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Introduction

Concern regarding the possible polluling effects of the trout farms on mountain streams and upper
rivers in the area resulted in the Department of Water Affairs and Forestry (DWAF), and Cape Nature
Conservation {CNC) comumissioning an investigation of the effects of trout farms on riverine biota in
the south-western Cape which began at the Freshwater Research Unit (FRU), University of Cape
Town in August 1991.

Two surveys of several trout farms situated on the upper reaches of rivers in the south-western Cape
were undertaken to determine whether there was a common trend in their effect on the rivers, what
compenents of the effluents might be responsible for any observed effects and whether there were any

seasonal differences in these impacts on the river,

Summary of main findings
The main findings of the investigation were:

1 The impact of the trout farims on the downstream riverine ecosystems ranged from mild to
severe, based on the degree of change in the structure of the bottom-dwelling (benthic)
invertebrate communities from upstream to downstream of effluent outlets.

2. Farms situated on mountain streams (complete canopy cover, steep gradient, low annual
flucmations in water temperature, very pure water, highly sensitive endemic fauna) had the
greatest impact on the rivers.

3. Farms situated on the downstream foothill zones (open canopy cover, high annual
fluctuations in water temperature, moderate gradient, pure water, sensitive, mostly endemic
fauna} had a lesser impact than did those sifuated on moyntain streams.

4, The smaller impact of those farms situated in the foothill zone was probably because these
reaches were already disturbed by other catchment activities and as a result sensitive
components of the riverine community were already missing.

5. Farms that used portapools to house their fish had a greater impact on the downstream

river than did farms that used earth dams.



6. There were no significant seasonal differences in the type or degree of impact that the
farms had on the downstream rivers, The reduced flow (and therefore reduced dilution) in
the river in summer was compensated for by the reduced stocking rates during these hot
maonths.

7. The groups of aquatic invenebrates most likely to disappear below an effluent were the
mayfly families Leptophlebiidae, Ephemerellidae, Heptageniidae, beetle families such as
the Helodidae and Elmidae and the caddisfly family Glossosomatidae.

8. The midge family Chironominae and the baetid mayflies were found to be good indicators
of mild organic pollution.

9. Chemical samples collected at each site sugpested that the particulate fraction of the
effluent, combined with increased nutrient levels, was the major factor responsibie {or the
recorded reaction of the riverine biota.

10. Finally, apart from minor differences, the trend of impacts recorded in the winter survey
were the same as those recorded in the summer survey. The second (summer) survey,

thercfore, confirmed the results of the first (winter) survey.

Sequence of reports

This is the third report in a series dealing with the investigation of the effects of trout farms on
riverine ecosystems in the south-western Cape. The previous rwo reports were:

1. A preliminary review of Special Effluent Standards, and

2. Report on the initial (winter) survey - Draft.

The final report for the investigation will include the review of Special Effluent Standards, this report
on the initial winter and summer surveys and a report on the detailed investigation which followed the
initial surveys. It will aiso include a repornt on a separate investigation of the effects of trout-farm

eluent on algal communities in the downstream rivers. The final report is due in December 1994,
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1. INTRODUCTION

1.1. Background

During the last five years the south-western Cape has been a focal area for growth in the South
African trout-farming industry. Concern regarding the possible polluting effects of the trout farms on
mountain streams and upper rivers in the area resulted in the Department of Water Affairs and
Forestty (DWAF), and Cape Nature Conservation (CNC) commissioning an investigation of the
effects of trout farms on riverine biota in the south-western Cape, This investigation began at the
Freshwater Research Unit (FRU), University of Cape Town in August 1991, The main aim of the
investigation is to provide information: on the reaction of the riverine biota to different concentrations
of trout-farm effluent which can be translated by the authorities into regulations for controlling the

trout-farming industry in the upper reaches of south-western Cape rivers (King, Day & Brown 1991).

This report documents the resuits of the first stage of the investigation, which comprised two surveys

of eight trout farms situated on mountain streams or upper Tivers in the south-western Cape.

The surveys had three main objectives:

1. To determine what impacts, if any, trout-farm effluents had on the river ecosystems on which
they were situated, and if there were any common irends in the downstream effects;

2. to determine what componenis of the effluenis might be responsible for any observed impacts,

and

3. 1o use the information obtained to select two or three established trout farms for a detailed
investigation of the tolerance limits of important componenis of the riverine ecosystem to

pollutants contained in the effluents.

Originally a single survey was proposed (King et a/. 1991). Because the project began in the winter,
the survey was done at the end of winter when low temperatures and high flows minimised the
impacts of the farms on the rivering ccosystems. A second survey was thus performed at the end of
summer when the impacts were likely to be more severe. Also, as aquatic invertebrate communities in
south-western Cape upper rivers change scasonally, the second survey allowed an assessment of the
impacts of the farms on two different types of communities. Winter communities appear with the
onset of the winter rains and the switch back to summer communities occurs in about November or
December (King 1981). Thus, the initial (October-November, winter) survey sampled the winter
communities and the second (February-March, summer) survey, the summer communities. The
possibility of early rains (March} on the one hand and high rver flows {September) on the other
prevented the two surveys from being spaced further apart.



This report comprises:
I. an introduction to, and brief explanation of, the potential effects of trout farms on riverine
biotas
2. an introduction to the concept of using biological data to monitor impacts on riverine
ecosystems;
a description of the area under investigation and the work programme;
details of data analyses and the statistical procedures used;

an explanation of the results;

A

some preliminary recommendations for the control of trout-farm effluent based on the results of
the survey and on a preliminary review of Special Effluent Standards (Brown 1991);
7. an outline of the next phase of the investigation.

1.1.1. Definitions
Pollution has been defined by the World Health Organisation as 'the impairment of the suitability of

water for some considered purpose' (International Standards Organisation 1980).

Current DWAF policy requires that the effects of pollution on the water quality of a system be
evaluated in terms of the requirements of a particular user or category of users and measured in
relation to criteria or norms representing the ideal quality for a particular user (DWAF 1991). DWAF
has recently recognised the environment as a water user (DWAF 1991), with the result that, in setting
effluent standards, the requirements of the natural aqualic biota, in terms of both water quality and

water quantity, will in future need to be taken into consideration.

For the purposes of Lhis review, the term pollutant is taken to mean 'any entity whose addition to an
aquatic ecosystem by humans or their activities actually or potentially changes the characteristics of
the system such that the natural biola of that system are adversely affected' (adapted from Hart &
Allanson 1984).

Pollutants in waste water may change riverine community structure and species diversity. Apart from
aesthelic considerations, these changes may cause

- the appearance, or even increase to pest proportions, of certain nuisance organisms,

- 'rotting’ of the river caused by anaerobic conditions, and/or

- a reduclion in the self-purifying capacity of the river.

Accumulation of pollutants may also have long-term effects not noticeable in the initial stages
{MacDonald ef al. 1984), Hence, by the time the effects become apparent, severe and long-term

damage may already have occurred.



1.2, The nature of the problem

The South African freshwater-aquaculture industry has expanded rapidly since the early 1980s and by
1990 gross production was valued at approximately R72 million (Brink & Bekker 1991). The current
commercial production of fresh trout in South Africa is approximately 1023 melric tonnes per annim
and, for the past five years, the industry has maintained a 30% growth rate, despite a general
economic reci  yn (Brink & B¢ ™ r 1991). In 1988, 72% of aquaculture concerns in South Africa
were between one and five years old (Brink & Bekker 1991).

The south-western Cape is currently responsible for 45% of the total annual trout production in South
Africa (550 tonnes in 1990). Despite an exponential increase in the number of producers in the
region over Lhe last five years, the aquaculture industry believes that the natural water courses and
support infrastructures (e.g. The University of Stellenbosch; The Department of Apgriculture,
Elsenburg; & The Council for Scientific and Industrial Research, Stellenbosch) in the region are still
under-ut™" :d (Brink & Bekker 1991). Future expansion in the South African trout-farming industry

is thus likely to concentrate on the south-western Cape.

A plentiful supply of cool, clean water is the primary requirement for a successful trout farm and the
clear water of mountain streams and upper rivers in the south-western Cape is a considerable
attraction to the trout-fai g ° ‘ustry, These rivers are, however, vulr  Hle to pollution (Davies,
Day & King 1986). The narural biota in the upper reaches is susceptible to disturbances which can
also have detrimental effects on the entire downstream ecosystem. Such effects will be worst in
sumu  when low flows result in a reduced dilution capacity of the rivers to dilute effluents, which is

an important way of reducing the impact of poliutants.

The potential polluting effects of fish farms have been well documented (e.g. Jones 1990). The most
obvious potential impact of a land-based trout farm is over-abstraction of water from a river, which
can lead to changes in channel shape and patterns of sedimentation, barriers to migration of fish and
alteration of the biological communities {Nature Conservancy Council of Scotland 1930, Jones 19%0).
Although a matter of some concern, investigation of the effects of over-abstrz ~n ™" " not form part
of the initial survey. It will, however, be incorporated into the detailed investigation (King et al.
1991).

Potential pollutants in fish-farm effluent include faeces and uneaten food, which settle out on niver
beds and can result in increased rates of nutrient uptake into the sediments. The quantity and quality
of solid wastes in the efffuents vary seasonally and diurnally depending on feeding time, stocking rate

and other factors.



Dissolved nutrients are also major potential pollutants. The amount of nitrogen in fish-farm effluent
varies from time to Lme, with peaks following feeding and during tank cleaning. Phosphorus
concentrations are dependent on feed quality, feed conversion ratios, fish size and fish-farm
management (Nature Conservancy Council 1990). Nitrogen and phosphorus in the effluent can result
in hypemnutrification and increased primary production of macrophytes and algae in downsiream

rivers, leading to a risk of eutrophication.

The levels of dissolved oxvgen in the river may be affected by localised reduction in oxygen levels at
the effluent outlet, although this is likely 10 be minimal, Other factors likely to affect oxygen levels
are consumption of oxygen during the hrreakdown of organic (Biological Oxygen Demand, BOD) and
other matter (Chemical Oxygen Demand, COD) contained in the effluent and indirect downstream
effects through changes in phytoplankton abundance. The impacts of changes in the level of
dissolved oxygen will depend on the characteristics of the receiving waters and of the effluent but

would affect the survival of natural riverine fauna and fora (Nature Conservancy Council 1990).

Various chemicals are used in trout farms to supplement feed and to control diseases and
ectoparasites. These chemicals may enter the riverine environment in the effluent. They range from
fairly benign compounds (e.g. vitamins) to compounds that are extremely toxic to aguatic life (e.g.
formaldehyde: toxic to algae at concentralions of 0.3-0.5 mg.l‘l' and malachite green: sub-lethal
effects on fish at concentrations as low as 0.03-0.05 mg.1"1). Little is known about the effects of these

chemicals on the natural riverine biotas (Nature Conservancy Council 1990).

Cleaning of fish tanks and feeding can cause peaks in the concentration of pollutants in effluents, with
peaks in 'cleaning’ effluent being between 0.1 and 10 fold higher than concentrations of 'mormal’
effluent (Bergheim, Hustveit, Kittelsen & Selmer-Olsen 1984). These variations have important

implications for both the monitoring of fish-farm effluents and for the natural environment.

Factors other than the pollutants themselves contribute to the magnitude of the impact of trout-farm
effluent on rivers. These include the size and lay-out of the farm and the type of tanks used. Briefly,
there are two main considerations with regard to lay-out. The tanks can either be arranged in parallel
or in series (Figure 1); tanks arranged in paraliel may result in a more concentrated final effluent. As
far as the structure of the tanks is conicerned, there are two types used in land-based farms in the
south-western Cape: unlined earth ponds and concrete or plastic-lined tanks. Unlined earth ponds
have a slower flow-through rate than concrete or plastic-lined tanks and thus some seftlement of
solids does occur. The solids in suspension may, therefore, be less concentrated in earth dams than in
plastic 'portapools’. The fMlow-through of water in tank farms is too fast to allow waste food and faeces

to decompose before they are discharged into the river.






affecting growth. reproduction or other normal life patterns of the river organisms. Eventually these
can lead to changes in community structure and the reduction or elimination of components of a
system such that the effects are reflected through more than one trophic level. Ofien it is only at this
late stage that significant changes in ecosystem structure are noticed. Also, although effluent
discharged from trout farms is perhaps relatively benign when compared to most industrial pollution
(National River Authority of England 1991), the location of the south-western Cape farms, on the
sensitive upper reaches of streams, makes them a cause for concern. Changes in conditions induced
by effluent outfalls can have quite different consequences in different river zones (Hawkes 1982). In
general the higher up the watercourse, the greater the impact of any poilutant. In summary, then.
general effects are likely to be subtle, with changes in the oligotrophic upper reaches being both more

noticeable and more severe than those in lower sections of the rivers.

1.3. River zonation and its implications

1.3.1. River zomes

Streams and rivers change naturally along their Jength with respect to such properties as temperature,
depth, current speed, substratum, turbidity and chemical composition (Hynes 1970). Since these
factors are important in determining the distribution of the riverine biota. the longitudinal physical
and chemical changes are reflected in changes in species composition of the faunal communities. The
result is a longitudinal biotic zonation that can be used to classify reaches of rivers and streams.
These zones are not discrete and attempts to define them in terms of a single variable have been
unsatisfactory. Generally speaking the rivers in the south-western Cape can be divided into five zones
(modified from Nobel & Hemens 1978), namely:

1. Mountain source and cliff water fall

The source of a river, often with sponge vegetation or humic turf and sometimes with waterfalls.
OQutside the sponges, the flow is usually fast and occasionally torrential. Turbidity is negligible
and levels of oxygen saturation high. Summer mean temperatures may be below or about 20°C.

2. Mountain stream
A narrow, defined channel with a very steep gradient, small waterfalls, rapids and little
emergent vegetation. There may be occasional rock pools. The substratum is boulders. bed rock
and cobble, and flow is generally fast through riffle sections and slow in pools. The riparian
trees may or may not form a closed canopy over Lhe stream. Deposition of inorganic sediments
is negligible and the surfaces of rocks and vegetation are virtvally free of epilithon. Turbidity is

negligible except during spates. ‘Summer mean temperatures are around 209C.



3. Foothill zone
A zone of widening channel and decreasing bed gradient with lower flow velocities. The
substratum is boulders, cobbles and some sand. Siony riffles and runs alternate with rock poolis.
Although there are still riparian trees, the river is wider and, because of this, the canopy s
usually open. Turbidity is variable but usually low. Summer mean temperatures are above

209C.

4. Low and midland stream and river
A zone of reduced gradient with areas of deposition, alternating with stony reaches. The
riparian vegetation consists of reedbeds and few trees. Often turbid. Summer mean

temperatures are usually well above 20°C.

3. Estuary
Flow is generally very slow and subject to tidal fluctuations. The npanan vegetalion is
specialised and tolerant of changes in  “"ity. Summer mean temperatures are well above

20°C.

Since most trout farms in the south-western Cape are situated on or near the upper reaches of rivers,
further * :ussion will be confined to the mountain stream zone {including the source} and the foothill

one,

1.3.2. Aquatic invertebrate community compaosition of mouniain streams and foothill zones

In the south-western Cape, as in other parts of the world, amphipods (non-insect) often account for a
considerable portion (ca 50%) of the invertebrate fauna at the river source (Hynes 1970). Slightly
downstream, the mountain stream invertebrate communjty is dominated by insects. In the Eerste
River, for example, insects accounted for ca 99% of total invertebrate numbers (King 1981). During
the winter months the Ephemeroptera (mayflies), mainly Leptophlebiidae and Ephemerellidae,
usually comprise about 37% of the invertebrates (King 1981). In some streams Blephariceridae (net-
winged midges, Diptera) are also numerous, while Trichoptera (caddisflies) and Plecoptera
(stoneflies) usually occur in small numbers. Dryopidae, Elmidae, Hydraenidae and Helodidae are all
typical mountain stream families of beetles (Coleoptera) and are usually present in small numbers.
Chironimidae (midges, Diptera) and Simuliidae (blackflies, Diptera) are always presenl, usually
collectively accounling for ca 14% of the overall numbers of invertebrates (King 1981). Non-ing
groups, such as Oligochacta (carthworms and Lheir allies) occur in small numbers, never representing

more than 1% of the overall invertebrate fauna.

The invertebrate community in the foothill zone is also dominated by insects (98.8%; King 1981),

with the Ephemeroptera again well represented. W' 'n the order, however. the proportion of



different mayfly families changes. with Baetidae increasing in prominence. Chironimidae also
increase in numbers, as do non-insect groups such as Oligochaeta and the Hirudinea {leeches).
Important faunal changes between the winter mountain stream and winter foothill zone comrmunities
are the loss or decrease in frequency of the Ephemerellidae, Trichoptera, the mountain stream

Coleopiera and the Blephariceridae (King 1981).

1.4. Biological monitoring

In the past, effluents entering riverine ecosystems have been monitored by chemical analysis of water
quality (e.g. Special Effluent Standards, Amendments to the Water Act 1984). Recently, however,
more use has been made of biological monitoring programmes, in conjunction with physical and
chemical variables. to assess the impacts of perturbations on rivers (Hawkes 1982; Armitage, Furse &
Wright 1991). Chemical analysis of water quality provides useful information about the nature of
effluents entering a system, but chemical surveillance sampling is usually discontinuous. This can
result in underestimates (or overestimates) of daily pollutant loads because of diurnal (or longer)
fluctuations in effluent quality, and once-off introductions of harmful wastes into effluent may be
missed (Brown 1991). In addition, the number of criteria used to monitor water quality and the
number of samples analysed are usually dictated by financial constraints. Serious pollutants may thus
simply not be analysed for. Furthermore, the term water quality can only be defined relative to a user.
For example, it has yet to be determined if fish, plants and humans require the same quality water.
Because of the difficulty of analysing for every pollutant likely to be in a sample of water. and of
interpreting results in terms of the severity of impact, it makes sense to turn to the aquatic biola for
assistance. The main advantage of a biological approach is that it examines organisms whose
exposure to the water (and any pollutants therein) is continuous (Ractliffe 1991). Species present
reflect the present and past history of the water, allowing detection of disturbances that might
otherwise be missed. Changes in the composition of the benthic inveriebrate community can often be

related to changes in the concentration of pollutant in the water,

Macroinvertebrates, particularly benthic (bottom-dwelling) macroinvertebrates, are most commonly
used in biological assessment methods. Since they are relatively sedentary, these animals are exposed
to a continuous flow of varying quality water. They are also widespread, easy to sample and. in
general, display a rapid response to pollution (Hellawell 1977). In South Africa, most research on
benthic macroinvertebrates has concentrated on the stones-in<current, or riffle, faunal communities
(e.g. Harrison & Elsworth 1958a; Chutter 1972; King 1981). This is because, in general, the fauna of
clean, stony runs and riffles is richer than that of silty reaches and pools, both in number of specics
and in tolal biomass (Hynes 1970). Riffles, being shallower, are easier to sample than runs, and are
usually favoured for monitoring work, Even so there is a scarcity of hard facts on cause-effect

relationships between freshwater communities and pollution.



A potential drawback of most methods of biological monitoring is the necessity to identify organisms
to species, since species in the same genus often display markedly different levels of tolerance to
poilution (Resh & Unzicker 1975). Species-level data, however, are frequently impossible to attain
because of temporal and financial constraints (Armitage, Pardo, Furse & Wright 1990) and there has
been some success in the use of family-level identifications (i.e. a coarser level of iden”" :ation) in
Great Brilain using the Biological Monitoring Working Party (BMWP) score system (Chesters 1980;
Wright, Armitage, Furse & Moss 1988).

One approach to biological monitoring of riverine ecosystems is the use of indicator species and biotic
indices. Indicator species are chosen for their sensilivity or tolerance to pollution, and their presence
or absence in a river is used io gauge the siate of the riverine ecosystem. The use of indicator species
is complicated by the fact that they are likely to be specific to particular poilutanis and geographic
regions. Thus, particular species will indicate particular forms of pollution, and it is unlikely that any
species will be equally sensilive to all types of pollution. Addilionally, no single indicator species is
likely to occur universally and, thus, no biotic index will apply in every region of a country as large

and diverse as South Africa without modiftcations to cater for local conditions.

Biolic indices were evolved as a simple approach for assessing the effects of pollution. There are
essentially two types of biotic index: quantitative types based on community diversity, e.g. Shannon-
Weiner Index (Krebs 1985) and qualitalive types based on levels of abundance, e.g. Chandler Biotic
Score (Chandler 1970). The indices compare a 'score' obtained for a known healthy river with

another river site of unknown quality in order to assess its condition.

More recently, sophisticated predictive models have been developed for use in biological monitoring
of rivers. The most successful of these is RIVPACS (River Inveriebrate Prediction and Classificalion
System), a computer-based model currently being used in Great Britain. This enables scientists to
predict the probability of capture of species at a site in the absence of environmental stress, using a set
of known environmental variables, including subsiratum composition, oxidised nitrogen, alkalinity,
chleride concentration, slope, distance from the source, altitude, air temperature, etc, (Moss, Furse,
Wright & Armitage 1987). For an unpolluted site the species actually captured should closely
approximate those predicted, and for a polluted site the species found should differ from the predicted
composilion. The degree of difference between expected and observed is proportional to the severity
of the pollution. RIVPACS has also been used with some success when the fauna has only been
identified to the family level (Wright et al. 1988).
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SECTION 2. THE AREA UNDER INVESTIGATION

The investigation was confined to the siouth-western Cape, South Africa. The locations of trout farms

visited during the surveys are provided in Figure 2.

2. 1. Trout farms visited during the surveys
The following farms formed part of the initial survey:

De Hoek Eslates Twenty-four & Ewe Rivers
De Poort Trout Farm Molenaars River

Devon Trout Molenaars River

Dewdale Trout Farms Berg River

Jonkershoek Experimental Station Eerste River

Jonkershoek Hatchery Eerste River

Three Streams Trout Farm Franschhoek River
Visser's Trout Hatchery Kraalstroom River

A delailed description of each farm is provided in Appendix 1. Physical, chemical and biological
variables were investigated at each of the trout farms during October and November 1991, A second
visit was made to seven of the eight farms in February and March 1992. De Hoek Estates was

excluded from the post-summer survey ffor reasons explained in 2.2.

Figure 2. Map of the south-western Cape, showing the locations of the trout farms visited during the
Surveys.
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Figure 3. Sampling sites upstream, 100 metres downstream and in the effluent of a land-based trout

farm.

|
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2.3. Uniformity among the sampling sites

Water courses consist of several, well-defined biotopes such as riffles, runs, backwaters, emergent

marginal vegelation, submerged vegetation, pools and several types of sediment. Each of these

biotopes has a characteristic fauna and can be treated as a separate entity (Hynes 1970). Riffles are

shallow, high velocity sections of stream indicated by broken water and the substraum is dominated

by cobbles and boulders. Omly riffles were investigated in this survey. There were several reasons for

this, namely;

- riffles offer the most oxygenated and turbulent conditions in the stream and therefore the best
possible environment for recovery following the input of efluent

- when compared with the other biotopes, riffles are relatively easy to sample

- the fauna of riffles is generally rich both in number of species and in total biomass (Hynes 1970),

- riffle invertebrates respond quickly and clearly to poliution (Harrison & Elsworth 1938b), and

- most research on benthic macroinvertebrates in South Africa has concentrated on riffle faunal
communities (e.g. Harrison & Elsworth 1958b: Chutter 1972; King 1981) and therefore more

literature is available on the riffle communities than on those of the other biotopes.

To ensure as much uniformity as possible between the riffles sampled, substratum composition in each
sample riffle was measured according to the percentage cover of sand (1-5 mm diameter particle size},
gravel (5-50 mm), cobbie {5-50 cm diameter), rock (>50 cm diameter) and bedrock ('sheets' of rock).

Each of these, except bedrock, were divided into large, medium and small size classes (after Wright,

L g
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Moss, Armitage & Furse [984). A 0.25 m2 metal grid, subdivided into 36 squares, was used for this
process. T lmates of cover were made © each square and then summed to produce an estimate of
percentage cover. Three replicate set of measurements were taken at each river site. No significant
differences were recor¢ ~ in percentage composition between the sites or between farms, indicating

that the riffle areas chosen were fairly homogeneous with regard to rock size and substratum type.
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SECTION 3. EFFECTS OF TROUT-FARM EFFLUENT ON WATER QUALITY AND H *~'TAT
AVAILABILITY

3.1, Introduction

The first (winter) survey took place at the end of winter when the rivers were flowing strongly and
water temperatures were low. Since the dilution capacity of a river is proportional to its = harge.
the chemical and physical samples collected at that time probably reflect the best water quality likely
to be found at any time of the year and the biological samples the best possible condition of the fiver
ecosystem. The second (summer) survey took place at the end of summer when river discharge and

hence dilution was tow.

The choice of physical and chemical variables was based on the following:

- those delerminands appearing in the Special Effluent Standards (Amendments to the Water Act
1984), and

- dcterminands known to contribute significantly to the impact of trout farms on riverine

ecosystems elsewhere in the world (e.g. total suspended solids and total dissolved solids).

In addition, the water samples collected during the winter survey were analysed for a wide variety of
trace metals, both acid-extractable and water soluble, to determine which metals, if any, occurred in

any appreciable amounts in either the rivers or the effluents.

3.2. Changes in water quality induced by trout-farm effluents

The methods used to determine the physical and chemical variables are provided in Appendix 2 and
the resuits are presented in Table 1. Differences in water quality between sites were investigated for
seven Lrout farms using a paired-sample t-Test (Zar 1984). Where necessary (he data were
transformed using the following transformation: X' = X + 0.375 (Anscombe 1948; cited in Zar 1984)
in order to obtain a normal distribution. The results of the paired-sample t-tests are presented in
Table 1. The paired-sample T-test gives a good indicalion of the effect of a general trout-farm
effluent because it combines each determinant from each of the farms into a set of paired

(upstream/downstream) data,

Despite lower discharge during the summer the concentrations of chemical variables and dissolved
and suspended solids in the effluent were not noliceably higher than those recorded in the winter.
Part of the reason for this was that the farmers reduced their stock considerably during the summer
with the result that differences between the chemical and physical  ilts oblained during the winter
survey and those oblained during the summer survey were negligible, in terms both of actual values

and of trends. For this reason the resulis of both surveys are discussed together.
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Table 2. Results of the paired-sample tests performed on the data collected during the winter and
summer surveys. Values greater than the critical P-value (2.447) indicate the differences between the
determinands at the sites were siatistically significant,

Variable Upstream vs effluent Signif | Upstream vs downstream Signif
10527 = 2 447 thns{207 = 2.447
Oxygen Winter | 0.005 <PO{>=0.96) <0.01 No 0,005 <P>=0.34) <0.01 | No
Summer | 0,005 < P(t\>=0.58) <0.01 No 0.003 < P0w>=0.35) < 0.01 No
Temperature Winter 0,005 < P(w\>=1.11} < 0.01 No 0.005 < POt\>=1.60) < 0.01 No
Summer | 0,005 < P>=0.72) < 0.01 No 0.005 < POt\>=0.37)<0.01 [ No
Conductivity Winter | 0.005 < PQtv>=6.18) < 0.01 Yes 0.005 < P(w\>=0.07) < 0.0l [ No
Summer | 0.005 <PO>=0.91) < 0.01 No 0.005 < PO(>=1.08) <0.01 | No
Total dissolved solids Winter | 0.005 < POt\>=0.87) <0.01 No 0.005 < PQt\>=0.35) <0.01 | No
Summer - -
Total suspended solids Winter | 0.005 <P(\>=15.36) <0.01 | Yes 0,005 < POt\>=2.98) <0.01 | Yes
Summer | 0.005 < P(\\>=3,27) <0.01 Yes 0.005 < P(\>=4.58) < 0.01 Yes
Nitrite Winter | 8.005 < Ptw=3.00) <0.01 Ye- 0.005 <P(u\>=1.59)<0.01 | No
Summer | 0.005 < PO(>=0.39) <0.01 No 0.005 <P\W»>=1.38) <0.01 | No
Nitrate Winter | 0.005 < PO\>=5.65) <0.01 Yes 0.005 < PM>=1.36) < 0.01 | No
Summer | 0.005 < POt>=4.87) <0.01 Yes 0.005 < P(tv>=9.34) <0.01 | Yes
Phosphate Winter | 0.005 < PQt>=16.67) <0.01 | Yes 0.005 < PO>=0.00) <0.01 | No
Summer | 0.005 < P(W\>=6.60} < 0.01 Yes 0.005 < Pt>=9.36) < 0.01 Yes
Ammonia Winter 0.005 < P0\>=19.25) <0.01 | Yes 0,005 < POt\>=17.00) <0.01 | Yes
Summer | 0.005 < PO>=3.8]) <0.0] Yes 0.005 <P(t\»>=17.41) <0.01 | Yes
3.2.1. Oxygen

Oxygen saturation levels in the mountain stream and foothill zones of rivers are normally in excess of

80% (FRU unpublished data). The oxygen levels in the riffle sections of the river downstream of the

effluent outlets were not significantly different from those above the farm. The levels of oxygen

saturations in the slow-flowing areas downstream of the farms, however, were seldom above 40%

(FRU unpublished data). Organic material, suspended in the effluent, tended to settle out in the slow-
flowing sections below the outlet and, for the most part, did not affect the riffle areas sampled. Where

settlement had occurred decomposition of the solids could have resulted in an increase in Chemical

Oxygen Demand (COD) and Biological Oxygen Demand (BOD), which might account for the

reduction in available oxygen in the slow-flowing areas.
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3.2.2, Temperature and pH

Natural differences in pH occur between different rivers in the same region. In some instances trout
farmers deliberately raised the pH of the inlet water by adding lime (M. Kruger, De Hoek Estates,
pers. comm.}. This, however, did not have an appreciabie effect on the pH in the effluent or in the

downsiream river. Temperatures did not differ significantly above, below or in the effluent of any of

the farms.

3.2.3. Conductivity, total dissolved solids (TDS) and total suspended solids (TSS)

Conductivity was greater in the effluents and in the downstream river than in the upstream river
(Figure 4). There were also statistically significant increases in TDS and TSS concentrations in both
the effluent and the downstream river compared with the upsiream control sites (Figure 5 & 6; Tabie
1}. In all instances TSS was elevated in the downstream site and in most instances TSS
concentrations in the effluent were more than doubie those upstream. In the case of J.B,Visser
Hatchery, the TSS concentrations in the effluent were two orders of magnitude greater than those

upsiream (Table 1).

The solids suspended in the effluent appeared to consist mainly of uneaten fish food and faeces.
Instead of sertling out in sediment ponds or being removed by filtering, these solids remained in
suspension in the efflu and settled out in the river immediately below the outlet (hence the
reduction in suspended solids downstream compared with in the effluent), where they decomposed
(se=3.2.1).

It has been demonstrated that much of the nutrent input from trout-farm efluent into rivers is
associated with the organic suspended solid fraction of the effluent (Clark, Harman & Forster 1985).

In this survey, however, * nutrient conient of the suspended and settled solids was not analysed.

When solids, suspended in the effluent, settle out on the river bottom they reduce the habitat available
for the clean-bottom macroinvertebrate fauna normally found in the upper reaches of rivers. Settling
solids fill up the interstices between the stones, depriving cryptic animals of their refuges (Hynes
1960). They also coat the stones and impair the atlachment mech * ms and normal feeding
activities of the siony-bed fauna (Wiederholm 1984). If there is a corresponding increase in nutrient
concentrations this problem is compounded by algal growth (see 3.3.). While still in suspension, the
material may reduce light penetration, clog the gills and feeding apparatus of riverine animals, and
hamper their vision (Ractliffe 1991). In serious cases of pollution, the typical fauna disappears and is
replaced by burrowing or tube-dwelling animals, such as worms and chironomid midge larvae, the

numbers depending on the availability of food (Hynes 1960).
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Figure 4. Changes in recorded conductivity above (upstream), below (100m downstream) and in the

efluents of the seven farms sampled during the surveys.
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Figure 5. Changes in total dissolved solid concentrations (TDS) above (upstream), below (100 m
downstream) and in the effluents of the seven farms sampled during the surveys.
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The areas of natural deposition in a fast-flowing river, often at the head of a riffle area or the
downstream end of a pool, usually have a gravel substratum and are the natural spawning areas for
salmonid fishes (Hunter 1991). Deposition of fish-farm wastes in these arcas disturbs the spawning
cycle of both trout and indigenous fish. It can smother fish eggs laid amongst cobbles and pebbles,
reduce Lhe oxygen availability (see 3.2.1.) and fill in decp holes and bury cobbles, in this way
destroying fish habitat.

Solbe (1982) has suggested that suspendid solids represent the most significant potential source of
impact of trout farms on river ecosystems. A recent Scottsh study showed that, after the installation
of a seriling tank 10 remove suspended solids, there was a recovery of the downstream river to
upstream conditions (Nature Conservancy Council [990). Evidence suggests, therefore, that the
overall pollution potential of trout farms can be considerably lessened by decreasing the amount of

suspended solids in the effluent.

Various factors contribute towards the suspended-solid load in the effluent. Among them are the
number of fish kept on the farm, the type of tank used, the type of feed used, feeding methods
employed on the farm and the water flow-through rate. Trout in captivity are fed on pellets. The fish
will only eat food that is falling through the water column. Once the food settles out of suspension, it
disintegrates and is flushed out with the effluent. Thus, economical feeding methods can reduce the

amount of uneaten food in the effluent.

The increase in TD'S concentrations were not as marked as those of TSS. In some instances, however,
the TDS concentration in the river below the farm was higher than that in the effluent. This could
have been a result of leaching from the solids settled below the farm.

3.2.4. Major anions and cations

No signiﬁcant differences in the concentrations of any of Lthe major anions or cations measured were
recorded between sites or between farms (Table 1). The data were, however, obtained from spot
samples which can miss once-off introductions of pollutants. Furthermore, because of the cost of

analysing water samples for major anions and cations, these were not collected in the summer survey.

3.2.5. Nutrients

3.2.5. 1. Nitrate/Nitrite

Statistically significant increases in mitrate and nitrite concentrations (Figure 7 & 8; Table 1) were
recorded during the winter and the summer survey both in the effluents and in the rivers downstream

of the effluent outlets.
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Elevated nilrate levels are detrimental, particularly when phosphate levels arc also high, since this
leads to eulrophication (Ng, Sim, Ong, Kho, Tay & Goh 1990). Nitrite is the highly toxic ionised
form of nitrous acid, a weak acid. Generally, however, low pH, coupled with low temperatures, such

as found in south-western Cape rivers, favours the non-toxic form of the nitrate.

3.2.5.2. Ammonium

Ammonium concentrations were siatistically significantly higher in the effluents and the downstream
sites than in the upstream rivers (Table 1). The average ammonjum concentration in the effluent was
approximately eight times higher than in the upsiream river during the winter and approximately five

times higher during the summer (Figure 9).

The ammonjum ion (N'H,;"') is non-toxic but exists in dynamic equilibrium with free ammonia (NH3)
which is highly toxic to aquatic life. The species depends on pH: N'H4+ occurs exclusively at low pH
(< 6, acid conditions) and NHy predominates at high pH (alkaline conditions). In natural waters in

the south-western Cape the non-toxic ammonium jon predominates.

3.2.5.3. Phosphate
Concenlrations of soluble phosphate in the effluents and in the downstream river were statistically
significantly higher (Table 1) than those in the upstream river (Figure 10}, in both winter and

SUmmer.

Phosphates are indicative of organic pollution, and their presence is nearly always associated with the
presence of other, less desirable, pollutants (Kempster, Hatlingh & van Vliet 1982). An increased
concentration of phosphate enhances algal, bacterial and fungal growth, whicb in turn alters habitat
availability in the river resulting in the loss of biotic species normally found there.

3.2.6. Trace metals

The results of the trace metal analyses (dissolved metals) are presented in Table 3. No trends were
evident (in either dissolved metals or acid extractable metals), although, once again, the data were
obtained from spot-sampling which can miss once-off intreductions of pollutants.

3.3. Changes in epilithon growth induced by trout-farm effluents

The mixed growth of algae, fungi and micro-organisms on submerged rocks, together with any
trapped inorganic particles, is commonly called epilithon. An increase in epilithon is indicative of an
increase in productivity of 2 water body as a result of elevated nutrient (mainly phosphates and

nitrates) levels.
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Figure 7. Changes in nitrate concentrations above (upstream), below (100m downstream) and in the
effluents of the trout farms visited during the surveys.
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Table 3. Results of the trace chemical anatyses (dissolved metals, mg.l'l) of water samples collected during the winter survey, above (upstream) , below (downstream) and in the effluents of the
seven trout farms that formed part of the survey (analyses done by HRI, DWAF).

Trace metal De Poorl Devon Dewdale J'Hoek Exp. J'Hork main Three SUrenms 1B, Visser
Above Efll Below Above Efl Below Above EfL Below Above EML Below Above Effl Below Above EdI Betow Above Effl. Below

Aluminium <0100 <0100 <0100 <0100 <0100 <G100 <0100 <0100 <{.100 <{ 100 <0100 <0100 <G 100 <0 100 <{ 100 <0100 <0 100 <0100 | <0100 <0100 <0 100
Aresenic < 0100 <0 100 <0100 <{0.100 <0100 <0100 <0300 <0100 <0100 <0100 <0100 <0.100 <0.100 <0100 <0100 <0100 <0100 <0100 } <0100 <0100 <0100
Barium <0004 0.009 <0.004 0016 < 0.004 0004 0.004 <0004 0004 0.004 < 0004 0.007 0 008 <00 0 005 <0004 ooz 0005 < 0.004 G.006 a 005
Boron <0002 < (1002 <0002 <0002 <0.002 < 0.002 < 0.002 < 0,002 <0002 <0002 <0002 <002 <0.002 <0002 <0002 <0.002 <0002 <9002 | <0002 <0002 <0002
Bery)hum <0001 < 0.001 <000] < 0.001 <0001 <0.00] < .001 <0001 <0001 <0001 <0001 = (.001 <0001 <0001 <0001 < 0.001 <0001 <000} <0.00] <40 00] < 0.001
Cadmiam < 0.005 <0005 <0005 <0005 < 0.005 <0003 < 0.005 <0005 <0005 <0008 <005 <0005 <0.005 <0 00% <0005 <0.00% <0005 <0005 <0.005 <0.005 < (005
{obalt < D.020 < 0.0 <0470 <0020 <{.020 <{.0z0 < 0.0 < .00 < 0020 < 0.0Z0 < Qiizo <{Q0zZ0 < Q.02 <3030 <00 <0020 <0020 <0020 [ <0020 <0.020 <0020
Chromium <0.005 = 0.005 <0.005 0.005 <0005 0.005 0.005 <0005 <0005 0007 <0005 0008 Q007 < G005 <0003 <0005 <0005 <0005 < 0.005 <0.005 <0005
Copper < 0.005 0.009 <0.005 <0030 <{.005 <0.005 <0.005 <0005 <0005 <0005 < Q00 <005 <0005 <0005 <0005 <0005 <005 < 0005 <0.005 <0.005 < 008
Iron 014 0.031 <0020 0.251 0.163 0.097 0.008 0128 0127 <0020 o125 0Q13 <0020 0087 0206 0.082 0.072 0 348 D O43 0042 <0020
Manganese 0.003 0.001 0002 0.006 G002 0.004 0.003 003 Qe 0002 0003 0.004 0.002 0005 0002 0.006 00 0019 0 005 000] <0004
Molybdenum <0005 <0005 <0.005 < 0.005 < 0.00% <0005 < 0.005 <0005 < {1005 < 0.005 < 000§ <0005 < 0.005 < 0.005 <0005 <0005 <0003 <0005 < 0.005 <Q.005 < QD05
Nickel <0020 <0020 <0020 <0.020 <0020 <0020 <000 < 0.020 <0.020 <0020 <0020 <0020 | <0020 <020 <0020 < (.00 <002 <0020 | <0.020 <0.020 <0020
Lead < G050 <0050 <0950 <0050 <9.040 <0050 <0.050 <{.030 <0050 <0050 <00¢50 <0.050 <0.650 <0.050 <0050 <4050 <0050 <0030 | <0.050 <0.050 <00%0
Stromtium 0.00% 0013 0012 0.010 0008 Q018 0015 0002 000 0005 0.010 0004 0004 ooy [ 0004 0013 0a13 0 005 0.001 0.006

Titanium <0.001 < G001 <0001 <0001 <0001 <0.001 <0001 <9.001 <0.001 <000t <0001 <0.001 <0.001 <0001 < G001 <0001 <0001 < 0.00] <9001 <0.001 <001
V anadium <062 0003 <0002 0006 0,008 0.005 <0002 <0002 <0002 0.006 0006 0 006 0 006 <0002 < 0.002 <002 <0.002 0.009 <0002 <002 <002
Zine <000 0026 < 0.004 0.299 < 0.004 0.007 0.008 0.022 0.014 0.004 0.005 0 004 0009 G003 005 0008 <0.009 anz <0004 0021 < 0.0
Zirconium <0020 <000 <0020 <0.020 <0.020 <0020 0025 <0020 <0020 <0020 <0020 0036 <0020 <0.020 <0020 <0.020 <000 < Q020 <0.020 <0.020 < 0.0

LT
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Despite high flow com:iilions before and during the winter sampling, a greater standing crop of
epilithic algae and associated fungi and micro-organisms (organic fraction of the epilithon) occurred
at sites downstream of all effluent outlets (Figure 11), except those on the Eerste River (Jonkershoek)
where the upstream concentrations of epilithon were high. In the summer algal growth below the
effluent outfalls was more marked than in the winter. The increased concentrations of nutrients and
suspended solids in the effluents were undoubtedly the factors responsible for the enhanced algal
crop. The inorganic content of the epilithon downstream of the farms was also high in most cases.
Epilithic organisms and inorganic sediments show a 'snowbaill' effect, i.e. organic growth traps
inorganic sediments, the accumulation of which results in a more favourable substratum for the
organisms and more ability to trap nutrient particles, and thus more organic growth occurs. This
phenomenon is prevalent in Du Toit's Kloof where bridge construction has resulted in increased
sediment loads in the Molenaars River and, combined with mild organic pollution in the river, has

resulted in a high standing crop of epilithon (G.Ractliffe, VKE Consulting Engineers: pers. comm.).

A visible covering of epilithon on submerged rocks in a south-western Cape mountain stream or
foothill zone is abnormal and is an indication of nutrient enrichment of the system. Iis presence
suggests that some sensitive species may have been lost. Increased epilithon growth results in
increased food availability for grazing and flter-feeding insect larvae but also modifies the substratum
in a similar manner to that described for suspended solids. Since many of the invertebraies that
inhabit the mountain stream and foothill zones depend on clean stones for the efficient funclioning of
their hold-fast mechanisms (Hynes 1960}, the increased growth of epilithon results in a decline in the

numbers of species characleristic of the zone and an increase in species not normally found there.

3.4. Synthesis of chemical and physical data

The nature of the preliminary survey meant that only two visits were made to each of the trout farms,
one in the winter and a second in the summer, which restricied the level of staustical analyses that
could be applied to the dala set. This means that conclusions on causal relationships with respect to
the changes in the benthic fauna prescnted later are based on circumstantial evidence. The limited
dala set notwithstanding, the results from the paired-sample T-test showed that several chemical were
consistently and significantly higher in the effluent and the downstream rivers than in the upstream
river. Downstream changes in benthic invertebrate communilies were correlated with increases in the
concentrations of total dissolved solids, total suspended solids, nitrate, ammonia and phosphate.
Based on these preliminary results and a first-hand knowledge of the sites, it is suggested that the
solids suspended in the trout-farm effluent and settling in the downstream river were the major

pollutant effecting the downstream river (see 3.2.3.).
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3.5. Special Effluent Standards
In 1981 the Department of Water Affairs and Forestry (DWAF) adopted a Receiving Water Quality
Objectives approach to managing water quality in South Africa (DWAF 1991). This approach
involves specification of the desired quality of the receiving water environment and the control of
sources of pollulion. The Receiving Water Quality Objectives as applied by DWAF amounts to a
policy that can be formulated thus:

"Effluent producers have to comply with minimum effluent standards, namely the uniform General
and Special Effluent Standards (Amendments ta the Water Act 1984). If satisfactorily motivated
on technological andior economic grounds and justified by the Receiving Water Quality
Objectives approach, exemptions to the Standards may be granted by substituting site-specific
effluent standards. This policy also makes provision for site-specific standards that may be
stricter than the General and Special Effluent Standards” (DWAF 1991).

Several of the trout farms in this survey were situated on so-called Special Standards rivers, viz. the
Berg River, the Eerste River, the Elands River and the Molenaars River. Special Effluent Standards
(Water Act 1956, Amendments to the Water Act 1984) are quality standards for wasle water or
effluent arising in the catchment area draining water to any designated Special Standard river. A
summary of relevant water quality criteria and their required level of purificaiion in terms of the
Special Standards is provided in Table 1 and allows for comparison between the concentrations of the
determinands in the trout-farm effluenis and those stipulated by Special Effluent Standards. For most
trout farms, the concentrations of the: chemical variables in their effluents were much lower than
stipulated by Special Effluent Standards. Yet despite this, the changes in downstream water quality,
induced by trout-farm effluents, resulted in considerable changes in the downstream riverine

ecosystems (sec Section 4).



3l

SECTION 4. EFFECTS OF TROUT-FARM EFFLUENTS ON THE AQUATIC INVERTEBRATE
FAUNAS

4.1, Introduction
4.1.1. Levels of information obtainable from the aquatic biota

Planis and animals are taxonomically identified according to an hierarchical system of classification.
This allows for a progressively detailed identification of an individual plant or animal through the
levels of phylum, class, order, family, subfamily, tribe, genus and, finally, species. At the finest level
of identification the name of any organism consists of a generic and a specific name. For example,
the common mayfly (Baetis harrisoni), is a member of the genus Boetis and the species Aarrisoni.
Identification of benthic macroinvertebrates to the species level, although often desirable because this
is the level at which ecosystemn changes are best detected, is, however, extremely difficult, time-

consuming and, at times, unnecessary.

In the case of the Chironomidae (midges), for instance, identifying the larvae to the level of tribe
provided sufficient information for this investigation because of the clarity of the distribution at the
tribe level, i.c. members of each tribe are found in different kinds of conditions. Within the
Chironominae, the tribe Chironomini as a whole appeared only below the effluent outlets, with very
few or no individuals recorded above the farms. The Chironomini consisied almost entirely of
Polypediltum spp. (A.D.Harrison, Chironomid taxonomist, pers. comm.) which increase in numbers in
the presence of severe organic pollution in mountain streams (Berhe, Harrison & Hynes 1989).
Likewise, the chironomid subfamily Tanypodinae was virtually eliminaied at the downstream sites.

Thus a clear picture emerged without the need for identification to a generic or specific level.

With other groups, however, comparing changes at the family/tribe level masked the picture. For
example, more information could possibly be gained by identifying the chironomid subfamily
Orthocladiinae to species level, since no clear trends were evident at a higher level. Within-family
differences in pollution tolerance were also clearly illustrated by the Baetidae (mayflies).
Considerable numbers of baetids occurred at both the upstream and downstream sites. However, in
the pristine rivers above J.B.Visser Haichery and Three Streams Trout, the dominant baetid was
Acenirella capensis, while downstream of the effluent outfalls, the more hardy (Harrison & Elsworth
1958b} Baetis spp. predominated. Thus pollution-induced changes in the composition of the Baetidae

occwrred at the generic fevel.

Some groups are more useful than others as tools for assessing the impact of trout-farm effluent on
riverine faunas. In many instances a group's usefulness stems from the fact that it is reasonahly well-

known and well-studied. The Ephemeroptera (mayflies) are such a group: their taxonomy and
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distribution have received considerable attention from biclogists in the past and, consequently, their

responses to different conditions are fairly well documented.

Sometimes a group is useful because its members respond to pollution at a higher taxonomic level
than other groups as, for example, the Chironomidae. This reduces the amount of time and effort
required to identify the animals, thereby reducing the cost of monitoring and also allowing

information to become available quickly.

Groups restricted to the mountain stream zone are generally comsidered to be semsitive to
environmental fluxes and are therefore particularly useful in pollution studies. Such groups include
the immature forms of some coleoptcrans (beetles), Ephemereilidae (spiny-crawler mayflies), some

Leptophlebiidae (prongill mayflies) and some Trichoptera (caddis (lies).

Plecopteran nymphs (stoneflies), despite being characteristic of the mountain siream zone, are an
example of a group that may not be good indicators of organic pollution. These animals only occur in
the upper reaches of rivers and are generally thought to be sensitive to any changes in their micro-
environment. Past studies have suggested that Plecoptera are among the last group to recover from
organic pollution (Wiederholm 1984). The preliminary resulis of this survey, however, suggest that
their restricted distribution is not a result of an intolerance of high nutrient levels. Another recent
study indicated they were also tolerant of increased turbidity (Ractliffe 1991) and it is possible that a
sensitivity to high temperatures, rather than obvious pollutants, may dictate their distribution (Sprules
1947, cited in Hynes 1970).

Groups whose members are solitary (e.g. Megaloptera: dobsonflies) or have patchy disiributions (¢.g.
Simuliidae: black flies) have limited value in monitoring programmes since a greater sampling effort

is required to determine their true distributions and abundances.

4.1.2. Zonal siting of farms

The farms visited during the survey were situated on one of three different river zones, namely the
source, the mountain stream or the foothill zone. Each zone has characteristic benthic faunal
components. For example, the presence of amphipods is indicative of the source area. Generally.
however, the differences in the species composition of macroinvertebrates between the zones are
subtle. The sensitive macro-invertebrates in each of the zones are gradually replaced by more

tolerant, wide-spread elements downstream.

The sensitive species are most affected by an impact on the river, often being completely eliminated
by an impact that had liltle effect on the other species, some of which may even benefit by the absence

of the eliminated species. Thus, afler an imitial elimination of sensitive, or stenoic, species,
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subsequent impacts may have little noticeable effect on the macroinvertebrate species composition
until conditions deteriorate to the extent that another species is affected. To describe (his
phenomenon we have used the terms "impacted mountain stream” and “impacted foothill zone".
These are zones in the river where the natural invertebrate communities have lost some of their
sensitive species as a result of disturbance of one kind or another. This was determined by comparing
the macroinvertebrate community structure in the upstream river with historic data on community

structure (e.g. Harrison and Elsworth 1958a, King 1981).

Although benthic invertebrates are good indicators of pollution, they are by no means the only group
affected. Benthic macroinvertebrates serve as a primary food source for many fish. The alteration of
benthic community structure may lead to the reduction of those species that are the predominate food
for fish. For example, a system may be numerically rich in oligochaeles but, since these animals live
buried in the subsiratum, they are unavailable as food for the fish that would ordinarily live there,
Hence, higher (vertebrate) predators may be eliminated from the system because of a lack of quality
and quantity of prey rather than because of directly toxic effects (Sheechan 1984). The demise of the
fish or crab population would, in urm. lead to a reduction in animals higher up the food chain, e.g.
otters. Thus an elimination of organisms at the base of the food chain will eventually affect other
organisms higher up the food chain.

4.1.3. Analysis of the faunal data

The level of stalislical analysis that could be applied to the data set was limited by the once-off nature
of the surveys. The type of data collected during the survey did not, however, preclude the use of
multivariate analysis. Hierarchical clustering and multi-dimensional scaling (MDS) were therefore
used to detect similarilies and differences in community composition between all the sites and
between the seasons sampled during the surveys. The details of the procedure performed are provided

in Appendix 2.

Sensilive multivariate methods of the type used on this data set are only capable of detecting
differences in the composilion of collected samples. Mullivariate methods alone do not indicate
whether or not the change is deleterious (Clarke & Warwick 1990), although differences in species
composition of the invertebrates can be correlated with measured levels of pollutants in the effluents
in the rivers, When combined with a knowledge of the tolerances of benthic invertebrates, however,
the combination of mullivariate analysis of the benthic samples and stalistically significant changes in
measured chemical variables becomes a powerful technique for assessing the impact of potlutants on a

system,
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The results of the analysis are presented in two ways: a dendrogram (Figure 12) and an ordination
plot (Figure 13). The results of the hierarchical clustering are represented by the dendrogram, with
the x-axis representing the invertebrate community present at each of the river sites during each of the
two surveys, as represented by the samaples collected, and the y-axis defining the level of similarity of
two or more sets of samples. The order in which the samples are presented on the x-axis is optional
(withir defined limits) in that each group can swing around on its common axis, and, in Figure 12,

they have been ordered to facilitate the explanation of the relationships between them.

MDS creates a 'map' or ordination plot of the samples in a specified number of dimensions, in this
case three, which attempts to satisfy all the conditions imposed by a ranked similarity matrix (Clark &
Warwick 1990). The placing and the refafive distance apart, on a two-dimensional plot (depicting
only the x-axis and the y-axis, not the z-axis), of the samples gives an idea of the relationships
between them, i.e. those closest are most similar (Figure 13). Although both of these techniques have
shortcomings, when the same relaticnships between samples are clearly shown by both methods, then
the patterns provide a good representation of the degree of similarity of invertebrate communilies
collected at different places and times, These results were combined with information on the specific
tolerances to various waler quality variables of the benthic invertebrate groups present in each sample

to appraise Lhe relative degree of impact at each site and season.

The relationships between the sites and seasons can be determined by referring to the Figures 12, 13
& 14.. For example, the sites upsiream of the farms situated in the mountain stream zone in the
Molenaars River catchment (De Poort A2, Vis Al, Vis A2) cluster together in Figure 12. These sites
have similar aguatic communities and are less than 60% similar to any of the other sites. Their
downstream sites also cluster together (DePoort B2, Vis Bl, Vis B2), and with the downstream sites
of Three Streams Trout Farm (3Stream Bl & 3Siream B2), indicating that their downstream
communities were also alike but dissimilar to their upsiream sites, Thus, the farms had similar effecis
on the rivers on which they were situated. Three Sireams Trout Farm had the greatest effect on the
river on which it was situated in that its downstream sites were only 40 % similar to the pristine
upstream control sites, while De Poort and Visser's were 60% similar to their upstream sites. The
remaining farms showed between 75% and 90% similarity between their upsiream and downstream

sites,

Figure 13 depicts the results of MDS in an ordination plot. In Figure 13, sites that clump together
had benthic communities that were similar to one another and the distance by which sites are
separated reflects the distance between them. For instance, the pristine mountain stream sites
upstream of the farms, cluster together. One exception, DePoort Al, the river upsiream of which had
been bulldozed shortly before the winter samples were collected (A .Coetzer CNC pers. comm.). The

sites downstream of the farms situated on mountain sireams are far away in a separate cluster,
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indicating the farms have a large impact on the community structure in the river. The sites upstream
of the farms situated on foothill zone cluster to the left of the axis along which degradation is shown,
indicating they are more degradated with respect to the pristine mountain streams. Sites downstream
of these farms cluster close to their upstream control sites, indicating that the farms have less impact

on their downstream rivers than do those farms situated on mountain streams.

4.2. Changes in species composition and comvmunity structure induced by trout-farm
effluents

The results of the biological invesligations are presented alphabetically for each farm, followed by a
general summary of the trends. Additionally, for those farms located on impacted rivers, a site-
specific explanation is given of the type of impacts that have occurred, and their possible implications.

Note. Refer to Tables 4 & 5 and Figure 14 for the data that accompanies the following explanations.

4.2.1. De Poort Trout Farm

Zornte: Mountain stream

Status of upstream site: Impacted (winter) / Unimpacted (summer)
ii) Changes to winter community
The changes in the species composition of the bemhic fauna between the upstream and
downstream sites were minimal despite the loss of some groups (see below & Figure 14). This
farm was situated on a mountain stream. Both the upstream and the downstream sites were,
bowever, poor in abundance and diversity of aquatic macroinvertebrates. The paucity of
representatives of the Coleoptera (beetles), Plecoptera (stoneflies), Trichoptera (caddis flies) and
the sensitive Ephemeroptera (e.g. Leptophlebiidae: prongill mayflies) suggests that the river
upstream of the farm was, or had recently been, disturbed, masking the impact of the farm itself,
Some sensilive groups, such as the ephemerellid genus, Ephemerellina, and members of the beetle
family Elmidae, present upstream, were missing from the samples collected at the downstream site
(Table 4), indicating some additional impact on the river by the trout-farm.

(i) Changes to summer community

The benthic community upstream of De Poort at the time of the summer sampling showed no
indications of the impacts registered in the previous winter and had a species composition
characteristic of an undisturbed mountain stream (Figures 12 & 13). Consequently, the direct
effects of the farm effluent on benthic community structure were more obvious. Mountain-stream
macroinvertebrates such as Coleoptera (beetles) and sensitive Ephemeroptera (specifically the
Leptophlebiidae: prongill mayflies), present above the farm, were absent from the downstream
sites. The trichopteran (caddis fly) family, Glossosomatidae, a common component of summer

mountain-stream communities in the south-western Cape, was also absent below the effluent
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outlet. Another trichopteran family, Hydropsychidae, which is indicative of mild organic pollution
(Wiederholm 1984), increased in number below the outlet, however. The different responses of
these two families can be attributed to differences in feeding habits. The Glossosomatidae have
mouthparts that are specialised for scraping minute organic particles from rock surfaces, while the
Hydropsychidae construct fine nets that strain particulate marter from the water (Pennak 1978).
Hence the increase in hydropsychid larvae below the farm was probably a response to increased
suspended material in the water column below the effluent outlet. Another component of the
mountain-stream summer community, the Heptageniidae (4fronurus sp.) was less abundant at the
dowmsiream site than at the upstream site (abundances of 163m™2 upstream and 143m=2
downstream). Like the Glossosomatidae, the Heptageniidae feed on particles attached to rock
surfaces (Pennak 1978), and the reduction of both these groups suggests that the farm adversely
affected the animals utilising this food source. This could mean that, for some reason, the food
source is not available below the farm or that an increase in another group resuited in the more
specialised groups being out-competed. There were few changes among the other groups of
animals. Among the Bactidae (mayflies) there was a slight decrease in the Acentrella capensis -
Baetis sp. ratio but this was not significant. There was also a slight increase in the number of

chironomid larvae below the farm.

(iii) Site specific explanation

Although no degradation of the upstream site was apparent at the time the winter samples were
collected, later enquiries revealed that the reaches upstream of De Pooort had recenly been
bulldozed to create rout ponds {A.Coelzer, Cape Nature Conservation, pers. comm.), which would
explain the lack of sensitive invertebraie species upstream of the farm.

An important feature was that there was not a marked increase in the numbers of maidid or
lumbriculid worms below the farm either in winter or summer. This phenomenon occurred below
both the other farms sampled during this survey that were situated in a mountain stream zone.
The primary difference between the farms was that De Poort used earth dams while the other two
farms used portapools. This is discussed in more detail in 43 1.

4.2.2. Devon Trout
Zone; Foothill
Status of upstream site. Impacted
(1) Changes to winter community
The changes between the upstream and downstream sites at Devon Trout appeared minimal,
There were minor changes in community structure among the chironomid (midge) sub-families,

with a reduction in the number of Tanypodinae and an increase in Chironominae (particularly
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Chironomini), indicaling organic pollution. No Plecoptera (stoneflies) were located at the
downstream site and only a single individual was found in the upstream samples, which suggests
that some upstream disturbance may have had an impact on the abundance of Plecoptera in this

river reach.

(i) Changes to summer community

The impact of Devon Trout on the fauna in the downstream river was greater in summer than in
winter, although the community below the farm had more representatives of some of the sensitive
species characteristic of the foothifl zone than did that above the farm. There was. however, a
large increase in the numbers of filter-feeders (Simuliidae) and detrilivores (Naididae) below the

effluent outlet. A possible explanation is given below.

(iii) Site specific explanation

At the time of these surveys the stretch of the Molenaars River on which Devon Trout was situated
formed part of an extensive sampling programme to monitor the effects of bridge construction
upstream of the farm. The results of this monitoring programme (Ractliffe 1992) and a knowledge
of the topography of the area, provide an explanation for the finding described above.

The site upstream of Devon Trout was adjacent to where the Pos Stroom flowed into the
Molenaars. Before its confluence with the Molenaars, Pos Stroom flowed through a compound of
farm-labourers’ cottages where it received a cetain amount of pollution {(G.Ractliffe, VKE
Consulting Engineers, pers. comm.). The result was that the site upstream of Devon Trout was
impacted. In addition, between the upstream and downstream sampling sites, several pristine
mountain streams flowed into the Molenaars River from the mountains on its western bank.
Downstream drift from these streams of benthic inveriebrate species associated with unpolluted

waters could account for the increase in sensitive species below the farm.

Results from the sampling prograrnme monitoring bridge construction showed that the overall
health of this section of the Molenaars River improved from the start of the programme, August
1991, through to April 1993 (Ractliffe 1993), with an accompanying increase in the numbets of
sensitive species present in the river. This improvement may account for the increased impact of
Devon Trout in the summer samples collected in February 1992, compared with the winter

samples collected in August 1991 (Figures 12 & 13).
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4.2.3. Dewdale Trout Farm
Zone: Foothill
Status of upstream site: Impacted

(i) Changes to winter community
Species richness and abundance were generally low, both upstream and downstream of the farm.
Apart from an increase in the abundance of dipteran (fly) larvac in the river downstream of the

farm, there were few noticeable differences between the two sites.

(ii) Changes to summer community

Apart from an increase in the numbers of Trichoptera (caddisflies) upstream and downstream of
the farm (i.e. relative to the point of impact), similar patterns existed in the summer as in the
winter. Species richness and abundance were generally low both upstream and downstream of the
farm and the effects of the farm on the benthic invertebrate community were muted by impacts
upstream of the farm inlet (see site specific explanation). There were slight downsiream increases
in the numbers of chironomid {midge) larvae and hydracarinids (water mites) but these were
insufficient for conclusions to be drawn. There was also a slight decrease in the numbers of the
trichopteran family Hydropsychidae which is tolerant of organic pollution (see 4.2.1.ii.}. The
poliution-sensitive baetid, Acentrella capensis, which made up 29% of the Baetidae above the

farm, was absent below the outlet.

(iii) Site specific explanation

The farm was situated on the Berg River, just below the Theewaterskloof Tunnel. In addition to
abstracting water from the perennial Berg River, Dewdale received water from the
Theewaterskloof Dam scheme via the tunnel, which it drew from the river channel approximately
500 metres from the point at which the tunnel empties into the river. Although the impact of the
Theewaterskloof scheme on the Berg ecosystem is, as yel, poorly known, large numbers of
planktonic Crustacea, characteristic of an impoundment, and Chaoborinae (ghost midges), which
feed on the Crustacea, were present in both the upstreamn and downstream samples. The tunnel,
therefore, obviously had an impact on the river. Furthermore, the river had been bulldozed at the
inlet to Dewdale to facilitate flow into the iulet channel and during the summer the flow between
the farm inlet and outlet was almost nonexistent (A.von Felewski, Franschhoek landowner, pers
comm.}. Since the upstream samples were collected slightly downstream of the inlet of the trout
farm (high flow conditions prevented entry into the river at a higher point) it was not clear
whether the low numbers and diversity recorded at the upstream site were a result of the tunnel, of
bulldozing of the river bed at the inlet or of insufficient flow between inlet and outlet during the

summer months.



4.2.4. Jonkershoek Experimental Farm

Zone: Foothill

Status of upstream site: Impacted

() Changes to winter community

Many sensitive groups such as the leptophlebiid genera Choroterpes, Aprionyx and Adenophiebia
were absent from the upstream site, suggesting that the river above the farm was already disturbed
(King 1982). Chironomid comumunity structure at the downsueam site differed from thas
upstream: there was a higher abundance of pollution-tolerant groups, specificatly Chironomini
(Polypedilum sp.) in Lthe downstream samples than in the upstream ones. In addition, the
predatory tanypodine chironomids were absent from the downstream site. The ephemerellid
Ephemerellina sp. and a trichopteran (Philopotamidae), which are sensitive to pollution. were
present at the upstream sites in low numbers but were absent from the downstream site. The
leptophlebiid genus Castanophiebia, which is generally regarded as being more tolerant to organic
pollution than some of the other species, was also absent from the downstream site. Plecopteran
{Aphanicerca complex) and baetid numbers were higher below the farm. The downstream
increase in Baetidae was accompanied by a shift in species composition from a predominance of
Acentrella capensis to a predominance of Baefis sp. The reasons for the slight increase in
plecopteran numbers below the effluent outlet is not clear, Finally, there was a slight increase in

the numbers of lumbriculid worms downstream of the effluent outlet.

(1i) Changes to summer communily

Apart from slight changes in the number of chironomids and hydropsychids below the outlet there
were no noteworthy differences in the composition of the benthic fauna above the inlet and below
the farm effluent outlet. The fauna above the farm was, however, highly impacted and lacked
virtually all the sensitive species characteristic of the summer foothill benthic fauna in the south-
western Cape, e.g. Afromurus horrisoni (Heptageniidae), Adenophlebia peringueyella
(Leptophlebiidae) and members of the Plecoptera and Coleoptera (King 1981).

(iii) Site specific explanation

The Jonkershoek Experimental Farm was situated on the Eerste River. Upstream of the farm there
were a number of perturbations, including the inter-basin transfer scheme from the
Theewaterskloof Dam, the Kleinplaas Dam (the site of trout-farming operations) and the
Jonkershoek State Forest (logging activities). Since the last detailed survey of the Eerste River in
1975/76 (King 1981), one or a cornbination of these perturbations had resulted in the elimination

of sensitive benthic invertebrate species, recorded during that survey, from the foothill section of

this river.
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4.2.5. Jonkershoek Hatchery
Zone: Foothill
Status of upsiream site: Impacted

(1) Changes to winter community
The results were much the same as described for Jonkershoek Expenimental Farm (see 4.2.4.),

with the exception of a slight increase in naidid worms, Nais sp., below the effiuent outlet.

{ii) Changes to summer community

Similar to those described for Jonkershoek Experimental Station (see 4.2.4 ).

(iii) Site specific explanation
This farm was situated approximately 500 melres below the experimental farm discussed above
and the same explanation of the impacts applies here. Added to this is the fact that the farm was

not a commercial concern and generally had low stocking rates.

4.2.8. Three Streams Trout Farm
Zone: Mountain stream
Status of upstream site: Pristine

(i) Changes to winter community

The river immediately upstream of the inlet to Three Streams Trout Farm had a benthic faunal
community characieristic of a pristine mountain stream as described by Hamson & Elsworth
(1958b) and King (1982). The high numbers of Amphipoda are charactenstic of source areas and
are common in unpelluted, clear waters (Pennak 1978). Trichopteran {(caddis [ly), plecopteran
(stonefty), and coleopteran (beetle} larva and the leptophlebiid and emphemerellid
ephemeropterans were all present in the upstream samples. In contrast, all of these groups, with
the exception of the plecopterans (dphanicerca complex), were either absent, or considerably
reduced in number, in the samples from the downstream site. Baetid numbers were also low in the
downstream sampies. Furthermore, there was a decrease in the absolute numbers of Acentrefia
capenis between the upstrecam and downstream sites. The upstream baetid population was
composed of approximately 84% A. capensis and 16% Baetis spp., while the situation was
reversed at the downstream site (ca 61% Baetis spp., ca 38% A. capensis). The numbers of
Planaria (flatworms) increased below the farm, as did the numbers of lumbriculid worms
(Lumbriculus sp.. 0 worms.m"2 upstream to 1520 worms.m"2 below the effiuent outlet) and naidid
worms (Mais sp.: 180 worms.m™2 upstream to 11 260 worms.m™2 below the effluent outlet). These
aqualic worms obtain their food by ingesting quantities of the substratum and digesting the
organic component, in much the same way as do earthworms. They are normally common in the
organically rich mud and debris on the bottom of stagnant pools and ponds, and occur in large

numbers in the presence of organic pollution (Pennak 1978).
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(1) Changes to summer community

The situation in the summer was similar to that recorded in the winter. The benthic fauna
collected upstream of the farm was characteristic of that of a pristine mountain siream and the
effect of the farm effluent on this fauna appeared to be equally evident. Many species present
above the farm were absent below the effluent outfall. These included amhipods and beetles, as
well as Lhe ephemeropteran families Leptophlebiidae and Heptagemiidae. There was also a
considerable decline in baetid numbers from 1960m-2 above to 447m2 below. On closer
examination, as in the winter, this reduction was at least partly the result of the elimination of
Acentrella capensis. There was an accompanying increase in the number of Simuliidae (216m™2
above; 2970m"2 below) and Chironomidae (110m=2 above; 2863m™2 below). In the case of the
chironomids the predatory sub-family Tanypodinae was completely eliminated below the farm.
There was also an increase in the numbers of naidid worms (30m‘2 above; 1340m™2 below) but, in
contrast to the situation if the winter, this was not accompanied by an increase in large

Lumbriculiidae.

(iii) Site specific explanation

The river below the effluent cutfall of Three Sireams was heavily coated with settled organic
matter which almost completely covered the stony river bed. How much of this poilution was
attributable 1o the near-by stud farm was, however, not quantified. The influence of stud farm
notwithstanding, the trout farm appeared to have a substantial effect on the river on which it was

situated.

4.2.7. J.B.Visser Trout Hatchery
Zone: Mountain stream
Status of upstream site: Pristine
(1) Changes to winter community
The benthic invertebrates at the upstream site were indicative of an undisturbed mountain stream
(King 1981). The absence of Amphipoda from the samples is consistent with (he farm being
situated some distance from the source, The faunal composition of the samples collecied
downstream of the effluent oullet differed considerably from those of the upstream site. There was
an increase in simuliid (blackflies) larvae suggesting increased particulate material in Lhe water
column. The pollution-sensitive, predatory lanypodine chironomids were absent from the
downstream site. In addition, the ratio of the two tribes comprising the Chironominae swung in
favour of the Chironomini (Polypedilum sp ), which benefit from organic pollution (Berhe et al.
1989). The second tribe, the Tanytarsini, which was present in moderate numbers in the river
above the influence of the farm, was absent from the downstrcam samples. The numbers of

Coleoptera, Plecoptera and Ephemeroptera (including Baetidae) were all considerably lower below
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the effluent outlet than above. These were replaced by a large population of naidid worms (Mais

sp.. 1630 worms. m"2) at the downstream site.

(i) Changes to summer community

The situation above the farm was similar to that in the winter except for expected seasonal
changes in the species composition. The changes in species composilion as a resuit of the effluent
from the farm were almost identical to those recorded at Three Streams Trout Farm and many
species present above the farm were absent below the effluent ourfall. These included all the
representatives of the Coleoptera, Trichoptera and the Plecoptera (Plecoptera fill a niche similar to
that occupied by the Amphipoda nearer the source), as well as the ephemeropteran famlies,
Leptophlebiidae and Heptageniidae. There was a similar decline in baetid numbers, which was in
part a result of the elimination of Acentrella capensis, and an accompanying increase in the
number of Simuliidae and Chironomidae, Finally, as at Three Streams, there was an increase in
the numbers of naidid worms (103 worms.m"2 upstream to 2340 worms,m"2 below the effluent

outlet).

(iii) Site specific explanation

There were large deposits of grey orpganic matter below the outfall and for some distance
downstream of the effluent outlet of Visser's Trout Hatchery. These were particularly evident in
the slow-flowing areas, especially pools where no faunal samples were collected. It should be
stressed that all the samples collected from this and other farms were collected in the fast-flowing
riffle areas where comparatively little deposition occurred and yet the change in the composilion of
the benthic fauna was still marked. The change between upstream and downstream peols must

have been even more marked.

4.3. Synthesis of faunal resuits

4.3.1. The significance of location and infrastructure of trout farms with respect o their impact on
river ecosystems
The impacts of the trout-farm effluent on the nivers, judged purely on their impact on the invertebrate
community structure, were to eliminate some of the sensilive species and, in the worst cases, to
provide the ideal habitat for worms. Three main conclusions can be drawn from the data. The first is
that the responses of the benthic communities in the foothill zone to the release of trout-farm effluent
were less marked than were the responses of those in the mountain stream zone. This can be related
to the condition of the river upstream of the inlets of the individual farms: the foothill zones were
already impacted. Associated with this, it appears that farms that used earth-pools had less impact on
the river than farms that housed their fish in piastic ponapoaols (discussed in 4,2.1,), Finally, there

was little difference between summer and winter impacts of most of the trout farms (see Figures 12 &



43

13}, which may have been because lower stocking rates in the summer counteracted the low flows and

high temperatures.

£.3.1.1. Location

Of the farms sampled during this preliminary survey, two farms were sifuated on pristine mountain
streams, namely Three Streams Trout Farm (near the river source) and Visser's Trout Hatchery. The
faunal community composition of the sites upstream of these two farms were most different from other
sites sampled (Figure 12). The site upstream of Three Streams, in particular, had a species

composition 60% different from all other sites because of its [gcation near a stream source.

The aquatic inveriebrate communitiecs downstream of Visser's and Three Streams differed
considerably in composilion from their respective upstream (control) communities. Hence, the
effluent from these farms had the effect of displacing the species normally fourd in a mountain stream
in the region with species tolerant of organic pollution. The composition of the downstream
comumunities also differed from those found at the other farms (Figure 12 & 13). The main reason for
this was that the downstream samples from these two farms were dominated by oligochaetes (not
normally found in large numbers in mountain streams), which inhabited deposits of organic material
below Lhe effluent outfalls, The appearance of such taxa in areas where they do not normally occur is

recognised as a response by the fauna to organic pollution (Chuner 1972).

A third farm situated on a mountain stream, namely De Poort Trout, was also included in the
investipation. This farm differed from: the other two in that the samples collected above this farm in
the winter had a species composition similar to that of an impacted foothill zone. Although no
degradation of the upstream river was apparent at the time of winter sampling, later enquiries
revealed that reaches upstream of the control site had been bulldozed shorly before the samples were
collected. This had the effect of masking the impacts of the fish farm on the river biota. The benthic
community upstream of De Poort at the lime of the summer sampling, however, showed no
indications of the impacts registered in the previous winter. The community had a species
composition characteristic of 2 mountain stream and in the hierarchical clustering grouped with the
upstream site from Visser's, which was situated in the same catchment (Figure 12). As a result, the
farm appeared to have a far greater impact on the river in the summer months that it had in the winter
(Figures 12 & 13). This was misleading, since the apparently small impact of the farm in the winter
was a consequence of the sensilive species having already been eliminated upstream of the farm (see

explanation in Zonal siting of farms: 4.1.).

The other farms sampled during the survey were situated on impacted foothill zones {an explanation
of the impacts upsiream of each of these farms was provided in 4.2.). The degradation of the rivers

upstream of these farms meant that the sensitive benthic invertebrates normally found there had
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already been eliminated by some impact other than that of the trout farm. As a result each farm had
very little additional effect on the community structure of the biota inhabiting the river into which it
discharged it's effluent but did prevent recovery from the upstream impacts.

The information in this report indicates that farms situated on mountain-stream zones had a greater
impact on benthic invertebrate community structure than did farms situated on foothill zones.
Generally the impact of the farms ﬁn foothill zones appeared small. This was mosily because
sensitive components of their benthic invertebrate fauna had already been eliminated by some
upstream perturbation. The [oothill zone, although its fauna is slighty more tolerant to organic
pollution than is the fauna in the mountain-stream zone, is still naturally oligotrophic, with low
buflering capacity and sensitive faunal species. In the absence of any upstream disturbance, these
species would have been present in the river upstream of the trout farms. Had this been the case, the
change in species composition after the addition of the effluent to the downstream river would
undoubtedly have been far more marked.

4.3.1.2. Infrastructure

The sampling programme provided evidence to suggest that farms using plastic portapools to house
their fish had a greater impact on the downstream river ecosystem than those using earth-pocls. In
explanation, of the three farms that were situated on mountain streams, two used plastic poriapools
(Three Streams and Visser's) and the third earth pools (De Poort). There was a substantial increase in
the number of oligochaetes below both 'portapool' farms and yet, despite being situated in the same
sensitive river zone, this did not occur below the farm that used earth pools. Oligochaetes derive most
of their nuirition from bacteria and are found in stony streams when sufficient organic matter is
introduced to maintain a thick bacterial slime on the substratum (Brinkhurst & Cook 1974). The
oligochaetes below Three Streams and Visser's occurred in organic deposits not evident below the

earth pool farms.

Of the farms situated on foothill zones, only one used portapools (Jonkershoek Experimental Farm)
while all the others used earth pocls. In contrast to the 'portapool’ farms on mountain streams, there
was no significant build-up of oligochaetes in the river below Jonkershoek Experimental Farm,
although Nais sp. were found below (Om™2 above; 63m2 below). The effluent from that farm,
however, was not discharged directy into the river but into an earth-lined canal that flowed for
approximately 60m before entering the river. Organic deposits, as below the two mountain stream
farms, occurred in this canal but not in the downstream sampling site, 100m downstream of the point
where the canal flowed inlo the river. It thus appears that the canal was acting as a type of settlement

facility.
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Unlined earth ponds provide for a certain amount of settlement for solids and, thus, the solids in
suspension in the effluent are often lower than for a corresponding weight of fsh kept in portapools
(Drummond 1990). The interchange of water in portapool systems is too fast to allow waste food and
faeces to breakdown before being discharged into the river. Portapools, however, have some
advantages over earth dams. For example, the rapid interchange of water reduces heat build-up in the
summer. This reduction can prevent the type of stock losses experienced by Devon Trout in January
1993 (The Argus Newspaper January 6, 1993). There are also several other factors which ensure that
greater settlement of solids occur in earthpool farms. One of these is that the ponds are gravity fed,
each pond being filled by spill-over from the pond before it. Hence, the water that is finally
discharged is surface water and the nore laiden, deeper water remains in the pond. In a portapool
system, on the other hand, the water is released from the bottom of the pools, where the water is
richest in suspended solids.

The total number of farms sampled during the surveys was, however, small. The conclusions
presented on the different impacts of portapool versus earthdam facilities are therefore only suggested

and have not been conclusively proven.

In conclusion, while farms in the mountain stream zones appeared to have a greater impact on the
river than do those in Lhe foothil! zongs, this was probably because of Lhe sensitive components of Lhe
benthic fauna had already been eliminated by upstream disturbances. It is likely that a fish farm
situated on a pristine foothill zone would have as severe an effect on the benthic invertebrate fauna as
a fish farm situated on a pristine mountain stream. There were, however, marked differences in the
severity of impacts of farms using plasiic portapools and those using earth pools, with portapool farms
having a greater effect on the biota in the downstream river.
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SECTION 5. CONCLUSIONS

Trout farming in South Africa, as in many other parts of the world, has experienced rapid growth and
has attracted much attention from groups claiming that the industry is responsibie for pollution of the
rivers. Trout farmers, on the other hand, contend that they have less of an impact on rivers than have
other types of agriculture. The importance of the impact of trout farms relative to other threais to
rvers in the south-western Cape is not the subject of this investigation, which was designed
specifically to assess the impacts of trout farms on rivers. Two clear conclusions can be reached as a
result of this investigation: (1) the position of the trout farms, on the relatively undisturbed upper
reaches of rivers in the south-western Cape, is at least partly the reason for the attenlion the industry
receives and (2) the farms have a detrimental effect on the downstream river ecosystems, relalive (o

their pristine situation.

Reaches downstream of effluent outlets of trout farms showed signs of organic enrichment and the
loss, to a greater or lesser extent, of pollulion-sensitive specics. This was accompanied by the
appearance of other pollution-tolerant and pollution-loving species and, for some [arms, the complete
dominance of the downstream community by a pollution-loving species, such as naid worms.
Enrichment of the river by the trout farms almost certainly provided the foed for the organisms, e.g.
Oligochaeta {aqualic worms) and Simuliidae (blackfly larvae), that were abundant downstream of the

effluent outlels.

Clearly, the magnitude of the impacis of the farms on the rivers on which they are situated differ.
Three Streams Trout Farm, J.B. Visser Hatchery and De Poort Trout Farm (summer) had the greatest
impacts on the downstream rivers, probably because they are situated in the mountain stream zone
and because the reaches upstream of the farms were completely undisturbed. Farms situated lower
down the rivers, in the foothill zone, had less impact, mostly because sensitive componenis of their
benthic invertcbrate fauna had already been eliminated by other upstream perturbations. Waters of
the foothill zone are namrally similar to those of the mountain stream zone (oligotrophic, with low
buffering capacity and sensilive faunal species) and, in the absence of any upstream disturbance, rare
and sensilive species would have been present in the river upstream of the trout farms on that zone.
Had this been the case, the impact of the farms on the foothill zone would have been much preater.

The preliminary results indicate that farms that use plasiic portapool systems with a high flow-
through rate have a more detrimental effect on their dowsntream rivers than do those that use earth
ponds. Plastic pools, however, have advantages over earth ponds in that the high flow-through rates
reduce the heat build-up which can lead to stock losses. This may prevent occasional 'shock’ pollution

loads assoctated with sudden stock loss entering the river.
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SECTION 6. REDUCTION OF ENVIRONMENTAL IMPACTS AND CONSIDERATIONS FOR
FUTURE MANAGEMENT PLANS

The results of this preliminary survey clearly show that effluents from land-based trout farms are
having a deleterious effect on the upper reaches of rivers in the south-western Cape. There is little
doubt that the rapid growth of the trout-farming industry in South Africa has outstripped existing
legislation designed to protect the streams, For instance, the Water Act (1956) does not require that
freshwater resources remain in a pristine state excepf where this can be justified by the requirements
of ene of the recognised water users (DWAF 1991). Department of Water Affairs and Forestry has
recenily recognised Lhe environment as a water user (DWAF 1992), however, with the result that the
requirements of Lhe natural aquatic biota, in terms of both water quality and water quantity, will in

foture need to be taken into consideration to an extent never before attempted.

6.1. Reduction of environmental impacts

Data collected during the surveys showed a significant correlation between changes in benthic
invertebrate community structure downstream of trout farms and increases in the concentrations of the
following determinands in the trout-farm effluents:

- Total suspended solids

- Total dissolved solids

- Nitrate/Nitrite (NO32/NO,™-N)

- Ammonia (NHy*-N)

- Phosphate (PO43"-P)

The preliminary results suggest that the solids suspended in trout-farm efluent were responsible for
the major impact on the downstream ecosytems. These solids consist mainly of uneaten fish food and
faeces. Various factors conlribute towards the suspended-solid load in the effluent. Amoung them are
the number of fish kept on the farm, the type of tanks used, the type of feed used, feeding metheds
employed on the farm and the water flow through rate. Trout in captivity are fed on pellets. The fish
will only eat food that is floating or falling through the water column. Once the food seitles out of
suspension, it disintegrates and, in the absence of a settlement or filtering facility, is flushed into the

river with the effluent.

Studies in other parts of the world have indicated that the reduction or removal of suspended solids in
trout-farm effluent will result in a marked reduction in nutrient levels and the dissolved solid
concentration in the effluents (Nature Conservancy Council of Scotland 1990). Stricter control of the
amount of suspended solids in trout farm effluent thus seems a sensible starting point for reducing the

impact of trout-farm effluents on the river ecosystems. Solids in suspension can be reduced by:
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6.1.1. Improving the quality of fish food available in South Africa.
Recent experiences in Finland have shown that increases in production are possible without
significant increases in nuitrient loading, through the use of improved diets and management
techniques (Nature Conservancy Council 1990). "Low-pollution” diets would considerably
reduce the loads placed on rivers and, in addition, would benefit the farmers by improving feed
conversion ratios. Overfeeding also contributes to the amount of pollution produced since it

decreases digestibility and increases production of faeces.

There have been recent advances in low-pollulion feed in South Africa and a new 'floating’ pellet

is currently being developed in the south-western Cape.

6.1.2. Sieving supplied fish food
Pellets that crumble easily contribute dust and soluble material to the water, increasing the
amount of waste in the eMluent. One trout farm in the south-western Cape which sieves supplied
pellets before feeding, extracts five tons of dust per annum (M.Coxhill, JB.Visser Trout
Hatchery, pers. comm.). This provides some idea of the amount of waste that may be entering

rivers from farms that do not sieve supplied pellets.

6.1.3. Settlerment treatment of effluents.

Solids suspended in trout-farm effluent can be reduced by using setement ponds before the
effluent enters the niver (Clark, Harman & Forester 1985), The effectivencss of a settlement
tank in removing solids in suspension is, however, dependent on both the velocity of the water
flowing through the pond/tank and the surface area available for setiling (Bromage, Henderson
& Watret 1989). Removal efficiencies for settlement treatment range from 16 to 69% for
suspended solids, from 8 to 80% for biological oxygen demand (BOD) and 47% for total
phosphorus depending, among other things, on the retention ume of the settlement pond
(various authors cited in Nature Conservancy Council 1990). In order to maintain the efficiency
of such settlement ponds, accumulated sludge must be removed at regular intervals to minimise

resuspension of the settled solids and leaching of nutrients into the efluent water,

6.1.4. Filtration treatment of effluents.

Solids may also be removed by filtering or sieving the effluent. Although single, stationary
filters tend to clog quickly, self-<cleaning filters arc employed elsewhere in the world (Nature
Conservancy Council 1990)., Depending on the model and screen size used, the removal
efficiencies of one of these filters, Triangelfilter (TM), ranged from 40 to 90% for suspended
solids, from 20 to 80% for total phosphorus, from 33 to 82% for BOD., from 27 to 40% for total
nitrogen, 75% for COD, 26% for dissolved organic carbon and 55% for dissolved reactive
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phosphorous (various authors cited in Nature Conservancy Council 1990). The flters are,

towever, expensive and require considerable maintenance.

The majority of land-based uout farms in the south-western Cape have no form of waste-treatment

system.

More information on the reduction of environmenial impacts of trout-farm effluent through improved
trout-farm design is summarised in Fish Farming and the Scottish Freshwater Environment (Nature

Conservancy Council 1990),

6.2, Future considerations

The evidence at this early stage suggests that it is the suspended solids in trout-farm effluent that are
most damaging to the downstream river ecosystem and that trout farms sifuated on undisturbed
mountain streams have the greatest impact. Since there are several viable trout farms situated further
downstream in the usually already dlisturbed foothill zone, the production of trout clearly is not
dependent on water quality of the calibire found in pristine mountain streams.

It is suggested that the authorities conurolling present and future permits for the operation of trout
farms should consider the following points when developing management plans for guiding and

controlling trout farms on rivers in the south-western Cape.
1 Should such developments be allowed on mountain streams?

2.  Should developments on mountain streams have more stringent effluent controls than similar

developments on foothill zones?

3.  Should the fact that most foothill zones are already subject to other disturbances be sufficient
reason for less stringent effluent controls than those implemented in undisturbed sections of

rivers?

4. Should pressure be placed on fish-food manufactures to provide low-pollution, floating pellets?
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TROUT FARMS VISITED DURING THE SURVEY (aiphabetical order)

De Hoek Estates - Tulbagh

Owrer:
Contact person:
Location:
Address:
Telephone;

Fax:

Water supply:

Effluent destination:

Tanks
Arrangement:

Number:

Type:

Stocking rate:

Mr F.Langenhoven

Mr Mike Kruger

Saron

P.0O.Box Saron

6812

0236-400300 (Main farm)
0236-400333 (Mr Kruger)
0236-400335

Water is supplied from a ca 5km long pipeline which takes water
from the Uwe and 24 rivers. This supply is shared 50/50 with
Saron, The division is just above the first set of tanks (4). The
seco  set of tanks (10} take their water from the extensive canal
syste.wn in the area,

1. The first set of lanks empties into a settlement dam and then
into a canal system, which feeds Voelvlet Dam.

2. The scoond set of lanks empties directly into a short
uncanalized stretch of the Uwe River (ca 200 m).

The operation is divided into two parts: one of four tanks (round)
and (he other of ten tanks (long, see below). The ilanks are
arranged in parallel,
1.4
2.10
1. Round, concrete ponds (portapocl size). In parailel.
2. Long, narrow tanks (ca 10m x 2m). In parallel.
Winter - 1. 35 kg m™ h~! per tank

-2.35kg m™ h! per tank
Summer - 1. 15-18 kg m*> h~1 per tank

-2.15-18 kg m~3 h! per tank
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TROUT FARMS VISITED DURING THE SURVEY (cont)}

De Poort - Smalblaar

Owner:
Contact person:
Location:
Address:

Telephone:

Water supply:

Effluent destination:

Tanks
Arrangement:

Number:

Type:
Stocking rate:

Devon Trout - Du Toits Kloof

Owner:
Contact person:
Location:
Address:

Telephone:

Water supply:

Effluent destination:

Tanks
Arrangement:

Number:

Type:
Stocking rate:

Mr B.Smal

Mr J.J Smal
Du Toit's Kloof
D¢ Poont
Rawsonville
6845
0231-91285

Three springs on the property. Mr Smal also uses the Molenaars
River to augment his water supply during the summer.
Molenaars River

Ponds are divided into two sections.

Near the main house 5 ponds in serics are supplied by one spring.
Near the river, some distance from the main house, 10 ponds are
linked in series with the first section but are also supplied by 2
additional springs.
Thiere are no settement tanks before the effluent enters the river.
10inall (5 & 5)

Earth ponds, ca 25x10m.

ca 20 tons per annum {(winter)

Mir G.Watson
Mr G.Watson
Du Toit's Kloof
P.{2.Box 69
Paarl

7622
0231-91676

Molenaars River
Molenaars River

Two sets in series near the Protea Hotel in Du Toit's Kloof. Also
four portapools at Mr. Watson's home ca 2 km upstream. The
area at his house utilizes the water from a small tributary of the
Molenaars but empties directly into the Molenaars River. No
seitlement Lank.

10

Earth ponds {ca 50x10m).

Unknown.
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APPENDIX 1:
TROUT FARMS VISITED DURING THE SURVEY {cont.)

Dewdale Trout Farms - Berg River, Franschhoek

Owner: Mr G.Lubner
Contact person; Mr Dexter Leite (in Cape Town)
Location: Franschhoek
Address: P.O.Box 2215
Cape Town
3000
Telephone: 021-248040 (Dexter Leite)
02212-2044/5 (Brian Leite on the farm)
Water supply: Berg River
Effluent destination: Berg River
Tanks
Arrangement: Earth tanks arranged in parallel.
Type: Earth ponds.
Stocking rate: Capacity for 1000 tons per annum.

Jonkershoek - Stellenbosch
Including the experimental farm and the main hatchery (sampled separately).

Owmer: Cape Nature Conservation (C.P.A.). Experimental farm leased to
University of Stellenbosch.

Contact person: Dr. Danie Brink

Location: Jonkershoek Valley, Stellenbosch

Address: ¢/o Department of Genetics
University of Stellenbosch
Stellenbosch
7600

Telephone: 02231-774772

Fax: 02231-774336

Water supply: The experimental farm is supplied by the Eerste River and the
'main’ farm by a small tributary of the Eerste (no name).

Effluent destination: Eerste River

Tanks

Arrangement: Exp: 10 carth ponds in parallel before entering the experimental

farm proper. Within the experimental fram (here are a further 40
portapools arranged in series of 20 each. There is no settlement
tank and the effluent in discharged into a small channel which
runs directly into the Eerste River.

'Main": Five large earth pools arranged in series. Effluent
dsicharged into a small channel that runs into the Eerste River,

Number; 40 & 10 in experimental farm
5 in 'main' farm
Type: 15 earth, 40 portapools
Stocking rate: Portapools - Winter ca 60kg per pool/40 pools.
Summer ca 20kg per pool

Earth ponds -Only brood fish ca 300kg max.
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TROUT FARMS VISITED DURING THE SURVEY (cont.)

Three Streams Trout Farm - Franschhoek

Owner:
Contact person:
Location:
Address:

Telephone:

Water supply:

Effluent destination:

Tanks
Arrangement:

Number:

Type:
Stocking rate:

Mr D.Stubbs
Mr G.Stubbs
Franschhoek
P.<3.Box 233
Franschhoek
7690
02212-2692

The three sireams making up the source of the Franschhoek River.
Franschhoek River.

Pools are arranged in Lhree sets along (he banks of the river. A
second stream joins the first just below the second set of pools.
The groups are in series and the pools within each set in parallel.
There are no settlement tanks.

First set - 2 tanks

Second set - 4 tanks

Third set - 2 tanks

Ponapools

ca 50000 tons in winter

Vissers Trout Hatchery - Elandspad

Cwner:

Conlacl person:
Location:
Address:

Telephone:
Fax:

Water supply:

Effluent destination:

Tanks
Arrangement:

Number:
Type:

Stocking rate:

Mr J.B.Visser

Mr Guy Masson
Du Toit's Kloof
P.(O.Box 107
Paarl

7622
0231-91133/91275
0231-91973

Kraalstroom River (tributary of Elands River) and a small spring
which flows through the hatchery/juvenille ponds to the side of the
main farm.

Kraalstroom - Elands - Molenaars.

ca 16 tanks in one area and approximately 14 more scattered
around the farm. There is a single settlement tank.

ca 30

Portapools (20m3 & 30m3), 2 earth pools further downstream
stocked with brown trout.

Swmmer - ca 20 kg m3 h-!

Winter - ca 40 kg m= h-1
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APPENDIX 2: ANALYTICAL METHODS

1. Analysis of chemical and physical variables

Measurements of conductivity (Crison CDTM-523 Conductivity Meter, standardized to 25°C), pH
(Crison 506 Portabie pH Meter), dissolved oxygen (Yellow Springs Institute Portable Oxygen Meter,
compensated for altitude and temperature) and temperature (mercury thermometer) were taken in the

field. Probes were placed in the stream for a 30-minute equilibration period before the readings were

taken.

Spot water samples, collected in the field, were filtered and cooled in situ to below 4°C and, on return
to the laboratory, frozen for later analysis. Chemically cleaned (Contrad and acid) polyethylene
borttles and vials were used for the collection of all water samples, with the exception of the ammonia
samples, which were collected in acid-washed glass vials, and of race metal samples, which were
collected in plastic bottles supplied by the Hydrological Research Institute (HRI). All analyses were

from single spot samples.

Total dissoived solids (TDS) and total suspended (TSS) solids
One litre of water was filtered through a pre-ashed, pre-weighed Watmann GF/F (0.45 um pore-
size) glass microfibre filter. A krown quantity of the filrate was placed in a pre-weighed beaker
and evaporated. The beaker was then re-weighed to obtain TDS. The filter papers were dried at
609C for 48 hours and weighed to determine TSS. They were then placed in a muffle furnace

for four hours at 450°C and then re-weighed to determine the ratio of organic to inorganic

suspended solids (OSS:1SS).

Major anions and cations

The major cations Na*, K¥ and Ca*, were analyzed in the Department of Chemical Engineering
and the major anicns 8042' and CI", in the Department of Geochemistry, University of Cape

Town.

Nutrients
Soluble reactive phosphate (P043‘-P), nitrite (NG5~ -N) and nitrate (NO4" -N} and ammonium
(NH4*-N} were analyzed using a Technicon Autoanalyser by EMATEK, CSIR, Stellenbosch.

Trace Metals
500ml water samples were collecied in bottles provided by the Hydrological Research Institute
(HRI, Department of Water Affairs and Forestry) in Pretoria and returned to them for analysis.
The samples were anaiyzed for both dissolved race metals and cold water acid extraciable race

metal content (DWA 1985).
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2. Epilithon

The layer of epilithon on rocks in riffles was sampled using a plastic area measurer, laid over a rock.
The organic and associated inorganic materials were removed with a stiff-bristled brush, placed in a
container with some river water and kept cool at about 49C. Three replicate samples were taken at
each site, Immediately on return to the laboratory the sampies were filtered through pre-ashed, pre-
weighed Walmann GF/F (0.45 pm pore-size) glass microfibre filters. The filter papers were dried at
609C for 48 hours and weighed to determine the total amount of material removed from the cleaned
rock surface. They were placed in a muffle furnace for four hours at 4509C and re-weighed to

determine the ratio of organic to inorganic material.

3. Aquatic benthic invertebrates

Sampling of the benthic (bottom-dwelling) macroinvericbrates was restricted to those inhabiting stony
riffles. A square-framed sampler (King 1981) with a 0.1 m?2 sample area was used to collect the
animals. The downstream {collecting) side of the box was fitted with a funne! of 8¢ pm mesh netting
and a detachable collecting jar, The frame was placed on the bed of the niver and all the moveable
stones inside the frame were lifted and gently brushed to remove the animals. The substratum was
then agitated to a depth of ca 10 cm to disturb buried animals, which were carmied downsiream by the
current into the collecting jar. The samples were placed immediately in 5% formalin and were
transferred to 70% alcohol within seven days of collection. Three replicate samples per survey were

collected at each site and averaged for each site in each season.

Measurements of flow and depth were taken at each point where benthic fauna were collected using a

"Pyegmy" Flow Meter and a top-setting wading rod (Scientific Instruments Inc.).

The faunal samples were sorted under a Nikon dissecting microscope, and all animals were identified
and counted. The following keys were used in the identification of the faunal: de Moor (in prep.);
MCCafferty (1990), Pennak (1978), Wilmot (in prep.), The abundance of individuals in ¢ach group is
expressed as the number per square metre of river bed.

4. Statistical analysis of results

The relationship between sites, according to the chemical composition and species composition of
aquatic invertcbrate communities, was investigated using procedures compiled by M.R.Carr
(Plymouth Marine Laboratory, United Kingdom), using the Bray-Curtis index of similarity (Bray &
Curtis 1957) calculated as:
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BCI= 2w
utv
where BCI = Bray-Curtis Similarity Index
u = the sum of all taxa present in sample A
v = the sum of al] taxa present in sample B

w = the sum of the lesser values of the taxa common to both sampies A and B.

Data on abundance of species and physical/chemical characteristics from each of the river sites were
pooled and averaged, and log-log transformed before analysis. Results of the classification were
summarized by group-average sorting, and depicted on dendrogram (Figure 12} and an ordination
plot (Figure 13} for the species composition.









