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The name of the region where this work was done was changed from
EASTERN TRANSVAAL
to
MPUMALANGA
during the publication of this report.
Where the name Eastern Transvaal appears in the text, please read
Mpumalanga




EXECUTIVE SUMMARY

Section numbers in the executive summary relate to the chapter headings and subsections in

the main report.

1. INTRODUCTION

1.1 This project was begun in January 1990 in response to a need to characterise the fauna
of the Sabie-Sand River system for which plans were already advanced to build
impoundments. During the course of the project, the region was subjected to the worst

drought on record. As a result the scope and duration of the project was extended.

This is the first of three volumes of the project report, and describes the physico/chemical
status of the rivers, and the status of the fish and invertebrate communities in the river. These
conditions are compared with those in the Letaba River, and the hydraulic habitat preferences
of the main fish species and invertebrate groups are described. The second volume documents
the effects of the 1991-92 drought, and the third volume assesses the probable effects of
planned impoundments on the downstream biota, and includes recommendations for the
environmental management of the dams, as well as for the continued monitoring of the Sabie-

Sand River system.

This project forms part of the multi-disciplinary Kruger National Park River Research
Programme (KNPRRP), whose goals are:

- To inform researchers, system managers and stakeholders about the water
quality and quantity requirements to sustain the natural environments of rivers
which flow through the Kruger National Park,

- To develop, test and refine methods for predicting the responses of the natural
environments of rivers in southern Africa to changing water quality and

patterns of supply.
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The Sabie River is at present the least impacted of the six rivers which flow through the
Kruger Nati~nal Park (KNP). A catchment study by Chunnett ef al. (1990) identified 8
possible new dam sites on the Sabie and its major tributary the Sand River. The main
objectives of this project were to characterise the present instream chemical, physical and
- biological conditions in the Sabie-Sand River system, and to predict the consequences of
impoundment and increased water abstraction on the riverine biota. The precise aims of the

project were defined as follows:

1. To characterise the present chemical, physical and biological conditions in the
Sabie-Sand River system before any of the planned impoundments are built.
(This volume)

2, To assess the probable extent of ecological disturbances and advantages
resulting from future regulation (particularly within the Kruger Park), and to
recommend management guidelines to minimise impacts and to maximise new
opportunities for water management. (Volume 3)

3. To collect basic biological and hydro-geomorphological data which will allow
the calculation of instream flow requirements for the system.  This will
include the identification of target organisms and their distributions, flow and
substratum preferences, as well as modelling the habitat changes caused by
different flow regimes. This last component will involve the generation of
data to be supplied to the instream flow incremental methodology model
(IFIM) being developed by Dr J M King and Ms R Tharme of the Freshwater
Research Unit at the University of Cape Town. Instream flow requirements
will be calculated within the framework of maintaining maximum natural
biological diversity and with respect to the requirements of sensitive key
species. (This volume, chapters 6 and 7, and volume 3, chapter 3)

4, To assess the probable effects of river regulation in the Eastern Transvaal
Lowveld against those already measured for regulated systems in the western

Cape (Palmiet River), and eastern Cape (Buffalo River). This will broaden
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our knowledge of the general ecological consequences of impoundment on
Southern African river systems. (Volume 3)

To develop a long-term surveillance system which will provide information on
key changes within the Sabie-Sand River system (for example, the
invertebrates, the riparian vegetation, channel morphology, etc.), in order to
distinguish between natural cyclical changes and those which may result from
river regulation and other disturbances. (Volume 3)

To develop a collaborative methodology which will allow comparisons to be
made between data-sets on different Kruger National Park river systems.
Collaboration will take place between this programme and those of Dr Chutter
and Mr Heath on the Letaba system, and Dr King and Ms Tharme’s
development of instream flow methodologies. Further collaboration will also
be developed between this Programme and the Foundation for Research
Development Programme on the rivers of the Kruger National Park which will
be led by Dr Rogers of the University of the Witwatersrand, the general
Kruger National Park Rivers Programme, and researchers and managers of the
Transvaal Prov.incial Administration, and the Department of Water Affairs and

Forestry.

Additional objectives added to these original aims were to:

7.

Characterise conditions during the 1991-92 drought, and assess its effects on
the water quality and fauna of the river. (Volume 2).

Monitor the effects of the collapse of the Zoeknog Dam on the Mutlumuvi
River in February 1993. (Volume 3).

The remainder of this section provides a brief summary of which of the aims of the project

were achieved:
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This aim has been achieved. Volume 1 describes the fish, invertebrates, water
quality, hydrology and habitat conditions at more than twenty sites from the
headwaters to the Mozambique border, including seasonal changes during dry
and wet periods.

This aim has been pardally achieved. Chapter two of volume 3 reviews the
effects of previous research on existing impoundments in South Africa,
predicts as far as possible the effects of proposed dams on the Sabie and Sand
Rivers, and describes the effects of construction and the collapse of the
Zoeknog Dam.

This aim has been partially achieved. Chapters 6 and 7 of this volume identify
target organisms and describe their diswibution, flow and substratum
preferences, and hydro-geomorphological data for the calculation of habitat
changes has been collected at three sites in the Sabie and Sand Rivers.
However, due to difficulties with the IFIM procedure (King and Tharme,
1994), calculations of instream flow requirements using this procedure have
not been carried out. Chapter 3 of volume 3 reviews previous estimates of
instream flow requirements for Sabie and Sand Rivers, and relates the
ecological information collected in this project to those previous estimates in
order to refine them.

This aim has been achieved. Chapter 2 of volume 3 provides a comparison of
previous impoundment studies with the likely effects of impoundments on the
Sabie and Sand Rivers.

This aim has been partially achieved. Chapter 4 of volume 3 describes some
of the requirements necessary to monitor the condition of the rivers, and
changes which may be caused by the proposed impoundments. A design for
a complete monitoring system will have 1o await the completion of projects
currently underway on the geomorphology and riparian zone of the system,
This aim has been achieved within a wider context than this project alone.

The development of the KNP Rivers Research Programme, of which this
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project has been a part, has resulted in a decision support system and a series
of sub-programmes designed to integrate all the research on the rivers of the
KNP. Chapter 9 of this volume compares conditions in the Sabie-Sand with
the Letaba River. |

7. This aim has been achieved. Volume 2 describes in detail the effects of the
1691-92 drought at three sites in the lowveld and the beginning of recovery of
the fauna following rains in November 1992. Fieldwork had to stop in April
1993, before recovery was complete, and it would have been desirable to have
continued recovery monitoring in order to assess the long term effects of the
drought.

8. This aim has been achieved. Chapter 2.4 of volume 3 describes the effects of
the construction and subsequent collapse of the dam, the effect on the fish and

invertebrates and the initial stages of recovery.

2. THE SABIE-SAND RIVER SYSTEM

2.1 The Sabie-Sand River system forms part of the Incomati system, an international
drainage basin lying across several political boundaries - the Republic of South Africa, the
former homelands of Gazankuiu, Lebowa and KaNgwane, the Kingdom of Swaziland and
Mozambique (Fig. 2.1; Chunnett er al., 1990). The catchment of the Sabie-Sand covers some
709 600 ha, rising at 2 130 m AMSL on the eastern escarpment and reaches the

Mozambique border at an altitude of 120 m AMSL, some 175 km from source.

The catchment is underlain by Basement Complex traversing the lower Middleveld and upper
Lowveld portions of the basin (from the Drakensberg to the Lebombo Mountains), the Karoo
Sequence in the eastern sector of the Lowveld, and the Transvaal Sequence which lies on the
mountainous westem extremes of the basin, separated from the Basement Complex by a
Dolomite intrusion. The soils of the catchment tend generally to be resistant to erosion,
particularly when compared to other regions of southern Africa, with sediment yields varying
from 400 to 600 t km® yr'! (Chunnett et al., 1990).

SABIE RIVER PRE-IMPOUNDMENT SURVEY
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The mean annual precipitation (MAP) falls from 2 000 mm.yr" on the escarpment to ¢@ 600
mm.yr! for the Lowveld. Most rain falls between November and March, with peaks usually
occurring in January, but the region is also subject to unpredictable tropical cyclones and to
drought. Evaporation varies between 1 400 mm.yr" in the west, to 1 700 mm.yr" towards
the east, with gross evaporation of the Middleveld and Lowveld respectively being 40% and
60% higher during summer than winter. Details of rainfall and evaporation patterns may be
found in Gertenbach (1980) and Pienaar (1985). Chunnett er al., (1987, 1990} report
minimum and maximum summer temperatures (January) at Skukuza, as 32° and 20°C

respectively, while for winter (July) they are 26° and 6°C respectively.

2.2 'The rivers flow through more than 74 000 ha of commercial forestry plantations (pine
trees and eucalypts) (Chunnett, e al., 1990). The mi_ddle catchment is predominantly made
up of the former homelands - Gazankulu, Lebowa and Kangwane, and the river supplies
potable water together with irrigation water on a limited basis.  Further downstream, it
provides the main water supply for the southern part of the KNP where water uses are
primarily for potable supply to the tourist industry associated with the Park, as well as water
for conservation purposes. A very large dam, the Corumana, has been built by Mozambique

on the eastern boundary of the KNP,

2.3 Pienaar (1985) and Joubert (1986) have both provided informative accounts of the
histarical development of the KNP. Due to gold-mining effluents from the upper reaches,
pollution had become so bad that “the Sabie River virtually changed to a sterile stream”
(Pienaar, 1985). Since the 1940’s the river has recovered to become biologically the most
diverse in South Africa (Pienaar, 1985). Moore and Chutter (1988) have provided a review
of the more recent biological research on the rivers of the KNP up to the inception of the
KNP Rivers Research Programme (KNPRRP), and surveyed the benthic invertebrates of all
the major rivers of the Park, concluding that the Sabie contained the most diverse fauna, and

appeared to have been least affected by man.
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Since Moore and Chutter’s (1988) review a considerable amount of research has been
undertaken on the rivers of the KNP and the Sabie/Sand in particular, as part of the KNPRRP.
A resurvey of the fish fauna of all the rivers by Russell and Rogers (1989) provided the
background information on changes since Pienaar’s (1978) survey. They found that there had
been little observable change in the fish communities of the Sabie River, although there
appeared to have been losses of vp to 20% of the species from the other rivers (the Letaba
and Luvuvhu) (Russell and Rogers, 1989). Venter and Bristow (1986) described five
geomorphological zones in the Sabie within the KNP, and Vogt (1991} assessed the short-
term geomorphological changes in the KNP rivers, effects that are likely to be accelerated as
flqw patterns change in the future. Chunnett et al. (1990) undcrtbok a catchment study of the
Sabie/Sand system which summarised the physical attributés and socio-economic environment
of -the catchment, analyzed seasonal water availability at a number of sites, and suggested

possible new impoundment sites on the system.

A number of research projects on the Sabie River are currently under way or being written
up as part of the KNPRRP. These include investigations of the movement of water into and
out of the riparian zone, the riparian vegetation, relationships between riparian vegetation and
the geomorphology, and attempts to predict the water use of the riparian vegetation. An
assessment is also being made of the potential responses of the geomorphology of the Sabie

River to changes in the flow regime.

3. MATERIALS AND METHODS

3.1 The methods for this study were based on a three tiered approach, in which physico-
chemistry, fish and macro-invertebrates were sampled annually at 21 sites, to provide an
overview of community changes throughout the system. At 9 of the 21 sites, similar samples
were taken quarterly to assess seasonal changes, and to collect hydraulic habitat information.
At 3 of the 9 sites, hydraulic transects were surveyed in order to map available habitats for
inclusion in IFIM. When it became evident that a severe drought was in progress, three of

the 9 quarterly sites were designated for drought monitoring at monthly intervals.
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3.2 To ensure that all habitats/conditions were represented by the sample sites, the rivers
were divided into reaches on the basis of topography, geology, water quality, and spécies
distribution parameters (as recomrnended by Bovee & Milhous, 1978). Detajls of flow
regime, channel morphology and channel pattern were aiso considered (Bovee 1982). The
catchment was stratified into segments on the basis of Chunnett ef al. (1990). River zonation,
natural vegetation types (Acocks, 1975) and topography were initial considerations for the

choice of sites.

3.3 A photograph from a fixed point was taken each time a station was surveyed, and a
permanent flow transect was established at each study site. At all the monitoring sites, the
transects were avcmually extended to include the riparian strip. The transects included all
features that were depositional, and the presence of any vegetational elements associated with
the river. A list of station pariculars are provided in Table 3.1. Details of each site are

described in this section.

3.5 Water samples for chemical analysis of nutrients were collected, and river discharges
were measured at each site. Macro-invertebrates were sampled in the following habitats:
stones-in-current; sediments; and marginal vegetation using a surber sampler, a hand net and
a Van Veen Grab. Fish were sampled using three complementary techniques: electro-fishing;
valved minnow traps; and gill-nets. Macro-inveriebrates were preserved in formaldehyde and
later identified in the laboratory. Fish were identified to species in the field or a sample was
collected for idemification. PRIMER version 3.1a (Plymouth Routines in Multi-variate
Ecological Research; Field et af., 1982) was employed to analyze pattern in distribution and

abundance.

3.6 Microhabitat use and preference, as defined by the hydraulic parameters of flow, depth,
substrate and cover were collected. Flow and depth data were represented as suitability index
(SI) curves (Bovee, 1986) while substrate and cover were encoded (Bovee, 1986; Brusven,

1977, in Bovee, 1986) and presented as histograms.
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4. HYDROLOGY OF THE SABIE-SAND SYSTEM

4.1 Under present developmental conditions, the Sabie River remains t! e only perennial,
largely pristine and unregulated river traversing the Kruger National Park (KNP). It has a
mean annual runoff (MAR) of some 762 hnt’, 91.2% of which originates in the eastern
escarpment and foothill region, the headwaters of the catchment (Fig. 4.1) (Chunnett ez al.,

1990). Six hydrological reaches were identified in the catchment (Table 4.1).

Flow in the Sabie and Sand rivers varies seasonally (Fig. 4.2), with summer peaks (February)
and low flows at the end of the dry season (October). No-flow conditions have never
previously been recorded for the Sabie River. The present runoff for different sub-catchments
has: been reduced by between 11% and 75% (Table 4.2). Baseflow is most reduced in the

Sand sub-catchment.

Runoff during the 1991 hydrological year closely followed the seasonal pattern and magnitude..

expected for the Sabte River (Fig. 4.3b & 4.4) while runoff during the 1992 hydrological year
was reduced to drought conditions. Base-flows were reduced by 50% in the upper Sabie
River (Fig. 4.3b), and even more noticeably in the mid and lower reaches. Base-flows in
September 1992 were at their lowest in recorded history, with the lower Sabie reduced to 0.33

m’s’t, The lower Sand River reaches stopped flowing during the worst of the drought.

S. PHYSICO-CHEMICAL STATUS OF THE SABIE-SAND SYSTEM

Water quality in the Sabie/Sand River is generally considered to be goed to excellent, with
the exception of elevated turbidity in the Sand River, but the pH is relatively low, and the
system is therefore poorly buffered and sensitive to changes in the catchment. Tables 5.1 to

5.8 list the water quality data analyzed from 11 sample sites during the present project.

5.1 Concentrations of dissolved salts generally increased downstream, but were never high
(Table 5.1). The maximum concentration (220 -250 nS/cm) occurred in the Lowveld Sand

River during periods of no-flow at the height of the 1992 drought. The maxima recorded in
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the Sabie/Sand have been 368 pS/cm at North Sand (X3M04), and 360 pS/cm at Phabene

(X3M12). Thrzse concentrations are well within even the most stringent user guidelines.

5.2 Levels of pH fluctuated widely, particularly in the upper Sabie, (4.0 to 9.1) (Table 5.2).
Although the Sabie/Sand is generally an alkaline river, the high values are greater than had
previously been recorded (8.5 in the Mac Mac tributary, Chunnett et al., 1990).

5.3 The turbidity of water in the catchment is low during low flows (tables 5.3 and 5.4), with
sediment yields in the catchment posing no serious threat to large reservoirs (Chunnett ef al.,
1990). Occasional turbidity readings greater than 200 and concentrations of TSS over 0.1 g/l
(Tables 5.3 and 5.4) were usually associated with high flow spates in the river. The Sand
River experiences higher average turbidities (Table 5.4) than the Sabie, as might be expected

of a more temporary system, but lower concentrations of suspended solids (Table 5.3). The
 construction of the Zoeknog Dam resulted in the highest turbidities ever recorded (1400 NTU
and 0.888 gM). Very high turbidities were also measured in the Sand River following the

collapse of the central section of the Zoeknog Dam.

5.4 DO concentrations were on average at or around 100%, although some very low DO
concentrations were measured during this project, generally associated with isolated pools
during the 1991-92 drought, shortly before the pools dried out (Table 5.5).

5.5 Considerably hotter maximum flowing water temperatures (up to 37°C, Table 5.7) than
the maximum quoted by Chunnett ef al. (1990) (31.1°C), were recorded. Low temperatures
(down to 5.6°C, Table 5.8), were not as cold as those quoted by Chunnett er al., (1.7°C), but
were sufficient to cause fish kills in 1990 when a hail storm on the escarpment led to a
sudden drop in water temperature. It appears that the absolute temperature is less important

than the rate of temperature change.
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5.6 Nutrient concentrations for PO,, NO,, N0, and NH,, in the Sabie and Sand Rivers were
generally very low. Phosphate concentrations higher than those previously recorded (0.217
mg/l) were measured during this project: 1.16 mg/l at site 6 in the Sabie in April 1993; and
1.41 mg/l at site 9 in the Sabie in May 1993. Concentrations in excess of 1 mg/l are not only
high for the Sabie, but for freshwaters in general, and would be likely to give rise to

eutrophic conditions, especially in downstream impoundments.

5.7 The results of this project generally confirm the prevalent view that the water quality in
the Sabie/Sand is adequate for all uses, but they do raise some disturbing concerns in refation
to turbidity and nutrient concentrations. Water quality effects due to past gold-mining are still
scch today. It was not until the 1940’s that the sources of pollution were cleaned up and the

river began to recover. Traces of mercury were still found in the sediments as late as 1968,

The Sabie has been subjected to major water guality problems in the past, and the fauna has.
recovered due to the presence of unimpacted tributaries. The deterioration of flows and water
quality in these tributaries would seriously impair the resilience of the river system to cope.

with further stress.

6. INVERTEBRATE COMMUNITY STRUCTURE

6.1 This Chapter aims to: Describe the invertebrate communities found in the Sabie, Sand,
and other major tributaries; assess the changes in the invertebrate fauna from 1990 to 1993,
and particularly in the drought conditions of 1992 (section 6.2); describe the differences
between the fauna of different habitats (section 6.3); and define the microhabitat preferences
of major groups of invertebrates in terms of substrate, water depth and current speed (section
6.4).

Invertebrates have previously been sampled at two sites in the Sabie River during 1985 and

1986, These samples are discussed and compared with those collected from the Letaba River

SABIE RIVER PRE-IMPOUNDMENT SURVEY



VOL 1: ECOLOGICAL STATUS - EXECUTIVE SUMMARY 12

at the same time, and during a subsequent survey in 1990 and 1991, in chapter 9 of this

volume,

We have concentrated our analysis of the invertebrate fauna on the riffle communities, as
those most likely to indicate differences between different zones of the river, different
seasons, or different years of the study. The cluster analysis in figure 6.1 indicates five major
groups of samples, of which four describe a progression from a wet period (1990), through
a drier year (1991), through the worst drought on record (until November 1992), and finally
into the reestablishment of good flow conditions from November 1992 until the end of the
sampling programme in May 1993, The most obvious feature of both the clusters and the
multi-dimensional scaling (MDS) (figure 6.2} is that the sample groups are closely related to
the changing flow conditions throughout the three and a half years of the study, rather than
to seasonal changes, or to different river zones. It is apparent from figure 6.3 that the highest
flows were associated with the 1990 and "recovery” periods, whilst the lowest flows were
associated with the drought groups. The drought had a very severe impact on invertebrate
abundance, with a decrease of almost an order of magnitude between 1990 and the height of
the drought in 1992,

As might be expected, the pre-drought 1990 samples were by far the most diverse in terms
of numbers of taxa per sample, averaging 29.4, compared to 14.8 for the drought upper
samples, and 15.8 for the drought iower. The "recovery” samples were also depauperate, with
an average of 14.3 taxa per sample. It seems ciear that the drought halved the diversity of
the riffle fauna, while recovery seems to take longer than the seven months of good flows

which were sampled at the end of the project.

11 of the 36 taxa common in the 1990 pre-drought samples disappeared from the riffle habitat
during the drought:

Trichoptera: Chimarra sp.; Philopotamidae; Aethaloprera sp.
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Ephemeroptera: Cloeon sp.; Trichorythus sp.; Acentrella sp.
Demoulina sp.

Hemiptera: Pleidae.

Diptera: Tabanidae.

Mollusca: Sphaeridae.

There were 6 taxa which occurred in the drought samples but did not occur in the wetter 1990
conditions:

Annelida: Lumbriculidae; Hirudinea.

Trichoptera: Hydropsyche longifurca.

Ephemeroptera: Povilla adﬁsta.

Diptera: Orthocladiinae.

Mollusca: Burnupia sp.

The recovery period was characterised by the presence of large numbers of small
hydropsychid caddis larvae and two taxa which were absent during the drought, including one
that appeared for the first time:

Ephemeroptera: Trichorythus sp.

Diptera: Culicidae (sampled for the first time)

6.3 The marginal vegetation contained the most taxa (189), and the sediments the Ieast (120).
Abundances were high for all three habitats, and were particularly high for the sediments
(2638 individuals per grab sample of 0.00225 m’). The marginal vegetation contained the
highest number of taxa which were restricted to one habitat (24, Table 6.1), compared to 13
in riffles and only one in soft sediments. An analysis of the most abundant groups in each
habitat is presented in Tables 6.3a-c. Key groups which are abundant in one habitat, but less
common in the others, are:

In riffles: Rhagionidae; Hydroptilidae; Cheumatopsyche afra; C.

chomasseti; Hydropsyche longifurca; and Cloeon complex.
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In marginal vegetation: Cladocera; Pleidae; Culicidae; Demoutina complex; Caenodes
sp.; and Caridina nilotica.
In sediments: Protoneuridae; Lumbriculidae; Tubificidae; Gomphidae;

Afrocaenis sp.; Tomichia sp.; and Sphaerium sp.

Sediments in pools and slow-flowing areas form by far the largest area of benthic habitat,
especially in the lowveld, followed by bedrock, which harbours lower densities and diversities
of invertebrates than riffle. Marginal vegetation is probably the next most common habitat,
since it is present all the way along the river, at least during medium and high flows. Riffle,
which forms the habitat for the most consistent and best indicator community, is by far the

least common habitat, especially in the middle and lower reaches of the river,

6.4 An analysis has been made of the microhabitat occurrences of two of the major insect
groups - the Trichoptera and the Ephemeroptera, in terms of substrate type, depth and current
speed. It is clear that the Ephemeroptera have less specific requirements than the Trichoptera.
Figure 6.4 indicates a wider preference by Ephemeroptera with distibution occurring fairly

widely across 6 of the 7 habitat types.

As in the case of the Ephemeroptera, habitat 1 (the sundy substratum, Fig. 6.5) was not
favoured by the Trichoptera but, unlike the Ephemeropiera, the Trichoptera showed a distinct
preference for the riffle habitat (habitat 2, Fig. 6.5) whilst shying away from both emergent

reeds and overhanging vegetation (respectively habitats 5 and 6, Fig. 6.5).

An examination of Figures 6.6 (Ephemeroptera) and 6.7 (Trichoptera) shows that both groups
occurred both in highest densities of individuals and in numbers of taxa at depths between
0-30cm. The Trichoptera showed very clear preferences for stronger current speeds (Fig. 6.9)
both in terms of numbers of taxa and individual densities, but the Ephemeroptera (Fig. 6.8)

were distributed throughout a wide range of flows which ranged from 0.25 to >1 m.s™,
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6.5 Invertebrate communities living in riffles in the Sabie/Sand are extremely sensitive to
flow conditions. The similarity analysis described in section 6.2 indicates that different
communities are far more closely related to the progression of the rivers into, through and out
of the 1992 drought than they are to other factors such as altitude, river order, tributary, or

season.

The diversity of the communities was drastically reduced with the reduction in discharge in
the river, both in terms of the number of taxa (reduced by half) and the density (reduced by
almost an order of magnitude). This survey showed that the Sabie/Sand communities had not

recovered after 7 months.

The marginal vegetation is the first habitat to be lost when flows are reduced, and we
therefore consider it to be the critical habitat for conservation.  Communities of the
sediments were the least diverse, but sediments are by far the most common habitat,

especially in the lowveld, and also form the final refuge habitat in pools when flow ceases.

Trichoptera were the most habitat-specific group in both riffles and marginal vegetation, with
6 families/genera unique to each. In comparison to the Ephemeroptera, the Trichoptera as a
group seem to prefer a remarkably narrow set of conditions in terms of habitat utilisation,
depth and flow, and it is recommended that this group be targeted for further microhabitat

preference work.

From our analysis, it appears that 30 cm of medium to fast flowing water - between 0.63 to
1 m.s?, but not below the former - through the riffle, would provide ideal conditions,

conducive to the maintenance of the maximum diversity and abundance of invertebrates.

7. FISH ASSEMBLAGES OF THE SABIE-SAND SYSTEM
7.1 This chapter describes the fish fauna in the Sabie-Sand from 1990 to 1993, and is

structured with the following aims:
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To assess the diversity of fishes in the system, 1o describe species distribution and abundance
(sections 7.2-7.3); to identify representative target species (section 7.4.1); and to describe the

habitat requirements of these species (section 7.4.2).

7.2 Forty-nine species of fish were recorded, or are known to have populations within the
Sabie-Sand catchment, of which four are alien species. This makes it the most species rich
river system in the country, comparable only to the Phongolo River. The diversity is roughly
twice that expected for a catchment of this size (6252 km®) (Welcomme, 1985), This high
diversity is partly explained by the presence of clear zonation spanning two eco-regions, its
historic affinities, and proximity to the rich east African fish faunas. These ichthyological
zones correspond to the Montane-Escarpment and Tropical East-Coast eco-regions respectively
(Skelton, 1993). Of the two, the cooler Montane-Escarpment eco-region is less diverse, but
it has more regional endemics, (six species} (Skelton, 1993). The tropical East-Coast eco-
region is more diverse (Skelton, 1993). Barbus brevipinnis, Chiloglanis anoterus and

Serranochromis meridianus are largely confined to the Incomati system.

Fishes of very small adult size (< 10 cm) make up a high proportion of the Sabie-Sand
diversity, both within the low order feeder and potamon reaches (Table 7.1). Cyprinids are
the most abundant taxonomic group (48.9%} including 12 minnows and 8 large cyprinids, 5
of which are mudfishes (Appendix III). Catfish account for 20% of the total diversity,
including 7 specialised small species with both Amphilius and Chiloglanis spp (Appendix LII).
Cichlids make up 11.1% (5 spp) of the species diversity, and are very important ecologically
at times. Oreochromis mossambicus in particular is reported to dominate assemblages in

many studies during times of drought.

7.3 Three patterns in the distribution and abundance within the Sabie-Sand Rivers can be
discerned:
1) Two broad ichthyological river zones are identifiable, where one group of

species replaces another within a narrow temperature range in the Sabie and
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Sand Rivers. Gradient analysis, classification and ordination techniques all
clearly demonstrate the zones.

2) Within each zone, additional species appear with distance downstream, due to
increased habitat diversity and depth as the river gets bigger.

3) Within zones, each tributary sampled in the Sabie-Sand System has a
characteristic fish fauna, with variations from a baseline species assemblage.

This reflects local habitat availability, and stream profile.

Temperature is the best correlate for pattern 1 (Fig. 7.1). Our measure of Spring-temperature
(Fig. 7.1), correlates better with the distribution of fish in the catchment, than species
tolerance of temperature extremes which are usually invoked to explain fish distribution (Jubb,

1962). Fish spccics were allocated to five categories of temperature tolerance (Tables 7.2-

7.4), namnely:
1) - Cold Stenothermal Species (species always restricted in the catchment to cool
waters).
2) Warm Stenothermal Species (species only ever found in warm waters).
3) Cold Species (cold water species marginally tolerant of warmer waters).
4) Warm Species (warm water species marginally tolerant of cool waters).
5) Eurythermal (species that show wide tolerance to both warm and cold

temperatures within the system).

Gradient analysis identified two fish assemblages: those of the foothill (FHZ), and lowveld
zones (LZ).

Fourty two species were collected in the Sabie River, (Table 7.2) the longest river in the
Sabie-Sand System. The FHZ within the Sabie River is particularly developed, with a cold-
finger of water penetrating the lowveld. Fish diversity in the FHZ is highest at the interface
with the LZ. Some overlap of warm cold-tolerant species is found, including many minnow

species. At least 6 fish species are missing from the middle reaches (Table 7.5) probably as
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a result of historic pollution from gold mining activities, and isolation of the upper reaches
of the Sabie River by waterfalls. The LZ stretches downstream from site 6 (402 mASL), and

supports more than 20 species.

The Marite River is 2 major tributary of the Sabie River and important as a cold water refuge
for FHZ species. Fish were numerous, with substantial populations of cold-stenothermal
species including B.argenteus, A.natalensis, V.nelspruitensis and the locally abundant and

localised B.brevipinnis,

The Sand River has a very limited FHZ with a very sudden FHZ/LZ wansiton. The full
complement of LZ species was present downstream of Site 11. Because this reach was close
enough to the headwaters to be perennial, two flow sensitive species absent in the seasonal
Sand River were resident, the warm cold-tolerant Opsaridium :ambezense and the cold warm-
tolerant C.anoterus. These examples show that both temperature, flow regimes, and
microhabitat requirements need to be considered when explaining a species distribution.
Diversity in the Sand River LZ was high (above 20 spp per site), and most species were small
with larger riffle/frun species appearing (Labeo molybdinus. Labeo cylindricus, &
B.marequensis) when deeper habitats became available. The larger pool dwelling Labeos

(Labeo rosae and Labeo ruddi) were restricted to a few hippo pools.

C.anorerus and Barbus viviparus were identified as the indicator species of the FHZ and LZ
zones rcspcctive.ly. The classification of all 44 quarterly monitoring samples shows two
groups (Fig. 7.3). Group 1 represents all the cool water samples (FHZ) and group 2 the
lowveld surveys (LZ). Within these two main groups, the strongest sub-divisions are spatial
rather than seasonal. While temperature-altitude is the strongest axis determining the presence
or absence of species, spatial changes at smaller scales (within zones) are probably a
consequence of habitat changes down the rivers. Classification of 31 species for 67 samples
taken annually in May over four years show 3 main clusters: Species typical of the FHZ

(group 1), the LZ (group 2), and an outlying group of species of the LZ, common only during
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drought recovery in the lower reaches (group 3). Further sub-groups relate to hydraulic
habitat types, and specific temperature preferences. MDS of this same data reveals a clear
distinction between FHZ and LZ fish assemblages (Fig. 7.6). Temperature tolerant species
from both fish zones tend to be classified close together, as are minnows and cichlids. There

are no clear separations between groupings within the LZ,

7.4 Baseline or typical fish assemblages were defined for the Sabie-Sand Rivers by using
only samples taken prior to the 1991-92 drought. To isolate drought samples, a core group
of fish species were selected, which constituted 6% or more of the survey for May.
Differences in ranked percentage contﬁbution of the core species were tested using
Spearman’s Coefficients. Samples taken between May 1990 and August 1991 were similar,
best- discribing the pre-drought fish assemblages. Using only these pre-drought samples,
baseline assemblages were identified for both the Foothill (Fig. 7.7) and Lowveld Zones (Fig.
7.8). Within the FHZ, 6 ecologically important species accounted for 92.3% of the average
catch, C.anaterus dominated the FHZ baseline catch (70%) with the cyprinids -
V.nelspruitensis, young of B polylepis, B.marequensis and the minnow B.eutaenia accounting
for a further 27%. Eleven ecologically important species made up 82.6% of the average
baseline assemblage of the LZ, including a suite of cyprinids (7 species comprising 56%), five
of which are minnows. B.viviparus was the most numerous and ubiquitous of the LZ species
occurring at all LZ sites. Together with B.marequensis, L.molybdinus and to a lesser degree
C.anoterus, they exploit areas in or adjacent to flow. The remainder of the sizable minnow
component (25%) exploits quiet pools, and together with B.viviparus totaled 46% of the LZ
small species baseline assemblage.  Three pool and backwater cichlids species,

(O.mossambicus, T.rendalli & P philander), made up 26% of the average annual catch.

Seasonal changes within the FHZ baseline assemblage were not marked (Figs. 7.7b-¢). The
cyprinids increased in percentage proportion of the catch by the end of the wet season (g),
probably as a resuit of summer breeding and the presence of many young fish. Seasonal

changes within the LZ were very marked (Figs. 7.8b-e). At the start of the dry season (May;
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Fig 7.8b), 75% of the core species catch was typically cyprinid and the cichlids;
O.mossambicus, T.rendalli and P.philander together made up only 11% of the CPUE on
average. By August, most groups remained unchanged. At the end of the dry cycle
-(November), and with the onset of the wet season, cichlids increased to over 50% of the fish
sampled. Changes in species abundance and composition were not confined to zones and
season, but included the effects of disturbance, both natural (the drought) and anthropegenic

(the failure of Zoeknog Dam).

After temperature, drought was one of the major determinants of species pattern, particularly
within the LZ (Fig. 7.9). Here the relative proportions of the LZ fish assemblage changed,
rather than the presencc. or absence of species. However, prolonged or repeated drought
would result in species loss. Most species showed reductions with the failure of the 1992 wet
season, but the proportion of cichlids increased (Table 7.7). Cyprinids were reduced from
78% (May 1992; Fig. 7.12¢) to less than 50% of the caich, while cichlids increased to over
half the CPUE.

The LZ fish zisscmblage. typical of the end of the dry season in November (pie diagram, Fig.
7.8d), and the pie diagrams characteristic of the drought vears are strikingly similar (Figs.
7.12¢ & 7.12d). This is important as it suggests that the response of the biota is both similar
and predictable. The pattern seen is governed by the early summer breeding of the cichlid
species irrespective of the success of the seasonal rains. Cichlids were more abundant than

cyprinids throughout the drought.

Fish assemblages during the recovery phase were quite different from both pre-drought and
drought LZ assemblages (Fig, 7.12d). O.mossambicus numbers were greatly reduced following
the first rains, but persisted in greater numbers than in pre-drought samples. Others species
remained at low numbers, notably C.anorerus, B.marequensis, and B.unitaeniatus. B.viviparus
remained at roughly half its pre-drought density. Although the drought was severe, a few

species had made an early comeback. Young L.molybdinus were very numerous and L.rosac
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and B.afrohamiltoni were numerous at lower sites for the first time during the projects
inception. Some minnows recovered early by surviving well in refuge pools (B.annectens &

B.radiatus B.trimaculatus).

7.6 One of the aims of this project was to identify a set of species whose life-cycles and
habitat requirements would be representative of the range of characteristics of all the fish
fauna, Sixteen target species were selected on the basis of representativeness, diversity of
requirements, importance, and abundance: (Three are common to both zones)
a) FHZ: Barbus eutaenia
Barbus marequensis
Barbus polylepis
Chiloglanis anoterus
Pseudocrenilabrus philander
Tilapia sparrmanii
Varicorhinus nelspruitensis
b) LZ: Barbus annectens
Barbus marequensis
Barbus radiatus
Barbus trimaculatus
Barbus unitaeniatus
Barbus viviparus
Chiloglanis anoterus
Labeo molybdinus
Micralestes acutidens
Oreachromis mossambicus
Pseudocrenilabrus philander

Tilapia rendalli
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Two species were added to the list due to their status as indeterminate-rare and rare
respectively (Skelton, 1987).
' Opsaridium zambezense

Serranochromis meridianus

The microhabitat variables flow, depth, substrate and cover were used to characterise those
aspects of habitat which would be most affected by changes in the flow regime. The habitat
curves presented here are the first comprehensive set of species microhabitat use, and
preference, within any African aquatic ecosystem (Figs 7.14-7.40), besides those of King and
Tharme (1994) for the fishes of the Olifants River, western Cape. Each species is discussed
in detail under the headings: general distribution; within the Sabie-Sand system - distribution;

abundance; microhabitat needs; and management considerations.

Flow was arguably the strongest factor structuring the use of habitat by the biota. Flow

preference was used to divide the baseline shallow-water fish assemblage into habitat groups

which included:

a) Fishes of Backwaters and Pools; § lifestages of 6 species preferred zero flow
to ail other flow velocities (Table 7.10). This included all the target cichlids and two
deep pool minnows (B.annectens & B.radiatus). All these species were widespread
from the coastal plain to the low-order warmwater streams of the lowveld. Most
backwater cichlids preferred waters of shallow to medium depths (>20-80cm deep;
Table 7.11) except P.philander which preferred very shallow waters (10cm deep)
while the two minnows preferred the deepest of pools sampled (>90cm deep). Most
species and their lifestages preferred some type of direct instream cover (Table 7.13)

provided by all types (Table 7.12) of substrates.

b) Fishes Marginal to Flowing Waters; 6 life stages of 5 fish species (Table

7.10) preferred quiet waters (zero velocity), but mostly in close proximity to flow
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(velocities of >0.2m.s" 0.6 suitable). They were all small minnows or juveniles of the
larger cyprinid, V.nelspruitensis, except for juveniles of the characin M.acutidens.
This group preferred shallow water (>20-90cm deep) in marginal flows, and direct
instreamn cover (Table 7.13). These minnows share a substrate preference (Table 7.12)

for boulder, except for adult B.viviparus which preferred gravel/pebble.

¢ Fishes of Runs; 5 lifestages of four species (Table 7.10) preferred slow to
moderate velocities in runs (>0-0.4 m.s'). They were also all medium sized minnows
or juveniles of large cyprinids (B.polylepis) excepting adults of the characin
M .acutidens. They all preferred some cover (Table 7.13), mostly instream velocity,

visual and the cover of marginal vegetation/roots (Table 7.12).

d) Fishes of Riffles and Rapids; 6 lifestages of four species preferred the high
velocities and turbid flows of riffles and rapids (>0.4->1.5 ms™") (Table 7.10). They
included riffle specialists and the two species known to be sensitive to low-flow.
conditions (C.anoterus & O.zambezense). Depth preference for these fishes (Table
7.11) probably reflects the shallow nature of riffle habitat (20-50 cm deep) with only
adults of the large cyprinid L.molybdinus preferring waters deeper than generally
sampled (>90 cm deep). Cover preferred by riffle species (Table 7.13) is influenced
by the combined velocity and visual cover offered by turbid flows. Both C.anoterus
and L.molybdinus juveniles and adults preferred the combined cover of riffles with a
gravel/pebble substrate (except the large adult labeos which preferred boulder) (Table
7.12).

8. COMPARISONS OF CONDITIONS IN THE SABIE-SAND WITH THE
LETABA RIVER

8.1 A report of a two year study of the relationship between low flows and the river fauna

of the Letaba River (Chutter and Heath, 1993) has recently been produced, and this chapter

compares their findings for the Letaba with those for the Sabie-Sand from the present study.
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8.2 The Sabie is a perennial river, while the Letaba is now a temporary system, although it
was a perennial system in its natural state. The Sand River, the major tributary of the Sabie
system, was probably perennial along most of its length in its natural state, but is now often
reduced to pools during the dry season, and the sandier reaches may dry up completely during
severe droughts, as in 1992. The Letaba is a larger system than the Sabie, having a channel
length 105 km longer than the Sabie to the Mozambique border, and a catchment area more

than twice as big. Table 8.1 summarises the main physical characteristics of the two rivers.

8.3 The water quality of both the Sabie and Letaba systems is good to excellent. Table 8.2
summarises some of the main water guality variables available from sites on the western and
eastern boundaries of the KNP. Total dissolved salts in the Sabie are at exceptionally low
concentratons. Total phosphate and nitrogen concentrations are similarly low. In the Letaba
River dissolved salts are 4 to 6 times as high as in the Sabie. Nutrient concentrations are also

higher, but are still well within acceptable limits.

8.4 Thirty-nine fish species have been recorded from the Letaba River, and 33 of these were
sampled during the recent study by Chutter and Heath (1993) (see Table 8.3). in comparison,
49 fish species have been recorded from the Sabie-Sand system, and during the current study
37 of these were sampled in the middle and lower reaches of the Sabie-Sand. Thirty species
from the present studies were common to the Letaba and Sabie Rivers, and 27 species were
common to the Letaba and Sand Rivers (Table 8.3). Three species of fish were sampled in

the Letaba but not found in the middle Sabie or the Sand.

8.5 At common taxonomic levels, 135 macro-invertebrate taxa have been recorded from the
Sabie-Sand system compared to 110 from the Letaba (Table 8.4). Of these, 35 groups were
exclusive to the Sabie-Sand, and 8 were exclusive to the Letaba. The animals found only in
the Sabie-Sand were mainly insects (Table 8.4). Once again this comparison highlights the
greater diversity of the Sabie-Sand system, but also confirms that the fauna of the Letaba is

far from impoverished. It would be rash to ascribe the differences in invertebrate
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communities in the two rivers simply to differences in the flow regimes, since the Sand River
has a seasonal flow regime similar to the Letaba, and yet appears not to be ‘nhabited by the

8 groups exclusive to the Letaba (Table §.4).

8.6 The results presented here confirm the generally-held opinion tﬁat the Sabie River
contains a more diverse fauna than the Letaba. However, the fauna of the Letaba is still
diverse, and appears to have improved since the surveys reported by Russell and Rogers
(1989) on fish, and by Moore and Chutter (1988) on invertebrates. These two earlier surveys
were done in the wake of severe droughts in the early 1980’s. Chutter and Heath (1993)
consider that too much emphasis may have been placed on flow as the determining factor for
fish and invertebrate communities, and it is probable that the differences in diversity between
the Sabie and the Letaba are the conchuence of a number of factors, including habitat
diversity, the lack of instream bafriers in the Sabie, lowér turbidity in the Sabie, as well as

the constant flow of water.

From this comparison, several species emerge as possible indicators of good conditions:
Among the fish, Chiloglanis anoterus, Opsaridium zambezense, Barbus eutaenia and Labeo
congoro might be the best species for further study. Of the invertebrates, the habitat
requirements of the mayflies and caddisflies which are confined to the Sabie-Sand system

should be identified, as should those of the stone-fly Neoperla spio.

9. CONCLUSIONS: THE CONDITION AND COMMUNITIES OF THE SABIE.
SAND SYSTEM

9.4 For the Sabie River, the results of this three year survey have shown that all the species

that were recorded in the river during Pienaar’s (1978) survey are still present in the river,

and that the riverine fauna of the Sabie still appears to be as diverse as ever. The

communities had yet to recover from the drought when sampling stopped in May 1993, so

it is difficult to say how long full recovery may take. It is certain that, if low flow conditions

become the norm, the communities in the Sabie will change considerably.
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Water quality in the Sabie is still excellent, and in some aspects is considerably better than
the drinking warer supplied in much of South Africa. It is important to remember that we
are not dealing with an original state of the river, since mine dump pollution virtually wiped
out the natural fauna in the middle reaches earlier in the century. The recovery of the fauna
has been remarkable, and has only been possible because of the presence of refuge tributaries
in the system. One cannot help wondering if the same level of recolonisation would be

possible if similar pollution were to reach the Sabie now.

9.5 The middle reaches of the Sand River have been reduced to seasonal flow during most
years, with the result that the communities are significantly different from those of the
perennial reaches. This makes the maintenance of the perennial upper warm tributaries of
vital importance as refuges for recolonisation. The drought, the construction and subsequent
collapse of the Zoeknog Dam on the Mutlumuvi, and the diversion of the upper Sand by the
Champagne Castle Citrus Estates during 1991, all combined to degrade conditions in these
upper reaches. If such multiple events and conditions were to become more frequent, the
survival of natural communities in the upper and middle portions of the Sand River would

be put at risk.
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Map of the Sabie-Sand system showing major political boundaries at the time
of the survey, land-use and proposed and current dam sites.

Major tributaries and topographical map of the Sabie-Sand River system up to
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Mean annual precipitation and mean annual gross evaporation of the Sabie-
Sand River system up to the Mozambique border at the eastern boundary of
the Kruger National Park.

Stream ordering within the Sabie River system using Strahler’s (1957)
classification. Standard 1:50 000 maps were used.

River profiles with gradients of associated sampling sites for; (a) Sabie River,
(b) Sand River, (c) Marite River & (d) Mutlumuvi River. Waterfalls and
confluence peints are marked.

Station locality map for all sites sampled over the study period, including
annual survey, quarterly monitoring and once-off sites. Gili-net stations shown
as circles,

Riparian zone dimensions and composition of the 9 quarterly monitoring sites
by aldtude. The upper sites 3, 5 & 21 were narrow with tall riparian forests.
Sites 11, 19 (higher altitude) & 6 are lowveld sites of about one hundred
meters wide with reed contributing 20-30%. Downstream sites 9, 20 & 26 are
wider (300-420m). They range from site 26, typical of reaches in the lower
Sand River with extensive reedbeds and a sandy floodplain, to site 20, a
complex braided reach with many riparian trees and little reed.

The proportional contribution of river edge vegetation types at 9 quarterly
monitoring sites by altitude. Generally, marginal vegetation in the upper Sabie
sub-catchment was herbaceous with grasses (sites 3, 5 & 21) while grasses
dominated bank verges at intermediate Sand River sites (11 & 19). Reeds
generally increased in importance down the river profile and contributed less
to cover at lower flows.
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.Typical channel profiles for upper Sabie sub-catchment sites. Vegetation

categorized as grasses (W, herbs (®), reed ¢) or trees (%). Upper sites 3,5
& 21 have cobble and bedrock substrates with grasses and herbs providing
good edge cover at most flows. Trees generally shade the reaches to some
degree. Banks are often undercut but stabilized. Lower Sabie River site 6 is
sandy, with sandbars.

Typical channel profiles for lowveld sites. Vegetation categorized as grasses
(¥), herbs @), reed (F) or trees (4:). Channels are sandy, less stable and open.
Reeds predominate in the lowveld (19} while grasses are more noticeable at
the middleveld sites (11 & 19). Riparian trees fringe the channel in rocky
controlled and often braided areas (site 20). (Only one of two braids is drawn
for site 20).

Valved minnow trap design used to sample cichlids and minnows at survey
and monitoring sites.

Locality map for weirs and sites used in the drawing of flow hydrographs of
identified hydrological sections. Also shown is the percentage contribution of
discrete catchment areas to the natural runoff. The headwaters account for
91.2% of the Mean Annual Runoff (MAR) of the Sabie-Sand catchment, with
the headwaters of the Sabie sub-catchment contributing 81.9% of runoff.

The mean monthly flow for a hydrological year (Oct-Sept) at three lowveld
key points of the Sabie-Sand rivers at present development conditions. The
mean monthly flow was calculated from simulated hydrological data spanning
64 years (1921-1985). Flow or runoff is highly seasonal. All three
hydrological sections have peak flow in February and lowest low-flows in
October. Present base-flows are very low in the Sand sub-catchment. Base-
flows for the mid-Sabie are moderately higher. Summer peak flow at Lower
Sabie is roughly the summation of flows for the two upstream reaches.

Gauged discharges (mean discharge) and spot-flows from 1990 to 1993,
compared with the average seasonal discharge pattern (mean monthly) from
simulated data for the past 64 years (Fig 4.2), for (a) the Marite River (weir
X3HO011) and (b) the upper Sabie (weir X3H006). The 1991 drought is
noticeable in both these foothill sections,

Gauged discharges (mean discharge) and spot-flows from 1990 to 1993,
compared with the average seasonal discharge pattern (mean monthly) from
simulated data for the past 64 years (Fig 4.2), for (a) the mid-Sabie River
(weir X3H021) and (b) Lower Sabie (weir X3HO015). The asterisk marks
reading known to be under-measured. The drought of the 1991 hydrological
year is noticeable in both sections. Base-flows were low but the river did not
stop flowing in either reach throughout the drought.

Mean discharge hydrographs for the duration of the study period (May 1990 -
May 1993) for the upper and mid-Sand River. Mean monthly flow was
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calculated from simulated hydrological data (Fig 4.2). The mean monthly
discharge for the upper Sand sections, were derived from mid-Sand River
values. Monthly flow data was recorded at the weir X3H008 at Exeter on the
Sand River. There was a gap in the gauged flow record between June 1990
and March 1991. Spot-flows for site 11 (Sand River) and site 19 (Mutlumuvi
River) taken by transect during quarterly field trips are plotted for the upper
Sand River lowveld to indicate base-flows. The drought of the 1991
hydrological year is noticeable in both reaches. The Mutlumuvi at site 19
stopped flowing during Oct-Nov 1992,

Flow calibration graph for Mlondozi, site 20. Discharge is measured from the
upstream weir at Lower Sabie and the flow in the sampled braid calculated.

Flow readings at Exeter (Station X3H008) for the Sand River. Ilustrated are
spot-flows readings (at 6 am) or flood peak. Flow is "flashy” with a rapid rise
and exponential fall in discharge. Six flow peaks were recorded between
November 1992 and February 1993 where flow often exceeded the maximum
calibrated discharge of 16.614 m's’,

Bray-Curtis Similarity dendrograms generated using PRIMER (see text) for all
invertebrates recorded from riffle bilotopes in the Sabie-Sand River system, for
all seasons and all years of the study (1990 - 1993). The divisions, I - VI,
have been used to generate the MDS scatter plots illustrated in Figures 6.2 &
6.3. Codes for each sample are: year of sample - field station number; eg. 92-
20 = Sample from riffle biotopes in 1992 at site 20,

MDS scatter plot generated using PRIMER (see text) from the Bray-Curtis
Similarity dendrogram illustrated in Figure 6.1. Data cover all invertebrate
taxa recorded from the riffle biotopes in the Sabie-Sand River system, for all
seasons and all years of the study (1990 - 1993). The samples that fell into
each of the divisions (1-6) are circled in order better to identify clusters and
their relationships. The stress factor for this plot was calculated at 0.21.

MDS scatter plot illustrating all invertebrate taxa for all seasons and all years
(April 1990 - May 1993) recorded in the riffle biotope, in relation to flow
rates, measured by transect during sampling visits. The size of the continuous
line circles is proportional to the flow rate. (Groups of samples, indicated by
dashed lines, are the same as for Figure 6.2).

Bar chart showing average number of taxa (hatched) and density (solid) of
Ephemeroptera per sample in different habitat types in the Sabie-Sand River
system. Habitat codes: 1 = sand & silt, 2 = riffle (gravel to small boulder), 3
= riffle (medium cobble to small boulder), 4 = riffle (large boulder to bedrock
slabs), 5 = reeds {emergent), 6 = grass (overhanging), 7 = roots (marginal
vegetation and floating water plants).
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Figure 7.1a:

Figure 7.1b:

Figure 7.2:
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Bar chart showing average number of taxa (hatched) and density (solid) of
Trichoptera per sample in different habitat types in the Sabie-Sand River
system. Habitat codes; 1 = sand & silt, 2 = riffle (gravel to small boulder), 3
= riffle (medium cobble to small boulder), 4 = riffle (large boulder to bedrock
slabs), 5 = reeds (emergent), 6 = grass (overhanging), 7 = roots (marginal
vegetation and floating water plants).

Bar chart showing the average number (hatched) and density (solid) of
Ephemeroptera in samples at different depths within the Sabie-Sand River
system. '

Bar chart showing the average number (hatched) and density (solid) of
Trichoptera in samples at different depths within the Sabie-Sand River system.

Bar chart showing the average number (hatched) and density (solid) of
Ephemeroptera in samples at different current speeds within the Sabie-Sand
River system. Current increments in m.s™’; 1 = <0.025, 2 = 0.025-0.040, 3 =
0.040-0.063, 4 = 0.063-0.100, 5 = 0.100-0.158, 6 = 0.159-0.251, 7 = 0.251-
0.398, 8 = 0.398-0.631, 9 = 0.631-1.000, 10 = >1.000.

Bar chart showing the average number (hatched) and density (solid) of
Trichoptera in samples at different current speeds within the Sabie-Sand River
system. Current increments in m.s’ 1 =<0.025, 2 =0.025-0.040, 3 = 0.040-
0.063. 4 = 0.063-0.100, 5 = 0.100-0.158, 6 = (.159-0.251, 7 = 0.251-0.398, 8
= 0.398-0.631, 9 = 0.631-1.000, 10 = >1.000.

Fish zonation as explained by water temperature and altitude in the Sabie-Sand
system in spring (September to November 1990). Water temperature plotted
is a three month mean from measurements of minimum and maximum. The
transition in fish communities from the FHZ to the LZ, which occurs between
sites 5-6 on the Sabie and sites 10-11 on the Sand (see section ?7), appears to
be a result of temperature, since the transition zones occur at similar water
temperatures. but at different altitudes. Hatched areas delimit the range of
water temperature where this transition occurs, taking into account the single
FHZ site sampled in the Marite River. A narrow range of temperature (20.5-
22°C) could explain the transition in all three rivers.

Seasonal water temperature (three monthly mean of min-max) characteristic of
the FHZ (hatched area) and LZ (shaded area) as identified by their respective
fish assemblages. A narrow range of seasonal temperature (white arca)
delimits the transitdon from FHZ to LZ. The characteristic fish fauna of any
site can be predicted from its seasonal water temperature and the zonal areas
presented. '

TWINSPAN classification of species abundance data for 42 samoling
occasions at 17 sites in the Sabie and Sand rivers. The five cut levels used
were: 0.03 (1), 0.07 (2), 0.18 (3), 0.44 (4) & 2.00 (5), where CPUE = fish per
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minute. Cut levels divide the abundance of each species at each site into
categories termed pseudospecies, allowing presence or absence of each
abundance category to be compared quantitatively (section 3.5.3.2). Indicator
species for each division are listed together with the respective pseudospecies
preferential values responsible for the classification.

Dendrogram showing that the fish assemblages of the Sabie-Sand system can
be classified according to river zones. Data has been reduced from 44
quarterly monitoring surveys by season in the Sabie-Sand catchment over four
years (1990-93). Abundances for 44 species were root-root transformed,
standardized and compared using the Bray-Curtis measure. The dendrogram
was formed using group averages sorting. Two main groups are distinguished
at an arbitrary similarity index of 20%, showing the FHZ and LZ. The FHZ
can be sub-divided into two site specific groups while the LZ can be divided
into 3 groups possibly reflecting river profile and order. Further divisions in
both groups are strongly dependent on sample sites themselves, Samples are
numbered by site.

Zonation in the Sabie-Sand system reflected by the dismibution of fish
assemblages. Ordination using multi-dimensional scaling (MDS) on the same
similarity matrix as Fig. 7.3. Quarterly samples of 44 fish species from 44 sites
reduced by season for three years were used. Clusters and sub-divisions
distinguished in the dendrogram are delimited. Data reduction masked
seasonal assemblage differences thus strengthening site specific interpretation,
Clusters I & 2 and 1a & 1b are spatially distinct. This results from FHZ/LZ
division and the separation of impacted site 3. Clear divisions within cluster
2 (LZ) are not marked although two gradients are proposed.

Dendrogram of inverse analysis comparing 31 fish species (cutoff at 4%
dominance in any of the 67 samples) in the Sabie-Sand catchment between
May 1990 & May 1993. Species abundances were standardized and compared
using the Bray-Curtis measure with group average sorting. At the 8%
similarity level cluster 1 & 2 are cool and warm species respectively with
cluster 3 an outlier. Warm species can be divided at the 30% similarity level
into three groups and a series of cold tolerant species (2d). The first group of
species (2a) breed during drought, group 2b are margin or run species, while
group 2c¢ are minnows typical of pools and include their associated predator
Serranochromis meridianus.

MDS inverse ordination for 31 fish species from the Sabie-Sand catchment
using standardized abundances and Brey-Curtis mcasures. Main species groups
delineated from Fig. 7.5 (previous dendrogram). FHZ species (1} & LZ
species are distinct. Eurythermal species from both zones concentrate closer
to the interface between clusters 1 & 2. Cluster 3 contained two species
associated with the recovery floods in the catchment post drought.

Baseline pie diagrams for small fish electrofished in the foothill zone (FHZ),
upper Sabie and Marite rivers, during pre-drought conditions (1990-91). Pies
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are percent averages for species standardized (STD unit = fish/min). Pie (a)
is the year average. Pies (b)-(e) are quarterly seasonal averages for FHZ sites.
Six species account for 92.3% of the catch with Chiloglanis anoterus dominant
(70%) and the four cyprnids Varicorhinus nelspruitensis, Barbus polylepis,
Barbus marequensis and Barbus eutaenia, accounting for a further 27%.
Quarterly seasonal pies are similar but the cyprinid B.polylepis was more
numerous (e) following the wet season (d). At the start of the wet season (c)
CPUE for, B.polylepis and B.eutaenia were reduced while V.nelspruitensis and
Barbus marequensis were higher. Percentage CPUE for the cichlid Tilapia
sparrmanii remained static.

Baseline pie diagrams for small fish electrofished in the lowveld zone (1.Z),
Sabie and Sand rivers, during pre-drought conditions (1990-91). Pies are

_percent averages for species standardized (STD unit = fish/min). Pie (a) is the

season average. Pies (b)-(e) are quarterly averages for LZ sites. 11 species
account for 82.6% of the average quarterly catch (a). Of these, 7 (56%) are
cyprinids, 5 of which are minnows. Barbus viviparus is the most important
(21%). 26% of the average annual catch are cichlids (Pseudocrenilabrus
philander, Tilapia rendalli & Oreochromis mossambicus). At the start of the
dry season (May: (a), 75% of the catch is cyprinid (Labeo molybdinus-Barbus
trimacularus) with minnows making up about 50% (Barbus viviparus, Barbus
annectens, Barbus radiatus, Barbus unitaeniatus & Barbus trimaculatus). By
the beginning of the wet season (d) cichlids (Oreochromis mossambicus,
Tilapia rendalli & Pseudocrenilabrus philander) typically make up 50% of the
catch. By February, minnows are typically more than 50%. Riffle loving .

Chiloglanis anoterus are difficult to catch at high flows (e). ‘

Dendrogram showing the spatial and temporal differences of 67 May samples
at 20 survey stations for fish assemblages in the Sabie-Sand catchment over
four years (1990-93). Abundances for 44 fish species were standardized and
compared using the Bray-Curtis measure with the dendrogram formed by group
averages sorting. Two main groups are distinguished at an arbitrary similarity
index of 8% showing the FHZ and LZ. The FHZ can be divided into three
sub-groups which are largely site specific. The LZ can be divided into three
groups (2a-c). Group 2a samples are mainly drought affected. Samples are
numbered by site and coded as; baseline (B: May 90 & May 91), drought (D:
May 92) or recovery (R: May 93).

Spatial and temporal differences in fish assemblages using multi-dimensional
scaling (MDS) on the data in the previous dendrogram (Fig. 7.9). Differences
between FHZ & LZ assemblages were more marked than those caused by the
1991-92 drought. Sub-divisions within the FHZ cluster show differences
between fish assemblages in different sub-catchments and sites. Within the LZ
differences are less clear, showing rather a gradient of change best explained
by the passage of the 1991-92 drought.

May pie diagrams for small fish electrofished in the foothill zone (FHZ), upper
Sabie and Marite rivers over three years spanning the 1991-92 drought. Six
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index species make up between 87.3% to 91.8% of the catch.  Pies are
percent averages for species standardized (STD unit = fish/min). Pie (a) is the
pre-drought baseline for May where Chiloglanis anoterus is the most numerous
(60% of index species). After the failed 1991-92 wet season (b) catches of
Chiloglanis anoterus were teduced to their lowest (19%) while Barbus
marequensis increases to 35%. Recovery by May 93 shows pie (¢) similar to
the 91 baseline pie except for Varicorhinus nelspruitensis which had been
relatively more numerous than Barbus polylepis.

May pie diagrams for small fish electrofished in the lowveld zone (LZ), Sabie
and Sand rivers over four years. Pies are percent averages for species
standardized (STD unit = fish/min). Pre-drought pies (a) & (b) are very
similar, with cyprinids making up over 75% of the index species catch and
minnows comprising about 50%, (Barbus viviparus was the most numerous at
30%). The cichlids Oreochromis mossambicus, Pseudocrenilabrus philander
& Tilapia rendalli made up only 10-15%. After the failed wet season of 1991-
92 (c) and prior to the severe dry season, cichlids made up over 50% of the
index species while minnows were reduced. By May 93 (d), some recovery
in the catch of Labeo molvbdinus is evident while Barbus viviparus remains
less abundant.

Distnbution and abundance of the Lowveld Zone (LZ) indicator species,
Barbus viviparus in the Sabie River system. Abundance is shown as average
station CPUE (fish/minute), at different altitudes (mASL). B.wiviparus was
typically the most abundant lowveld fish found at all LZ stations within the
Sabie-Sand River. It was particularly abundant within the lower order Sand
sub-catchment streams (max CPUE, 2.9). Abundance decreases towards the
lower Sabie River. B.viviparus is absent in the lower Incomati system.

Distribution and abundance of the Foothill Zone (FHZ) indicator species,
Chiloglanis anoterus in the Sabie River system. Abundance is shown as
average station CPUE (fish/minute), at different altitudes (MASL). C.gnorerus
was the most abundant species at higher altitudes within the FHZ in both the
Sabie (max. CPUE, 1.8) and Sand sub-catchments (max. CPUE, 2.2). The
species is absent in the lower Sabie-Sand system. It does penetrate the Sabie
River in suitable habitats to 220 mASL. It is limited in FHZ in the smallest
or first order streams surveyed.

Availability and bias curves for velocity and depth as well as substrate/cover
histograms for the Foot Hill Zone (FHZ) and Lowveld Zone (LZ) sites. In the
FHZ, relatively higher flows were recorded (above (.75 m.s’ (a), peaking at
0.95 m.s™'). At LZ sites (d) slow to no-flow velocity predominated. Slightly
deeper waters were sampled at FHZ sites (b) (52 cm) with a bias towards
deeper waters (>90 cm) compared to LZ sites where there was a bias towards
shallower waters (e) (<20 cm deep). Channel Index codes (CI) (section 7.6.2)
for the FHZ (c¢) show that combined cover predominated with boulder in flow
the most commonly available subsirate/cover type. All cover types were
available at LZ sites (f), with combined velocity/visual cover relatively more
















































































































































































































































































































































