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Abstract

The applicability of aEuropean numerical diatom index, the Specific Pollution sensitivity Index (SPI), wastested in ariver system
where the SPI scores were compared both to chemical water quality and to scores yielded using a macro-invertebrate index of
riverinehealth namely the South African Scoring System (SASS5). Thisinvestigation showed that the SPI reflectscertain elements
of water quality with ahigh degree of accuracy. Due to the broad species base of SPI, few problemswere encountered when using
this system in the Southern Hemisphere. The conclusion is that SPI or a similar diatom index will provide a valuable addition to

the suite of biomonitoring tools currently in use in South Africa.
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Introduction

Welive onasubcontinent recognised for itsunpredictablerainfall.
South Africaisasemi-arid country, and the decline in the quality
of availablewater isone of the major problemscurrently facing the
country (Davies and Day, 1998). There are several factors that
contributeto thedeclineinwater quality, themost important being
industry, intensive and careless agricultural practices and the
population explosion, which increases the demand for domestic
water supply. The National Water Act 36 of 1998, repealed and
replaced over 100 previous acts. The preliminary section of the
Act, states, “...water is (to be) protected, conserved, managed and
controlled in a sustainable and equitable manner for the benefit of
all persons ..."

Under Act 36 of 1998, activities that pollute or degrade water
resources require a licence issued by the Department of Water
Affairs and Forestry (DWAF). The Act stipulates that “...an
applicant may be required to provide an assessment of the likely
effect of the proposed activity on the resource quality...”. Li-
cenceswill not be issued for periods longer than 40 years. Provi-
sionismadefor the periodic review of thelicence at intervalsthat
must not exceed 5years. Theimportant component of thisperiodic
review is that quality monitoring forms an essential part of the
conditions of many such water licences.

Biologica monitoring techniqueshave beenintroduced aspart
of routine monitoring programmes due to certain shortcomingsin
standard physical and chemical methods. Because of thedifficulty
and cost of chemically analysing every potential pollutant in a
sample of water, and of interpreting results in terms of impact
severity, it makes sense to monitor aquatic biota. Results from
biological monitoring are cost effective and the results can be
obtained rapidly. The main advantage of abiological approachis
that it examinesorgani smswhoseexposureto pollutantsiscontinu-
ous. Thus species present in riverine ecosystems reflect both the
present and past history of the water quality in theriver, allowing
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detection of disturbancesthat might otherwise be missed (Eekhout
et a., 1996).

Biological communitiesreflect theoverall ecological integrity
by integrating various stressors, thus providing abroad measure of
their synergistic impacts. Aquatic communities, both plant and
animal, integrate and reflect the effects of chemica and physical
disturbances that occur over extended periods of time. These
communities can provide a holistic and an integrated measure of
the integrity or health of the river as awhole (Chutter, 1998).

Numerousmethodshavebeen devel oped for the bi oassessment
of theintegrity of aquatic systems. Some of these are based on one
or other aspect of a single species, but most are based on the
attributes of whol e assemblages of organismssuch asfish, algae or
invertebrates. Although methods have been available for many
years, biomonitoring hasonly asrecently as 1996 becomearoutine
tool in the management of South Africa’ s inland waters (Hohls,
1996).

Benthic macro-invertebratesarerecognised asval uable organ-
ismsfor bioassessments, duelargely totheir visibility to the naked
eye, ease of identification, rapid life cycle often based on seasons
and their largely sedentary habits (Dickens and Graham, 2002).
Currently, the backbone of the National River Health Programme
is SASS (South African Scoring System), a macro-invertebrate
index developed by Chutter (1998). The SASS system has under-
gone several refinementsto suit all conditions; the most recent of
these modifications is SASS 5 (Dickens and Graham, 2002).
However, Round (1991) lists several reasons why animal compo-
nentsof an ecosystem may not provideasatisfactory index system:

¢ Animals have complex reproductive cycles which are often
linked to the seasons,

¢ Animalsarelargely motileand thismay causedifficulty during
sampling,

¢ Animalsmay have many different life stagesand may undergo
metamorphosis,

« Animals have specific habitats and niches;

e Theyareactively grazed; and closely linked to flow conditions
andthuswill not usually beevenly distributed from headwaters
to estuaries, and
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»  Watercourses, which are too deep to wade across, may prove
difficult if not impossible to evaluate using a macro-inverte-
brate index along the length of the stream.

Finally, the composition of the aquatic invertebrate community is
alwaysmodifiedimmediately downstream of damsandweirs. This
is also often true downstream of bridges (Chutter, 1998) and
therefore decreases the potential uses of SASS.

Nosinglegroup of organismsisalwaysbest suited for detecting
the diversity of environmental perturbations associated with hu-
man activities. |f themaintenance of ecosystemintegrity istheaim
of river management, there is a need to monitor the status of
different taxonomic groups. Diatoms provideinterpretableindica-
tionsof specific changesinwater quality (Kwandransetal., 1998),
whereas invertebrate and fish assemblages may better reflect the
impact of changes in the physical habitat in addition to certain
chemical changes (McCormick and Cairns, 1994).

Thediatoms(Bacillariophyceae) compriseaubiquitous, highly
successful and distinctive group of unicellular algae, with the most
obvious distinguishing characteristic the possession of siliceous
cell walls (frustules). As autotrophs, diatoms contribute signifi-
cantly to the productivity of such ecosystems, frequently forming
the base of aquatic food chains (Cox, 1996).

Diatoms are abundant, diverse and important components of
algal assemblages in freshwater bodies. They comprise a large
portion of total algal biomass over a broad spectrum of trophic
states(Kreisetal., 1985). Diatomsare used ashiological indicators
for anumber of reasons:

e They occur in all types of aguatic ecosystems.

e They collectively show a broad range of tolerance along a
gradient of aquatic productivity, individual species have spe-
cific water chemistry requirements (Werner, 1977; Round,
1991).

»  They have oneof the shortest generation timesof al biological
indicators(Rott, 1991). They reproduce and respond rapidly to
environmental change and provide early warnings of both
pollutionincreasesand habitat restoration success. It takestwo
to three weeks before changes are reflected to a measurable
extent in the assemblage composition (Round, 1991; Kelly et
al., 1998).

» They aresensitiveto changein nutrient concentrations, (Pan et
al., 1996). Eachtaxon hasaspecific optimum and tolerancefor
nutrientssuch asphosphate (Hall and Smol, 1992; Reavieetal.,
1995; Fritz et a., 1993; Bennion, 1994, Bennion et al., 1996)
and nitrogen (Christie and Smol, 1993), which can usually be
quantified to a high degree of certainty.

e Assemblagesareusually diverse and therefore contain consid-
erable ecological information. For this reason, and because it
iseasy to obtain large numbersof individual s, robust statistical
and multivariate procedures can beused to analyze assemblage
data. (Dixit et a., 1992).

»  Theyrespondrapidly toeutrophicationandrecovery (e.g. Zeeb
et a., 1994). Because diatoms are primarily photoautotrophic
organisms, they aredirectly affected by changesinnutrient and
light availability (Tilman et al., 1982).

e Rapid immigration rates and the lack of physical dispersal
barriersensurethereislittlelag-time between perturbation and
response (Vinebrooke, 1996).

e The taxonomy of diatoms is generally well-documented
(Krammer and Lange-Bertalot, 1986-91). Species identifica-
tions are largely based on frustule morphology.

» Diatoms can be found on substrata in streambeds even when
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dry, sothey can besampl ed at most timesof theyear (Stevenson
and Pan, 1999).

Round (1993) listsnumerousreasonswhy diatoms are useful tools
of biomonitoring, amongst which the following bear especial
relevance to the South African situation; methods are cost- effec-
tive, data are comparable, techniques are rapid and accurate, and
non-specialistswith abiological background candoidentifications
and countsif they are provided with illustrated guides.

Concern hasbeen expressed about thetransfer and comparison
of data between the Northern and Southern Hemisphere (Round,
1991). It iswell known that some species have the same morphol -
ogy, but questions still remain concerning the range of ecological
tolerances of these various species. Thisis avalid concern when
distance, climatic condition, and other environmental pressuresare
taken into account. However, Kelly et al., (1998) discuss the
concept, that diatoms are ‘ subcosmopolitan’, i.e. they occur any-
where when certain environmental conditions are fulfilled. This
concept suggeststhat geographical location isnot the determining
factor in the distribution of diatom species and the composition of
communities, but itisrather the specific environmental variablesat
a specific site that determine this distribution.

Diatomindicesmay beableto provideanswerstothe problems
involved in monitoring riversfor theinorganic nutrientsthat cause
eutrophication, organic loading, ionic composition and dissolved
oxygen (Kwandrans et a., 1998).

The aim of the study was to ascertain whether the numerical
diatomindex developedin Europehasapotential usefor indicating
general water quality in the North West Province. Bate et al.
(2002), in astudy on South African rivers, cameto the conclusion
that benthic diatoms could be a useful addition to the national
biomonitoring programmeasthey giveatime-integratedindication
of specific water quality components. However, Bate et al. (2002)
went on to state that the particul ar data set tested in their study that
of VanDam et a. (1994), could not be transposed directly to South
African conditions. For thisreason the current study investigates
the potential use of another autecological diatom index developed
in Europe (France).

A further aim of the study was to establish whether diatom
species are indeed sub-cosmopolitan as stated by Kelly et al.,
(1998), by determining the number of species actually used in the
calculation of the chosen index.

SASS 5 was chosen for comparison as it is widely used in
biomonitoring river systems in South Africa and is currently
considered as the industry standard for biomonitoring.

Materials and methods
Sampling sites

Twelve sampling sites in the Mooi River in the North West
provinceof South Africawerechosenfor thisstudy. Thestudy was
conducted during May 2003. Study siteswere chosen to represent
arange of water quality and the impact of some of the tributaries
entering the Mooi River. The study sites (Fig. 1) extended from
below Klerkskraal Dam (M1; 26°30,86" S, 27°07,40' E), down-
stream to the Prozesky Bird Sanctuary in Potchefstroom (M5;
26°34,13' S, 27°06,03 E). The four tributariesthat formed part of
the study were the Wonderfontein Spruit (WFS), an unnamed
tributary near Boskop Dam (T3), Wasgoed Spruit (WS) in
Potchefstroomaswell asL oop Spruit (L S) enteringtheMooi River
at the Prozetsky Bird sanctuary.

Land usein the upper reaches of the Mooi River catchment is
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Figure 1
The Mooi River system (North West Province, South Africa)
showing the location of the sampling sites used in the study

mainly agricultural with activities such as peat and informal
diamond mining occurring further downstream. Gold mining and
sewage effluent entersthe Mooi River through the Wonderfontein
Spruit. The unnamed tributary (T3) introduces water from a canal
into the Mooi River just above Boskop Dam, from an unknown
source. Effluents from heavy industry (e.g. a fertilizer manufac-
turer) as well as storm water drain into the Mooi River from
Potchefstroom via the Wasgoed Spruit. Loop Spruit is mainly
influenced by agricultural activities.

The study also included samples above and below two major
dams in the system namely the Boskop Dam and Potchefstroom
Dam.

SASS 5 and ASPT scores

Macro-invertebrates were collected as prescribed by the SASS 5
protocol and the SASS 5 and ASPT (average score per taxon,
calculated as the total SASS score divided by the number of taxa
contributing to the SASS score) indices calculated according to
standard methods (Dickens and Graham (2002); Chutter (1998)).

Diatoms

Sample collection

Threetofivedifferent bouldersat any particular site(Round, 1993)
were sampled from different positionswithin adefined 10m reach,
inariffleif possible. Asfar as possible, boulders (>256 mm) free
of filamentous algae and obvious siltation were selected. The
diatomswereremovedto provideacompositesample. Thediatoms
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were sampled from the upper surface of the boulder with a stiff
toothbrush and the epilithon collected in a 250 m¢ sample bottle,
suspended in distilled water (Kelly et al., 1995).

Preparation and identification

Samples were alowed to settle for 24 h and the supernatant
decanted. Samples were first examined live to establish if a
considerable number of dead cellswere present. Thiswasdone, as
only living cellswill be ableto provide areflection of recent water
quality. The samples were then oxidised in a saturated solution of
potassium permanganate. Carbonateswereremoved using concen-
trated (32%) hydrochloric acid (Pienaar, 1988). Sampleswerethen
rinsed with distilled water and collected by centrifugation, using
five successive runs at 2 500 r-min?. Clean valves were then
mounted in Pleurax (Hanna, 1949).

Diatoms were identified under phase contrast using an oil-
immersion lens at 1 000 x magnification. The homenclature fol-
lows Krammer and Lange-Bertalot (1986-91). At least 400 valves
(400-500) were identified for each sample (Prygiel, 2002).

Description of the SPI diatom index
The index used is based on the weighted average equation of
Zelinkaand Marvan (1961) and has the basic form:

r?:l a; SV,

index="_—
=1 &V
]
where:

a = abundance (proportion) of speciesj in sample
v, = indicator value
s = pollution sensitivity of speciesj.

The performance of the index depends on the values given to the
constants sand v for each taxon and the values of theindex ranges
from 1 to an upper limit equal to the highest value of s. For SPI
(Specific Pollution sensitivity Index; CEMAGREF, 1982), the
maximum value of 5 (converted to 20 by the software package
OMNIDIA; Lecointe et al., 1993) indicates clean water. SPI isa
comprehensive index, with values of s and v available for over
1 300 species (Coste et al., 1991).

Chemical analysis

Chemical analyses were performed according to Standard Meth-
ods (1995) by accredited laboratories namely Mogale City local
municipality water |aboratory andtheAgricultural Research Coun-
cil: Institute for Soil, Climate and Water, Pretoria.

The following water quality variables were analysed in the
water quality laboratories: total nitrogen (total N), ammonium
(NH,), total phosphate (total P), chemical oxygen demand (COD),
five day biological oxygen demand (BOD,), sulphate (SO,) and
chloride (Cl),

Several variableswere determined in-stream with acalibrated
temperature/pH/conductivity/oxygen meter (YSI 556 MPS
Multimeter, USA) at the time of sampling. These included:
temperature (temp.), pH, electrical conductivity (EC), dissolved
oxygen (DO,) and turbidity.

The variables were chosen to represent general water quality
according to the monitoring requirements for domestic and indus-
trial wastewater release (DWAF, 1999). The BOD, was added to
this suite to provide an indication of organic load according to the
analysislist of Kwandrans et al. (1998).
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Data analysis

Correlation and stepwise forward multiple regressions were car-
riedoutusing STATISTICA version6. Prior to statistical analysis,
thedistribution of thewater quality datawasanalyzedfor normality
(STATISTICA Version 6). Where the data showed a skewed
distribution the datawerelog,  transformed. The SPI diatom index
was calculated in the database OMNIDIA (Lecointe et al., 1993).

Multipleregressionswere performed on the datato establishif
there were any physical or chemical variables that influenced the
indices other than the ones that showed clear significant correla-
tionsin Table 4. Forward stepwise regression was used for this
purpose. This regression method takes the independent variable
with the greatest contribution and adds it to the model first.
Independent variablesarethen selected for inclusion based ontheir
incremental contribution over the variable(s) aready in the equa-
tion. Independent variables that are closely correlated in the
correlation matrix may not all beincluded but rather other variables
that also contribute to the variation in the index scores. For this
reason this method can give important additional information
about the factors that influence the various index scores over and
above purecorrelations. Adjusted R?values are used asindicators
of the level of success with which the independent variables are
able to explain the variation in the index values. This value was
chosen asthe Adjusted R?takesinto account thesamplesizeaswell
asthe number of variables used (Hair et al., 1998). Since 12 sites
may be deemed arelatively small sample size the value will give
more reliable confidence values than the R or R? values.

In this study the ASPT value (7) for Site M2C was deemed to
be an outlier due to its exaggerated residual value by comparison
with the other sites. According to Hair et al. (1998) the definition
of anoutlier, in strict terms, isan observation that has asubstantial
differencebetweenitsactual and predicted val uesof thedependent
variable (a large residual) or between its independent variable
values and those of other observations. The objective of denoting
outliersisto identify observationsthat are inappropriate represen-
tations of the population from which the sampleis drawn, so that
they may be discounted or even eliminated from the analysis as
unrepresentative. For this reason M2C was not used in the calcu-
lation of the correlation matrix nor in the multiple regression for
ASPT.

Results and discussion

Theresultsof thewater quality analysisaregivenin Table1. When
assessing the water quality data qualitatively, according to the
variables tested, it appears that the lowest water quality was
observed in the Wasgoed Spruit. The stream contained elevated
levels of chloride, sulphate, ammonia and other minerals and
displayed the highest electrical conductivity in the system.

The highest levels of biological oxygen demand and sulphate,
aswell aselevated level sof chemical oxygendemand, chlorideand
total nitrogen were observed in the Wonderfontein Spruit. The
influence of the Wonderfontein Spruit on the Mooi River can be
seen when comparing the chemical data from sites M1 and M2.
Sulphate levelsincreased considerably from M1 to M2 dueto the
confluence of the Mooi River with the Wonderfontein Spruit.
Increasesin chemical oxygen demand, chloride and total nitrogen
were also observed inthe Mooi River after the confluence of these
two streams.

Table 2 shows the values produced for the variousindices for
the different sitesin the Mooi River catchment. For the interpre-
tation of the variousindices limit classes are givenin Table 3 and
4. The lowest SASS 5 and ASPT scores were recorded in the
Wonderfontein Spruit (WFS) that shows major deterioration in
water quality, while the diatom index showed the water to be of
moderate quality. The lowest SPI score was recorded in the
Wasgoed Spruit (WS), which displays a value that can be inter-
preted as bad water quality, while SASS 5 and ASPT for the same
site show values that indicate only some deterioration in water
quality.

From Table 2 it would seem as though the diatom index (SPI)
ismore sensitiveto the elevated physical and chemical parameters
(that were measured for this study) in the Wasgoed Spruit than the
two other indicestested. Thiswould concur with Willemsen et al.
(1990), who in astudy of theimpact of stormwater in the Nether-
lands, concluded that diatoms were more sensitive to these dis-
charges than were benthic invertebrates; they attribute this to the
inability of diatomsto migrate away from unfavourable conditions
and to recolonise when conditions have improved.

SASS5 showed avery low index valuefor the Wonderfontein
Spruit that can be explained by the influence of organic pollution.

TABLE 1

General water quality variables as measured in the Mooi River (May 2003)
Site Temp. o, EC pH | Turbidity| Total P | COD BOD, NH, |Total N Cl SO,
code
M1 16.12 | 13.16 | 408 7.67 3.20 0.18 6 0.00 0.05 0.25 13.77 7.05
WFS | 1211 | 11.72 | 617 7.19 2.00 0.14 46 1.70 0.04 220 64.61 | 270.99
M2 13.10 | 9.59 538 7.42 1.40 0.23 43 0.00 0.04 1.45 40.50 158.68
T3 20.94 | 10.46 | 668 7.30 0.60 0.22 6 0.00 0.03 4.37 51.02 | 205.77
M2C | 1341 | 10.22 | 537 7.33 1.50 0.23 25 0.00 0.03 1.69 4240 | 168.10
MBB | 1249 | 11.12 | 506 7.34 2.20 0.17 104 0.00 0.04 1.50 26.67 87.52
M3 1525 | 10.74 | 518 7.37 4.87 0.22 27 0.00 0.04 0.27 46.98 164.02
WS 12.65 | 8.08 1678 | 6.78 8.08 0.35 37 0.14 0.84 3.84 | 54343 | 207.24
M3C | 1553 | 884 540 7.74 4.80 0.26 6 0.00 0.05 0.82 60.23 180.24
M4 1543 | 1050 | 541 7.00 | 1240 | 0.15 6 0.00 0.04 0.29 52.01 165.05
LS 1416 | 11.76 | 568 755 | 20.20 | 0.28 31 0.50 0.08 2.63 55,50 | 199.59
M5 16.20 | 12.97 | 554 723 | 20.20 | 0.17 6 0.00 0.04 0.41 5345 | 151.03
Variables were measured in mg-£* except for temperature ('C), electrical conductivity (uS-cm*) and turbidity (NTU).
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TABLE 2 TABLE 3
Recorded scores for SASS 5, ASPT Interpretation of SASS 5 scores (Chutter, 1998)
and SPI in the Mooi River (May 2003)
SASS5| ASPT | Class
Site SASS5 | ASPT SPI score | score
code
>100 >6 water quality natural; habitat diversity high
M1 116 5.50 15.2 <100 >6 water quality natural; habitat diversity reduced
WFS 48 4.00 12.6 <100 <6 border line good/bad water quality. Interpretation
M2 62 5.20 135 based on extent that SASS <100, ASPT <6
T3 96 4.80 124 50-100 | <6 | some deterioration in water quality
M2C 70 7.00 135 <50 |variable| major deterioration in water quality
MBB 82 4.80 14.0
M3 89 5.20 12.6
WS 80 4.44 45 bl g2 8le R
M3C 78 458 126 318282823
M4 64 4.27 9.1 ® o o L|g L
LS 105 4.56 12.4
M5 80 471 9.9 % § § % % g a:)
= Mo oo Mo
S|leLo koL
@
TABLE 4 2 ™ o o
Class limit values for SPI j= = % Sie 8 S o
(Eloranta & Soininen, 2002) 2 Z |3 ﬁc?L S ?{.l S E’_
[
Class SPI score >
N O o Olm X
. ) o 958588
high quality >17 = Q1S m8sNS
good quality 15to 17 5o S N Y
moderate quality | 12to 15 % o
poor quality 9to 12 s f,’ L 389 B o &
bad quality <9 Lol (8318288
<@ SLLTEL
Accordingto Dallasand Day (1993) theenrichment of awater body >0 s |l 2 /NS Y2
with organic waste almost certainly resultsin adecreaseininver- o TE |0 I 223393
tebrate species richness, diversity and an ateration in the compo- w 3.-% c LS g
sition of those communities. Chutter (1998) also observed that 5 o
SASS scores were very low in organically polluted water. SPI <T © o 0 N ™
) . - Fzon | O o WY oANO
scoresdid not accurately reflect thedegreeof organicloadinginthe Zc | NI R
Wonderfontein Spruit. This can also be seen in the correlation 82|28 g 7287297
matrix (Table5), which showsthat SPI has no significant correla- g % = = =
tion to biological oxygen demand. < g > . o
Itisclear from these two sites (WFS and WS) that the various s° |3 | &9 % ,E\E § Q
indicesdo not givethe sameindication of water quality. Thismight c8 2 |3 ° =g N0
. . . — X > T 5 © 5 9 &
be due to a difference in response to environmental changes s s | T
between the different groups of organisms used for calculation of % = -
SASS5 and SPI indices. Thisisareason for theuseof asuiteof bio- 2 8 8ls § Q §
indicators to assess the status of an ecosystem properly. Table 5 2 5|3 S ? S ey S
shows the correlation matrix of the various indices together with ° © a|® a° o
physical and chemical parameters. A significant correlation £
(p<0.05) was observed between SASS 5 and ASPT scores. A = w 8lm o & 3
.. . . © (@) OIN © 4 N
similar correlation was not observed between the macro-inverte- ) o | R®os|ldo < o
brateindicesand the diatom index used. However, adeclinein ll = SLIFLS L
theindices (Table 2) can be observed from M1to M5 aswould be O
expected from studying the water quality data (Table 1). ©o 8o dwo 8
SPI was significantly correlated (p<0.05) with several of the o @ g § & § 2
measuredwater quality variables(Table5); theseincluded negative c Lo ol
correlationswith electrical conductivity, chloride and ammonium.
A positive correlation was observed between the pH and the SPI o
score. ) '9_5
& |«
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TABLE 6
Regression summary for dependent variable: SASS 5

R=0.933 R2= 0.851 Adjusted R?= 0.741
F(5,5)=6.718 p<0.028 Std.Error of estimate: 9.968

Beta | Std.Err. B Std.Err. t(5) p-level
Intercept 106.920 30.920 3.458 0.018
SO4 -0.552 0.206 -0.157 0.059 -2.681 0.044
Total P 0.745 0.232 119.363 | 37.139 3.214 0.024
O2 0.655 0.228 8.095 2.816 2.875 0.035
COD -0.230 | 0.168 -9.575 6.975 -1.373 0.228
Total N 0.296 0.219 3.950 2.927 1.349 0.235
120 ” 7.5
1o o .
100 ,,’/ ,/”/ 6.5 ,—”/
g % . /// /// / ”
3 80 {,’ ’r’ L] °
S ,—’/” e 8
60 //”/ > R e
50 ) < //
40 < .
40 50 60 o 80 90 100 1o 120 %98 40 42 44 48 48 50 52 54 56 58
Predicted Values Predicted Values
Figure 2 Figure 3

Predicted SASS 5 values vs. observed SASS 5 values

ASPT scores correlated significantly with the biological oxy-
gen demand of the water as well as sulphate levels. Biological
oxygen demand indicatesthe degree of organicloading of astream
(Viessmanand Hammer, 1998). SASS5index scoresdid not show
any significant correlation with any specific water quality vari-
ables. Thislack of significant correlation was not unexpected as
attempts, which have been madeto find direct correl ation between
SASHA results and water quality variables have, so far, been
unsuccessful (Voset a., 2002).

Table 6 showsthe regression results of the multipleregression
performed on the physical and chemical variablesand the SASS5
index scores. Fromtheresultsit can seen that five of theindepend-
ent variableswere used to account for the variation in the SASS 5
index values. Sulphate, total phosphate and dissolved oxygen all
contributed significantly tothevariationinthedatawhile COD and
total nitrogen also contributed, but not significantly. From the
adjusted R? (Table 6) it isclear that the proposed linear model can
successfully account for approximately 74% of thevariationinthe
index values. Thiswould mean that about 26% of the variationin
the data could not be accounted for by the proposed model and
might be accounted for by factors such as habitat.

Figure 2 shows the predicted vs. observed SASS 5 index
values. Thecloser theobservationsaretothestraight linethebetter
the observations could be explained by the proposed multiple
regression model. As can be seen from the graph the model was
fairly successful in predicting the actual SASS 5 scores.
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Predicted ASPT values vs. observed ASPT values

Table 7 shows the multiple regression results for the ASPT
scoresand environmental variables. Four variablesweretakeninto
account by the multiple regression for the ASPT scores. Sulphate
(p<0.05) and possibly total phosphate (p e*0.05) contributed to the
variation in the ASPT scores while anmonia and turbidity also
contributed, but not significantly. The model predicted approxi-
mately 68% of the variation in the ASPT scores (Adjusted R? of
0.678).

The graph of predicted vs. observed variables shows that the
model was also fairly effective (when compared to the SASS 5
model) in predicting the actual index scores.

TheAdjusted R? (Author to check throughout the doc. whether
it should be Adjusted R? OR adjusted R?) for the SPI multiple
regression (Table 8) is very high with approximately 99% of the
variation in the data explained by various water quality variables.
Thevariablesincluded in the regression model were chloride, pH,
turbidity, chemical oxygen demand, sulphate and oxygen. All of
the variables except oxygen contributed significantly (p<0.05) to
the model.

The graph of predicted vs. observed SPI values (Fig. 4) shows
that the model was highly effective in predicting the SPI index
values.

A total of 112 diatom species, representing 18 genera, were
found in the 12 samples. Of the 112 species encountered only 3
(Psamodictyon constricta(Gregory) DG Mann, Nitzschiaflexoides
Geitler and Nitzschia agnita Hustedt) were not relevant to the

Available on website http://www.wr c.org.za



calculation of the SPI index scores. Round (1991)
suggested (without experimental evidence) that
caution should be observed when transferring

Regression summary for dependent variable: ASPT

TABLE 7

index data from the Northern Hemisphere to the
Southern Hemi sphereassomespeciesmay exhibit
different ecological tolerances. However, the fact

R=0.898 R2= 0.807 Adjusted R2= 0.678
F(4,6)=6.272 p<0.025 Std.Error of estimate: 0.249

that the SPI values can almost fully be accounted
for by the physical and chemical variablesin the Beta | Std.Err. B Std.Err. | 1(5) p-level
Mooi River and tributaries (Tables 1 & 8) should
. . - . Intercept 6.549 0.551 11.896 0.000
0,
sty (hisconoern. Inacidiion, Seorhediaom | g4 0781 | 0183 | -0005 | 0001 | -4260 | 0005
zp seful for SPI and hence cosmonoli tgn in nature Total P 0.599 0.252 2.151 0.903 2.381 0.055
P ) NH, -0.427 | 0.264 -0.466 0.289 -1.614 0.158
Conclusions Turbidity | -0.198 | 0.192 -0.178 0.173 -1.028 0.344
According to our results, the diatom index is
sensitive to changes in electrical conductivity, TABLE 8

ammonia, chemical oxygen demand, chloride,
sulphateandturbidity. From thiswecan conclude

Regression Summary for Dependent Variable: SPI

that SPI gives a good reflection of general water
quality. Itwould seemasthough SPI isabletogive
amoreaccuratereflectionof theioniccomposition

R=0.998 R2= 0.995 Adjusted R2= 0.990
F(6,5)=174.740 p<0.00001 Std.Error of estimate: 0.291

of water than the macro-invertebrate index. This

Beta | Std.Err. B Std.Err. t(5) p-level

is indicated by the strong correlation between
electrical conductivity and SPI. Chutter (1998)
states that SASS is less sensitive to increases in
total dissolved solids (total dissolved solids =
electrical conductivity x 6.5 on average) than to
other types of chemical change. COD
From the correlation matrix (Table 5) and the SO4
multiple regressions (Tables 6 to 8) it can be 0,

Intercept
Cl

pH
Turbidity

deduced that the diatom index is more closely

-16.604
-4.705
4.563
-1.400
1.230
0.006
0.133

4.877
0.605
0.497
0.240
0.205
0.002
0.097

-3.405
-1.777
9.183
-5.827
5.990
3.372
1.380

0.019
0.001
0.000
0.002
0.002
0.020
0.226

-0.609
0.428
-0.238
0.195
0.141
0.071

0.078
0.047
0.041
0.033
0.042
0.052

influenced by water quality than the ASPT or the

SASS 5 indices. It seems that the macro-invertebrate indices
cannot befully explained by thewater quality variablesusedinthis
study and may also be affected by other factors such as habitat
diversity or other water quality variables not included.

Thereistherefore, still aneed for abiological indicator (such
as the diatom index used in this study) that can be indicative of
specific water quality variables.

Thefact that the diatom sampling also hasfewer restrictionsin
terms of habitat requirements than macro-invertebrates could fa-
cilitate its use in monitoring water quality in small tributaries, for
instancemining andindustria effluent. Thisconclusionisstrength-
ened by Round's (2001) statement that “...river diatoms can
colonize massive rivers but also “rivers’ millimetres deep and
centimetreswide...”

Fromtheresultsof thisstudy it would seemfair to say that there
is definite potential for the use of numerical diatom indices as
indicators of general water quality and the usefulness of these
indices should be verified by further studies that cover a broader
geographical area and a broader range of variables.
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