Efficiency of the SASS4 rapid bioassessment protocol in
determining river health: A case study on the Mhlathuze River,
KwaZulu-Natal, South Africa

P Vos*, V Wepener? and DP Cyrus @
Water Programme, Environmentek, CSIR, Pretoria, 0001, South Africa
2Department of Zoology, Rand Afrikaans University, Johannesburg PO Box 524, Aucklandpark, 2006, South Africa
3Coastal Research Unit of Zululand, University of Zululand, Private Bag X1001, KwaDlangezwa 3886, South Africa

Abstract

The purpose of the study was to verify the ability of the South African Scoring System version 4 (SASS4), to assesofthe health
aguatic ecosystems. The macroinvertebrate community attributes of the Mhlathuze River (KwaZulu-Natal, South Africa) were
studied by applying the SASS4 rapid bioassessment method. In testing the effect of spatial and temporal variability ity communi
structure on SASS4 scores it was found that there was a stronger spatial than a temporal effect. It was determinécidicaisof the
used in association with SASS4, the biotic indices (average score per taxon, total score and number of taxa) reflectad changes
community structure, but the abiotic habitat quality index did not. It was found that qualitative family-level data provided a
adequate classification of sites for use in routine biomonitoring. Ambiguous results were obtained with respect to theemporta

of measuring abundance during routine biomonitoring. No definite conclusion with respect to the ability of the SASSH to reflec
physical-chemical water quality changes could be drawn from the results obtained in this study. SASS4 was able teffeitect the

of the tidal push from the Mhlathuze Estuary, but this marine influence probably masked less pronounced effects exerted by the
remainder of the physical-chemical variables that were investigated.

Introduction the following objectives, namely, to investigate:

* The effect of spatial and temporal variation on the accuracy of
For the past few years, national attention has been focused on SASS4 in reflecting changes in macroinvertebrate community
establishing a national biomonitoring programme for aquatic structure.
ecosystems. This has led to the establishment of the River Health The ability of the indices used in association with SASS4 to
Programme (RHP), as it is currently known. River or ecosystem reflect changes in macroinvertebrate community structure.
health refers to the ability of ecosystems to function in a way The effect of taxonomic resolution and quantification on the
comparable to that system in its natural state, and any reduction in accuracy of SASS4 in representing macroinvertebrate
this ability leads to a decrease in integrity (Roux et al., 1999). A community structure.

healthy ecosystem would be able to: * The ability of SASS4 to reflect changes in physical-chemical
« resist external pressures (resistance) and water quality.
« recover from unpreventable pressures (resilience) (Roux and

Everett, 1994). The SASS4 scores are affected by the availability and condition of

habitat as well as changes in physical-chemical water quality.

The SASS4 rapid bioassessment method forms an integral parffbius, an integrative approach, which included physical-chemical,
the RHP (Roux et al., 1999). habitat and biological assessments, was followed to provide

SASS4 was developed by Chutter (1994) as a quick, costicreased accuracy.
effective method for assessing river health (Dallas, 1997). The Limitations associated with the study included the scarcity of
SASS4 protocol is essentially a biotic index of the condition of appropriate taxonomical keys and the fact that habitat indices
river, based on the resident macroinvertebrate community, whereisting at the time of sampling (HQI, HAM and HABS1) failed to
each taxon is allocated a score according to its level of toleranceptovide an adequate estimation of habitat quality. MacMillan
river health degradation (Dallas, 1997). The advantage of SASEA98) has since developed an alternative habitat index (IHAS) for
is that it has the potential for significantly reducing the labour angse in conjunction with SASS4. Other limitations included the
time factors confronting freshwater ecologists, since the numberalfsence of site-specific data on certainimportant physical-chemical
habitats examined and the replicated sample units taken per sitevamables, such as flow and turbidity, the lack of truly quantitative
reduced (Chutter, 1994). Dallas (1995, 1997) addressed somealafa and the absence of separate datasets for each biotope.
the uncertainties associated with SASS4 and concluded that it has
enormous potential as a rapid assessment tool for river health &dterials and methods
that the widespread application of this method necessitates the
founding of SASS4 on a sound scientific base. Description of the Mhlathuze River catchment

Dallas (1997) identified some research needs aimed at addressing
the founding of SASS4 on a sound scientific base. This pap€he Mhlathuze River is one of the larger rivers draining the
attempts to address some of these needs through the formulatiodwiiland Coastal Plain (Meyer and Godfrey, 1995). It originates
in the foothills of the Babanango Mountain, approximately

* To whom all correspondence should be addressed. 1 500 m a.s.l., 110 km north-west of Richards Bay. The total
B (012) 841-4146; fax. (011) 489-2286; e-madis@csir.co.za length of this perennial river is 208 km (Anonymous, 1983). The
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potassium, sodium, calcium, ammonium
and magnesium.

Data analysis

Non-parametric multivariate methods
including hierarchical agglomerative
clustering using group average linking
(classification) and non-metric multi-
dimensional scaling (ordination), were
used to analyse the data. The Bray-
Curtis coefficient of similarity was

Indian Ocean applied to the presence-absence-

transformed community data (based on
SASS4 scores), while Euclidean
distance was applied to the physical-
chemical data as a dissimilarity
coefficient.  All data were analysed
using the PRIMER version 4 (Clarke
and Warwick, 1994).

Since the data used throughout the

' study is of a non-replicate nature, two-
32°45°45” way analysis of similarity without
replication was applied to the data in
order to determine if results were
statistically significant (Clarke and
Warwick, 1994). The extent to which
0of 5.2x10m? (1% MAR) in smalldams, and an additional 304ri0  the observed community patterns reflected the sample patterns
(53% MAR) in the Goedertrouw Dam (Kelbe and Germishuyse@enerated by the physical-chemical data was examined through a
1999). procedure that selects the physical-chemical variable combination

The Mhlathuze River is characterised by unconsolidated mobi{also referred to as the “maximum variable combination”), which
bed sediments, a steep gradient, high flow velocity, and alongitudingalmost likely responsible for structuring the macroinvertebrate
profile consisting of a series of rapids with few large still poolscommunity.
Bedrock is only found in the upper reaches of the river (Dollar, Since Site 1 was found to differ to such an extent from Sites 2
1998). Water quality, which is dominated by sodium, chloride, arid 6, those differences among these sites were masked. It was
bicarbonate, is determined by geology in the upper reaches andregnoved from the data set for the analyses, which investigated:
precipitation in the middle and lower reaches (Cyrus et al., 2006). the effect of spatial and temporal variation on the accuracy of

Catchment land use includes commercial wattle, pine and SASS4 in reflecting changes in community structure; and
eucalyptus as well as sugar cane production (Dollar, 1998). The the ability of SASS4 to reflect changes in physical-chemical
major sources of pollution carried by rivers and streams are water quality.
domestic effluent, agricultural waste, and sewage, which lead to
severe widespread nitrate contamination of water resources in theparate analyses were conducted on the data from Site 1. Due to
area (Meyer and Godfrey, 1995). the limited number of sampling points available when analysing a
single site, these analyses were done on an annual basis. The
analyses on all sites (Sites 1 to 6) and on the subset of the sites (Sites
2 to 6) were conducted on a monthly basis, except in instances
The lower section of the Mhlathuze River formed the study areghere more than two variables were compared, as was the case for
(Fig. 1). Sites were selected above and below possible sourceshef investigations into:
impact. Site 1 was situated below the confluence of the Mhlathuge the ability of indices used in association with SASS4 to reflect
and Nseleni Rivers, Sites 2 and 3 were situated below and above thechanges in macroinvertebrate community structure; and
DWAF flow-gauging weir respectively. Sites4 and 5were situated the effect of taxonomic resolution and gquantification on the
below and above the village Felixton respectively to monitor the accuracy of SASS4 in representing macroinvertebrate
possible ecological effects of the Felixton sugar mill. Site 6 community structure, where data were analysed seasonally.
represented the uppermost site within the study area.

Mhlathuze
Estuary

28°58°00771

Figure 1
The Mhlathuze River study area showing the positions of the six sampling sites

Study site selection

Results and discussion
Field protocol

Description of codes used
SASS4 and HQI assessments were conducted at six sites on the
Mhlathuze River on a monthly basis from April 1996 to Marchrhe codes used throughout the results and discussion section are
1997. Additionally, 19 water quality variables were measured gtesented in Table 1. Itisimportantto note that the individual index
each site, including pH, conductivity, percentage oxygen saturatiatores and water quality data values for each site are not reported
dissolved oxygen, temperature, total dissolved solids, silicon, toialthis paper. The reader is referred to Cyrus et al. (2000) for actual
alkalinity, chloride, sulphate, fluoride, nitrate, nitrite, phosphorus;alues.
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Effect of spatial and temporal
variation on the accuracy of TABLE 1
SASS4 in reflecting changes Codes used throughout the paper for graphical representation of results
in macroinvertebrate
community structure Sites Mhlathuze River sites
In order to illustrate any temporal| Site 1 Closest site to the Mhlathuze Estuary
and/or spatial trends, present clustgr Site 2 Below the Nseleni-Mhlathuze confluence
and ordination analyses were cont Site 3 Above the Nseleni-Mhlathuze confluence
ducted separately for each month Site 4 Below the Felixton sugar mill
across the six sampling sites O:[/ Site 5 Above the Felixton sugar mill
presence-absence-transformed family Site 6 Uppermost site
level data (hereafter referred to a
community data) and SASS4 score Seasons (March 1996 — February 1997)
respectively.
Rejection of the null hypothesis Autumn Winter Spring Summer
of “no inter-site differences” would Code Time Code Time Code Time Code Time
be suggested by acommon site pattern ]
inthe separate ordination plots for the 0 Mar (© Jun (f) Sep () Dec
12 times. In the same way, one cah (a) Apr (d) Jul (@) Oct 0 Jan
also test the hypothesis that there  (P) May ) Aug (h) Nov (k) Feb
were no differences across times fo
the sampling sites. The significance [reees mones
of these spatial and temporal tr_ends Code Description
was tested by a two-way analysis of
similarity (using t'h_e Spearman’s rz_ank SASS4 Total score
correlation coefficient). Community | \1axa Number of taxa
d_ata_ were analys_ed _through classi- ASPT Average score per taxon
fication and o_rdlnatlon analyses_. HOI Habitat quality index
Groups formed in the cluster analysis

(at the rank similarity cut-offs

presented in Table 2) were superimposed onto the ordinationg-it

order to minimise the chances of misinterpretation. The results|of TABLE 2

the analyses, and reference to the associated plots, are presentedSpatial and temporal trends in community structure

Table 4. and SASS4 scores detected through classification
The significance of the observed spatial and temporal trendg in and ordination analyses

SASS4 scores and community data was tested by a two-way
analysis of similarity without replication (Table 3). The SpearmanisSites |RSC | Figure | Comment
rank correlation coefficientpj for all pairs of times were averaged
to give p,, which takes values in the range [-1,1], with valueg All 10 2 Site 1 remained separated from
around zero corresponding to a lack of correlation. the rest of the sites through time|,
Spatial and temporal variation in both community data and however the pattern amongst
SASS4 scores were significant in all but one instance (Taple 3: the remaining five sites did not
=0.004). Astronger spatial than temporal trend in both community remain constant.
data and SASS4 scores was observed throughout, except when(Site
1 was excluded from the analysis. Excluding Site 1 from thel 30 3 No definite temporal trend was
analysis resulted in the temporal effect becoming more important [A & B] | obvious from the ordination.
than the spatial effect. This was probably due to the fact that the
spatial difference established between Site 1 and the remain|ng-6 4 4 Some definite spatial and tempgral
sites, by a clearly evident marine effect, overshadowed any tempqgral trends were observed.
differences.
The factthata spatial trend was detected in the community data, For Fig. 3 the alpha numerals relevant to the specific
but not in the SASS4 data might be explained as follows: analyses are indicated in brackets

* SASS4 data is less sensitive than community data to inter-site RSC = rank similarity cut-off
differences in community structure due to possibly erroneous
sensitivity ratings incorporated into the SASS4 scores.

» SASS4 score as an index is robust enough not to be affectedability of SASS4, ASPT, NTAXA and HQI to reflect
temporal changes in community structure. changes in macroinvertebrate community structure

The latter explanation is unlikely, since this phenomenon was orfihe relationship between community structure and SASS4, ASPT,

observed once, whereas biotic indices are reputedly affected RYAXA and HQI, was investigated by superimposing these index

temporal variation. values separately onto the ordination resulting from the community
data. Similar magnitudes of index values within groups proved the
ability of indices to reflect changes in community structure. Cluster
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Figure 2

Monthly ordinations generated from presence-absence-transformed family level data and SASS4 scores respectively, collected at all six
sites for the duration of the study. Superimposed cluster groups were formed at a rank similarity cut-off of 10.
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groups formed at a rank similarity cut-off of 30 were addedomments are provided with respect to the similarity of sample

manually to the ordinations in order to minimise the probability gbatterns among the different indices.

misinterpretation. Although there were some discrepancies between the patterns
Table 4 presents the amount of within group variability detectegenerated by the three biotic indices (SASS4, ASPT and NTAXA)

for each index as well as the number (and code) of samplasdthose generated by the community data, they generally succeeded

responsible for most of the variability within these groups. Generia satisfactorily reflecting sample groupings (Table 4). This gives
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Figure 4
Monthly ordinations generated from presence/absence-transformed family level data and SASS4 scores respectively, collected at sites
2 to 6 for the duration of the study. Superimposed cluster groups were formed at a Rank Similarity Cut-off of 4.

an indication of the ability of SASS4, NTAXA and ASPT to

distinguish macroinvertebrate community patterns at the stugy TABLE 3

sites. Significance of the spatial and temporal trends in
There was, however, a general lack of correlation between the SASS4 scores and community data presented as

abiotic index, HQI, and the three biotic indices (Table 4), which Spearman’s rank correlation coefficients ( p).

indicated either that: Asterisks indicate p < 0.05.
« HQI was not sensitive enough to detect the habitat changes;

which affected the macroinvertebrate community or Sites Temporal variation ( p,,) Spatial variation ( p,,)
« habitat quality did not play an important role in structuring the

macroinvertebrate community inhabiting the Mhlathuze River. SASS4 | Community | SASS4  LCommunity
Although it has been reported by some authors (e.g. Growns et al Al 0.170 0.201 0.338 0.376
1995) that most biotic indices cannot be used as a valid measure . ) B )
water quality, the above-mentioned results, refute such findings. 2-6 0.241 0.278 0.004* 0.102

Effect of taxonomic resolution and quantification on
the accuracy of SASS4 in representing macro- computed through an analysis of similarity. No significant
invertebrate community structure differences were found between similarity matrix patterns generated
by the three different analyses.
The ability of the SASS4 rapid assessment protocol to reveal the The multivariate analysis compared the effect of the different
same community patterns as those revealed by data at a higher Ié&%¢ls of taxonomic resolution and quantification on the
of taxonomic resolution and quantification, were tested bglassification of sites. Itwas found that qualitative family level data
comparing community patterns obtained through the classificatigmovided an adequate classification for use in routine biomonitoring
and ordination of community data at three different levels of detgiTable 6). Similar results have been obtained by many, including
(Table 5). Cluster groups formed at a rank similarity cut-off of 3Gurse et al. (1981), Armitage et al. (1983), Castella et al. (1995),
were added manually to the ordinations in order to minimise thzallas (1995) and Zamora-Munoz and Alba-Tercedor (1996),
probability of misinterpretation. indicating that, despite the opinion of some authors (Growns et al.,
Table 6 presents the disagreement in and among sampR95), the necessary information about water quality can be
relationships observed between groups formed in the FAMIL@rovided by qualitative family level data.
analysis and the ABUNDANCE and TAXON analyses respectively.  Although the abundance of data reported here was not obtained
The match between the community matrix (generated by tiilerough the traditional method of quantitative box sampling, one
FAMILY analysis) and each of the other two data matrices (generateuld have expected a greater difference between the results
by the TAXON and ABUNDANCE analyses respectively) wabtained from the FAMILY and ABUNDANCE analyses if
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TABLE 4
Relationship between community structure and SASS4 [S], NTAXA [N], ASPT [A] and HQI [H]. The success of
each index in reflecting community structure was determined by calculating the percentage of samples able to
reflect changes in community structure ([ 0O /0]%).

Site [Time Samples producing within % Success (0O /0)in Comment
[Fig.] group variability ( O ) reflecting community
structure
S N A H S N A H
1 Y |1b, 1d, 1h 1b, 1d, 1h 1b, 1d, 1h - 75 5 75 J  SASS4 (D), NTAXA (E) and ASPT (F)
[Fig. 3] generated analogous sample patterns, which
were not comparable to those generated by
HQI (G).
2-6 A | 2l,4b, 6b| 2l, 4b, 6p 2I, 4b, 6p - 80 80 80 U SASS4, NTAXA and ASPT generated
[Fig. 5] analogous sample patterns, which were|not
comparable to those generated by HQI.
w 6c, 6d 6c, 6d 6¢, 6d - 87 87 87 U| SASS4, NTAXA, ASPT and, to a lesser extent,

HQI generated analogous sample patterns.

SP 3f, 5h, 3f, 5h, 3f, 6h - 73 74 87 U SASS4 and NTAXA generated analogous
5g, 6h 5g, 6h sample patterns that were more similaf to

each other than to that generated by the ASPT.
There was no clear relationship between HQI
and the three biotic indices.

SuU 6k 6k 6k - 93 93| 93 u SASS4, NTAXA and ASPT generated
analogous sample patterns, which were|not
comparable to those generated by HQI.

Average % success 82 8p 84 U SASS4, ASPT and NTAXA generally
succeeded in reflecting community structfure,
while HQI was generally unsuccessful.

< For Fig. 3 the alpha numerals relevant to the specific analyses are indicated in brackets after each variable
¢ U = unsuccessful;] = Total number of samples collected for each sedsonlNumber of samples producing within group
variability; Y=Annual; A=Autumn; W=Winter; SP=Spring; SU=Summer

abundance had been very important in assessing the macio-

invertebrate community structure. From the results obtained TABLE 5

during this study it can not be said with absolute certainty that Description of codes and analyses used in this

abundance was unimportant. This aspect was tested in more detail section

by Dallas (1995), who concluded that the qualitative rapi

bioassessment method, SASS4, was able to distinguish the saméype of Level of taxonomic I evel of

site differences as were revealed by intensive quantitative benthjc analysis resolution quantification

sampling. — —
According to Furse et al. (1981) the cost of the gain inf FAMILY SASS4 families | Qualitative

information conferred by using detailed taxonomic data is probably 1AXON Highest taxonomic|  Qualitative

unjustifiable. Conducting a detailed taxonomic analysis is resolution possible _ o

immensely time-consuming and requires a great deal of expertise. ABUNDANCE | SASS4 families Semi-quantitatiye

Furthermore, the attainable level of the taxonomic resolution of the
various groups is not comparable.

Macroinvertebrates often have contiguous distributions in riveAbility of SASS4 to reflect changes in physical-
and streams, leading to greatly variable numbers between samp@éemical water quality
Ithas been found that, in general, indices, which relied on abundance
data, are inferior to those using binary (presence-absence) datassifications and ordinations were generated to illustrate the
(Thorne and Williams, 1997). It has also been found that sonfeatch between the patterns generated by the community (biotic)
patterns in macroinvertebrate community structure may be obscuafa and those generated by physical-chemical (abiotic) data.
at species-level resolution (Furse et al., 1981). Variables were transformed to reduce skewness to an acceptable
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Community data SASS4 scores Number of taxa ASPT values HQI values

Autumn
Winter
Spring
Summer
a) FAMILY analyses b) ABUNDANCE analyses c) TAXON analyses
Figure 5 (above)
Seasonal ordinations generated from data (;471\{\"5‘.\
collected at Sites 2 to 6 for the duration of the | /) \\ au'\' \\“'
study. SASS4, NTAXA, ASPT and HQI values Sea ST Y
were superimposed onto the MDS Autumn [ e wp &
configurations of presence-absence- Y
transformed family level data. - @
Figure 6 (right)
Seasonal ordinations of community data at med . Gu
three different levels of detail, collected at Sites Ve V@ L @ T,
2 to 6 for the duration of the study. Sy fae I arN N
Superimposed cluster groups were formed ata ~ Winter . \‘f’g/)/' * v AL ANC AT IR \‘//;\
rank similarity cut-off of 30, unless otherwise 1) " '\;;T\i%e/‘ \\Zd/ {u 5. 89 v & /;\,/é ) :C .,
stated in Table 6. Jw o = @ n {ae/ /fliig, =
level (skewness values between -3 and 3), and
cluster groups were superimposed onto the
ordinations to minimise chances of mis- g wa
interpretation. e 6\\{“\2;% o ﬁ}“ ARG
The variable subset chosen to represent thring W s @ " J
full set of physical-chemical data consists of e
those water quality variables that have known
effects on biota (hereafterreferred to as “variables
of concern”). Itis scientifically sound to perform N
the analysis on variables which are directly ,Gk\/ﬁ?k\;\ o
implicated (based on current toxicological o @) kg,
knowledge) in biological effects, since this would S R G
. ! . Summer G g v ~AE ey S
ensure the best possible match between the biotic 1@ "/r;‘i‘j" N Eav
and abiotic data matrices. The physical-chemical j\g\ &
dataset was divided into “variables of concern”

and “correlated variables” that represent variables
that are related to “variables of concern” (Table
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7).

Table 8 presents “variables of
concern” chosen to represent th
physical-chemical dataset, the abioti
variable combination that best

D
L

TABLE 6
Comparison between the FAMILY [F] analysis and the TAXON [T] and
ABUNDANCE [A] analyses respectively, across all sites

grouped sites in a manner consistent Site

with macroinvertebrate community
patterns (hereafter referred to as th
“maximum variable combination”),

and the weighted Spearman’s ran

[Fig.]
e

Time
period

Samples producing

within gr

variability

Di
oup

F&A

F&T

fferences in sample associations

correlation coefficient ) calcu-
lated between the ranks of the bioti
and abiotic similarity matrices.
The weighted Spearman’s rank
correlation coefficientd ) does not

measure significance, but gives an

indication of the degree of matching

[Fig.3]

le, 1g

1a, 1b, 1q,
le, 1k, 1l

Five groups were formed in the FAMILY (A
configuration and four in the ABUNDANCE
(H) and TAXON (I) plots. Disagreement in
among-sample relationships was more disting
than those encountered when Sites 2 to 6 we
investigated.

between the abiotic and biotic sampl¢

patterns. The “maximum variable
combination” suggests a combina
tion of abiotic variables most likely
to be important in structuring the
macroinvertebrate community, as
opposed to providing a set of abiotig
variables with a statistically signifi-
cant effect on biotic patterns.

Agreement between sample
patterns generated by the full set o
abiotic variables and the macro-
invertebrate community respective-
ly, was measured by calculating the
Spearman’s rank correlation coeffi-
cient ) betweenthe rank similarities
of the abiotic and biotic matrices
(Table 9).

When observing the Mhlathuze
River system as a whole (all sites)
there was agreement between th
abiotic and biotic sample patterns

D

2-6
[Fig.6]

When the sites were analyseq
separately, however, this relationshi
degenerated (Table 9). The rela
tionship between the abiotic an

2a, 51, 6b

2b

Five groups were formed in the FAMILY and
ABUNDANCE configurations, and seven in the
TAXON configuration. Disagreementinamong
sample relationships was observed between b
F&Aand F&T.

2d, 4e, 6d

4c, 4e, 6d

Seven groups were formed in all three
configurations. Disagreementin among-samp,
relationships was observed between both F &
and F&T.

SP

SuU

4h, 5q,
5h, 6f

None

4h, 6f

2i, 2j, 3i,
3j, 5i

Six sample groups were formed in the FAMIL
configuration, and seven in the ABUNDANCEH
and TAXON plots. Disagreement in among-
sample relationships was observed between b
F&AandF&T.

Six, seven and eight groups were respective
apparent in the FAMILY, TAXON and
ABUNDANCE configurations. Altering the
rank similarity cut-off to 40 increased the
concordance between sample patterns.

< For Fig. 3 alpha numerals relevant to the specific analyses are indicated in bracket

each variable

biotic patternsinthe Mhlathuze River

was based chiefly on the effect of the

tidal push from the Mhlathuze Estuary, which resulted in acomple
shiftin community structure (i.e. it became dominated by estuari
species) during low-flow periods as a result of insufficient dilutio
of the saltwater intrusion from the estuary (Cyrus etal., 2000). TH
marine influence probably masked differentiation between th

remaining sites (Sites 2 to 6).

The lack of agreement between the patterns generated by
abiotic and biotic data, can possibly be explained by one or all

the following:

e
ne

N Division of the full physical-chemical dataset into

is“variables
o

TABLE 7

of concern” and “correlated variables”

“Variables of
themncern”

“Correlated variables”

» Itis possible that the “maximum variable combination” did no

20

constitute a main driving force in the macroinvertebrate Temperature

community structure, owing to the fact that only selected pH Total alkalinity

abiotic variables were analysed, and might, therefore, not pé-luoride

able to provide the best possible match. Dissolved oxygen Percentage oxygen saturation, chem
The Mhlathuze River constitutes a relatively impacted system oxygen demand

and would not be expected to harbour sensitive species whiconductivity Total dissolved solids, sulphate, chlor

are able to reflect slight changes in water quality.

oT

Ortho-phosphate

t Ammonium

Total phosphate
Nitrite and nitrate

calcium, magnesium, sodium, potassiy

Indices which summarise data on macroinvertebrate comm

u_

nity structure (e.g. ASPT and SASS4) often do not reflect the
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TABLE 8
The degree of matching between the “variables of concern” and the community structure across all sites for the

duration of the study, measured in terms of the weighted Spearman’s rank correlation coefficient ( P,
Sites | Time | Trans- |RSC VOC MvC [ Comment
[Fig.] form

All M Log,, 10 Cond, pH, PQ| Cond, PQ | 0.090| Although very similar sample patterns emerged
[Fig.7] NH,, DO, T DO for the abiotic and biotic data for Site 1 and 2, this
was not the case for the remaining four sites. In
order to determine, which combination of abiotic
variables best reflected the faunal pattern (i.e. to
ensure the best possible match) at all sampling sites,
it was necessary to separate Site 1 from the rest of
the sites for further analyses.

1 Y Log,, | 30 Cond, pH, NQ PO, |0.278| Alow degree of concordance was observed
[Fig.3] NO, PQ, (seep,) when comparing the sample patterns
NH,, DO, T generated by the abiotic (C) and biotic (A) datd,

collected at Site 1.

2-6 M Square 4 Cond, pH, EQCond, pH, PQ 0.051 There was a general disagreement between the
[Fig.8] root NH, DO, T sample patternséep ) generated by the biotic gnd
abiotic data throughout the study period.

« For Fig. 3 the alpha numerals relevant to the specific analyses are indicated in brackets after each variable
e RSC = rank similarity cut-off; VOC = “variables of concern”; MVC = “maximum variable combination”; SQRT = squafe root;

M = monthly; Y = annually
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Figure 7
Monthly ordinations generated from the log-transformed “maximum variable combination” and the presence-absence-transformed
family level data respectively, collected at all six sites for the duration of the study. Superimposed cluster groups were formed
at a rank similarity cut-off of 10.
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