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2.2 SAMPLI:"IG METHODS 

2.2.1 Benthic macruinvcrtcbratcs: SASs.. sampling 

Benthic m~croin\"ertebrates were sampled using the qualitative rapid bioassessment method. 

SASS4 (South African Scoring System). A kick net (300x300 mm frame, <ISO 11m-mesh) W<lS 

held immediately dowl15tream of the are~ to lIe sampled. All available SASS-biotopes, 

namely ;;tones-in-eurrent (SIC), stone~-out-of-culTCnt (S(X>C). aquatic or instream vegeMtiou 

(AQV). marginal vegetation (MV), gravel (G), ,;and (S) and moo (M), were sampled, either 

separately or per biotope-group, i.e. by combining particular biotope~ a~ 1<.,l1ows: SIC + 

SOOe, AQV + MV and G - S + M. These combined SASS-biotope group~ are referred to as 

SASS biotope-groups. SIC were kicked for approximately m'o minutes if all were \o()se <Iud 

for five minutes if some were immovable. Loose substratum was agitated and dislodged 

organisms were collected dov\TIslream in the net. The SCX>C biotope was sampled by kicking 

<lU area approximately I m" area and dislodged organism~ collected by sweeping the net over 

tbe stone:'<. Aquatic and marginal vegetation were swept for approximately 2 metres. <Iud 

gravel. sand and mud were stirred and swept for 30 seconds. The contents of the net were 

tipped into a large sorting tr<ly. debri~ W<l~ removed, and org<lnisms were identified to the 

SASS taxonomic level, mostly family, and their abl1!ldance groupings recorded (A: 1-10, J3: 

11-100, C: 101-1000, D: > 1000 individwh). All taxa identified in a SASS sample are 

referred to as SASS-taxa. Once the ,;ample(~) hu~ been collected, the tr<ly was searched for 

the shorter of either 20 mimdes or lIDtil five minute~ had passed ~ince an additional fantily 

had been found. If SASS biotope-groups, i.e. SICiSCX>C. AQViMV and GSM, were 

s<lmpled sepmately, identification was carried out filr each biotope-group. 

The lamily-level of taxonomic resolution is u5Cd because the SASS method is designed to be 

a rapid. field-based method, so that identifications to genus or species is not feasible. 

Taxonomy at the levels of genus and species is in a state of flux in South Africa and many 

taxa bave yet to be described. Wright'" 11/. (I W~~) showed a strong correlation belween the 

manlIer of lI/1.I\1,.'P (equiwJent to SASS) rilmilie~ and the number of species using data from 

614 sites in the United Kingdom. Specie~- <m<l family-level data also produced similm 

longilooinal distribution patterns of m~croinvertebrate assemblages dO\vn the Rhone River, 

Fr<luce (Bournard Cl (II 1996). 
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"<>cation or slud)' ";t~, In Ih W~'t~HI Cap~. R~r~r~"~~ ,it~" lIr~ rnd~d with a primary code, j"dieating ccorc~i()n (e ~ Call<.' Fold 
l\1\)u"l~iJl', S - Soulhcrn COl'tal) and set()Jld~ry ~ode, jndi<ati"~ subr~~io" 1M ~ mountai" stream, ( = foothill-rnbblc hcd, F = 
rej uvcnnted foothill and L = Lowland floodplai" I. Monitol"ing ,ite, arc I'rdl~ed "jl h a "T", i.c. test sites. 
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Figurr 2.2 

Eo",."""" 

"""'''' ..... '''' 
Gn,,' f=.",.,..,,-.. 
' ''anOO "0' ...... 

Location (If study sites in Mpumalanga. Reference site! au coded with II primary code, indicating eC(lregion (E - (; reat " , earpment 
Mountain, II = Central Highlands, L = Lowveld) and secondllry code, indicating subregi(ln [M - m(lnntain . trcam, C = foothill-cobble 
bed, G = foothill-gravel hcd, R = rejuvenated cascade, F - rejuvenated foothilil. 
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,-\laterial" and methods 

Table 2.1. Lid of ,ite, ""''','''00 dming thi, ,Iuciy. Rl'gion (ViC - Vi~sl~m Cilpe, MPU -
Mpumalanga), River nllme, Site rlHle (R.~ferenc~ Sil~ co<liug ha, ooeu standm,lis~,1 usiug a primal)' 
alxi ;;ecOlxiaJ) """",, Primary CO<Ic, ",e bas.:d on ~corcgiou Levc I L whilst ","'Coudary codes ~re h.1scd 
on subnogions within which lhe site talls. MonilOl'ing 01' ICSl ,iles prefaced wi lh a ' T' followed hy 
the subrcgion code in which t fle;.' OCCUI'). F.ooregion Level I (C = Cape Fold \1ountains. S = 
Southern CoastaL Ii = C;reat Ii;;carptnent Mountain;;. II = Centmillighlilnd" L = Lowveld ilnd lJ = 
I.,oomoo L'plands), £col"el(ion Ll'wl \I (Mpumalanga only). Biorcgion (I' - Fynbos, S -
SOlLlh~m Coastill. N - Norlt...rn lJplaJxis. B - Bu,h,'d,1 B~sin, L - Lowwkl), SlIbrcgiun (.\1 -

moumain stream. C - rOOlhill-cobble bed. G - rOolhill-gl'~,d bed. r - lowl~nd t100<lpl~in, R -
rcjuvcMtcd cascadc, l' - rcjuvcnate<1 l'oolhill) and (;IS co-ordinate' (lalitUlk and blginl<le), 
Codes in parenthe;;is relate to ;;ite;; reassigned in CMpter 3 (Se~1:ion 3.4,3) . 

I) l{iHr Name • it 

'" 
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l'lgure 2.3 Geological map "ith simplified lithostratigraphy (from Vegter 1995) and 
pot{'ntial natural vegetation (from Low & Rebelo 1996) for the Westl"rn 
ClIpe region. 
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Spaliu! mriubility - r"xional and ,mhregion,,/ 
------------~--

variability at the regional or catchment level. Rioregions are ba,edon biophysical conditions 

and arc derived by e~amining the biogeographic distribution patterns of riverine 

macroinvertebrales, tish and riparian vegetation (Eekhout ('I al. 1997) together v,oilh the 

physical charocteristics of the rivers (Brov.'U e/ ,,/. 19%). Licoregions (Kleynhans e/ af. 

I'i9Ra) are based on a top-dov.'U c1a.,sification of rivers using mapped landscape 

characteristics including physiography. climate, geology, soils and potential nrtural 

vegetation. A second ecoregional level, which represents an intemlediate level between 

levels I and II in the spatial hierarchy, ha., also been proposed for parts of South Africa 

(Kle)-'nhans el Ilf. I 'i98b). Ihe second level of the hierarchical l'r..!mework is the subregional 

da<;.~ification and it rci1ccts broad geomorphological charocteristics and longitudinal 

distribution patterns of components oftoc biota. The third level of the hierarchy aUempts to 

account for variation among rivers within a subregion or geomorphological zone and 

factors such as river size, h)-'drological tn>e (ephemeral. seasonal or perennial) and 

geomorphological chma<;teristks (channel type, substratum composition) me considered. 

By incorporating three spatial scales it is anticipaledthat spatial variabilit)-, at the level of 

catchment river, site and habitat may be incorporated and partitioned such that variability 

of macroinvertebrate assemblages \',ithin an identified homogeneous group of sites is 

minimised. Ecological reference conditions based on macroinvertehrates within this 

homogeneous group should. therefore, enable a disturbance at a monitoring site to be 

detected, 

TIle aim of this chapter is to assess the performance of different classilication system~ b)-' 

gauging their dassilicatioo strengths, i.e. the degree to which da'8itkatiollS minimise within­

class biotic similarity rel~ive to between-class biotic similarity (Hawkins & Norris 2000, Van 

Sickle & Hllghes 20()O). Levels I and II of the ProfXl>.ed South Amcan hierarehic-al spatial 

framcwork (Uro\\ll el uf. 1996, Kleynlmns el al. 1998a) arc examined and the c1a.,siliealions 

tested indude ecoregion levell, bioregions, ecoregion 1.evellL ecoregion revel I combined 

with snbregions, termed eco-subregion, and bioregion combined with subregions, termed bio­

subregion, ecoregion Level 11 combined with sllbregions, and subregion (Figure 3.1), Ioc 

hypothesi, that spatial variability in macroinvertebrate assemblage, may be partitioned a 

priori using geographic delineaters is tested. TIle following specific qucstions arc addressed: 

I) do macroinvertebmte assemblages differ amongst ecoregions, bioregions, ceo-subregions, 

bio-suhregions and subregions'! and 2) which spatial c1a~si lica/ion s)-'stem is most effective at 

partitioning variability in macminvertebrate assemblages? Following the procedure 
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olltlined by IIa\\lkin, & Nom, (2()()(J), the perlilITnance or eath of the a priori 

dassifications was juJg~J by comparing Iheir classilication ,trengths 10 an objtctivdy 

dtrived standard determined by a p"Sleriori du,t~ring of siks into group, ba,~J on Ih~ir 

biotic composition. The spatial variability in macroinwrkbrale ass~lllblage, and. In 

par1icul~r tht ahility or dassitkation systcms to partition this varillbility. is discussed 1Il 

relation to aquatic bioasstssmcnt and the cstablisluncnt of reference sitcs 'within identified 

hOlllogeneou, regions. 

Figure3.! Iliagram illustrating the nnous classifications iudicating levels 1 aud II of 
the hierarchical spatL11 framework adopted in South Africa. 

Hicr.rchic.ll.-cvc! I O.nlBni .... 

: I L""reg;"" Leyci j 
• LU><~J!.K)n L~\·cl j 

. r llio,cgion ~ • Uiorcgion 

" ~ 
Ecmegion I-subrtgion H.,rartbical unlll • 

• Bio_,u\lfeginn 
~ Sllbrcgi,'" 

~ ~ F,urcgiun Lc.el U • 

~ ~ • Lcoregion jHLJbr~giun 

I E"or.g~m l,eYelll r 
• Suhresion 

3.2 "',ITDY ARF.A 

Ninety-eighl site,. ,ihmted on 65 riv~rs, w~r~ ,ampkJ (Table -'_1)_ Ofthcse. _,4 sites w~r~ 

situ~ted on 26 rivtrs in (ht Wesltrn Cape region and 64 were on]9 rivcrs in \lpumahnga. 

Some \Vtstcm Cape sites were sampled on two or three octasions within spring and have 

been included in analyses on a pcr-~s,~ssment basis. Only minimally-impacteJ sites. with 

respt'ct to anthropogenic Ji,rnrb~nc~. were selected in both T't'gions SO that ~llects resulting 

ti-om impaired w~ltr ~u~lily tollid be avoided. In lowland rivers, idcntititmion or 

minimally-impacted sil~s \\la, difficult and those sites identifieJ rtprl',"~'Tlt tht best­

all~inable condition. i.e, tnc ocst available within the lower reaches or the rivers. Sitcs in 

the v.'cstem Cape \'i~re asses>~d with variable frequency Juring 1994 and 1995 (see 

Apptndix A). whil,t sites lD Mpumalanga wtrt eac.h a,.'t",cd on three occasion, (May_ 
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Tahle3.6 

Spalial ,wriabilitv - regioJJal and ""hr~gj",ral 

Analysis of Similarity (ANOSli\,l) for each classification applied to 
Western Cape data. The Global R ,'alue is gh'en and significant 
differences amongst individnal classification class~, as determined by 
pair-"ise tests, are indicated with shading (I' < 0.05). Classes in the 
same column are not significantly different from one another. Codes; 
primary; C = CaFe Fold Mountains, S = Southern Coastal, r = Fynbos; 
secondary; i\1 = mountain stream, C = foothill-cobhle bed, F -
reju"enated foothill and L - Lo"land noodiliain, and combinations 
thereof. The number of sites (n) within each classification class are 
shown. 

Ecoregioo I.e,·ell 0.544 

Tlioregioll -0.014 

Ecoreginll I-<u\>reginll OAI9 

Bio-,ubregion OA14 

Subregiou 0.4 1 6 

In MpwnuJanga. preliminary A"<OSIM re8u1t~ re\ealed that 8ites in the Lebomoo Upland~ 

(LU) ecoregiuu were UO! signifieautly difTcrent to sites in the Lm'ivcld (L) ecoregion (:;.ee 

Table 2.'). Site~ in LU were therel<,re combined with I. 8ite~ l'or 8ubsequent ecuregion 

analysis and with LG for ceo-subregional analysis. Similarly. on the basis of ANOSIM. 

one rejuvenated loothill (F) ~ite (LF59) Vias not significantly dilTerent Ii-om the foothill­

gHIVel bed (Ci) 8ites. and LF59 was therefore cunsidered as a G site lin all ecoregional 

analysis (rable 2.1). A single site occurred in the 13ushvcld Basin (B) biuregion (HC35). 

but wa~ 8hown to nol he 8ignilicanlly dilTerenl Ii-On] ~ite~ in the "<orthem Uplands (l>i) 

hioregion (ANOSIM) and \\laS therefore combined with N 8ite~ in the hioregional analysis. 

At ecoregional level II. a single site (Ee08) in GEM1 was no! significantly different from 

GEM2 (ANOSIM) and was thus considered as a GE.\12 site in the classificatiulls. Delail8 
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of these reallocations arc provided in Chaptcr 2, Table 2.1. ,vilh new cla~sc~ giVen In 

parclllhe~is. 

Figure 3.7 

F, ""'l""' 
<:3 - "% .... - 0. " 

Ero-"->br"lll<>n< 
CS ' . .... .., = 0.114 

" O:>-"'~""" CS · ' ')", . ..,- 0.114 

SLbrelllOO ' 
(oS , 0% .... • aM 

PropoS<Jd _"Ie,Too 
CS ' 17 \'0, ... • O.~O 

!\tcan similarity dendrogram~ of fiyc allcrnate dassilications for 
macroinnrlcbrate a.semblal!es of the ·Wedern Calle. A sixth 
classification "hieh cumbines 1\1 and C ~uhregiun is I,roposed. The 
nrtical Ilne~ represent the mean between-c1a~s ~imilarify (Bbu,) and 
the horizontalline~ terminate at tbe mean ~ithin-clas~ .imilarit), (WI). 
M - Bhar/Wbar, "here Wbur is the oYerall weighted mcan of all within­
class similarities. CS (da"itieation strenboth) = Wbar-Rbllr. Codc" 
primary: C = Cape Fold MOllntains, S = Southern Coastal, F = FJnbus; 
secondar)': _'"1 = mOlluja;u .tream, C = foo/hill-cobblc bcd, F = 

rejllvenated foothill, L = lowland, and cumbinations thereof. 

ANOSI\1 results revealed Ihat maeroinvert~hrate Hssemblage~ From da~scs within all 

da~ifi~H(i"LlS were significantly dift"'r~nt from each other. as indicated by the Global R 

value~ (Tab' e 3.7). Hioregion~ had tIl<' highest Glohal R value (0.622) ~ugg~stil1g thHt this 

classificHtioC1 wa.<; most Sl!c~e~sflLl at incr~asing within-dass ~imilarity anu uecl'~asing 

heh,een-cla,s ~imilarity. Eco-subl'egional da.~~ification hau the secol1d highest Global R 

value (0.520). The rewlLs "rlhe cla~sifieation strength analy~i~ sl!pp"rted the observation 

that. "I' the regional cl a~ifications, bioregion,; wa~ the strongest, foUo\,,-eu hl' ecoregion~. 
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Spatia/variability - regivna' and subNgivna/ 

Tn aU classifications thc hypothesis that there is l}O dass structure W<L-~ rejected (10 000 

pemlullltions, p < O.IXIOJ) and macroinverlcbrutc assemblages were there/ore cOll'lidcred 

mo!"" homogcllCOlIs within than between regions (figure 3.8). Comparing thesc 

classirlCatiOlls with other studies (Van Sickle & Hughes 21X1O) on the basis of the ;\1-ratio, 

howcver, sllggests that all classifications. including the OIle based on groups. arc fairly 

weak. Classification strength increa>cs progressiYcly as M-ratio decreases from 1.0 to O. 

The r.,·I-ratios in these analyses "verc all greater dlan or equal to 0.86. In some instance, the 

overall weighted mean of within-class similarities (Wbar) is less than the bctweCll-elass 

similarities (Bbar) suggesting that macroinvertehrates assemblages from sites within the 

particular class arc exceedingly v<ll"iablc. Examples include the rejuvenated cascade sites 

in the Lo\\~cld ecoregion ,md si les v.ithin L5C of the ecoregion level Il classification. 

3.4.4 SASS4 SC'Ul'S, :-lumber of Tau and ASPT 

In the Western Cape, SASS4 Score and ASPT varied significanlly among Groups, eco­

subregions. bio-subregioIlS, subregions and proposed groups (Kmskal Wallis, Table 3.8). 

ASPT ymied among ecorcgions. In Mpwnalanga, num~>t" of taxa and ASPT ,aried among 

Groups and ASPT varied aroong bioregio115 and subregions. Pmr-wi>c examination of cla.,ses 

revealed that dillhences in GrollPS, i.e. groups or sites with similar macroinyeriebratc 

""semblages, "",>t"e primarily the result of differences bct\vcen Groups 1 and 3 in dlC We>;!em 

Cape and Groups I and 2, 2 and 3. 2 and 4, and 3 and 5 in Mpumalanga (Kolmogorov 

Smirnoy Test). Median values for each Group are given in Table 3.9. 

65 
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Table 3.7 Analysis of Similarity (A~OSII\1) for each cla.,~ification applied to 
Mpumalaoga data. The Global R value is givcn and significant 
differences amongst individual classification c1a~s''. .. , a~ determined by 
pair-wi", te,ts, arc indicated ",ith shllding (p < 0.05). Classcs io the 
,ame column are not signilicantly different from one another. Crnks: 
primary: F. = (;reat F..cupmmt .\'Iountllin, H = ('mtral Highland., L = 

Lowvcld," = Northern Uplaods; sc<;ondal}': "1 = mountllin stream, C 
- foothill-cobble bcd, G '" foothill-granl bed and R - niuV<'nah'li 
cascade, and combinations thereol: Tlte number of ,ih's (n) within CIICIt 

c1assificatiol' class are showo. 

["ore!!,,,,, Lcvd I 0,491 

[Jiore!!ion U.662 

E"ore!!i"n r·suhrcg,ion 0.520 

l:lio->lIbregion 0,425 

Ecoregion Level IT 0.509 

Iocoregion Level Il-,ubregion 0.532 

0.362 
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Figure J.8 

-" -, 
Groupwitl "b-i~ -" CS_l ll'1..M _O,OO 

-~ _. -, -" Ecor<!li<>m 

[ 
, 

CS - 71t.,~ - a.90 " , 
~"'" I " C~ - la1t., ~ _ 0.,11l , 

" " Eoo-,ubre~. ~ 
CS_6'!. , \1-092 ~ 

- CC 

- cc, 

'" 

F '" Eljo.", br<>!li"" ~ 
cs _ 514 , \1_ 0.9" CO 

~ 

" " Ecor<1IIOO Le~ II " 
C~ _ 6"~, \1 _ 0.9' "n 

"" " -- CO 

" ,~ 

- "" '" E""'~i"" lO\IoI lI_ '"~ 'X CS·5'!..M_O.n 
Hll~ 

HllC 
H, 2C 
,OC 
'00 

- '" ,~ 

E- " s"",.~. , 
CS' 5'~ , ~ _ 0.93 

" , 
, 

c.; " "' " 8f'Y'C"'t~ S"' ~ rl, 

Mean similarit)' dendrogrllms of eight alternate classificatioos for 
maeroin,'ertehr:ate lIssemhl9ges of Mpumnl9ng9. The vertical lines 
represent the mean herneeo-c\9ss similarit)' (Bhar) and the horizontal 
lines terminate at the mean within--cla.s 'imilarity (WI)' M = BbarlWbar, 
where Wbar is the ovenlil weighted mean of all within-class similarities. 
CS (Clnssification Stnongth) = Ifbar-Bbar. Code~: primary: Ie - (;re9t 
F:smrpment Mountains, H - Central Higblnnds, L - Lmneld, 'i = 

"Ootihcrn lJpl9nds; second9ry: _VI - Mount9in Strenm, C = foothill-cobble 
bl-d, R = rejuvenated cascnde, G = foothill-gravel bed, and combinations 
thereof. 
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Spatial va";ahilily - regiViC"C',,,C,d"''"='C,='x,,='''C,,=,I ________________ _ 

Tahle 3_11 

Region 

WC 

l'tU'U 

Tahle3.9 

Results of uou-parametrie analysis of varianre (Kru.skal-Wallis test 
stati~tic) based on median SASS score, from cla~,e~ within each 
cJa,silication in the Western Cape (\VC) aud YIpumaL1nga (MPlI). 
Si~ificanre levels are given, ~S = not significant. 

Cla"ilieation SAS~ Score NumocrofTaxa ASPT 

C;mup H-13,19;p<O,OO5 NS H - 16,04;p-<0.001 

Eccttgion Level [ :"S " H- 5,53; p -< 0,05 

Bioccgio{l '\S " NS 

E(;u·,ubregioll H 12.86; P < 0,05 NS H 16,75:p<().05 
,_.-

Hio-subregion H 12.70 P < 0,05 " H 16.71:p<()JXI5 

Sllbregion H 11,48:p-<0,05 NS H 15.38;p<OJXI5 

Proposed H 11.35:p-<0,005 NS H 15.28; P < O,(Xll 

GnJi.lp NS H 14.53: p -< 0.005 H 19.83; p < (UXI5 

Ecorcg io{l .",vel I NS " NS 

nio,cgioll " NS H- 5.95: p -< 0,05 

Fco-su"'cgioll NS " " 
Hio-sllbregioll " NS NS 

E(;oregioll L~velll NS "S NS 

E(;o Ie" 1 1 -S II bre gion NS '\S "S 
Sll""cgioll " NS H 8,56; P < 0.05 

Median \alues for Group~ (i.e. groups of site, with ~imilar 

macroin.'ertehrate a~semhlngf") in the Weqern Cnpe und :Vlpumalungn 

W,,,,j,-rn CUll<' MpuIDniungu 

GnH'p SASS4 s.."rl' No. 'Iuxn ASPT SASS4Scon' No. 'In).u ASP'l 

1 139 16 9.1 148 20 7.4 , 122 15 "' '" 30 6.5 

3 105 16 6.4 180 26 3.1 

4 - - 133 20 6.8 

5 - - 182 26 6.2 

------------ -

"" 
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____________________ -'Spcc"/ial"uriobilily - biotopes 

performed Oil presence/absence tran~formed data. analysed IIsing the Bmy-Cllni~ 

measurement of similarity. The di~tingui,ming taxa re~pon~ihle for the similarity within 

gro"rs of sitc~ and the dissimihui()' <lffiongsl groups of sitc~ were established using 

SIMPER (PR1AltJI Version 5). Those l<IX<I responsible tOT 'lO()/. within-group ~imilari(y or 

dissimilarity were examined. 

SASS"' Scores, Numbt'r of Taxa and ASPT 

SASS score,; for each SASS biotopt'-gruup were ~ompared 'with lnoS<' cukula\ed for the site 

(i,e. b)' combining taxa recorded ill each separate SASS biotope-group). The sub-set of sites 

Irom Mpwnalanga was used to Clllculak ITlt'dian SASS scores lur e<!Ch season. These were 

compared statistically using the non-panm-.elri~ Kruska\-Wallis Test. Individual pairs of 

SA<;S biotof't'-group~ wcrc comparcd using tnc oon-paramctric Kolmogorov-Smirnov lest. 

Tl"" r~sult, or all analy~~~ were oon~idercd ~ignifieant at p <. O,OS. 

4",\ H..ESULTS 

4.4.1 Frequen~'Y of occurrence of each SASS-taxon amongst SASS hiotope-groups 

The frequency of o~currcnce or ~a~h SASS-taxon in ~lI~h SASS biotope-group has b~en 

\;!bulat~<1 lor th~ Western Cape and Mplillmlanga crable 4.2). Certain taxa ar~ more 

ti:~qu~ntly rceorded in onc biotope-group than in either of the others (relative 0;':' >- 50%), 

whilst others occurred acros, \1'10 or \hr~~ biolOpt'-groups. In the Wcstcrn Cape, the 

SIC/SO()C bio10pe-gWClp wpport~-.,j the highe~t number of biotope-~f't'cilie laxa, whilst in 

MpulJl<!langa, th~ sic/saoc and AQV/MV biotop~-groups support~d eqlwl Jlllllncrs or 

biolnpe-speeific taxa. Examination of within-biotope-group differcnees in the f'r~qCleIlCy 

of occurrenc~ 01' SASS-laxa (rdali,~ % >- 60%), i.c. SIC v~rsus SCXX::, AQV ".ersus MV, 

for thc Western Cape (Table 4.3), showcd that se".cral taxa were more common in one or 

thc other SASS-biotope, Comparing pattern, observ~d in the Westcrn Cape with tho~e in 

MpClmalanga. it ,eem~ that ocveral SASS-taxa show ~imilar prefcrcnccs with respe~t to 

SASS biolnpe-groups. Generally, familics within the orders Plecoptera. Ephemcmp\~f<l. 

Coleoptera and Irichop\~ra, show~d II prelerenc~ for SIC/SCXX::, whil,t fllmilies within th~ 

ord~rs Ikmiptef<l lind Odonata, show~d a prcfer~nce ror AQV/\1V. Familk, ~nd~mie to 

the Westcrn Cape (Notoncmouridac llnd TeJoganodidac) and those rc~tric\~d to 

Mpumalanga (Perlidae and Psephenidae) showed a preference for SICiSCXX:. 

" , 
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Table ".2. Rdati\(' f'""lucnq ... r ... ,·(urrentt (t'XlIl"C!l ied H a perren la,l!C) lIr eMh 
SASS.u,xon in uch $,\ SS biot\flK~gro" .. (S IC:!'iUOC .. . \Iont.~·i"­

CIIr...,nt'.,hmn-OUI-.o'-(urrtnl , AQ"':UV aquatic :m(! mllr~iD III 

"(gelation, ami GSI\I = \:ra-clllllndlmud) for Iht We_, lun C~Pt and 
1\1(lumalanga. Shading Indlutt'll r~ .. uenC)· urOccurnD"~ IICru, \ blotop"­
II:roup~ (i.e. hi\:hc\t frc..,u cn(} 0 r o,'cu rr('nC(, in one biotollC_!:1't) up or eq ual 
frequency in rwo or all Ihre" bioto[X-~\:r ... uf>.~)' A dash (oj indieatc~ 

inmffieicnt data, i.e. la~a I'f'cordtd < 5 lime~. A blank "cll indica I," that 
fhe taxoll docs 1I0t Oel'ur in the geographic region. '1 be IIlImber of 
\amp!ing occasionli lI('r biotopc·j;trllu p (n) is \:iYCll. 

, ' 
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4.4.2 AnaIJ~i ... "fmacroinverfebratc asscnlblagc ... 

In (he Western Cape, cluster analyses for alltumn and spring showed separation by SASS 

biotope-group, although groupings were less defined in spring (FigllTe 4.1). MDS 

ordination (Figure 4.:') supported the results obtained Ii-mn (he c1mlter analysis for allillmn 

(3D Stress ~ 0.14) and spring (3D"Stress - 0.12). Autumn faunal samples separated into 

three grollpS. A "group" is the tenn used to descril-,c a group of sites that have similar 

macroinvCltebrate assemblages. The US\! biotope-group w,~~ 80% dissimilar Ii-om either 

SIC/S(XX' or AQVi\IV. whilst SICiSOOC and AQV.0.iV were 6m. dissimilar. Spring 

grouping w,~~ Ie" distinct, ,,·ith three ofthc four (iSM samples >85% dissimilar from other 

samples and three AQV/MV samples WeTe 75% dissimilar from other samples. The 

remainder were at kast400;o slll1ilar, and comprised two sub-groups. The til'St consisted of 

three AOV/MV and 15 SIClSOOC samples and at (he semnd was a 111l~ed group 

consisting of three AOV.0vlV and four SIC/SOOe samples. ResllIts of (he ANOSI'VI 

anaI)'sis revealed that the differences between asscmblages in the three SASS biotope­

gnmps were statistically sib'llilieant (alltumn: Global R - 0.758, P < 0.01, spring; Global R 

- 0.647, P < 0.01). Note thai only groups 1 to 4 were included in (he autumn ~nalysis. 

83 
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o;p{Jria! \~I~I<1M1itr· hinto!,,,,, 

TlIhle .1.3. Rrl:lti\'C frtqUCD'1- of ~CoO'Cn~ (:lS:I IM'rct'nfllj!c) of nth ~,\SS-IH\lJn 

iu ucb SAl\. ..... bioln ... r: ~IC. woe. A()\', MV and (;SM f ..... Illc 
Wel/lfm Cape. Sbadi .. , h;ghlighl~ r .. r'lurnq or OCNlTt:ncc urOOo$ tlIch 
pair \lr biolu ... es (i.r. >60% rr~qucncy \lr o.Kcor~l1cr ill Ol1t biOIOpe, or 
f'tjulil rn:qu~ncy .. i(hin bOllh bi<llOlpe5 comprio!ing tb~ bivtvpt-gn .... jl'. 
The number of 5amp1inl: occ,,~ H.ons ~r bill(lI(H' (n) i\ gino . 

. , 
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Spalial variability - biuwpes 
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Figure 4.1 

1 ___ 

~ I hn 'I~ I II 

4:"'QVIMV 1:SICISOOC 2: SICISOOC .... OVIMV J,AQVIMV 

Dendro!!;ram showing the classification of sites in the Western Cape 
hased on taxa recorded in each SASS biotope-group on each sampling 
occasion in autumn (11 sites, 14 sampllng occasions) and sprin!!; (10 
sites, 19 sampling occasions). The site code is prefaced with the 
hiotope-group as follows: S = SlC!SOOC, V = AQV!MV and G - GS\·I. 
For autumn sampling, the year follows the site code: A = 1994, 8 -
1995; "hiM for spring, the sampling month follol-l-s the site code: A ­
September, 8 - NOl'ember. 

Taxa contributing to within-group similarity varied amongst biotope-groups, particularly in 

autumn (Table 4.4). Of the twenty-one contributing taxa that were distinct either to 

SIC/SOOC or AQVIMV in autumn, 12 were imporlant in 11-..: SIC/SOOC biotope group 

and nine in the AQV/MV biotope-gro up_ In spring, only seven ta"a in the e"du>ively 

SICiSOOC bio(ope-grollP, I.e. Group 1. did not contribute to similarity of 
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,'o'palia! variahilily - hif)If)!,'" 

macroinv~rt~brak as!;~mblag~., at sites in other groups whieh included AQViMV biotope­

b>TOUP~. Vlo~t notabl~ contributing taxa, excIu~ive to the SIC/SOOC biotope-group were 

the Notont:mouridw:, H~p\ag~niidw:. Corl"'daIida.:, I'hilopotamidae, Athericida~, 

nlepHhriceridae ilnd Tiplllida~_ Taxa contributing to 50''10 ~imilarity or the (iSM hiotope­

group in spring includ~d (iomphidae and Corixidae, and Ih~ nllmber of eontribllting taxa in 

total wa~ only 6 compar~d LO 19 in lilt: SIC/SOOC and I (, in the AQV/"lV_ 

• 

" F 

Figure 4.2 

•• 

• ••• 
• 

• • 

• 

• 

A ... ..., 

• • 
" . 
• · .' •• 

• ••• 

• 

Ordination of sitt's in the Western Cape based on taxa recorded in each 
SASS biotope-group on each sampling occasion in autnmn and spring. 

In MpumalangH, cluster analysis (Figure 4.3) for autumn and spring showed a degree of 

separation bl"' biotope-b>TOup, although groupings ,,~r~ kss ddjn~d than I()r th~ We~l~m 

Cape MDS ordination (Figllre 4.4) supported the results obtained from the cluster 

analysis for autumn (30 Stress = OJ7) End ~pring (3n-Str~!;s = 0_17). Au\umn faunal 

iiamples ~!;s~nlially ~eparat~d into live gWlIps. One .'d ofGSVI ~ample~ (n - 3) were RO% 

dissimilar from other samples, one set of AQV/MY samples was 70"1. dissimilar from 

other smnples (n = 4) End another sd of GSM sEmples was 70% dis,imiiar (n = 2)_ The 

r~maining ~amples w~r~ all Et least 37% similar_ Th~ 11,lIrth GWlIp eompris~d AQViMV 

samples (n - 13), with three GSM and one SIC/SOOe samples (40"/0 similar). rhe fit1h 

Group comprised three sub-groups. with 5A mostly SIc/SOO(, wmples (n = 16) Hnd sub· 

groups 5R End 5C mostly both GSM.nl~y wer~ a\ least 40"10 similar and s~parat~d fin1her 

at 45% in\u STC/SOOC and (iSM ~ub-gwup!;. Spring faunal sampl~s !;"parat~d into lhre~ 

Gwup~ ",!itll Gnllip 1 ~ub-dividing into thre~ sub-groups. Th~ first GnlllP was 75% 

dissimilar from other SHlIlPlcs and comprised ten AQyiMV Hnd one GSM site. The 

,econd (iwup was 65% di~similar Ii-om other !;ampl~~_ 
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Table 4...1 Taxa contributing to within-group similarity of groups identified in tbe 
biotope specific analysis in the Western Cape. Results are ginn separately 
for autumn anti spring. Those taxa contributing to the first 50% of the 
similarity are indicated by .; the remaining ta:o.a contributing to the next 
441,\\. (Le. 941% in total) of the similarity are indicated by U. 

CSM AQVIMV 
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The first sub-group consisted 01" two (iSM ~llillpl e5 (40% similar), the second a mix of 

SICJSOOC (n = 17), GS)"l (n ~ 13), and AQV .. 'MV (n ~2 ) samples and the third sub-group 

five AQV!MV >aJnpks (38% >inular). TIlt' third Group l.'Omprio.cd lhr.x: (iSM samples and 

was 75% di>similar from other sumpk,;. Re,;ulh or the one-IV"Y Al\OSIM analy,;is 

rcvcakd that lhe differences between macroinvert~brat~ as.~~mblage:J in the thre~ hiotope­

groups wcre statistically >ignificant (autumn: Glob!11 R = 0.465, p < 0.01 , spdng: (ilohal R 

- (lA17, P " 0.0 I). 

Taxa contributing to within-group simi lad!)' v<!Ticd llillongst biotope-grou p>, panicularly in 

autLlmn (Tahle,; 4.5 mI<14.6). In autumn, average similarity was high~st in the SIC/SOOC 

group, and or the 17 taxa that characterhed thi> Group, five w~r~ exch~~i\~ 10 lh~ Group, 

notably lIeptageluidae. l'>~ph~nid!I~, P~ydlomyiid!lC, Tabanidae anu Libdlulid!lC. Taxa 

contribuling 10 ,;irmlaTlly 111 lhc AQV/MV groups included a range of taxa from many 

orders, including Gyrinidae, G~rrida<! and Veliidae. n,~ numbt'r of di,;lingui~hing laxa 

HlIied ~on,;iu~rabl)' UlllOllg';l lOC rour GSM hiotope-groups \',;tl1 only Gomphid.\e 

consistcntly important. In spring, l'erlida~ and four familio:s of may I!)' ~onlribut~d 

significantly to within-group similarity 01' lhc SIC/SOOC-GSM biolope~group, w;lh 

Gomphidac ag"in imporlant in this and in the one GSM group. T!lxa wntributillg to 

AQV!tt.1V similarity were varied lind illclud~d the following lax" whkh werc nol idenlilicd 

!IS imjXJrtanl ill olher group,;: Gyrinidae, Hydropsychidae, Culicidae. Dixidae, Gerridat:. 

Nm,coridae, Veliidae, Coenagrionidae and zygoptenilljuveniles. 

4.4.3 SASS4 Scores, l'Iumbcr of Tan anti ASPT 

The availahility 01" SASS-biotopes for >ampling may 1I1lixt SASS4 S<:ore:J, 1ll,mbL'r of lax" 

and ASl'T valu~,;. Thi~ a~p""l ha,; bcrn cxaminal h)' calculating I) the relative percentage 

~onlrib\llion of ca~h SASS biolopc-group to that calculated for the site: 2) median values of 

SASS4 Score. number oftaxB a'xI ASI'T fil[' each SASS biotope-group: anu -') 11K cff<:d of 

s!llnpling ont:, two or thr~e SASS biotope-groups on SASS4 Score, number of taxa and 

ASPT. C,lculalions have been done separately for the \~,'~st~rn C!IP'" !Illd MpUnl"l<mgll, 

except for 3) Ivhich \ViIS only perltlll11CU for Mpumal<lllg11 givCll the limitations or the 

Wc:Jlcrn C'pe dala. 
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Figure 4.3 
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Iii 

Dendrogram showing the classification of 18 sites in Mpumalanga 
based on taxa recorded in each SASS biotope-group on each sampling 
occasion in autumn and spring. The site code is prefaced "jlh the 
hi"t"p~~grnllp liS foll"ws: S = SIC/SOOC, 1\1 - AQV/MV and G = GSM. 
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Ordination of sites in I\1pumalanga based on taxa rfi'ordcd in f"ach 
SASS biotope-group on f"ach sampling occasion in autumn and spring. 

RelatiH~ percentage contributirm 

lhc m= (plus standard deviation) percentage contribution or taxa "vithin each SASS 

biotope-group to SASS4 Score, numlx.,- or (axa and AST'T 10 those of the sile ha~ been 

ca1c111ated (Figure 4.5). Becall.<;e certain llIxa arc found in more than one biotope the summed 

percentages from the biotopes do not equal 100''10 • Instead the percentage given for each 

bio\ope-gmup is that percentage relative \(Jthe total c.1kulated lix the sile (i.e_ biotope-groups 

combined). Thus irthe SASS4 Score in the SIC/S(XX' was 145 compared to 175 li)r the site, 

then the percentage contribution of taxa in the SICiS(XX: biotope-gmup to the site woulll be 

830/._ Similarly. if ASPT in SICJSOOC was 9.3 compared to 8.9 for the sileo the percentage 

contribution wllulll he l04'Y •. I3ccmlsc ASPT is calculatcll by lli,iding SASS4 Score by 

number of taxa, subsequenl calculation or the percentage C(lnlribution or ASPT sometimes 

resulted in an ASPT grealcr than 1(1)"10. Siles in the \Vestcm Cape at which the SIC/SO(X' 

biotope-group was exclusl\ ely present were omitted fmm the analysi s. 
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S;Ja/ialvarianiliry - bi()/"f"',' 

Table 4.5 Taxa eontrihming to within-gronp similarity of groups ioJcntilicoJ itJ the 
biotope ~pccifie atJalysis in Mpumalanga in autumn. Those blU 

contributing to the first 5Uo;. of the similarity arc itJdicated by *; the 
remaining taxa contribntiug to thc ned 441% (i.e. 90% in total) of the 
similari/)' arc indicatcd hy J. 

"Rased on these dat~. taxa presenl in the src/S()(£ biototx'-gfoUP constituted 83% of the 

SASS4 Score and number or la",a, and IlX!}" of the ASPT in t]:w; W.osle1l1 Cape (ll - 1 R), and 

7(1'/0, 67% <lnd 105% of the SASS4 Scor~, number 0(' taxa and ASP'!' in Ivlp1.1malanga (n -

53). Taxa present in th~ AQVIMV biotope-group constituted 49%, 53% and 92% of the 

SASS4 Score, numb<;r of ta~<I and ASP] in the Western C~pe (n = 17), and 46<;-;" 49";'; and 

93% of the SASS4 Score, numher or taxa and ASPT in :\1pumabng<l (n = 53). Taxa present 

in the OSllil hiolOpc-gmup conslitm~d 160/;" 22%, and R8% 0(' the SASS4 Score, number or 
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Spaliai var iabilily - hi%p"_' 

taxa and ASPT in the Western Cape (n = 6), and 43°;';, 46% and 9"'% of the SASS4 Score, 

number oftllxlI lind ASP! in :vlpumulanga (n = 53)_ In both regions, the SICiSOOC biotope-­

group had. tk high~l percentage contribution to SASS4 Score and number of taxa, The 

GSM biotope-group generally supported fewer taxa in tk We~lem Cape compared to 

Mpuma18nga, when;, diff~rences in nurnher of taxa and SASS'" Score~ (mm AQylMY and 

GSM were Ies~ pronouncaL 

Table ,j,6 Ta'a contrihuting tn \\ithin-group similarity of groups identified in the 
biotope specific anal~si, in l\1[lumalanga in spring. 'I hose taxa 
contributing to the lint 50% of the similari/)' arc indicated hy +; the 
remaining taxa contributing to the next 40% (i.e. 90 % in total) of the 
similari/) arc indicated hJ D. 

" 
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Spwial V(ltiabilily - N%pe,' 

On~ W~~tcrn Cape site hau a singk high-scoring l<!xon prcs.cnt. namely ''Trichoptcra (ea.~~d 

~addjs 3 Type~)" in the GSM biotolX. This "laxon" ha~ a scmiti\oityitolcrance s.cor~ ol-~O 

and resuJt~d in a wry high ASPT (20) for tilis sik (truncaltxl in FiglLres 4.5 w-.-J 4.6). 

Variation in ASPT ~lwccn all three SASS biotope-groups was k~s pronollnc~d, p~rti~ularly 

belwcen AQV/MV and GSM Thc fl<-".ccntage contribution of ASPT was greater than or 

~qlLal to 100% in tilt' SICiS()(X: biotope-group, suggesting that more of tiJo;, sensitive and 

high scoring taxa are preo;ent in this biotope-group. 

,~ 
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Figure 4.5 

SASS4 Score N._of .... ~~ 

_SlCISOOC r.i:l AQVIMV =GS~ I 

-'Jean (+ SO) of perCf'ntage contribution of SASS4 SCOfC", numbcr of 
taxa aud ,\SPT lilr SASS samples collected in threc sC[laratc biotope­
group" tn SASS4 ScOf{,S, nnmber of taxa alld ASPT calculatcd fnr thc 
sitc. Mcan valnt'S have been calculated for thc ,Vc.tcrn Capc and 
-"I[lumalangll_ Biotope-groups are: SIC/SOOC = "tonc.-in-currcnt/ 
stonc.-out-nt~current, AQV/MV = aquaticfmllrginaJ ,'cgcilltion and 
GS-"I = grllnl, sand and mud. The [lcrccntagc ,\SPT in thc GSM 
biotopc-group has been truucated and thc ,\SPT fnr thc ~itc 

contrillUting tn the higll ASVr is gh'en in parenthc"i,. 

Median valuc_ 

SASS4 Score, number of taxa and ASPT values w~"'~ signilicantly different mno ngst SASS 

biotope-groups in tile W~St~ll1 Cape (p <- (J.Ol: SASS4 Scon:: Kmskal-Wallis test statistic H-

35.S5: munbcr oftaxa: H - ~,UO and ASP 1': H ~ 14.21: figure 4.6). SASS4 Score, number 

of taxa and ASPT \allL~~ wcn:: also significantly difli;,rent .unongst SASS biolop<,-groups in 

V\pumalanga (p < (J.Ol: SASS4 Score: Kru.-;kaJ-\Valli~ ksl ~talis(ic H - (iUS; number or 
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Sp"lia/ ,'ariahility - h;OlOpe,I' 

taxa: II ~ 50.82 and ASPT: H = 27.94; Figure 4.6). Applying the Kolmogowv-Smimov le<;\. 

howcvcr. rewaled thm in Mpumalanga (he~e diffcrences wcre the result 0[" dilTerences 

fx:t\vccn SICiSOOC and AQViyfV and SIClSO(X: and GSM biotope-groups. SASS4 Score, 

numocr of taxa and ASPT valucs were not signilkantly dilTerent bet,wen the AQYlMV and 

(iSM biotope-groups. Thc SIC/SOO:::: biotope-gwup had significantly higher median values 

than either the AQYiMY or GSM biotope-groups, 

W .... 'n C.po 
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0 ,ro , , ,. 
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Figure 4.6. Median "'Ilues for eal·h hiotopc-grHUp in the Westcrn Capc and 
Mpumalanga. Riotopc-groups arc: S = stoncs-in-l'urrent/ stones-out-of­
current. V = aquatic/marginal Hgetation and G = gravel. sand and 
mud. 

Effel·t of sampling one, two or three biotope-groups on SASS scores 

Thc number of additional taxa recorded per biotope-group was assessed by comparing the 

mllllocr of taxa (mean ± standard dcviation) recordcd in a single SASS biotope-group with 

the number of additional taxa rccorded if a second SASS biotope-group was sampled. 
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Spatial mriabilily - hiu/up", 

followed by a third SASS biotope-group. Data from a subset of Mpumalanga site~ at 

which all tlll~e biolope-group~ "ere sampled werc uscd for calculations on a per-~aTl\pling­

occa~ion basis (n = 53), Analysis was run twice, fir~t with the Slc/sooe biotope-group 

a~~essed first and then with AQV/MV asses,ed lin;t (Figure 4.7). Re,ults ,howed that if 

the Sic/sooe biotope-group was assessed first, then the mean numocr of taxa r~eorded in 

the SIC/SOOC biotope-group was 16.7 (SO ± 3.5). This rcpr~sents approximatc!y 67% of 

the \olalnumbcr of taxa reco«kd in all three SASS biotope-groups. Adding the AQV/MV 

biotope-group resulted in an additional 5.9 (SO ± 2.1) taxa (to\alling 91% of the towl 

numocr of taxa) and adding the GSM biotope-group an additional 2.0 (SD ± 1.8) taxa, If 

AQViMV biotope-group was as~esscd first then th~ mean numocr of taxa recorded in (he 

AQViMV biotope-group wa~ 12.1 (SO ± 3'()). 'Ihis represents approximately 49% 01' lhe 

lotal numocr of taxa record~d in all three bil>tope-groups Adding the SIc/SOOC biotope­

group resulted in an additional lOA (SD ± 3.2) ta)(a. 

" r--------------------,---------------------, 

. " ; 
" 20 

I 15 

:i1 10 

, 
, 

Figure 4.7 

+AQVIMV +AQVIMV 
+(iSM 

+SJCISOOC 'SICISOOC 
'(iSM 

l'i'umber ur taxa (mean ± standard deviation) recorded in a single 
biotope-group, showing the number of additional taxa recorded when a 
second and third biotollc-groull are included. A: SIcISooc, 
(SICISooc+AQv/Mv), (SlCISooc+AQvIl\Iv+ Gs:\-\); B: AQv/Vlv, 
(Aov/l\lv+SI(1Sooc), (Aov IMv+SJ(1Sooc+GSM). 

Thc hypothesis that SASS4 Score and number of taxa increase, whilst ASPT denea>cs as a 

function of (he numocr or biotopes or biotope-groups sampled, was tested, For \\'eSlem 

Cape da\a up (0 se~en separate SASS-biotopes were S<lmplcd, ~nd d~t~ are plotted as SASS 

scores fix the sit~ against total nwuber of biotopes ,ampled. In :\1pumalauga all three 

biotope-groups were sampled al each ,i\e and SASS scores were calculated for each SASS 

biotope-group or combination or SASS biolope-gmup~ (Figure 4.11). 

')5 
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Spatia' variability - biotope, 

Figure 4.8 

Western Cape Mpumalang~ 
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Regression analysis of SASS4 Score, number of taxa and ASrT plotted 
as a function of the number of biotopes sampled for the ' ... ·estern Calle 
(n ~ 67 sampling occasions at 32 sites,) and for l\Ilmmalanga (n - 159 
on 53 sampling occ",ions at 19 sites). The dotted lines represenl the 
95% confidence intermis. 
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l~ml,or,,1 variability 

Rcstricting amllysis to a single biotope-group (SJCiSOOC) in the \,i~st~!1l Cape r~vealcd 

differences in the relative Irequency of occurrcnce of each SASS-taxon within each ofl\'v'o 

seasons, namely autumn and spring C[,able 5.3). 

Tablt 5.2 Relative frequency of occurrence (nprcswd as a percentage) of tacil 
SASS-taxon in each season (Ar = autumn, '''1 = ,..inter, SP - spring 
and SL - summer). Slmding indicates frelJucn~'y of occurrcnct acros" 
scason (i.t. highest frtqntncy of occurrence in onc season). Perccntagc,' 
arc giycn separately for Western Cape and Mpumalanga data. A dash 
(-) indicates insufllcient dala, i.e. taxa rfcorded < 5 tim~"'. Blank 
indicatts tilt taxon does not occur in the gcographic rcgion. Thc 
nllmbcr of sampling occasions per season (n) is giycn. 
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Temp"",,1 variahility 

5.4.2 Analysis ofmacroinvertchrafc assemhlage, 

hl lhe \Veslern Cape, mocro;nver!ebra!e as_",mhhlges did nol group hy sellson \"hell 

assemblages from all seasons were considered (Figure 5.1. MDS: 3D-stress = 0.18), One 

site (CFOI), simated in lhe lower rea~hes ortlle Palmiel Ri\er, _'ep;.mlledli-om most other 

sites although a kw other uppcr-catchmcnt sites grouped with it. This. together \\';lh a 

scarcily of data for summer and v,·inter. prompled anal::i~is or upper-catchmelH sites in 

autumn and spring onl;:.' (hglll"e 5.21. 'J1lis resulted in two groups of sites that "ere 4(,% 

dissimilar O'dDS: 3D-strc~s = 0.17). Fight of lhe eleven alilunm sample, grouped together, 

whilst the spring and remaming three autumn ~amples grouped together_ There w~s 

however. ~on.~iderahlc within-group variability. Aualysis of assemblage data 1<)1- tile 
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r<'mpo.-ai mriability 

SIc/sooe biotope-gro~ revealed similar broad aununn and spring Groups (Figure 5.3, 

MUS: 3D-stre:;s = 0,15). A:"<OStM analysis revealed that there were significant >ea><.mal 

differences in macroinvertebrate assemblages (Global R = 0.245. P < O,Ot) "'ltb only 

autumn and sumner assemblages not ,ignilicanUy dilTerent in the pair-wi:;e analysis. Taxa 

contributing to v,-ithin-group similarity of spring assemblages but not to autumn ones 

included Heptageniidae, Hdodidae. lipulidae and Oligocbaeta, whilst nine taxa 

contributed \0 autumn assemblages, inchiling families of Trichoptcra. Hemiptera and 

Odonata (Table 5.-1). Spring sub-groups had contributing taxa common to all sub-groups 

but also a lew exclusive to a specitic sub-group. 

Tahle 5.3 Relative frequency of occurrence (expressed as a percentage) of each 
SASS-taxfln in the Slc/suue biotope-group for autumn (All) and spring 
(SP) in the '''e~tern Cape. SASS-taxa with a relative % > 600;-;, are 
shaded. The number flf ~ampling flcca~ion~ per season and the number of 
times each taxon was recorded are gi.'en. 
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Temporal variahHity 

------------------~= 
Ba>ed on these Jilta, taxa present in alltWl1n respectivel) C()n~titllteJ 62%, 71% and 87% of 

the SASS4 Score, number ortaxa and ASPT m the Westem C~pe (n = 6), und 71%. 72% and 

99% of the SASS4 Score, number of taxa and ASPT in Mpumalanga (n = 16), Taxa ~en\ 

in winter constituted 58%, 5"% am 111 % of the SASS4 Score, numocr or tax~ in the 

Western Cape. and 79"10, 77% and 103% ofthc SASS4 Score, number of taxa und ASPT in 

Mp1l1l1alanga_ l'axa f.«scnt in spring com,tituted 70"10. 66% and 106% orthe SASS4 Score, 

numher ortaxa and ASP!' in the Western Cape. and 72%. 74~o and 97% ofthc SASS4 Score. 

numocr of taxa and ASPT in Mpumalanga. There were differences in the relative percentage 

contribution between region>. with Westem Cape sites often having lower contributions to 

SASS4 Scores and number of taxa, but higher contributions to ASPT, particularly in winter, 

than Mpumalanga site>_ The Western Cape is a 'winter-rainfall area as oppo~ed to 

Mpumalanga, which is a >wll1l1er-rainfall area. so thi> result is not \Ulexpccted. In the 

Western C~pe, percentage contribution of number of taxa W~> highe>t. in ~utumll, whilst in 

MpumaJanga it ""'liS highest in \vinter. Variation in ASPT hetween all three >ea>ons was lcs~ 

pronounced in Mpumalanga. 
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Figure ~,7 

SASS4 So",. ~""""r oft",. 

lIIi.i Winter 

Mean (+ SO) "r percenllo.ge contribution of SASS" Scores, number of 
ta~a and ASPT for SASS sample~ collected in thrce separate seasons 
(autumn, "inter and 'pring) to SASS4 Scores, lIumber of hua and 
ASPT calculated for the multiple-season site assessment. Mean values 
have befll calculated for the Western Cape and Mflumalanga, 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Tempo",,' variabililyC· __________________ _ 

Median values 

Number of taxa and ASPT values Were signilicantJy dill'erelll al1long~l ~ea.soJ1S in the Western 

Cape {number or taxa: I(ru~kal-\Valh~ le~l ~tati~lic H = 10.35, p < 0,05; and ASP!': II-

15.2f>, P < (J_OI, Figure 5.8). Applying the KolIll<Jgowv-Smimov lest bel\-yccn pairs or 

~eason.s. !I<Jwever. revealed Ihat dijferenccs "yere the result of diffcrenccs bctv..·ccn winter and 

~unmler for number of taxa (p < 0.05) and bet1\-.:en auttullil and winter. autumn and spring, 

and winter and summer for ASPT (p < 0,05), Significantly fcwcr taxa wcre rccordcd ill 

winter compw-ed to SWllmer, and significantly higher ASPT values werc rcconled in winter 

and spring in compariwlllO jluruner and autumn. SASS4 &ore, nwnber of taxa and ASPT 

values were not ~ignific"ntly dirlerenl "-1110rlgSt -;ea:son~ ill M[llll11aJang~_ Applying the 

Kolmogomv-Smimov test belween pairs or seasons revealed that in MpumaJanga winter and 

spring were significantly differcnt with respect to ASP 1 (p < 0,05), 

Figure 5.8. 
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IlJe temp<lral vml<ltion in SASS ~core~ at repre~entative ~ite~ ha~ been examined for a 

minimally-impacted mlllmtmn stream and a minimally-impacted foothill-cobble bed site in 

the We~lern Cape (Figures 5.9 and 5.10) and in Mpum<ll,mga (Figure 5.11 and 5.12). In 

each ca<;c SASS4 Score, number of taxa and ASPT are given for each sampling occa~ion. 

Clusler analy~i~ and MOS ordination were performed on macroinveTlehrate a~semblage 

dat<l for each ,he and dendrogram~ showing temporal grollping at each site are given. 

SASS4 Score and nllmber of taxa "ere variable and were ollen highest in spring in the 

we~tem C<lpe and winter in 'v1pllmalanga. ASPT varied the least amongst sampling 

occa~lOn~_ hULllal sample~ v,ithin sites were between 50 and 600/0 similar and clustering 

on the ba~is of season was oot evident. 

5.5 DlSCUSSIOK 

This study indic<ltes that se<l~nal differences in the frequency of occurrence of individual 

taxa were limited, "ith mo~l differences evident from the <lnalysis of the SICISOOC 

hiolOpe-grolip in the Western Cape. Several sensitive and high-scoring taxa, such as 

Tc1oganodidae. Heptageniidae. llelodidae. Blephariceridae and Amphipoda. were more 

eOlmnon in spring compared to summer. whil~l F.lmidae/Dr)'opidae, Ecnomidae and 

PhiloIX,lamida€ "ere more common in autumn. These observations were rellected in the 

macminvertebrale assemblages with seasonal clustering imo predominantly autumn­

versus spring-groups. Ihi, was e,pecially evident when macroinvertebrmes associaled 

with the SIC/SlXX' biotope-group were examined, po~~ibly becau~e thi~ biotope is more 

sensitive to changes in flow th<ln other biotopes. Similar results were obtained by 

Chessman e/ uf. (1997) who found negligible seasonal variation in values of SIGNAL 

(similar 10 ASPT), with only rimes within lhe SIC biotope showing <l difference hem'een 

spring and aullLmn. Whilsl more taxa were recorded in alltwnn than in spring in the 

\Veslem Cape, <l higher prOIXlrtion of sensitive and high-scoring taxa were recorded in 

spring than in autumn. 
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Figure 5.9 A; S,\SS4 &ore. number of taxa aud ASPT {ler sampliug oCCllsiou for a 
minimally-impacted site (CM04) ou the upper Eer_'te River in the 
"'estern Cape. B: Dendrogram showiug da_"ificati,m of faunal 
samples. 
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Figure 5.10 ,\; SASS4 Score, number ofta,a and ASPT per _,am{lling occa_,inu for a 
miuimally-impacted site (CCUl) On the u[l[lcr Berg River in the 
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Seasomil p"Ltems in the distrihution and ahundance 01" macroinvertebrMes reflect Ii Ie 

history dmfaClCristics of individual taxa. remporal differences in iuxonomic makeup of 

macroinvertehrate assemhlages within sLreams lTI<ly be due to (he ditleren~es ~mong insect 

Ii Ie cycles (e,g. Yanoviak & 'v1cCalTerLy 19%). In lllOWlI<lin sLreams ol"lhe Western Cape, 

mml} insects Ufe IInivoitine. i.e. have" single genenltioo per year, and at allY given lime a 

single species may be represented by eggs, bn'<le, pupae or nymphs ami w.lults (Davies & 

Day I (/98). King (1981) ~nd King et <II. (1988) recorded no m~jor temporal changes in the 

composition of macrninvcrtehr~tc ~s"cmblagcs in two mount<lin streams 01" Lhe WesLem 

Cape, although densities were highest in l~te spring (King er "" 19)(8, BriUon 1991). King 

ei al. (1988) attributed this to the slO\'i growth or ~petie~ in the highly oligotrophic waters 

of upland re,!Che~ ol'this region. Tn the present smuy. the sampling method. SASS, utilises 

a colleding apparatus \\·ith comparatively large mesh-size (l mm), thus ~m<lller instars or 

aquatic insects such as heptageniid and telog<lll(xiid mayllies, rna)' not he collected :mu 

observed ,easonal uil1eren~e~ in lIpper calchments may 1-.:: heightened \\ihen SASS 

~<lmpling i~ undertaken. For example, the heptageniid, Ajromm.{s harrisoni, whi~h King 

(1981) comiders to be a slimmer ~pecies. \\i<l~ more frequently recorded in spring than in 

autumn. It is possible that b)' alIlumll, emergence had taken place and individuals of toc 

next generation were too ~nl<!n to be collected. Many stream ill~ects emerge sequentially 

over the periou 01' early 10 late summer (Sweeney 1984. Newbold er III. 1(94) mid ~pring is 

considered 10 oc a period v,'hen river disch<lrge is starling to uec.rease. anu lhe number of 

o'ier·wintering invertebr<lte~ on the streamhed surface increases. hut emergence has not yet 

hegun (King elili. 1988). 

Seasonal pallerTlS in the distrihution and ahundance of ma~roinvertebrates reflect 

tempemmre regimes aad may also retlecl the aV<lilahilily of 1,,,,,-1 reSOlIrces. Brillon 

(1991). in a sloo)' of the Swmtbosklool' ~lream, Weslem Cape, noted that most taxa were 

le<l~l ablInd<lntlll summer, which is a stressful period due 10 elevated water temper<ltll!es. 

Brillon (1991) I'mlher exploreu the posmlmcd synchronization oct\'ieen abundan~e of 

shredders and the annual pulse of leat~fal1. The ke)' shredder in Swarlhosklool: namely the 

amphipod. l'anml<'iita mgr(lc1I/1IS, as well as Plecoptera. which arc thought 10 exploit 

coarse kaf pJl1icks (King er 111.1988), \\ere mo~l abo.md<lnt in spring, alier which lheir 

numbers dropped remarkably, despite litter· fall from riparian trees occurring in this 

summer period. Bunn (1986a. b). in <I sllldy of northern j<lfTmt lorest slre<lm~ or we~tern 

Australia, which are also ".,ithin a medilerranean e<;osyslem, observeu a similar lack of 
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Substratum richness 

Substratum 
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Variabilily il1 IIp/al1d sires ofllU: Western Cape 

7.4...1 Expcdcd SASS-tam 

Using the validated biolo~icill bands (Tabk 7.5, FiguTt: 7.4) \h~ Tt:lali"e lrequency of 

occurrence of each SASS-taxon within each biological band, i.e, X, A, B. C and D. was 

calculated using <Ill reference and monitoring site data within the respective band Crable 

7.6). Thus, NOlOnemouridae o~curred in 77% of the samples in band X, 64% of the 

IXImples in band A, 21 % of the samples in band J3. etc. Seventeen SASS-taxa showed a 

decrease in )elallve frequency of occurren~e from biological bands X to D, i.e. as 

uislurbance iru:rc<lsed, Most of these were taxa inhabiting the stones-in-current or stoncs­

oUl-ol~~urrent biotopes (see Tables 4.2 and 4.3, Chapter 4) and were taxa identified as 

characteristic of upland ~ites of the Weskm Capt: (Table 7.2), T~n SASS-taxa increaseu in 

relative frequency of occurrence from biologkal bands X to D, i,~. as disturban~e 

incn::ased. The remaindt:r showed neilher an incre<lse nor a de~rease in lhe relative 

mquo;:ncy oj' oc~urrcn~e in responsc to in~rcasing uislurball~e l\fan)-' 01" lh~s~ taxa were 

more commonly recorded in aquatic or marginal vegetation (see Table 4.2, Chapter 4) and 

~ome were air-breathen; (e.g, lkmipterans) and thus less dependent on water as a medium 

than organisms lhal arc dependenl on waler I(lr ~ompldion 0 I' pmt 01' their I iii: cycle. 

A labl~ or "expected" or rel"cren~e tax<I for upland sites of the WeSlern Cape has been 

fonnulated using information from chapters 4, 5 and 7 (Table 7.7). Given the subslanlial 

wlriability in m<l~roinvcr!ebrale <I~scmblage~ <11 upland sites, lhe rclMi"e lrequency of 

o~currence of each taxon, calculated using reference site data in biological bands X and k 

is included. Thus, Notonemouridac o~~urred in 68% or lhe rclCrence samples, 

Leptohphlebiidao;: occurred in 95%, and Amphipoda occum::d in 180/0, etc. rhis 

inlormation is useful in lhatthe presence of a taxon su~h as Leptophlcbiidac. which has a 

high relative po;:rcentage occurrence, i~ to be ~xpeckd al a n::lerence sile, and thus its 

absence al <I monitoring ~ile would indi~ate dislurbance. On lhe other hand, lhe pre~enc~ 

of a taxon such as Amphipoda, which has a Imv relative pt:rcentage occurrence, and is thus 

not ahvays recorded al Tt: li:renc~ siles, is indicalive or a site lhal is minimally- impackd, Its 

absence, however, doe~ oot nece~sarily indicate disturban~e. Biotope anu seasonal trends 

in the relative occurrence of each SASS-taxon are giv~n as a guide for taking dift'cren~es in 

the availability of biotope~ and st:<l.>onal di l'I"erences into account. Noting lhal a particular 

taxon showing a preli:ren~~ I(lr a parti~ular biotope or season Uocs not necessmily imply 

that it is absent from other biotopes Or in other sca~ons. 
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Variability in up/and SJles "lthe We.blm rape 

Tabl .... 7.6 R .... lativr frequffiC:- of occurruce (expressed as a pl'rct"ntage) of eacll 
SASS-taxon in b_(.lo';c.1.1 bands X, A, B, (: lind D. Incrwsing and 
d~crl':uing t ...... nds are indicatoo witll sllading witll lIighest frequencies 
darkl'r lind lower frequencies lighter. Individual frrqul'ncies that do not 
conform to the hi~l"ighted tr~.11 are not givl'n in bold tl-xt. D = Dumb .... r 
of sam pit'S. 

" 
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Table?? 

, , 

Variahi!ily in upland ,rilc,r oj/he Western ('ape 

" 
" " " 

" " 
" " " " 

Referenu SASS-taxa at upland sites of the Western Cape. The expected 
frequency of O(currence is expressed as a percentage. Biotope lUId 
~easonal tn"nds are indicated wilb taU! most oRen ",COrdM in a 
particular biotope shown (SI = stones-in-current, SO - stones-out-of­
curant, V = aquatic and marginal vegetation), or in a particular season 
(S = spring, A - autnmn). 

Biutupe &ason 
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Most of the ta"a included in Table 7 7 Me ch~r~cteri~tic of mInimally-disturbed upland 

'Iite~ and di~appear or become rarer ~s distudJ~nce lnnea,e~ Other'!, ~ueh a'l 

Chironomid~e and Simuhidae, are ln~luded >!llCe they are almost always prescnt at upland 

sile" but do not noc.e;;~Mily di~appear 1TI re;;plm'e to (bturb~nce. In the'e famlii e" ~hi1nge 

often (>c·eur;; at a re,olution greater than Clmily, with Olle ,pecies repl~cing i1110ther as 

di,tl1lbaoce incleases (;\.R Hani;;on, Fle~h,,'-ater Re,eareh Llnit, Department of Zoology, 

Lniversity orCape Town) 

A ~ummary dia,lnam i~ plovided ~howing the S;\SS-taxa e"peded to decrea~e in I esponse 

to disturball~e, a~ well ~s those expected to lllcrease ill re,po";;e to di,turb~nc e . The;;e 

h~vc beCll d etennJ ned USillg relative frequency of o~~urrell~e dat~ of each t~xon at up lalld 

~ite' In the We,tern Cape (Figure 7.5). The di~turbanee i~ primmily that re;;l1lting limn a 

rcdl>Ced water quality at monitoring sitcs 

, 

A 

, 

o 

T~ .a ~~p<>et~d to doc,.." ... 
in rC'J>On.e to di.l"rbI>nC~ 

Noton~mourid"", Baetid"" 3 Types, 

L~ pto~le b< id"", T " Ioganodid "", 

Elmidae/Dryopida~, Ky<Ir""nid ..... 

fWI<>1idao, Limnichid"'l, Gorydalioo~. 

Taxa ... f>QCIed to incrca. c 
in response 10 distllrbance 

SASS-taxll ,ho,,'n 10 increas~ or d~cr~as~ in r~sponSI' to in"rellsin~ 

di,tudJance, primarily "at~r quality i!llpairm~nt, at upland siks in the 
\\,' e~tern Cape. Thry haH be~n UI'tnminl,,1 on the hasis or the reiutive 
frequency of oceu rn'nel' of ~adl SASS-ta~on within biolol!;ical bands X, 
A, n, C and O. 

17·1 
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