil associated with indigenous vegetation and with alien stands along the
Wit. Molenaars and Hol Rivers (Breede River tributaries) indicated distinctive patterns in cach
tributany based on soil texture. soil pH. resistance. organic content and changes coupled 10 soil
depth and distance from the main stream.

It is concluded that there are general principles that can be applied to distinguish between
Western Cape rivers, based on differences in:

e the ratios of geological substrata;

e basic climatic arcas that have different suites of species:

e fire or its absence affecting species composition;

e anthropogenic history influencing the different suite of alien species present:

e alien-vegetation management that aliers the substrata.

Natural catchment and river signatures will not be dependent on the last two. but natural
biogeographical colonisations/extinctions could be part of what creates the signatures,

We need 10 separate the general (e.g. widely distributed species or alien invasive species) from
the key (endemic or local species responses) biotic indicators in each river system and monitor
both clements 1o understand and interpret river signatures and responses 1o perturbations. Each
river requires unique management procedures varied within a broad general sub-regional
framework. The key indicator species are studied and their responses to environmental cues are
used to manage a particular river.
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8.1.4  River signatures from riparian vegetation in south-western Cape Rivers — Karl
Reineche, Freshwater Research Unit, University of Cape Town.

Research project: The nature and rehabilitation of alien imvaded riparian zones

Research organisation:  Freshwater Research Unit. University of Cape Town

Researchers Dr Jackie King. Mr Karl Reinecke

Scientific Advisor Dr Pairicia Holmes

Project funding: I'he Water Research Commission and Working for Water campaign
Project duration: April 2003 to April 2006

The project is investigating the impact of woody alien invasive species on indigenous riparian
vegetation and monitoring the path of recovery following the cleanng of alien species from

riparian areas

Data have been collected from either indigenous. alien invaded or cleared and recovering study
sites from the Breede, Olifants and Berg River systems, and some coastal rivers that drain into

the Atlantic Ocean near Cape Town.

Vegetation data were collected in Whintaker plots, (a larger plot broken into smaller equal size
sub-units). with the width of the larger plot vanving from river to river according to the width of
the riparian zone. Even plant from eveny quadrat was recorded and identified 1o species where

possible. Morph species were used in the absence of a positive species identification

Thus far, CLUSTER and ORDINATION analyses have been performed on presence absence
data of species (or morph species) grouped into growth forms (tree. shrub. fern e1c.). Later
analyses will use %6 cover of species (or morph species).  Samples that grouped with =507,
similarinn were considered 1o be assemblages. Preliminany results from four indigenous study
sites revealed the presence of catchment and'or river signatures.  These sites were one on the

Molenaars. two on the Eerste and one on the Disa Rivers

I'he sampled quadrats (many per river and site). based on growth-form data. first separated by
carchment. The next Jevel of separation was into o main assemblage tvpes. These were a
tree/'shrub assemblage tape and a Restionaceae grass assemblage type.  The two sites on the

Eersie River separated from one another within their assemblage nvpe groups
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These results suggest that species of niparian vegetation demonstrate catchment and river
signatures based on differences in growth form.
We expect even stronger signatures to emerge when species-level data are analvsed. There is

also a suggestion that site-specific signatures may occur.

Signatures are attributed by us to result from a combination of the catchment’s history through
geological ume that produces certain drainage basin characteristics upon which local riverine
processes (e.g. floods and sediment transport), and organism-specific mechanisms of extinction

and modes of dispersal.

8.1.5 Floristics of Western Cape riverine systems: patterns and pointers — Barrie
Low, Coastec, Cape Town.

The River Dancers. an informal conservation group. is studving ten major Western Cape rivers.
Aims of the study include providing an account of the flora and vegetation of major Western
Cape rivers, and promoting the value, understanding and conservation of these systems,

Data from these as well as several lowlands systems sampled in independent studies were entered
into Coastec’s SaSFlora database for the Cape & Karoo floras. A contextual analysis of riverine
floras and their respective sections was undertaken using PRIMER (cluster and MDS analysis).
In addition certain river-plot data were analysed to determine whether there was any patterning in

vegetation,

Key findings were the following:
e Lowland and montane systems have distinctly different floras

e Montane systems show a clear gradation in floristic composition from perennial rivers in
the south (Limietberg - Elandspad: Witels - Hex River Mountains: Twenty Four Rivers
= Groot Winterhoek: Berg. Eerste, Lourens ~ Hontentots Holland) to more seasonal
systems in the north (Matjies. Doring). The Thee (Kouebokheveld) represents a roughly
transitional system, with elements of both northem and southem rivers. The Palmiet is
also a very different system. despite its being a wet southem river,

e River stretches, 100, possess distinctive floras. with a general change in flora from source

to end.

e Lowland systems show major differences between north and south with the Sandveld,
West Coast and Cape Flats indicating distinct floristic patterns.

e Riverine versus wetland character also vanies with system with the wetter, more perennial
rivers dominated by species with riverine and riverine-wetland habitat preferences:
correspondingly. the more scasonal montane rivers and the lowland systems (in reality

“longitudinal wetlands™) in particular display greater wetland characteristics.
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e The vegetation analvsis indicates there s also varation in riverine versus wetland
character as one moves from river source to end. with altitude and substratum plaving

hey roles. The rano of sand 1o rock plavs a key role in species distribution.

e Finallv. where alteration 10 water quality and amount kads to increased salinity and
draw- down of the water table. major shifts in plant species composition occur, coupled

with a reduction in species diversin

Conclusions

e There are clear distinctions amongst riserine foras of the Western Cape mountains and
low lands

e Differences are driven imter wlia by landscape. substratum and altitude. as well as by
geographic position.

e Impacts through abstraction can cause major shifis in the nature and diversity of riverine
floras. Here the northern Sandveld is a classic example.

e Knowledge of river floristics is crucial 10 protection of these systems. both in terms of
consenation prioritisation as well as in monitoring changes brought upon by

L

manipulation.

8.1.6 Developing physical signatures for biodiversity — Jeanne Nel, CSIR,

Srellenbosch

Introduction

The physical signatures presented here were developed with the express purpose of serving as

biodiversity surrogates for systematic consenvation planning of freshwater biodiversity in South

Africa (see www csir.co.za'rivercons/index.html). This 1s a joint imtiative underway between the

Department of Water Aftairs and Forestn (DWAF). CSIR and the Water Rescarch Commission

{WRC). whose broad objectives are as follows.

In collaboration with DWAF (as national custodians of water resources) and DEAT (as
national custodians of biodiversity ). develop inter-departmental policy to supplement existing
legislation (such as the National Water Act and National Biodiversity Act) and make
consenvation of freshwater biodiversity operationally feasible. This policy will include an
exphicit and quantitative goal for conservation of aquatic ecosystems at a national level.
Develop methods and data lavers for the spatial representation of both biodiversity pattern
(so that a sample of all biodiversity can be consenved) and ecosystem processes (so that the
processes that sustain biodiversity can be consened). This needs to be done at scales that are
appropriate 1o national and sub-national level biodiversity planning

Develop and test a planning framework for generating spatial options to satisfy explicit and
quantitative conservation targets

Develop consenation plans and implementation strategies to facilitate the mainstreaming of

river consenation at sub-national levels ( Water Management Areas) across South Africa
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River heterogeneity signatures for representing biodiversity pattern

Spatial conservation planning relies on identification of biodiversity surrogates 10 spatially
represent biodiversity.  For biodiversity pattern. these surrogates may be habitats, communities,
taxonomic groups or species.  Histoncally. biodiversity assessments have most commonly
focused on species. often charismatic ones that catch people’s imaginations, such as large
mammals. However, unless species datasets are comprehensive. they should be used with
caution in biodiversity planning because they can lead to bias in selecting only the areas which
happen 1o have species data. ignoring potentially important areas where there are data gaps. For
this reason. conservation planning has moved away from using species as their primary
biodiversity pattern laver, and have started 10 focus on surrogates that use physical variables
(such as climate. flow. geomorphology) 1o predict species distributions.  These physically-
defined surrogates are deemed preferable for conservation planning as they provide an effective
and relatively inexpensive method of sampling biodiversity across the entire region in a
consistent manner.  Comprehensive species datasets (c.g. large mammal species: fish species),
are then used to supplement the physically-defined biodiversity surrogates.

The national conservation planning initiative for freshwater biodiversity has therefore developed
river heterogeneity signatures as the physically-defined surrogates 1o depict river biodiversity
pattern consistently across the entire country. Heterogeneity is the ultimate source of biodiversity
(Pickent er @l 1997). particularly in naturally disturbed and highly dynamic ecosystems such as
rivers. Characterising this heterogeneity in time and space is key to predicting pattern and
distnbution of riverine biota (Du Toit e7 al. 2003, Montgomery 1999, Berman 2002), and can
therefore be used as a basis for developing physically<defined biodiversity pattern surrogates for
river ccosystems.  Heterogeneity within South African nvers is created primarily  through
physical processes, the main determinants being warer acting as system driver on sediment as the
material within the constraints of the geomarphological template (Dollar er @l in press). These
three variables interact over time and space to drive system heterogencity and hence biotic
pattern and distribution. A hierarchical framework is currently being developed (Dollar er al. in
press) to characterise South African rivers using these three physical descriptors:

e geomorphological template (Level | descriptor):

e hydrology (Level 2 descriptor): and

e sediment (Level 3 descriptor).

The framework makes explicit the physical processes driving river structure and resource
dynamics, and includes reference 1o disturbance and recovery processes.  This enables us 10
distinguish components of rivers which, under natural conditions, share the same biological
response potential and associated biodiversity. These components, or “river heterogeneity
signatures”, can therefore be used as surrogates for predicting river biodiversity.

At the broadest level. rivers can be classified across the landscape according to geomorphology
(Level 1) and hydrology (Level 2). Rivers have been classified according to these two levels
across South Africa in a recent national assessment of rivers (Nel er @/. 2004), in which
geomorphic provinces represented the geomorphological descriptor, and the hydrological index.
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which characterizes flow varability (Hannart and Hughes 2003), represented the hyvdrological
descriptor. At a finer. sub-national scale it is appropriate to supplement these broad landscape
level descriptors of geomorphology and haydrology with a characterisation of geomorphologic
zones at the level of individual rivers and streams (Rowntree and Wadeson 1999).  This
geomorphological zonation serves as a surrogate for charactenising the abiliny of a river reach to
store or transport sediment. each zone representing a different physical template available for
biotic habitation. Using this river-level descriptor in conjunction with the landscape-level
characterisation of geomorphology and flow provides a surrogate of the types of natural habitat
expected within the river reach. which in turn serves as a good surrogate for biodiversity pattern

within river ecosystems

Conclusions

e Future assessments should attempt 10 supplement the nver heterogeneity signatures with
aquatic species datasets which have been relatively comprehensively sunveved across the
countny

e [t is important to note that these three levels of signature are combined and that conservation
planning strives to achieve representation of umique combinations of all these signatures
Thus. it is not only the geomorphological zonation that is targeted. but also the pattern across
large areas of the landscape. which includes entire drainage basins. Thus. should the current
findings be true - that every catchment is ditferent (but functioning in a possiblv similar way )
- then the consenvation plan would in any case be striving to select for representation across
different catchments as well as within geomorphological zones

e  This presentation should be viewed as work-in-progress. which will be refined as the DWAF-
CSIR-WRC immmiative proceeds. It is through interaction at workshops such as this that the

refinements will be achieved.
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8.2 Discussion Session: Accident of design: what causes the signatures? Are they
unique to the Western Cape?

T'he afternoon session began with all the presenters being asked to create a definition of a
catchment or river signature based on the presentations they had heard and on their own
presentations (Table 8.2). A pattern in the definitions was noted by Jackie King that ranged from
a focus on biotic antributes (invertebrate and fish specialists) through a combination of biotic and
physical attributes (vegetation specialists), or on just physical patterns (biodiversity conservation
specialist). depending on the discipline concerned and the goal of each researcher.

Table 8.2 Definition of a catchment or river signature.

Presenter(s) Definition

Denise Schael and Jackie King A unique invertebrate species assemblage that distinguishes a
river or catchment from others (40% dissimilarity)

Roger Bills and Dean Impson Unique species/populations or species compositions identifying
a nver or groups of rivers from others

Barne Low A unique set of attnibutes that charactense a section of a nver as
being different from another.

Charhe Boucher As for B. Low. unique set = finger print/species ratos. attnbutes
physical and biotic

Jeanne Nel Pieces of a rniver that share the same response potential and

hold the potential of sharing similar biodiversity — they are
dependant on spatial and temporal scales.

I'here was lively discussion on the possible causes of the signatures, but no definitive answer that
catered for all disciplines. The link between local geology and biotic patterns was clearer in the
vegetation studics than it was for either the invericbrates or the fish. Regional geology does play
a role in inveniebrate and fish distributions, but the local coupling at a medium or fine scale is
less obvious.

Several conclusions came from these discussions.  First. it was suggested that a shared set of
study rivers (site length dependant on discipline) be chosen in one or two regions of the country
and invertebrate. fish and riparian vegetation data be collected together. in multiple seasons and
across yvears 10 better determine if catchment or river signatures occur and at what level or scale
the different disciplines reveal the signatures. Another common suggestion was to assess if
archived records of invertebrate and fish species distribution records for one or more regions in
the country would show the catchment or river signature patterns reported in King and Schacl
(2001). It was suggested that 10 do this for Western Cape fish, the data would have 10 be
analvsed at a genetic population level due to the low diversity of indigenous fishes. Data from
the Limpopo or Mpumalanga regions. however, had good potential for assessing signatures at the
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species level as there 1s a wide variety of native species in those regions and data could casily be

accessed via SAIAB

Although there was common agreement that catchment and river signatures do exist, there was

no clear conclusion on what caused them
8.3 Discussion Session: Are there management implications?

I'he consensus was. especially from the management representatives. that the signatures do have
implications for management, especially in the Resenve Determination process within South
\frica’s current water law. Water developments should proceed with great caution as each
catchment appears to be unique and it 1s presently not clear what this might be indicating about

catchment and river functioning

Managers need further clarity on the validity of the signatures across disciplines: on whether the
signatures exist in other parts of the country outside the Western Cape. and within lower rivers:
and what the implications of the signatures are for catchment management. It was pointed out
that although the genetic population level of species distributions is veny interesting  and
important in a scientific context: managers are more likely 10 respond to species pamerns than

genetic patterns

It was suggested that river classification should be based on an ecoregion and then catchment
level approach. with river longitudinal zones being incorporated after catchment (at the moment
catchment is essentially ignored). A proportion of whole rivers within each catchment should be

set aside as "untouchable™ to be saved in terms or their biodiversity and unigueness,

It was also mentioned that catchment and river signatures should play an important role in the
RDM (Resource Directed Measures) designation of a river’s warget ecological management class
(EMC).  Rivers with a low EMC could have this enhanced by being shown, through the

signatures analysis, 10 be of a veny rare King

84 Summanry of the importance of catchment and river signatures.

River and carchment signatures are important in terms of demonstrating the biodiversin

of different sy stems.

e The significance of the high level of catchment and river differences (compared 1o, say.
longitudinal geomorphological zone) should feed into the classification process for
rivers

e [Integration of investigations of this phenomenon should occur across disciplines., This
could be done by via a collaborative proposal that used both historical and new field data
for a series of common ficld sites

o (Consenvation targets need to be addressed per catchment. on which parts will be
consenved in terms of their natural biotic signatures and thus biodiversity.

e More data are needed on middle and lower reaches of rivers to further support or give

proof of signatures through the entire river, source to sea
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e More data are needed 10 assess if the catchment and nver signatures exist in parts of the

country outside the Western Cape
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9.  CONCLUSIONS AND RECOMMENDATIONS

9.1 Conclusions

River and catchment signatures are real. As shown in this project. they are biotic fingerprints of
upper rivers and catchments in the Western Cape. distinguishing cach from the others. So far,
they have been detected or suspected at several levels of definition of organisms: at species level
in aquatic inveriehrate data; at growth-form level in data on nipanan vegetation: and probably a
genetic levels in fish data. There is no reason 10 believe they do not exist in other parts of South
Africa and, indeed. elsewhere although this remains to be shown. Lower rivers may also have
biotic signatures, but as most lower rivers are considerably degraded the data of natural
conditions needed to detect the signatures may be largely missing. The biotic signatures can best
be detected if species or finer-level data are compared across the same longitudinal zones of

many similar rivers within several catchments of one bioregion,

In this Western Cape study. the signatures were not caused by unique species per catchment or
river, or by unique abundances of the taxa present, or by differences in the proportions of
different taxon groups. They were caused by differences in the mix of taxa within cach major
taxon group. Thus, for instance, despite shifis in the mix of species of Ephemeroptera present
from river 10 river, the percentage of taxa that were Ephemeroptera remained approximately the
same. Only in the most extreme cases of disturbance studied did the proportions of taxa per
major group start to break down. This suggests to us that such a well-known measure of river
health as the °%EPT (percentage of taxa in the invenichrate sample that belong 10 the
Ephemeroptera. Plecoptera and Trichoptera) only shows a decline in value when river
disturbance is quite advanced. At much lower levels of disturbance. the EPT percentage may 1o
indicate an undisturbed river but our data show that the disturbance is already being felt within
the ecosystem: the mix of taxa is changing and the biotic signature is starting 1o be eradicated.

We now know something about what the signatures are and are not, but sl have ven linke
understanding of how they arise and what their significance is. The signatures do not appear 10
be strongly correlated with water chemistry, the presence or absence of native or alien fish,
systematic biogeographic species changes across the region or paleogeographic influences,
although all of these seem 1o play some role. Rather the signatures are probably the result of

complex interactions of the above and other vaniables over many millions of years.

Does this mean that the mix of species that makes up each signature occurs by accident or
design? Do the species naturally occurring in each river represent the most efficient (in terms of
resource use). and possibly the only, mix of species possible for that particular environment or
could other species in the regional pool move in with no change to ecosystem functioning”? Are
the signatures reflecting fundamental differences in the functioning of each river ecosystem (and
thus its catchment) or are all similar river zones functioning in much the same way (as suggested
by the Functional Feeding Group analysis in Section 3.4) even though they have a differemt mix
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of species”?  These questions remain unanswered, 1o a large degree because we do not have

sufficient understanding of the biology and habitat requirements of riverine species to attempt

further interpretation of the signatures data set. Some additional insights have emerged however.

Perenmial rivers have more stable aquatic communities than non-perennmial ones (de Moor.
Barber-James and Cambray. pers comm. Chapter 8) and therefore may be expected 10 have
much clearer signatures. [his would make them more amenable to assessment of whether or
not human disturbance is afTecting them,

Alien fauna and flora appear to be breaking down the biotic signatures. homogenising at least
fish and plant communitics (see Chapter 8) and presumably reducing biodiversity

Rivers appear to have abiotic signatures 100: their complex. mix of geomorphological.
hyvdrological. chemical and thermal annbutes may be of use to distinguish them from each
other.  The question of whether or not these abiotic signatures are good surrogates for the
biotic ones lies at the heart of the consenvation planning of freshwater biodiversity outlined in

Chapter 8 (see presentation by Nel).

The main management implications of river and catchment signatures are as follows

It can no longer be assumed that all rivers within an ecoregion are much the same and thus
that a random selection of them can be sacrificed to development with no implications for
biodiversiny . Biodiversity could be being reduced at the communin ‘landscape level through
catchments not being recognised as unigue entities.

Ihe signatures can be used 10 detect very carly kevels of degradation of sensitive or important
river systems

With further data collection, the signatures can be used 10 grade and compare different Kinds
of disturbance on a scale from neghgible impact to veny severe impact

More than one river within each catchment needs to be conserved at a very low level of
disturbance so that further research on signatures and its links to biodinversity has access 1o

!L'p“.'iﬂs' \lllc"\ \ilk’\ per \'.‘ﬂ\'hmcm_

Recommendations

'he catchment should be high in the hierarchical lesels of river classification for biodis ersiny
management ~ higher than longitudinal zone - because nvers within one bioregion or
ccoregion are not all the same.  Individual catchments within any one ecoregion, bioregion,
geomorphological region or hyvdrological region (whichever is being used to partition the
country ) need to be adequately represented in any sy stem of consenved rivers.

I'here should be more than one completely undisturbed nver in each catchment so that
biodiversity is conserved at the community ‘landscape level and so that future rescarch on
signatures and its links to biodiversity has access to replicate sites per catchment.

Histonical records of biotic distnbutions (such as those at the Albany Museum) should be
used to confirm that river and catchment signatures exist in other parts of the country

[he validity of signatures across disciplines should be researched through a multidisciplinan
research programme using shared study sites. This would strengthen understanding of their

nature and possibly their causes
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Full understanding of why catichments and rivers are biologically distinct will not be possible

without a deeper understanding of the bwology of nverine species. Such research should

become an essential component of all relevamt research and consultancy work at an

appropriate level of commitment
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Appendix |

APPENDIX 1
Appendix 1.A  Categories of visually distinct flow types. After Rowntree 1996
Padmore et al 1996, Newson e! al 1898, From King & Schael
(2001)
Flow Type Definition
Free falling (FF) Water falls vertically without obstruction
Cascade (CAS) Water tumbling down a stepped senes of boulders, large cobble
or bedrock
Boil (BOIL) Water forming bubbles. as in rapidly boiling 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 rap«dly in @ smooth sheet of water, similar to a

Broken standing waves (BSW)
Undular standing waves (USW)
Fast riffle flow (FRF)
Rippled surface (RS)
Slow riffle flow (SRF)

Smooth boundary turbulent
(SBT)

Trickle (TR)

Barely perceptible flow (BPF)

chute but not forced between two bed elements

Standing waves present which break at the crest (white water)
Standing waves form at the surface but there is no broken water
Very shallow, fast, flickering flow, still covering mest of the
substrata

The water surface has regular smooth disturbances which form
low transverse ripples across the direction of flow

Very shallow, slower, flickernng flow, stil covering most of the
substrata

The water 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
Small, slow. shallow flow, when occurnng with small or large
cobbles, flow is between bed elements with few if any
submerged

Smooth surface flow. only perceptible through the movement of
fioating objects

No flow (NF) No water movement

Appendix 1.B  Categories of substrata. From King & Schael (2001).
Category Size Range (mm) Guide Line °
Sit (S1) <0063 Fines and mud 65
Sand (SA) 0063-2 Coarse grit 20
Small Gravel (SG) 2-16 finger nail -2.0
Large Gravel (LG) 16 - 64 middie joint of finger 45

length of small finger

Small Cobble (SC) 64 - 128 wrist to halfway along finger -6.5
Large Cobble (LC) 128 - 256 inside elbow to wrist -7.5
Boulder (B) > 256 armpit to wrists 90

Bedrock (BR)

ground to waist
length of tall person
> length of tall person

slabs of rock -85
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APPENDIX 2
Appendix 2 Level of taxonomic identification in the laboratory for various
orders and families. Specialists that will be confirming
identifications or identfying to finer taxonomic level are listed by their
specialised group Note that some specialists will focus on a
particular family of animals whereas others will focus on an entire
order. From King & Schael 2001
ORDER FAMILY LEVEL SPECIALIST
ACARINA Family / morph type
AMPHIPODA Family / genus, species
ANOMOPODA Family | morph type
COLEOPTERA Dryopidae Family / genus, species / morph type
Dyuscidae Family | morph type
Elmidae Family / genus, species / morph type
Gyrinidae Family / genus, species / morph type
Helodidae Family / morph type
Hydraenidae Family / genus, species | morph type
Hydrophilidae Family / genus, species | morph type
Limnichicae Family / morph type
Notendae Family / morph type
Torndincolidae Family / momph type
CYCLOPOIDA Oroer
DECAPODA Family / genus
DIPTERA Athencidae Family | genus ! morph type
Blephariceridae Family / genus. species | morph type
Ceratopogonidae  Family / subfamily / genus, species
Chironomidae Sub-family / genus, species Prof. Arthur Harrison
Culicidae Family / genus / morph type
Dixidae Family ! morph type
Empicidae Family / genus ! morph type
Psychodedae Family | genus ! morph type
Sumuliidae Family | genus, species Dr. Ferdy de Moor, in
part
Tipulidae Family! genus { morph type
Tabanidae Family  morph type
EPHEMEROPTERA Mrs. Helen Barber-
James, type specimens
Bastidae Family / genus, species /| morph Mr. Bruce Paxton
types
Caenidae Family | genus, species
Ephemerellidae Family / genus, species
Heptagenndae Family / genus, species
Leptophichedae Family / genus, species
Tricorythidae Family / genus, species
HEMIPTERA Mr Patrick Reavell type
specimens
Corixidae Family / genus, species / morph type
Gerndae Family ! morph type
Mesovelndae Family | genus. species / morph type
Notonectidae Family / genus, species | morph type
Pleidae Family  morph type
Velindae Family / genus, species / morph type
LEPIDOPTERA Pyrahdae Family / genus
MEGALOPTERA Corydalidae Family | genus. species
LEPIDOPTERA Pyralidae Family / genus
NEMOTODA Phylum
(phylum)
NEMATOMORPHA Phylum

_(phylum)
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ORDER

ODONATA
Amisoptera

ODONATA
Zygoptera

OLIGOCHAETA

PLECOPTERA

TRICHOPTERA

_ TURBELLARIA

FAMILY

LEVEL

Aeshmoae

Corguliidae
Gomphidae
Libellulidae
Chiorolestidae

Coenagnonidae
Protoneuridae
Lumbriculidae
Enchytracidae
Naididae
Notonemouridae

Barbarochthonida

Calamoceratidae
Ecnomidae
Glossosomatidae

Hydropsychidase
Hydroptihdae
Hydrosalpingsdac

Petrothrincidae
Philopotamidae
Polycentropodida
o

Sericostomatidae

_ Planaria

Family | genus / morph type

Family | genus /| morph type
Family / genus / morph type
Family / genus { morph type
Family / genus / morph type

Family / genus | morph type
Family / morph type

Family

Family

Family / genus

Family / genus, species
Order

Family / genus, species

Family / morph type

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

Family | genus, species

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

Family / genus | morph type
Family | morph type

Family / genus | morph type
Family / genus

SPECIALIST

Dr. Ferdy de Moor, in
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APPENDIX 3

Appendix 3 List of taxa that represent the best discriminators between catchment groups. Numbers represent abundance
ranking, 1 -5, and the * denoles absence of thal taxon. Site codes use the site number from Table 1.1 and
catchment code (O = Olfants, B = Berg, E = Eerste, M = Molenaars, R = Breede, T = Table Mountain, P = Paimiet)

Order Family Taxon 001 002 B14 B15 E18 E19 E20 MO9S M10 M1
Acardormes Anistselidae Anistselidae spp N N N ‘ B P 2 L 2
Arrenu vlae Arrenurndae spp - » ) o | p 1 "
Hydrachine e Hydeachnellae spr 1 g e 4 5 3 A Rl N )
Oribatdae Onbatdae spp . a - . ! 2 2 Z 2
Oxdan Oudae spp a o x - o -
Amohpoda Paramelihdae Pararmedla sp 5 . e 2 9 = ! ® . .
Poaramoia ingroculus . 2 s = \ ’ s » . .
Cladoce'a Chydordae Chydondae spg . ° . g ! ) .
Cokoplera Dryopdae Dreyopudae spp Adult 2 H - ‘ : P _
Strine sp 1 adult . P e . | - 1 4 4 4
Ermdae Emidae so 1 adult ’ . e r ) ! P4 3 3 K
Ermdae sop Adult 5 3 ‘ = : ’ : P
Ermdae sop Lavva ) N N 2 2 2 | a4 4 )
Eynoeolous sp 1 adut n . . . 4 | 2 4 ) 1
Exncelus sp 2 adult ’ : ’ : N | N 2 4 3
Ewoeins sp A larva : . . ‘ - Fy 3 B 4 3
Encelns sp Larva 5 a4 3 4 ! . .
Podovaius sp » - - a ] | i - ) a4
Peloriolus O 2 . . . . 4 2 . . 4 A
Peiovnxus sp Adult 2 4 2 4 . .
Pedornolus sp Larva 4 q 3 | K 4 1 3 ) 2
Polovdus sp now P4 3 . . _ _ _ "
Gyrnmudae Gyrndae spp adut 2 1 e 1 : . . .
Gyrnmdae spp larva L - - e 1 b 1 1 2
Hedoddae Helodwdae sp 1 El - 2 4 5 5 3 £} ) 2
Helodwdae sp 4 ' 3 % o . o - - o
Helodwdae sp 5 = = o = 5 L ki L r 4 2
Helodwae sp 6 5 B 2 . 4 ) 3 K} .
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Order Family Taxon 001 002 B14 B15 E18 E19 E20 M0%9 M10 M11
Coleoptera Halodadae Heloddae sp 7 3 1 2 . 2 . . . . 4
Heloddae spp Adult ‘ N * N * ‘ 1 3 N ‘
Hydraendae Hydraendae spp. Adult * 4 2 3 ‘ N . 1 a s
Hydraendae Mesocevaton Spp 3 5 2 4 2 1 - 2 1 a
Limnchidae Limnichidae sp 2 4 a o - . a " o .
Coleontera Tomdincoldae Tormdincoldae sp & e = o o 1 . . . .
Copepoda Copepoda Cyclopowda spo e e 1 . 5 é 2 FJ P 2
Decapoda Potamorautdae Potamonautes sp. Adult 2 1 . 2 . ‘ 1 2 2 o
Fotamonautes sp. Juvenie 3 ! N P4 . . 4 s ' ¢
Dutera Athercadan Athoris 3 2 . , . : 1 . . 3 3 .
Atharix sp 4 . 1 . . . . ) 3 . g
Blephariceridae Elpovia capans’s larva * N * ‘ 2 5 a 1 1 .
Ceratopogondae Atnchopogon so ‘ 1 2 2 * 1 . . 1 .
Forcpomya sp. ! . . . . ' 2 3 . . .
Chronormidae Aphiroleven istShames ’ o . . . - - o ‘ 1
Cardhocladus sp 3 2 . 2 3 4 B 2 3 .
Cladotamytarsus sp . ' . . . . - N s .
Conchapeloxa sp 1 3 A F) 2 3 A 3 A 3 3l
Corynonsuras sp. 1 2 2 2 4 K} 5 4 3 4 4
Cricotopus sp. 1 3 2 2 3 2 4 3 v 1 2
Lorsio sp 2 3 4 3 o 4 3 2 1 F4
Niotamypus sp. 1 2 - = e 2 g 1 4 4 3
Notanypus sp. 2 . . . . . . . . o .
Nolocladhs capvcola 2 4 3 2 4 3 5 2 4 1
Parakiefleriota biaba . . . . . . . . . .
Paramenna sp 1 2 1 3 - 3 2 4 4 3
Parametriocnemus scolty i 2 2 ) 2 3 2 . - 2
Polypedium atbcola » ‘ . ’ 3 4 3 5 3 2
Polypediam sp . 1 . 1 . . B 2 . -
Polypadwum U sp 4 4 3 3 . 1 1 2 2 .
Prociadius sp 4 2 3 3 1 . ; - S -
Pseudosmite 80 . . . . . . . . .
Rheocncofopus Capanss 2 3 3 3 4 5 5 El El
Stompena sp 2 . . 1 1 . . . . .
Tanytarsus sp 1 3 ) 2 2 ‘ 2 3 ! . 2
~ Tanytarsus sp 2 ) - -0 : 2 : : )
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Appendix 3

001 002 B14 B15 E18 E19 E20 M09 M10 M11

Order Family Taxon
Odonata Cordulsdae Macromia sp 9 . ] . ’ ' . “ . .
Gomphidae Gomphudae spp L 1 ' 1 e . 2 . 1 '
Potogompihus sp 1 " . . o . . . . . .
Lbelluidae Paragoms sp 3 1 . ’ » ¢ s . . .
m ‘p 3 2 . . . . . . . -
Okgochaota Lumbriculdae Lumbriculidae spo - S i . 2 k) 2 2 2 d
Naodae Nawddae spp ' - d . - 3 B El Rl 2
m w - - - 2 - ‘ - - - -
Unspecfed Olgochaets spp. 2 2 3 < . - . ' . .
o"'ma Ummm o”'m. .” . . . . . . 2 . . -
Plecoplera Notonemoundas Apharvoercs bvoormvs . - o a a 4 5 4 3 2
Aphiarvoerca capenss . . ' . 5 -] 5 4 3 3
Apharwoevca lyrale s . o A 2 - s 3 1 2
Aphanvcevca spp . 2 ' 3 3 ki * 2 3 4
Aphanicevcala bamardiscuata L - o o 4 4 3 3 3 t
ApharvcevceVa spp 3 a 4 4 ’ 2 » 1 . 3
Aphamcecopsis spp - Kl 3 5 e - : e ‘ :
Desmonemowa pulcheduwn e 2 4 s 3 ? o 2 3 5
Desmonamowa spp 2 2 4 a4 o . g . 2 1
Trichoptera Barbarochihoridae  Barbarochthon brunneum 3 = - b * N * = 2 *
Emu‘mdﬂ E cm sop . - . . . - - . - .
Parocnamwia resma 2 3 3 1 2 2 1 3 2 N
Glossosomatidae Agapetus sp a - . o 3 4 3 3 1 -
Hydropsychidae Cheumatopsyche afra 3 a o . . A A * . .
Cheumatopsyche maculals 3 3 4 a4 < = 3 2 . -
Hydropsychidae sop. larva ¢ . 2 . » 2 3 4 3 2
Laptocaridae Alhrpsodes (bargensis group) sp 5 2 o 2 1 " - . . 3
Leptecho scirpi . . . . . . . . . .
Leptecho sp S - > c 2 3 2 _ 2 L]
Leptoceridae spp. early nstar 3 1 y 2 = 2 1 2 " 1
Petrothrncdae Patrothrincus circulans 2 * 2 3 3 3 ‘ ‘ = 2
“mm‘s ’o - - - - - - - - - -
Phiopotamidae Chimarra sp 3 1 2 1 N a 1 - - -
Phiopotamidae early nslar N - g * - - N 5 * 2
Sencostomabdae Sencosiomatddae early instar " - . - * a ' . - °
Trckadida Planaridae Dugesia sp : ‘ - - 2 1 2 - 2
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Appendix 3
Order Family Taxon R0O6 RO7 ROB R13 B17 T27 T29 P24
Decagoda Potamonaubdae  Fotamoneules 5o Adut . 2 . . F . .
FPatamonautes sp Juvenie . N N N . 1 . .
Diptera Amhericidae Athevix sp 2 2 3 2 3 1 1 ‘ 4
Alhevix sp 4 2 - 1 5 4 N 1 3
Biepharcedae Eiporia capenss larva - " o . - - - -
Ceratopogondae Adrchopogon sp 2 - . ' 1 - N
Forcpomyin sp 1 - ¢ = 1 2 . » .
Chironomdae Aphrotena Isdskamae . ® o ‘ ’ B
Cardiociacdhus sp . 5 2 1 2 . . .
Cladotanytavsus sp . 2 . ' $ ' . 1
Conchapelogva sp 1 5 5 2 3 3 . 4 a4
Corynonewa sp 1 3 2 o 2 2 K 4 a
Cricotopus sp 1 4 k] . 4 . ¢ g =
Larsia sp N t 3 2 ’ 5 ‘ El
W £ 1 . 2 . . . . . 3
Niotarnypus sp. 2 1 N - - N N N 3
Notociachus capecols 5 5 2 3 . e - 3
Paraksafarela bioba - N - " . 1 . 3
Paramevma sp 4 a < 3 4 . 4 (3
Paramelnocnemus scot 2 ’ ) - ) 4 4 :
Falypadiam alicoia 2 4 1 o 4 . ) 4
Polypediam sp » g e 1 o e ¢ 1
Polypediwn U sp N 4 2 5 2 Y 5 2
Procladius sp 2 9 3 1 P . e .
Pseudosmitha sp 2 * 2 e - - - l
Rhoocncolopus capevisis . K . 4 2 K 3 2
Stempaliivia sp 4 2 1 4 . " 5 3
Tanytarsus sp. 1 4 . . 2 2 1 . 2
'mm P 2 - - - - .- - - 2
Thsenamanvwalls sp * 1 3 N - 2 N 1 3
Tvaltevno calvescens 4 4 1 1 3 . 4 4
FEmpudidae Empididas spp - e e A e ' 1
Hemerodroma sp 2 1 1 . 2 1 2 3
Smulkdae Simubum nevermana _ ¢ o < o 2 2 -
Yma Am w . - . . . - . 2
Limnophita nox 3 2 2 2 2 . ¢ K
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Appendic 3

Order Family Taxon R0O6 RO7 RO8 R13 B17 T27 T29 P24
Olgochasta Nadlae Nas sp 2 o a 5 3 4 4 5
Unspecfed Olgochasta spp. s . . a . " 2 .
Ostracoda Unspected Oslracoda sop ) ) 2 ' 8 3 2 :
Plecoptera Notonemourdae Aphanoarcs iveovvs . . ' a . » o e
Aphaniosrcs cCapensis ¢ » 4 3 " 4 1 .
‘d’m ‘”“ - - . 2 - - .
Apharvoerca spp 4 5 2 3 B 2 3 S
Apharnwercella bamarc/scudata - e x a . ® c v
Apharvoarcalla spo K 4 a4 4 a4 3 . e
Aphanvoercopsis spp 1 £ C 2 C 2 . s
Desmanemowa pufcheMam N N N . - - = '
Desmonemowe spp o . . . . . . .
Trnchoptera Barbarochihordae  Barbarochithon Brunineurn * " B . e - 1 a
Ecnomidae Ecnomidae spp * - 3 - - - - 3
m m - - - - - - .
Glossosonatdae  Agapelus 5o ‘ " . R o " 2 .
W’m Mmm m . . . . . . . .
mmmm m. . . . . . - .
Hydropsychedae spp. larva 3 2 3 . 2 . 4
Leplocendae Alfvipsodes (Dergens's group) sp 5 2 B 2 ¢ 5 5 .
Leplecho scinpé o . . . . . . 5
Leptecho sp ‘ B 2 2 2 -
Leplocendas spp. early instar 5 2 4 1 - . 5
Patrolhrincidae Patrothrincus crcilens N N 2 * ‘ N ‘ 3
Petrathrincus so. . - 1 * - * N 2
Phiopotamdae Chwniorra $p. - N ‘ : : ’ N :
Philopotanvdae early instar 3 . “ . . : N 3
Sericostomatidas Sericostomatidas early nstar - ’ 1 , : ' " 2
Tricladida Planaridae Dugesia sp a a . il : 2 2 4
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ippendix 4

APPENDIX 4

I'he following tables are explanations of the column headings for cach of the data output tables

from the database discussed in Chapter 7

Schael (2001).

Appendix 4 A  Data output from the “extended site detail” query.

Column Headings

Explanation

SteCoce

Smevisa

River

Location
LattudeDegree
LattudeMinute
LatitudeSecone
LatitudeC
LongtuceDegree
LongtuceMnute
LongtudaSecond
LongtuceC
ContourRangef rom
ContourRanrgeTo
UpstreamCatchmentArea
Artuce
SourceDistance
MapSiope

SeaSiope
DsrFromUpesrGiVer
WeirCode

Order
AnnualDscharge
MapCode
JoinngMaps
LanaOwnerDetad
Natufy
PermitReguired
PermrAcgured
ValdtyoPermt

Key

KeyAvalapiny
Impoungment
UpstreamDamDist
UpstreamDamName
UpstreamCatchmentNature

ValeyFloor
LateralMobiry
ChannePattern
Sitelengtn
ChanneType
ReachType
BedCondtion
Upstreamimgact
UpstreamimpacDegree
UpstreamiancUse
UpstreamianaUseExtent
Channel

ErcsonType

Eroson
Swe
BankSnape
Stelimpact

Further explanations can be sought from King &

The code gven 0 each mdwidual site

Date or dates the sde was visned

Name of the nver for that site

Descnpnion of locanon of the ste

Lattude in degrees

Lattude in minutes

Latitude in seconds

Latitude in map units

Longtude n degrees

Longtude m minutes

Longtuce » seconds

Longtuce " map unts

Comtour range upper bracket

Contour range lower bracket

Upstream catchment area # known

Alttuce of site

Distance of ste from nver's source

Site siope as calculatec detween comtours of 1 50 000 map

Site sicpe as measurad in 1he fiald

If 1hare 1S 8 GALGING warr Upatraam of Sie the dEtance the sie & from that wer
Ifthare 18 & GaugING werr 1he DAWWAF wair number

Stream oroer using Strahers method

Annual dscharge of river to that ste # known

The 1 50 000 map used to locate site

Any joining 1 50 000 maps that may have the catchment that the sie s located n
Telephone number and other detais of the land owner's where the site is located
Do you nead 10 notdy 3 land owner prar 1o SIamng work yes or no

Do you nead 3 permt 10 work On & S8 yes of no

Notice # 3 permad was obtaned

How long the permet obtained 5 vaid

Notice f a key 10 a gate on the property 1S needed for access

Details on procecure to get @ key

IS there 3 darm 10Cated upstream of she yes or

Dstance the sie s ocated from dam

Name's of dam or dams located upstream of ste

General descrphon of upstream catchment area based on Maps and verfied = the
fiela

Description of the river valey based orf map and verfied in the fieic

Lateral mobilty of a nver channe based on map and venfied i the field
Pattem of the river channel ir area of the site based on map and verfiad in the field
Length of the site worked on  and mapped

Geomomphological channel type bedrock or alluwal

Geomomphological reach type

The general condton of the bed materal at the site

Descripton of each possibie mpact on site from upstream

Indicaton of the degree of gach known mpact

General gescroton of land use upstream of ste

The exent of @ach of the known land uses upstream of ste

Actve of Macro channel refermnng to eroson descrptions

The type of erosion ccoumng in the achve and/'or macro channel | e subaenal or
actwe basa

Rating of the degree of erosion occurnng 1-5

Le®t or Rght bank beng descrided

Shape of each bank 1 & Concave convex

Specific types of tank erosion 1e gully or surface erosion




Appendix 4

Appendix 4B  Data output from the “flow data-taxon™ query.

Column

Headings Explanation

SteCode The code given to each mdividual site

Snevist Date or dates the sihe was visted

M Sampling area number where invenedrates and flow Cata were collected from within a
site

MorphUnit Morphological unt where a samphng area was located

FiowType The visual flow type recorded for each sampling area, 1 e nppled surface (RS)

Taxon! Database record number for each taxon

TaxonStage Developmental s1age the taxon was in

TaxonCount The number of that taxon that was present n a sample

Taxon2 The name of that taxon

Famdly The taxonome family that taxon belongs 10

AvgWaterDepth Mean depth (cm) taken from 2 . 6 depth measurements i1 a sampling acea that the taxon
was found n

AvgVelocrtyNearBed Mean of 2 - 6 velocty (m $-1) measurements in @ sampling area taken near-bed (NS) that
the taxon was founc n

AvgVelocnySix-tenths Mean of 2 - § velocity (m 5-1) measurements in 3 samping area taken 0 £ depth that the
taxon was found in

AvgVelocttySurtace Mean of 2 - 6 velocity (m s-1) measurements i & Samping area 1aken near the water's
surface that the taxon was found m (rarely recorded)

AvgVelocty Two-tenths Mean of 2 - 6 velocty (m s-1) measurements in 8 samphing area taken 0 2 depth that the
taxon was found n (rarely recorded)

AvgVeloctyEighttenths Mean of 2 - 6 velocity (m s-1) measurements in a sampling area taken 0 & depth that the

taxon was founa n (rarely recorded)
AvgEmbeddednessCode  Mean of embeddedness rating where 0 = no embecdedness and 5 = mbncated bed

Appendix 4.C  Data output from the “flow data-no taxon" query.

Column .

Headings Explanation

SneCode The code given 10 each Indivaual she

SteVist Date or dates the ste was vsted

M Samping area number whete invenetrates and flow data were colecied from withn a sie
DominamSutstratum The comnant substrata recorded within 3 samplng area. e boulder (B)

SubDommantSubstratum  The sub-dominant substrata recorded within @ samplng area. | e large cobble (LC)

EmbedcednessCooe The cegree of embecdness of substrala within a8 samphng area

WaterDepth Depth (cm) of the water at each point (2-6) within a sampling area

VeloceyNearBed The near-bed velocty (m s-1) recorded at each point (2-8) within a samping area

VeloctySx-tenths The 0 & velocity (m 5-1) recorded at each point (2-8) within a sampling area

VeloctySurtace The surface velocty (m s-1) recorded at each pont (2-6) within a sampliing area (rarely
recorded)

Velocity Two-tenths The 0.2 velocity (m s-1) recorded at each point (2-6) within a samphing area (rarely
recorded)

VeloctyEght-tenths The 0 8 velocity (m s-1) recorded at each point (2-6) within a sampling area (rarely
recorded)

MorphUne Morphological unit where a samping area was located

FlowType

The visual flow type recorged for each sampling area e nppled surface (RS)
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Appendix 4.0 Data output from the “observations™ query.

Column Headings

Explanation

SiteCoce

SiteVisn

Ovservat onCategory
Vauve

Comment
ObservabonCoce

The code gven to each ndvdual ste
Date or dates the ste was vsted
Siclogica (B000s) or Chemical (ChemOLs) type of recorded date

The percent cover or measurement value of the coservaton

general commens

The type of obsernvation and unns the value 8 10 L& Moss Caver in percent or ste
discharge in m3 & or conductivity in uS em

Appendix 4.E Data output from the “parameter coverage” query.

Column Headings
SeeCode

SeeVest

AreainteCater

Parameter

ParamType
Area

Comment

Explanation

The Co0e gven 10 each mamcual site

Date or cates the sile was visned

Tola ste srea mapped of 0Ny wellad area of sne
The cooe or @ flow type. substratum type or morphciogical unt type

Indication of whether the parameter area s a flow type substratum type or morphologica
unit type

The percent of the ste area that the indwvdual parameter covers

An explanation of how the area for thas parameter was calcuiated from the GIS mapped site
G3la oulDLt

Appendix 4.F Data output from the “parameter matrix” query.

Column Headings

Explanation

SteCoce

SreVist

Parameter
Depeandent®arameter

Argastalus
Araa
Commem

The code gven to aach ndvdual site

Date or dates the sre was visted

The code for a flow tyde substratum type or mamhbalogcal unit fype

The code for a fowa type substratum type or momphaiogecal unit type overiad with the
above

The percent of the sde a2ea that The two overiappng Darameter Cover within the sie
Ar explanabon of how the ares for the overlappng paramelerns were calculated from the
GIS mapped ste data outp

Appendix 4.G  Data output from the “site transect data"” query.

Column Headings

SteCoce
SiteVisnt
Channe!Type
ReachType
BedCondton
Dwstance

Heignt
Swstrate
Velocity

ViaterDeptn

VegetatonCategory

Explaaation

The code gven to each indvidual sne

Date or dates the 2 was vsted

Geomorphoiogical channel type. bedrock or aluvial

Geomorphoiogcal reach tyde

The general condtion of the bec matenal at the site

The distance at each port along the transect. the first measurement 1s 2ero. and the
subsequent diIstances are measured and recorded

The haight of the tape Maasured a3 aach POINT ACT0SS the active nver channe from bark 10
bank

The type of substratum 8t each pont along the transect

The 0 § velocity (m 8-1) recorded at each point along the transect

The depth of the water (om) recarded at each paint along the transect

A ganeral cescnphon of the vegetat on "ecordec aong the ransect (¢ Nparan. grass
nstream
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Appendix 4 H  Data output from the “taxonomy details” query.
Column Headings Explanation
SneCode The code gven to each inchmdual ste
SneVise Date or dates the ste was visited
M Sampling ares number where nvenedrates and fow data were collected from within a site
Taxon Database record number for each taxon
Taxon2 The name of that taxon
BwBaseTaxon The record number gwen to thes taxon in the BicBase database
Phylum The taxonomic phylum that taxon delongs 1o
Class The taxonomic Class Inat taxon belongs 10
Ovoer The taxonomic order that taxon belongs 10
SubOrder The taxonomic sub-order that taxon belongs 1o
Family The tavonomic family that taxon belongs 1o
SubFamiy The taxonomec sub-family that taxon belongs to
GenusSpeces The genus ang speces of that taxon # known
Indgenous
TaxonStage Developmental s1age the taxon was in
TaxonCoum The numbder of that 13x0N That was present in 3 sample
ArBreather Indication ¢ the Laxon is an air breather or not
Score SASS4 sensitivity 10 water guality vanables score (has not been amended for SASSS)
Group SASS4 famiy groups
Appendix 4.1 Data output from the “vegetation" query.
Column Headings Explanation
SteCoce The code given to each mdvidual ste
ShevVisn Date or dates the sae was visted
VegTaxon Database recort number for each vegetation taxon
Taxon The name of that tanon
Phyum The taxonomic phylum that taxon belongs 10
Class The taxonomic class that taxon belongs 1o
Family The taxonomic family that taxon beongs 10
GenusSpecws The genus and specses of that taxor £ known
Status Inchcation # the Laxon s Indgenous o aken 1o the area
Abundance The estmated percent coverage of that taxon withen the sde




Appendix 4.J) List of “Look-up™ tables within the database.

Look-up Table Explanation

Pryum The 8! of possdie taxcnomc Sy a
Class The st of possible taxcnomic classes
v

e st of possibie tax

armic ardes

L The |5 of possibie taxonomic sub-orders
The 152 of possibie tax i ‘ambes
ud The ISt :"‘5"""""~ OMIC Sub-fambes

e The 1182 of possibi Js and species

axon Stage The stage adut 13 Nymph. juvenile or ¢any INStar 3 1axon 8

Sec Congton Whether the stream bed 5 amoured S¢ MEACated or Ded .

Erosicr Cerosion Categones. ' =0 I10% <=1 3%, 3= 30 - 80% &= 350

Erosicn Type ACve Dasad Or sulaeral ergsion types

Lateral MoDity Channel mobiity calegores, 1 = confined 2 = mogd nénec. 3 = non-confingd. 4 =
antrarsnas

Valley Floor Valey floor types ercsonal banch food plan pediment. sde Dench and absant

Ste Impac Possle impacts or study ske ranging from Jams anc weirs 10 orchards anc aen
vegetation

Jpstream Mmpact Impacts within the catchment upst'ecam of the sAé a range of possbihes

JosUeam Mpact 0eg e The gegree 1o whoh the mpacts eMect the study ste rated as none, 1 oW <
moc = high

Jostream and use General lanc use upstream of sfe such as wdan orchards forestry

Upstream anc use extant The extent the land use is in the upstream caichmant 0=none 1 =local 2=
frequent 3 » wide

Trarsect Substrata Codes for substratum recorded on the dscrarge and channa' shape iransacts

Vegetation Category General vegetation types recoroec along channel Irandact NEAran l1eresany
instream

Magp Land ANGirs map oetails ksling map 1.30 000) and name

Parameters GIS map cala substrata Now type ant morphological unt codes

Parameter Effective Ares 5 map data indicabng f the proporon of substrata or marphological unit

rEpresants watlad or 1083l MAanPed ares




Other related WRC reports available:

Assessing the ecological relevance of a spatially-nested geomorphological
hierarchy for river management

d'ﬁ,‘;‘ K‘I”:; [.; D"n’ SL‘A“I‘LiE‘

The research focused on a site in each of 28 headwater streams in the Western Cape

T ~ne D ~, " r . 1 V[ de f r 4 [ f
'hese were all in the mountain and foothill zones of perennial rivers, in order o

standardise study sites as much as possible. Sites were designated “mountain” or
foothill” based on prior biological knowledge of which they were likely to be. All fieldwork

vas done dunng summer low flows, when flow and other physical conditions are most
stable and the rivers most comparable in hydraulic terms. Eighteen of the rivers had
minimal disturbance, and were used to detect underlying trends in physical-biotic inks

The remaining ten had specific disturbances, and were used 10 assess how disturbance

affected the trends

At each of the sites, up to 12 biological samples were collected from the widest possible
ranqe of physical conditions, and these conditions were measured in detail. The sites

which ranged from 30-100 m in length, were mapped using eight categones of substrata

and 14 categories of flow type, and the location of every biologi

E1 and E2). Aquatic invertebrates were used to provide the biological input to the study

as different species are known to seek different kinds of flow or substrata and by this
selectivity should illustrate clear physical-biotic links

The sampling programme as a whole was designed to assess the ecological relevance

of all levels of the hierarchy
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