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INTRODUCTIOn*

1.1 Background

Namibia is the driest country in southern Africa and is consequently depauperate in perennial
rivers - rvith the central regions of the country completely devoid of such features. Around its
edges though, and in almost every case forming an international boundary, perennial rivers do
exist; from the Orange in the far south to the Zambezi at the very north-eastern tip of the
Caprivi region. The knowledge base concerning the functioning, species composition and
health of these riverine ecosystems is relatively poor and rvhile a number of focused studies
have been undertaken on each of these rivers, there has been no routine regular monitoring of
the prevailing water quality or biological health of these systems. It is consequently
impossible to state what the environmental health of these systems is now, or how it might
change in the future. Without this vital information it is diflicult for stakeholders, ranging
from individuals to Government Ministries, to make sound decisions for the future sustainable
use and protection of these systems. Water is Namibia's most valuable and limiting resource.
The pressures on perennial rivers are considerable and rvill increase exponentially as does the
human population and need for resources.

It was with these considerations in mind that the Ecological Research Section of the Division:
Water Environment decided to initiate a pilot project designed to investigate the prevailing
water quality in the perennial rivers of the Caprivi and Kavango regions (Taylor, 1997). The
project was also designed to test, and then suggest modifications to, the methodology already
in use for such investigations in South African Rivers. This rvas done rvith a view to making
recommendations for future monitoring both in the regions studied and the country as a
rvhole. This pilot programme was conceived (Taylor, 1991) and co-ordinated by Dr. Eliot
Taylor who has extensive experience in the field of biological monitoring programmes in the

UK, where the methodology originated.

1.2 Rationale

Over the tast 15 years, some basic water chemistry data have been collected from the rivers
and floodplains of the eastem Caprivi and the Okavango River. These data have been
collected for use in the control of Salvinia molesta project @ethune, 1996) and as part of a
baseline survey of the Okavango River in Namibia @ethune, 1987; Bethune, 199i). The
analyses performed are, however, of limited use in long-term determination of water quality
and detection of pollution. More detailed chemical analysis is often very expensive,
particularly if the presence of certain pollutants, e.g. pesticides or of a specific chemical make-
up, e.g. nutrients content, are required. Detection of pollution by chemical sampling is also

problematic if the polluting source is intermittent in nature. For example, a water sample may



be taken on a particr"rlar day and time whereas the pollution may have occi.rrred several hours
beforehand and been r.vashed away or occur after sanrpline Use of biological indicators,
however, gives a picture of the long term prevailing \\'ater qualitf in any, watercourse and is
thus considered a more reliable measure. Pollution in ri..'ers can be detected relatively easily,
quickly and cheaply by, looking at indicators based on biological characteristics and. in
particular, at the macroirtvertebrate {auna. Routine sarnpling olmacroinvenebrates in flou,ing
vvater, as a method of assessing char;ges in water quality is riell established in Europe, the
USA and more recently Ar-rstralia 'Ihis methodologl, can be used to detect changes caused
either directly as a consequence of chemical or biological poliution or indirectly as a

consequence of physical perturbatiorrs such as reduced flou s The information gained abr:ut
river systems using such methods is very valuable. Temporal changes in invertebrate fauna a.t a

single monitoring site or spatial differences betu,een the faunas of impacted and un-impacr.ed
sites can be easily seen. The ideal use of such monitoring, but one r,,hich is rarely available, is
the ability to refer to the pre-impacted state, that is to sa1,u,hat the inr,'ertebrate fauna lvas like
before the river was noticeably affected by the actions of man Collecrion and collation of such
inforniation assists stakeholders to gauge jr"rst how far a river has changed from its original
state and rvhat remedial measures might be made to help the ril'er ro return to, or approach,
ttris Using biological infomration in this manner is o{1en not possible because regular
monitoring only began after the rivers began to change. This is rrue to some extent .,vith

Namibia's rir,'ers (particularly those in the Caprivi) but less so than for most of the systems in
rvliich the methodolog,' is in r"rse in the IIK and South Africa Namibia thus has a unique
chance to use the methodology in its r"ost appropriate fashion

A.n empirical biotic index to measrlre the qualit-v olu,ater in South.{rican streams and rivers
',r,as devised by Chutter (1972), this lvas similar to the Biological \{onitoring Working Party
(8X,4\,\P) scoring systenl (Chesters, 1980; Nationai \\'ater Council. 1981) used in the tIK..
Both systenrs work in the same way but the scoring svstem has been changed for the South
Afi-ican version Trvo main changes have been made, comprising a change in the list of taxir
used for the BMWP system and a cltange in scores allocated ro taxa. In the BI\AVP systenr
scores ranged lrom 1-10 for each scoring taxon but in the SASS s),srent this was changed to 1-
15. These changes r.vere nrade to reflect the difference in rhe tvpe of fauna found on the
African continent and to broaden the pr:ssible scoring band; that of BlvI\\? was perceived to
be too narrow. After much development (Chutter, 1992, Chutter & Geuppert, 7993; Chutter,
1994a; Chutter, 1994b'. Chutter, 1998) an index, now known as the Southern African Scoring
System, .,'ersion 4 (SASS4), was established in South Africa This has undergone extensive
testing and it is a rncCiiication of this that we u,ish to develop and use norv in Namibia.



J\IATERTALS AND il{ETHODS

7.1 The study sites

The pilot programme research rvas restricted to the north-eastern perennlal rivers of Namibia,
namely the Okavango, Kwando,Zambezt and Chobe systems. Sampling sites rvere chosen for
their ease of access and in order to sample the most productive parts of the rivers, i.e. fast
flor,ving water over a stony substratum (rapids) rvhere this occurred. Two sites rvere chosen

on each river system, where possible. lnformation about these sites is given in Tables 1&2 and

Figurre 1.

7.2 Sampling strategy

The first step in the process is to choose sites r,r,here water quality needs to be determined.
This rvill often be downstrearn of a perceived factor that may influence the rvater quality
stanclard, e.g. a sewage outfall, a dam etc. Sampling here will help to determine the degree to
which the factor is impacting the rir,erine environment. Other sites, known as reference sites,
where there is no perceived irnpact on the rvater qualit1,, are also sampled for comparison rvitli
impacted sites. Macroinveftebrates are collected from all the main hydrogeomorphological or
biological habitats available &t anlr designated sampling point e,g. rapids, sand bars, submerged
and emergent vegetation. This is done as different families have different bio-physical
requirements and preferences as to rvhere thei' live. Some macroinvertebrate famiiies prefer
slorv flowing, non-turbulent water u'ith rveeds rvhere they can hunt for their prey e.g. many
Dragonfly ilrvae (Odonata). Others prefer fast florving, shallow \,vater with a turbr"rlent llow
and hrgh dissolved oxyger, content r,vhere thel'can respire and graze algae from the surface of
stones e.g. Mayfly larvae (Ephemeroptera).

Table 1 Sampling.sites

Rir.er nanre Site name GPS reatling

Oliavango

Kn'nnrlo

Zrmbezi
Chobe

Chobe/Zrrmb ezi

Chele (3Okm's east Rundu)
Popa Falls (east bank)
Kongola bridge
Lyadura
Wenela rapids at border post

Ngoma bridge
Ihaha
Ichingo rapids at Intpalila

17 s4 641
l8 06 692
t7 47 200
l8 26 001

17 28 s30
17 55 2'14

t1 49 965
17 46 584

20063r1
21 34 950

n 21 140
23 43 041

24 14 882

24 43 222

24 52 375
25 09 992
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The main habitats described in the SASS technique comprise:

" Stones in Current (SIC)

. Stones out of Current (SOOC)

. Aquatic (submerged or floating) vegetation (A\r)

(N{\r)Marginal (Emergent) vegetation

Sand

. Silt/lr,lud

The SIC and MV habitats have proved to be the most common and important in terms of the
number of taxa they yield (Chutter, 1998) and at least one of these two habitat types should be

included at any sampling point. Each habitat is sampled for a set length of time using a

standard collecting technique and a collecting net of a stipulated mesh size. Samples are then
sorted and a single representative of each taxonomic group is found, kept and identified,

usuahy to family ievel. 'fhe systenr used to determine water quality relies on the differing
physiologic,.rl response of different invertebrate taxa to changes in water quality. Some

families, such as the Ephemeroptera. that most commonlS' occur in fast flowing, well
oxygenated water, can only tolerate snrall changes in water quality. This is particularly true if
the pollution is organic in nature and/or results in a reduction in the amount of dissolved

oxygen available. Families sucli as Ephemeroptera are aliocated the highest score (i5) to
indicate that they are pollution intolerant organisms. Other family groups, such as freshwater

\yorms (Oligochaeta), can toierate much greater changes in r.vater quality as their bodies

contain haerloglobin and are able to survive even lvith very iow levels of dissolved oxygen.

Such farrrilies are allocated the lou,est score (1) to indicate that they are pollution tolerant.

The majority of common freshrvater invertebrate family groups have been allocated their or.vn

score (from 1-15) depending on their response to pollution. Water quality is deternined in
three main ways from the combination of these scores. The first of these is the total, or SASS,

score and is detern-rined by the addition of all scores from each scoring taxonomic group. This

score is affected, not only by the water quality but also by the habitat at the site. For example,

a site with ive different habitat types *'ill score more highly than one with only two, even if the

r.vater quality is the same at both. For this reason a second score is also determined, which is

the Average Score Per Taxon (ASPT). This is determined by dividing the SASS score by the

number of scoring taxa found The use of ASPT scores reduces, to some extent, the influence

of habitat and gives a more reliable measure of water quality. The final score that can be

determined from this sampling rnethod and which may reflect on rvater quality is the Number

of (scoring) Taxa (NoT) found at a site. In certain conditions, e.g. in naturally acidic waters,

the invertebrate fauna is composed of a low number of high scoring taxa. The ASPT for such

sites is thus naturally high and pollution in such waters may be hidden by use of the SASS

score and ASPT alone. Analysis of all three scores gives the most information about water
quality and is the most effective rvay of using the data obtained. The SASS score tends to
impart more information when habitat diversity is low or when rvater quality is poor, whereas

ASPT tends to be ihe more reliable measure when habitat diversity is high and water quality
good (Chutter, i998).



Tnble 2 List of habitat t1'ltes sampled at all sampling sites

Site Date SIC SOOC Iry AV SAN:D SILT,DflID

Chel e 2t619-l

281119:

6t10191

1l12t9t
212t98
3t/3/9S
r /6/9S

!

I

#

#

ti

Pcrpa lJl2/9 ,1

216!9i
28t7 t91
6t10191

1t12t97
2l2l9S
3 1/-jl98
1 /6/9 S

u

4

u

ti

it

#

#

#

Kongola 1012/97

27 /51e7

211 ,1t9 .-

1/tQt91
5/12/ ,a',

3/2/9S
I /{/9E
2t6t9S

F
!{

c

Lladura lll2l9,-
25131.n1

2815197

24t7197
2t10191

5ll2l91
3/2i 9S' 
l/4/9S
216/ ,as

t

!

!

t

ti

li
ii
g

Ngonra 29t5t97
2311lt'l
30/9;91

3/l2it7
412/98

3fJ/i/9 3

I /6i9S

ll

#

Ihaha 1/2t9-
25t5197

2317le7

3019t97

3t12t97

!

u

ti

Ichingo I18t97
5/?t98
21t7 t97

214t98
4t6t98

I

u

J

!

!

I

Werrela 3/5/97
8ts/97
3019t9't
3/t2/97
1t2t98
8/4/98
316/98

fr

4

!

g

#

#
a

#
!

#



2.3 Sample site descriPtions

2.3.1 Okavango River

2.3.1.1 Cheye

The river here rvas circa 100m rvide. in the dry season the marginal vegetation @'f$ habitat,

compriseC mostly of reeds (Phragmites mauritiarurs) and sedges (Carex spp./ was left dry by

the dropping .uvater level. The aquatic vegetation (AV) habitat ',vas composed almost

completely of floating pond*'eed (Polantogeton thumbergii) with the occasional plant of
rvillorv-herL. (Ludrigict stoloniferct). The stones in current (SIC) habitat was characterised by

large boulders of silcrete interspersed rvith smaller rocks, pebbles, gravel and sand of the same

material; the florv of *'ater over thls was fast and turbulent. The stones out of current (SOOC)

habitat r.r,as characterised by' small, smooth pebbles embedded into a sandy substratum lvith the

occasional frond of Potamogelon thuntbergii also occurring. In the flood season the marginal
vegetation habitat rvas inundated and the only habitat available for sampling in February; by

N,Iarch the A\r habitat rvas aiso erposed.

2.3.1.2 Popa

The river here rvas circa 5O0m ri,ide and consisted predominantly of outcropping bedrock,
forming rapids. In the drl,season the MV habitat on the left bank, comprised mostly of rushes,

u,as left d.y bl'the droppins n'ater le\,,eI. MV could, horvever, be sampled on a small island

u,hen the ,,,ater ler,el r,,,as lor,r, enough, the vegetation here was comprised of hippo grass

(L'oss,'tr cuspitlcttct). There \\'as no AV habitat available here. The SIC habitat rvas

characterised mostll,bt'bedrock silcrete with the occasional smaller boulder; the florv of ,,vater

over rhis rvas fast and turbulent. The Sand habitat r,vas characterised by patchy and small sand

bars on the dorvnstream side of rocky outcrops and boulders. In the flood season only the N'IV

habitat on the left bank *,as available for sampling and was covered in a thick gro\\'th of
blanket rr,'eed, thought to he the blanket-weed algae, Clodophora spp.

2.3.2 Kwando River

2.3 21 Kongola

The rivcr here was circct l5m wide. MV habitat was available all year round and rvas

conrp:ised of hippo grass 4bssict cuspidata). The AV habitat was also available all year and

composed of floating pondweed (Potamogelon thmbergii). The SIC habitat was

characterised nrosily by small rocks, pebbles, gravel and sand and the flow of water over this
r.vas fast but predominantll' laminar. No noticeable flooding occurred in this river with all

habitats available for sampling year round.



2 3.2.2 Lyadura

The river here rvas cit'cq )]nt *'ide, slorv flor.ving and with no SIC habitat present. The
riverbed was conlposed entirely of silt ri'ith the main habitats, N{V, consisting of sedges (Carex
spp.) and A\/, consisting of rvillou'-herb (Lucfuigia stolonifera), floating rvater-fern (Salvinict
nroleslcr\, water lilies (rlnrphaea spp.) and floating pondu,eed (Potantogetort thumbergii),
available year roLrnd. The river here u'as deep and turbid, sampling rvas carried out from the
left-hand bank only.

2.3 .3 Chobe River

2.3.3.I Ngonia

'flre sample site here consisted of a circa 20m diameter, 3-4m deep pool of standing water in
the riverbed for the majoritv of the 1'ear. The N{V habitat was conlposed of fringing hiprpo

grass (I,'osxia cuspidala) from,"vhere most samples were taken. In February and ir4arch 19t98

the rir,'er filled'".,'ith \\'ater as the Zambezr flooded. Water rvas flor.ving upstream (in an easterly
clirection) in Februan' but had reversed its flort' and was flo'"ving dorvnstream (in a r.vesterly

direction) at the end of N'Iarch. Sanrples w'ere taken from inundated floodplain grasses on both
o ccasions.

2 3.3.2 Ihaha

The rir,'er lrere s':s circq 15nr ri,ide. not florving. lvith a silt/mr-rd substratum. The IvlV habitat
consisted of sedges (Cat'ex spp.) and hippo grass (L'ossia arspiclotct), the A\r habitat of fine
o>iygerr weed (l-argarosiplrctn spp.), floating rvater-fern (Salt,inia molesla), bladdenvorl
(Llrricularid spp ), sa*'*,eed (lt'cyas spp.) and lilies (N2zrphaeo spp.). Although the rlver ilt
this point appeared to be a continuoLrs i:hannel it rvas diffrcult to say if it had a direct hydraulic
connection with the ntain channel at Kasane During the flood season, in February and l\4arch,

it r.vas impossible to reach any'rvhere near this site and no sampies were taken during this tinte.

2;,+ Cnobe/ZamUezl

2.3.4.1 Ichingo

The river here v,,as circa 500m riide and consisted predominantly of outcropping bedrock,

forrning rapids. Due to its distance from Katima and the difliculties in accessing the site it r.vas

only visited on lour occasions. ln August i997 MV, consisting of hippo grass (['ossla

cuspidata), papyrus (C7'pents popyrus), AV, consisting of an unidentified submerged

mac;rophy'te grorving on a sand bar and SIC (mostly bedrock silcrete rvith the occasional

smaller boulder) habitats rvere available. The flow of r.vater over the latter rvas fast and



turbulent. In February, March and Jr"rne 1998 only recently inundated unidentified riverbank
grasses (N{\/), AV of blanket-r.veed (Cladophora spp.) and bedrock (SIC)'*'ere available for
sampling.

2.3.5 Zambezi

23 5I Wenela

The :iver here u'as circo 500m rvide and consisted predominantly of outcropping bedrock,
forming rapids. SIC habitat was comprised of this bedrock with some moveable small
boulders, rocks and pebbles; the florv over this was fast and turbulent. IVIV habitat consisted
of a floating raft of hippo grass (l/os.sia cuspidala) over water in a still pooled section of the
river. The SOOC habitat was found to the side of the main channel when the water level had
dropped lorv enough to leave a "rock pool". During the floods, samples were taken from
recently inundated bedrock on the riverbank and, once the fi.rll flood arrived, from inundated
unidentifi ed riverbank grasses only.

2.4 Methodology

2.4.I Sar..plinq

Heary duty rubber rvaders \\iere \vorn for all sampling in order to protect the sampler froin
bilharzia infection, particularly in the Kwando fuver, and from the very rough surlaces of the

bedrock occurring in the study rivers. The sample net used was smaller in area than that
suggested in the SASS4 methodology but of the specified mesh (circa lrnm). The net used

lvas one used as standard in BVI\\? sampling in the UK and although of a smaller area this
was unlikely to have seriously affected the SASS, NoT and ASPT scores acquired during the
studl' (Chutter, personal communication, June 1998). Spotters, staffmembers positioned at

strategic positions on the bank and in the river, were used to check and watch for crocodiles
both before and during sampling. The choice of sample sites was restricted both b1, ease of
vehicular access to the site and by the safety aspects of sampling, e.g. no samples were taken

by wading in water deeper than knee deep, particularly if the rvater was turbid. T'his restricted

the number of types of habitat that might have otherwise been available, e.g.'silt/mud, SOOC.

2 4.1.1 Stones in Current (SIC)

This habitat was sampled by kick sampling. This involved standing with the sample net on the

downstream side of the sampler rvhilst the riverbed was disturbed by shuffling movements of
the feet, designed to overturn rocks and dislodge invertebrates. The net was held firm against



the riverbed and the current washecl bed material and any macroinvertebrates into the net. This
process r.vas done for a timed period of two minutes rvhere there rvere rocks that could be

dislodged. On irnpacted substrata or on solid bedrock the sampling \\,as done for five mimrtes.

2.4.1.2 Aqtratic vegetation (AV) and marginal vegetation (Nnr;

These habitats were sampled bi, sr.veeping the collecting net rn and out of (MV), or through
(A\,), maciophytes. The action u,as designed to create a current, as well as physical
disturbance, that disloci3ed macroinvertebrates living in these substrata and rvashed them into
the collecting net. Care '"vas taken tr collect as little as possible of the actual macrophyes
being sampled, as large quantities o1'debris made the sorting process more complicated. 'fhis

sampling was done for tn'o minutes in each habitat.

2.4.1.3 Stones out of current (SOOC), Silt and Sand

'Ihese habitats were sampled by cc,mbining the techniques described in the previous tr.vo

dections. The substrata was disturbed by shuffling movements of the feet whilst the net rvas
:irvept through the dislodged sand, mud or stones in order to collect the macroinvertebrates.
litones out of current were sampled by area, r,vith circa lm2 being sampled, whilst the other
habitats were sampled for circq 30 seconds.

!.4 2 Sorting

All samples \,vere emptied from the sampiing net into a large (circa 40x30xlOcm) r.vhite plastic
tray on the bank. The tray r.vas positioned in such a wa)' as to ensure that it was both level and
to enable the operator to be comfortable r.r,hile sorting. A srnall quantity of rvater r.vas added t.o

the sample and single specimens of all the different groups seen were removed and placed in a
60ml plastic pot contiiining 70o/o industrial methylated spirit (iMS) or a similar preservativ,:.
Larrge pieces of debris were removed from the tray, carefully inspected for macroinvertebrates,
and thrown out - this enabled other invertebrates to be more easily seen. Once no new taxa
coLrld be seen the smail sample pot was plugged u,ith a small ',vad of cotton wool, to prevent
mechanical darnage o1'the specimens during transport, and sealed. The main sample was
drained of water, tipped into a large container and a 4o/o formaldehyde solution added; this
container was then rlsr sealed All sarnples were then returned to the laboratory rvhere thel,
undenvent a through second sorting under standard conditions, e.g. comfortabiy'seated
worker, bright light source and laboratory conditions. No time limit was set for this re-sort
with the material being disposed of only after the complete sample had been thoroughly
rechecked for any further taxa; these \,vere then added to the appropriate original 60mlvial.

l0



2.4.3 Idgtification

For the purpose of the SASS methodology identification r.reed onh, fs made, in most instances,

ro the fainily level. As little work has been done on these rivers previously, and as a potential
contribr.rtion to the biodiversitl, knowledge base in Namibia, taxa r,vere identified to iowest
possible taxonomic level for this study. In some instances this rvas restricted by the scant
kno*'ledge and taxonomic keys available. Keys were obtained from those published in the IIK
and from a collection of mostl1, unpublished works held at the University of Cape Town. The
ones used were those of Wilmot, Van Eeden (1960), Appleton (1996), Eliiott & Mann (1979),
Henning. Hart & Bickerton, Scott (a-d), McCafferty (1990), Barber (19E5), Enrody-Younga
et ql and de Moor. Specimens were identified under a x8 - x40 binocular Nikon dissecting
microscope with an external 150W cold light source. Voucher specimens were made and sent
to the National Museum of Namibia for registration, confirmation and storage.

2 4,.1_ Data Collation

At each sample site a freld check sheet was filled in, recording details of the site location, the
habitats sampled, date of sample etc., an example of this is shorvn in Appendix X. Once tlie
sarnple had been sorted each of the scoring taxa, from each habitat, rvere recorded next to the
appropriate name on the checklist A measure of the numeirical abundance of each taxon was
made nhere 1-10 individuals r.vas donated A, 11-100 B, 101-1000 C and 1000+ D. The SASS
score. the ASPT and the NoT rvere calculated and recorded fbr each habitat type. The total
score for the whole site was then also calculated - this was done by coinbining the taxa found
from each habitat type and not by adding each score. For example. if the mayfly lleptageniidae
n'as found in the SIC, SOOC and MV habitats at a site it was recorded as having occurred
only' once in the total score whereas the scores associated r.vith taxa unique to each habitat type
tere added togetl'rer in the total. See data sheets in Appendix X for examples. The SASS,
ASP1 and NoT scores were all recorded in a database for future processing and comparisons.

2.5 H1'drology

One parameter r.vhich was measured in all the river systems was the stage height in the river, as

determined by readings froni the nearest gauge plate, on each sampling occasion. This
reflected the state ofthe flood in the river system and appeared to represent the single biggest
changeable factor at the majority of sample sites. Figures2 & 3 show the change in water level
at the gauge plate nearest to each sampling site throughout the study period.

l1



Figure 2 Gauge plate reading for Rundu, Mohembo and Katima Mulilo during the stu,rly period
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Figure 3 Gauge plate readings for Lyadura, Kongola and Ngoma during the study period
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RESTLTS AND DISCUSSION

3.1 Prelirninary rvork

Belore this baseline study began, Dr Chutter (the researcher rvho' developed the S.ASS

technique) carried out a consultancv on the applicability of the SASS4 method'for the
assessment of water quality in Namibia's north-eastern perennial rivers. During this study l2
sites were visited on four rivers in the Okavango and Caprivi regions, samples rvere taken,
analysis carried out and recommendations made (Chutter, 1997). The following &r0 somr3 of
the conclusions macie from that stud\':

. It is necessary to ui dertake a baseline studv of the seasonal variation in the composition of
invertebrate comrnunities in the strrd).area

. The standard SAS54 score sheet should be modified to take account of the invertebrate
communities in the rivers in the studv area

. The SAS54 technique "works" in rhe stud.,' area

In another report (Chutter, 1998) recornmendations were made for the interpretation of
SAS54 data collected in South Africa and the interpretation of SASS, NaSS and ASPT scores
in this discussion was based on the ilformation gii'en in that report In the paper he stated
that

"l'lhere Sottlhern AJi'icctn )t'ote/'s ar(' not nulurally acid (pH > 6) ....gtridelines for lhe
interpretolion of .s'cores .shoulcl be as fc,llows:

.t{S.tJ :, 100. ASPT t. 6 v,ater qualin notttrol, hqbitat diversie high

.Sr1.t5/ ' 100. ASP[ 6 v;aler qtrol:r.t rtu/urul, huhitctt dit,ersit)'reduced

S715'Sl .' 100, ASPT' ' 6 borclerline ca.se, pttssihl.y'sonrc water quality cleterioratictn

.tlS'SJ 50-100, ASPT .: 6 sonte deterrc..tratiort itt troler quatity

.SISSJ < 50, A,\P f variable : mcqor deterioratiott iil water qualit-

The.se boundarie.s for inlerpt'elotion are arlificiql boundqries in a conlitttttrm, which is wh1,
lhey should be used as guideline.s"

'Ihr: rivers in the study area were allthought to be of pH 6 or higher and despite the addiiion ot'
some new, and the removal of other existing taxa, these guidelines stood for the interpretation
of SASS/IiaSS scores fiom Namibian rivers as weli.

Chtrtter (1998) also suggested that although all possible habitats at a particular site should be
santpled. the most important of these ri'ere SIC and MV habitats. If either or both of these
were present at a site and sampled then this would give a sufficient idea of the '"vater and
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habitat quality there. If other habitats alone were sampled then rvater quality cor.rld be still
determi;red but the SASS score would be reduced reflecting the restricted habitats sampled.

3.2 Development of a lianribian Scoring System * NaSS

During the course of this study eight families were found that did not appear in the existing
SAS54 list of taxa, these rvere assigned scores (in consultation rvith Dr. Chutter) and added to
the existing list. In the follorving sections scores are shown for both the original SASS system
and for the additional taxa found in Namibia, this is referred to as NaSS or the Namibian
Scoring System. The additional taxa found and the scores assigned to then are shown in Table
3.

Table 3 List of additional tara

Phylogenl' Species occurring Score

Gastrottoda ,'

Arrrpullariidae

Yiviparitlae

Thiaridae

Bithyniidne

Corbiculitlae

Insectir

Sisyridae

Noteritlae

Curculionidae Cvrtobagous salt,iniae 5

Gemrs and species indet.

In addition to taxa found that had not previously been recorded there were other taxa that had

been recorded in South Africa but that were not found in any of the samples taken during this

study. Addition of these new taxa to the original SASS4 checklist and the removal of the taxa
not folrnd led to the creation of a new checklist, referred to as the Namibian Scoring System -
version I (NaSSl) and this is shown in Table 5.

In the following sections it can be seen that addition of these "Namibian" taxa to the existing

SASS list invariably increased both the total (SASS and NaSS) score and the Number of

I-anistes ovunt
Pila occidentalis

Bellanlya capillata

lrlelanoides spp.
Cleopatra spp.

Gabiella kisalensi-s

Corbicula Jluntinalis 3

Sl-syra spp.

Canthydrus spp

l5
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Scoring Taxa (NoT), but decreased the ASPT. This effect was a function of the low scores of
the nerv taxa (the maximum being 6 for Viviparidae) and the fact that in most cases only one or
t\\'o new species occurred at any one site.

The addition of only one or two low scoring taxa thus reduced the overall ASPT. In many
cases the only taxon added was that of Corbiculidae, a very similar family to the Sphaeriidae

that appears on the SASS4 checklist. Save for this slight difference in the family of pea mussel

that occurred in the sample area, SASS and NaSS scores would actuaily have been the same in
many cases. The slightly lower scores observed for NaSS were not attributable to pollution in
the rivers studied.

The majority of the nerv families found during the study were low scoring taxa, mostly from
the order Gastropoda. The lack of additional high scoring taxa may have been related to the
more tropical nature of the study rivers. The water temperatures in the sample rivers rvere
relatir,ely hi3h during the summer months (circa25+'C) and oxygen levels were likely to have
been 'elatively low. 'fhe fauna occurring in the area is thus one comprised of a larger number
of taxa pre-adapted to periods of depleted dissolved oxygen (DO), e.g. many species of
Gastropoda are able to obtain air directly from the water surface if needs be. This attribute led
them to be classified as less sensitive organisms and thus given a lorv score, e.g. 3 for the
nrajority of the snailfamilies. High scoring taxa, more sensitive to changes in DO, are probably
less common in Namibia's northern rivers than elsewhere in southern Africa and consequently
no nerv high scoring families were recorded during this research.

3.3 I\'Ionitoringresults

3 i 1 _Thq.8ker.a!ge&ysl

3.3. 1.1 Cheye

Four different habitat types were sampled at Cheye: Aquatic Vegetation (AV), Stones Out Of
Current (SOOC), Stones In Current (SIC) and Marginal Vegetation (MV). Not all of these
r.r'ere available for sampling the whole year round. AV was only available for the first four and

last month of the study, SIC only available for the first four months, SOOC only for the second

to fourth months inclusive and MV only for the last three months. The availability of habitats

rvas determined entirely by the volume of water in the river in any month, e.g. AV and SIC
rvere inundated beyond sampling depth by February 1998 whereas It[V d.idn't have enough

water to warrant sampling until the same month.

The list of taxa for the SIC habitat at Cheye is shown in Table I in Appendix L The scores

from this habitat are shown in Table 5 and represented graphically in Figure 4.
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Figure 4 Graphs showing scores from the SIC habitat at Cheye
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Trble 5 \Yater qualitl' scores for Cheye - Stones in Current htbitat

Date SASS Scorc SASS NoT SASS ASPT NASS NoT NaSS Score NaSS ASPT

21619',|

28t7 t97
6n0t97
4lt2l97
2t2198
3u3198
t/6198

68
163

103

l"

l0
22

13

t'

6.8
7.4
7.9
7.8

73

169

109

:,,

6.5
1.1

7.3
'7_.1

ll
at
LI

l5

I'

Monthly changes in SASSA{aSS and NoT in the SIC habitat were somervhat erratic, being low
one month and high the next. The lowest score was recorded in June 1997 just after the flood
had subsided. Scores were then generally much higher as the water level dropped and just as it
began to riie again in December 1997. The changes in SASSNaSS and NoT scores obtained
from month to month were thought to be related to a combination of seasonal changes in the
invertebrate fauna and the ability to reach different parts of the SIC habitat in different months.
ASPT scores for SIC showed the same trend as for the AV habitat, increasing from June to
October and then dropping slightly as the river began to rise again in December 1997. ASPT
scores were all >6.0 and the majority of SASSAtraSS scores rvere above 100 reflecting
excellent habitat and water quality.

The list of taxa for the A\r habitat at Cheye is shown in Table 2 in Appendix I. The scores
fronr this habitat are shown in Table 6 and represented graphically in Figure 5.

Tahle 6 Water qunlitl' scores for Chel'e - Arprttic vegetation habitat

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

216197

2817t97

6ll0lt"
4ltzl97
212198

3l/3/e8
il6198

55

12

29

:,

10

10
1

4

:

2

6.4

In the AV habitat the SASS score dropped from June to Ootober as did the NoT, whereas the

ASPT rose during the same period. This showed that although the number of animals found
dropped during this time, there were a smaller number of higher scoring taxa left in the river.
This was most likely due to the fact tliat as the water level dropped the AV habitat became less

and less inundated and some individuals would have moved away, been left stranded, disturbed

by livestock or people or eaten by fish. The few individuals left were high scoring taxa

showing that althor-rgh there lvas a good deal of physical disturbance, the water quality and

thus chenristry of.the river remained good. The increase in NoT and SASS in December was

probably reiated to ttre rising r,vater level flooding this habitat and the ASPT dropped slightly
due to an influx of individuals that included some lower scoring taxa.

l9
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Figure 5 Graphs showing scores from the AV habitat at Cheye
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No samples were taken from this habitat during the flood and the one taken in June 1998 was
the first after a large flood and the aquatic vegetation had obviously not recolonised properly
since then. In the majority of cases the ASPT score was > 6.0 whereas the SASSA{aSS scores
rvere <100, indicating good water qualitl'but reduced habitat diversity, as would be expected
for samples from a single habitat type. ASPT scores of < 6'0 were only recorded in June 1997
and 1998 just after the floods.

The list of taxa for the MV habitat at Cheye is shown in Table 3 in Appendix I. The scores
from this habitat are shown in Table 7 and represented graphically in Figure 6.

Table 7 \Yater qualit.v- scores for Chel'e - Marginal vegetation habitat 
"

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASpT

2/6t91
2817t97
6110/97

4/12/97
212198

3il3198
il6198

;
13

11

oo
78
92

,.0
6.0
6.6

l48t 5.8

The MV habitat was only sampled in the last three months of the study, when the river was in
full flood and immediately aftenvards. SASSAIaSS, NoT and ASPT scores all increased from
February through to June - probably related to colonisation of the MV habitat once inundated.
By June, the ASPT was tvell above 6.0 and the SASS score close to 100 indicating natural
water quality and good habitat diversity.

The list of taxa for the SOOC habitat at Cheye is shown in Table 4 in Appendix L The scores
from this habitat are shown in Table 8 and represented graphically in Figure 7.

Tablc 8 Water Quality scores for Che.v"e - Stones out of current

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

216/97

2817197

6lr0l97
4lt2l97
212198

31t3t98
116198

50
44

lo

;
6

:

4t
,.,
'1.3

5.0
6.7

Samples taken from the SOOC habitat were from an area of the river heavily utilised by people
and livestock. The substratum was not available in June 1997 or during 1998 due to the depth
of water at the site. SASS, NoT and ASPT scores generally fell during the three months in
which samples were taken, rvhich was most likely related to physical rather than chemical
disturbance. ASPT scores were generaliy > 6.0, indicating clean water but SASSAIaSS were
scores always <100, as would be expected from a single habitat type.
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Figure 6 Graphs sowing scores from the MV habitat at Cheye
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Figure 7 Graphs sowing scores from the SOOC hatritat at Cheye
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Figure 8 Graphs showing scores for all habitats combined at Cheve
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The list of taxa for all habitats combined at Cheye is shown in Table 5 in Appendix I. The
scores are shown in Table 9 and represented graphically in Figure 8.

Tahle 9 Water Quality scores for Chel-e - All habitats combined

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

216197

28l7le7
6/t0197
4lr2l9:
212198

3rl3/98
1t6t98

11

28
t'l
20
8

l3
l5

ll3
206
130

138

40
'/8

98

6.6
7.4
'7.6

6.9
5.0
6.0
6.5

Il6
213
136
1+',l

8l

i8
30
19

23

l4

6.1

7.1

7.2

6.4

5.8

Once all habitats were combined the picture for this site became very clear. ASPT scores were
generally all above 6.0 and SASSNaSS scores above 100, indicating natural 'uvater quality

conditions, i.e. no pollution, and a diverse habitat structure in the river at this point. Seasonal

fluctuations in the invertebrate fauna appeared to be most strongly related to the flood cycle in

the river with the highest scores occurring during low water. They were reduced at the height

of the flood and then improved again afterwards. The greatest SASSA'JaSS and NoT scores

were found towards the end of the winter when the water level was lorv and before the water
had rvarmed .,p. The highest ASPT score occurred somewhat later than this in October

shor,ving tht largest number of high scoring taxa were found at this time.

3 .3.1.7 Popa Falls

Three different habitat types were sampled at Popa Falls: Stones In Current (SIC), Sand and

N{arginal Vegetation (M\') MV was available the whole year round, although the quality

varied from nronth to month as the ease of access to the river altered due to the volume of
flow. For example, the MV sampled in February, June and July '97 consisted only of a ferv

shoots of reeds (Phrctgmites ntauriticutus) at the edge of the main channel. In October and

December '97 consisted of overhanging shoots, and some of the root bor.vl, of hippo grass

(Vossia cuspiclata) on a small island in the main channel. The latter type provided a much

ntore diverse habitat than the former. SIC was available, in pretty much the same form for the

majority of the yea-r except March'98 lvhen the river was too deep to enter. The sand habitat

was available for half the months, dependent on the presence of enough sand and on the depth

of the watet'over it.

The list of taxa for the SIC habitat at Popa Falls is shown in Table I in Appendix II. The

scores from this habitat are shown in Table 10 and represented graphically in Figure 9'
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Table I0 Water Quality scores for Popa Falls - Stones in Current habitat

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASpT

t3l2197
2t6t97
?817197

6lt0l97
4ltzl97
2t2t98
3U3t98
1/6198

90

70

ll
l4
l4
93

74

5

2

J

l3
9

l4
t'7

l6
l3

10

6.9
'7 .',l

8.2
8.4
8,9
7.2

'7.1

93

73

118

l*'

1,1

l0
l5

I'

6.6
'7.3

7.9

8.1

In the SIC habitat the SASSAiaSS and NoT scores started to rise in June and reached a peak
in October, ASPT scores followed a very similar trend but peaked slightly later in December
'97. The drop observed between February and June 1997 rvas thought to be related to the
flood that occurred between theses two times and a similar trend was seen in the data collected
in 1998 Scores fbr this habitat followed a very siniilar trend for the scores from the SIC
habitat at Cheye some circa l50km upstream. For all the samples taken in this habitat, ASpT
was )6 0 and SASS,NaSS >100 indicating excellent \\'ater quality and the importance of the
SIC habitat.

The list of taxa for the MV habitat at Popa Falls is shou,n in Table 2 in Appendix II. The
scores from this habitat are shor,vn in Table I I and represented graphically in Figure i0.

T:tblc 11 \Yater Quality scores for Popa Falls - I\Iarginal legetation habitat

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

t3l2l97
216197

287 t97
6/t0t97
4lt2l97
212198

3u3t98
il6198

23

47
35

80
79
30
41

38

5.',7

5.2
5.0
6.2
7.9
6.0
5.9
4.8

4

9

7

t3
10

5

7

8

io

83

82

io

14

1l

io

5.9
7.,5

The pattern of change in scores for the MV habitat u'as similar to that for SIC but somewhat
more erratic. This variation was probably related to the differences in the type of MV sampled
on separate sampling occasions. Unlike at Cheye, 'where the MV scores lvere highest during
and just after the flood, the scores here were highest at the same time of year as the SIC habitat
scores. This was thought to be related to the ability to access high quality MV habitat at that
time of year when the river was experiencing low flou,s. . When good quality MV was not
available, scores dropped slightly from one occasion to the nex't, most likely to do with gradual
drying of the habitat as the river level fell. Approximately half the ASPT scores were <6.0 and
all the SASSAtraSS scores were <100. When the best N{V habitat was sampled however the
ASPT was >6.0 anC the SASSA{aSS scores were between 50 - 100, indicating that the water
quality rvas good but that the habitat was restricted, as rvould be expected from a single habitat
sample.
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The list of raxa for the Sand habitat at Popa Falls is shown in Table 3 in Appendix IL The
scores from this habitat are shown in Table 12 and represented graphically in Figure 11.

Table 12 \Yater Qualitl' scores for Popa Falls - Sand habitat

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

t3l2l97
216t97

2817197

6/10/97
1112t97

2t2t98
3il3t98
U6/98

)o

18

8

:o

].0

4.5
8.0
67

2t

43

i,
6.1

;

1

There 'ras no consistent pattern visible in the scores obtained from the Sand habitat reflecting
the mobile )rature of this substratum and the problems that invertebrate taxa have rvith dealing
w'ith this. Sand is thus not a good habitat from which to try and determine water quality,
unless it is the only substratum available at a site. Samples taken from this habitat should
always be considered in conjunction rvith samples from other habitats at the same site rvherever
possible.

The list of taxa for all habitats combined at Popa Falls is shown in Table 4 in Appendix II The
scores from this habitat are shorvn in Table i3 and represented graphically in Figure i2.

Table 13 Wltcr Qualit.v scores for Popa Falls, All habitats combined

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

t3l2t97
2t6197

2817197

6n0tt7
1l12lr,-
2l2l9s
3l/3/e8
716198

93

105

145

201

175

:,,

14

17

20
28
22

:,

90

r02
112
198

172
t2l
4l
91

t3
t6
19

21

2l
t6
7

l5

6.9
6.4
-1.5

'7.3

8.2
7.8
_s.9

6.3

6.6
6.2

7.3
'1.2

8.0

Combining all habitats gave a fairly clear picture of the changes over the year, particularly
rvhen considering the SASSA.{aSS and the NoT scores. The score for both categories
increased steadily from February to July and reached a peak in October '97. They then fell
away again as the river rose and flooded between January and June '98. A similar pattern was
observed in the ASPT scores although their rise to a maximum in December '97 rvas more
erratic than those for SASSNaSS and NoT. ASPT scores did however shorv the same pattern
as for the other scores as the river rose and flooded, dropping to a low in March i998 and then
showing a rise in June '98. The combined scores showed that the water quality in the river
was very good as the vast majority of SASSNaSS scores were >100 and the ASPT scores )
then 6.0. Fluctuations in the scores throughout the course of the study were thought to be due

entirely to seasonal changes in the fauna and sampling practicalities dictated by the flood rather
than to changes in water quality.
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Figure 12 Graphs showing scores for all habitats combined at Popa
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i.3.2 The Krvandc Rivsl

3 i 2.1 Kongola Bridge

Three habitats r.vere available throughout the study period at this site, namely SIC, A\/
(Potamogetort thurnbergii) and MV (l'ossia atspidatct). Unlike all the other sites sampled on

the Zambezi, Okavango and Chobe rivers, the rr,,ater level at this site varied very little (max. of
cit'ca 30cnt). The high water also occurred much later in the year somewhere betrveen the end

of july'and the end of August. Changes inthe SASSAIaSS, Not and ASPT scores seemi:d to
bear no relation to water level fluctuations.

The iist of tara for the SIC habitat at Kongola is shown in Table 1 in Appendix III. The scores

from tlls habitat are shown in Table l4 and represented graphically in Figure 13.

Table 1J W'lter Qunlitl' scores for Kongolir, Stones In Current habitat

Dlte SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

10,',2197

?715197

?_il7197

\110191

:i 12197

3ii2l98

I /.1/98

2i698

75

8+

60

i2
59
1tt+

77

58

5.4

6.5

6.1
5.3

7.4
6.5

5.3

6.9

18
87

:,

'7,+

11

58

l5
1+

lo

12

t5
o

5.2

6.2

6.3

6.2
5.1

6.4

l4
l3
9

6

8

1l
l4
8

ir:r the SIC habitat SASSAtraSS and NoT scores generally fell between February and July',

reaching a lorv in October 199'i. These scores then increased again until April before falling in

June '98. Almost the exact opposite trend was seen in ASPT scores which rose as

SASS,NaSS and NcT scores fell and vice versa. The changes in these scores r.vere difficult to
interpret as the clerrr relationship betr.r,een water level fluctuations andlor water temperature
(cletermined by seeson), seen at the other sites, was absent here. There may possibly have been

some link between changes in the fauna and the onset of the rainy season as scores fell
throughout the dry season and then rose again ,uvhen the rains came. It is possible that run-cff
from hear.ry rain events \,vas enough to provide an increase in nutrients despite no visible changle

in rvater ievel. This may have been enough to induce groll,th and breeding in many taxa,

particularly in the generally nutrient poor Kwando system. SASSNaSS and NoT scores thus
rose as abundance and richness increased whereas ASPT scores fell due to the presence of a

larger number of lower scoring taxa. It might also have been that taxa deliberately relocated
to the SIC habitat during the rainy season for some reason, provision oi a better food resource
for example. Invertebrates may have only made this shift of habitats in the rainy season rvhen

the rvater was more turbid and they were less visible and consequently less likely to fall prey to
fish and other predators. SASS/lrlaSS scores were generally betrveen 50-100 and ASPT scores

usualiy >6.0 suggesting that water quality was reasonably good but that habitat was a limiting
facitor. Reduced SASSTNaSS were not found for any other SIC habitat sampled on the othe;r

rivers and may have been related to the lack of stone based riff)es and rapids in this river.
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The majority of the riverbed was composed of sand and thus the taxa commonly found

inhabiting stony rapids were sparse, indeed the rapid sampled at Kongola rvas probabll' txly
formed by construction of the bridge. The Krvando area has also been sr-rbjected to intensive

programmes to controt mosquitoes, tsetse fly and Bulinus spp. snails for malaria, sleeping

sickness and bilharzia respectively'. It is possible that the pesticides used to control these

disease vectors have had an adverse impact on the entire riverine invertebrate fauna and this

has caused the lower scores obsen,ed at this site. The Kwando has also been subject to the

lou,florvs and lack of substantial flooding for approximately l0 years now and is thought. by

some obsen'ers to be drying up. This continual reduction in the volume of water, and

particularly in the natural flood cycle of the river, is also bound to have had adverse affects on

the inver-tebrate fauna and it may u'ell be this effect that has been obsen,ed here.

Ihe list of taxa for the AV habitat at Kongola is sho'ivn in Table 2 in Appendix III. The scc,res

from this habitat are shown in Table 15 and represented graphically in Figure 14.

'Iable 15 lVater Qualit-v" scores for Kongola, Aquatic Vegetntion habitat

Date SASS Scorc SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

101?197

2"715197

2il7197
1lt0l97
5lr2l97
312198

11il98
2t6/98

bf,

32

46
38

47
50
49

10

1

9

7

8

9

11

o.t
-r.6

5.1

5.4
5.9
5.6
4.5

35
49

<)

;
10

i,

n.t
4.9

4.3

T'he pattern of change in SASSAJaSS and NoT scores for the AV habitat was again diflicult to
interpret. After an in:itial high, SASSA\aSS and NoT scores then fell back but rose again until
Ctctober 1997. They'then fell again but from there rose steadily until the end of the study
period in June 1998. The change in ASPT scores was more consistent. They also started from
an initial high and then feli back immediately on the second sampling occasion in July 1997.
Fl-om there, ASPT rose gradually through until February 1998 and then fell arvay again. These
changes appearecl to be a combinatio,i of the patterns of change obsen'ed for SIC and N,l\/.
This rvas hardly surprising considering that the AV habitat comprised aspects of both the SIC
and N4V habitats, in that it consisted largely of the submerged and floating leaves r:f
Polamogeton lhumbergii and that it u,as grorving in a stony substratum in fairly fast flowirrg
water. The AV habitat here was thus perhaps providing both the benefits of the suggesterd

shelter provided by the MV habitat iind the feeding opportunities of the SIC. SASSAIaSS
scores were generally <50 and ASPT '(6.0, again punctuating the potential problems outlined
from the other habitat types.

The list of taxa for the MV habitat at Kongola is shown in Table 3 in Appendix III. The scorers

from this habitat are shown in Table 16 and represented graphically in Figure 15.
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Figure 14 Graphs showing scores for the AY habitat at Kongola
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Figure 15 Graphs showing scores for the MV habitat at Kongora
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Table 16 Water Quality scores for Kongola, Marginal Vegetation habitnt

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

10,t2!91

27 t5t91

24ti t97

1lt0t9'7
slt2'97
312t98

l/+/98
2t6t98

l6
43

35

6',7

6l
48
33

17

4

8

7

1l
t2
l0
7

4

4.0
5.4

5.0

6.1

5.1

4.8
4.7
4.3

,t
61

i,
13

,.t
4.9

SASSNaSS. NoT and ASPT scores all showed the same tiend in the MV habitat, rvhich was
opposite to that observed for SASSA{aSS and NoT scores in the SIC habitat. Scores rose
from February through until July, peaked in October 1997 and then fell away again until the
end of the studl' period. These changes were also difficult to interpret as again there was no
clear link between water level fluctuations and/or water temperature seen at the other sites. As
rvith the SIC habitat, timing of the observed changes coincided with changes in rainfall. Scores
rose throughout the dry season and then fell again when the rains came. Unlike with the SIC
habitat though the reason why the scores should fall with the onset of the rains was difficult to
estabiish. If the river levet had risen significantly it might have been attributed to "drowning"
of the habitat, but that was not the case here. It would appear that, for some as yet
undetermined reason, breeding took place in the MV habitat as the dry season proceeded or
that perhaps taxa where relocating here during the dry season to avoid predation 'rvhen the
water lvas clearer. Once the rains came, however, breeding ceased or individuals and taxa
moved a*,ay from MV onto other substrata. SASSNaSS scores were generally between 50-

100 and ASPT scores <6.0 in the majority of samples. Even though scores produced from a

single habitat type are bound to be on the low side, these were some of the lorvest scores

recorded for a lrfV habitat in the study, reiterating the potential problems outlined above.

The list of taxa for all habitats at Kongola is shown in Table 4 in Appendix IIi. The scores

from this habitat are shor,vn in Table 17 and represented graphically in Figure 16.

Table l7 Wlter Quality scores lbr Kongola, AII habitats combined

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

t0t2l97
27 t5/97

24t7197

1110197

5112197

312198

111198

216198

85

117

94

98

t 2.t

t20
88

92

l6
22
l6
l6
2t
18

I6
t7

5.3

6.7
5.9
6.1
5.9
6.-l
5.5

5.4

88

150

97
106

121

r23
91

95

t7
23

17

18
))
19

l'l
18

5.2
6.5
5.',l

5.9
5.8
6.5
5.4

5.3

SASSA.JaSS and NoT scores gradually increased from February - December 1997 (except in

May) and then fell away again ASPT scores showed a very similar trend but peaked later in

February 1998. .This pattern was difiicult to interpret and, compared to many of the other

sample sites, scores varied very little during the course of the year, probably due to lack of
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Figure 16 Graphs shorving scores for all habitats combined at Kongola
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flooding in this system. Even the combined habitat SASSNaSS were <100 on five occasions
and ASPT scores were only >6.0 trvice tkoughout the whole study period.

3.3 ,2 2 Lvadura

Trvo main habitats were sampled at this site, namely MV and AV. Silt from the bed of the
river rvas also sampled on two occasions but further sampling tvas made difficult by the
presence of crocodiles and the deep, turbid nature of the river at this point. Changes in all
scores for all habitats appeared to have no pattern to them. It was likely tlrat in the absence of
any single driving factor, such as lvater level change, scores were entirely dependent on local
conditions in the habitat sampled at the time of sampling.

ASPT scores from "all habitats combined" showed very little change from month to month
despite the large fluctuations in SASSA'iaSS and NoT scores. This indicated that although
there was considerable variation in the number and type of taxa, it's overall response to water
quality, season etc. remained fairly static. The majority of SASSA{aSS scores were between
50 - 100 rvith only three >100 and ASPT scores were mostly between 5.0 and 6.0. These
results indicate that there has possibly been some water quality deterioration in the river at this
site. Some cf the explanations given for reduced scores at Kongola may also be pertinent here.

The lists of taxa for lrdV, AV, silt and all habitats combined at Lyadura are shown in Tables 1-
4 respectively in Appendix IV. The scores from these habitats are shown in Table 18, i9,20
& 2l and represented graphically in Figures 17, 18, 19 &20 respectively.

Table 18 \Yater Quality scores for Ly,'adura, Marginal Vegetation habitat

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

ty2i97
25t3i97
2815,97

24t7 i97

2110te7

5lt2i97
312t98

114!98

2l6t9S

l0

ll
1l
9

8

12

12

,11NL

Zo

50
55

48

68
68

4.2

5.8

4.5
6.1

6.0
5.7
5.6

n.t
5.8

5.4
5.4

58

I'
8l
'76

i,
l0

i'
1:l

Table 19 Water Quality scores for Lyadura, Aquatic Vegetation habitat

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

tu2l9't
2513197

28tsl97
2417197

2n0197
5112197

312198

il4198
216t98

t4
20

13

9

t6
10

T8

64
r06

79
32

89
44

l3
l8
5

t2
8

t5
9

t6
10

6l
98
24
74
29
86

4l
84
65

4.7
5.4
4.8
6.2
3.6
5.7
4.6
5.3

6.5

4.6
5.3

6.1

3.6
5.6

4.4
5l

39



Figure 17 Graphs showing scores for the NIV habitat at Lyadura
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Figure 18 Graphs showing scores for the AV habitat at Lyadura
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Figure 19 Graphs showing scores for the Silt habitat at Lyadura
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Figure20GraphsshowingscoresforallhabitatscombinedatLyadura
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Table 20 Water Qualit.v scores for L1-adura, Silt habitat

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NASS ASPT

ru2l97
2513/97

2815197

2117 /97
2n0197
.5n2t97
312198

U4198
216/98

8

5

J

2

i,
8

2'.]
2.5

4

J

2.8
2.7

Table 21 Water Qua)it,v scores for L1 adura, .All habitats combined

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS Nof NaSS ASPT

111219'7

25/3t97
281519'7

24/7/97
zt10l9't
5,/12/97

3lzl93
til/98
2t6t98

76

106

76

118

60

89

67
118

81

t)
i0l
'73

110

57

86

6+

l0-5
'73

lo
l9
l1
20

l0
15

t2
2l)

IJ

1.6

5.3

5.2

5.5

5.7

5.7

5.i
5.3

i.6

t7
20

l5
22
ll
16

l3

l5

4.8
5.3

5.1

5.4
5.5
5.6
5.2
5.1

5.4

3.3.3 Chobe River

3.:1.:.1 Ngoma Bridge

Only one habitat type, MV, lvas available for sampting at Ngoma. This was available all year
round and samples lvere taken on each designated sampling occasion throughout the study
period. The N'IV habitat consisted predominantly of hippo grass (Zossia aspidata). The list
of taxa for the MV habitat at Ngoma bridge is shor,,rn in Table 1 in Appendix V The scorers
fronr this habitat are shr,wn in Table 22 and represented graphically in Figure 2l .

Table 22 water quality scores for Ngoma bridgr: for the only habitat - Marginal yegetation

Datl sASS score sASS NoT SASS ASPT NaSS Score NaSS NoT Nass ASpr

29lril97
2317197

3019197

3112/97

412/98

30i3i98
3t6lt8

9

l3
1t
16

l2
5
')

39

52
.19

'/5

62

19

8

1.3

4.0
-t.5

1.7
5.2

3.8

J.0

44

52

Zt

l0

12

t'

4.4

4.3

i,

44



Figure 21 Graphs showing scores for the only habitat type (My) at Ngoma
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SASS/lrtraSS and NoT scores rose steadily between May and September, peaking in December
'97. ASPT scores followed a similar trend but preaked later in February 1998. All scores v/ere
very lor.v during the flood experiencerl at this site betr.veen N{arch and June i998. This sample
site was characterised by a pool of'water in the riverbed, isolated from the main channel
throughout the initial part of the study. The pool was heavily fished in the early part of 1997,
r,vhich would have led to a reduction in the number of predatory fish species. Invertebrates at
the site must have bred increasingly rapidly as the year progressed, the habitat became m,cre
e,xtensive and the water warmed up. This, cornbined with the additionai lack of predatory
p,ressure from fish, led to an increase in invertet,rate richness and abundance. This explained
the steady rise in all scores observed during the first eight months or so of the survey.

AJI scores dropped severely in March and June 1998 due to the extensive flood experienced in
the Chobe valley during that tirne. \l'ater initially flowed rapidly upsrream from the Zambezi
arrd then reversed its flow and went downstream back to the main channel. Many species of
fish rvere also triggered into breeding condition by the flood and the rvater was thus very
rapidly filled with fish fry, many feeding on invertebrates. The onset of florv and its subsequent
change in the direction combined rvith the sr"rdden increase in predation pressure had very
severe effects on the in''ertebrate taxa at the site and SASSAIaSS and NoT scores crashed.

SASSNaSS scores were consistently <100 and often <50, ASPT scores lrere ahvays <6.0 and
somewhat variable. From the description given try Chutter (1998) this rvould imply that th,Le

sit,e suffered from "some to ntaior deterioration itt water Quulirrn". The pool at rvhich the
samples were taken was heavily utilised for the abstraction of warer for a road-building
programme throughout the study' period. It rvas also adjacent to a borrorv pit site used for the
extraction of hardcore. Despite these factors, no r:bvious pollution occurred during the study
period and the SASSAIaSS scores etc. showecl a steady increase. during the period of
investigation. The SASS methodology, as with its British predecessor system BM\MP, was
ne\i'er really designed to measure pollution in lentic (standing) \.\'aters.

The invertebrate fauna occurring in such stili water is very different from that in lotic (running)
waters, for example many more species are direct ilir-breathers in the lentic environment than
in the lotic environmeni. In the latter case, dissolved oxygen is directll, carried to the giiis of'
the submerged organisms. Invertebrates in the trv,c situations thus respond to pollution in a
different ways, prrticularly organic pollution that af.fects the quantity of DO in the water. The
low scores observed at this site were thus thought to be due to the lentic nature of the site and
the single habitat type sampled, rather than due to pollution in the Chobe fur'er. This could
only be confirmed by joint chemical and biological sampling at the site in the future.

3.3.3.2 Ihaha

Only Marginal Vegetation was available for sampling at lhaha between N{ay 1997 and
Febnrary 199. The whole area was flooded between March and August 1998. The list of taxa
for the MV habitat at Ihaha is shorvn in Table I in Appendix VI. The scores from this habitat
are shown in Table 23 and represented graphically in Figure 22.
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Figare22Graphsshowingscoresfortheonlyhabitat(N{V)atlhaha
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Table 23 Water qualit-r' scores for Ihaha for: the only habitat - I\Iarginal vegetation

Date SASS Score SASS NoT' SASS a.SPT NaSS Score NaSS NoT NaSS ASPT

2915197

2317197

3019/97

3n2197
.il2t98
30/3/98
3t6198

45

69
59

36

t'

t0
t6
lt
6

II

4.5
4.3
5.4
6.0
48

'7 -t

<A

I8 .1.3

f.it!

Due to flooding, the sample taken in May 1997 was not taken in the ntain channel, but from as

close as was possible to it. The MV habitat in this instance consisted solely of recentlt' flooded
grassland which accounted for the lorv score obtained on that occasion. The samples taken

between July and December i997 and in February 1998 rvere all from the main channel.

SASSINaSS and NoT scores were seento drop r:onsistently from Julr to December 1997, the

opposite to the effect seen on the same river channel at Ngoma. The reason for this might
have been that, unlike the Ngoma site, the Ihaha site 'uvas not an isolated pooi and u'as

c,onnected to the rest of the Chobe River channel. Also unlike Ngoma, predation bv fish on

irrvertebrates was likely to have been high at this site, which may explain the obsen'ed drop in
SASSAIaSS and NoT scores. The riring ASPT r;cores shor.ved that a small number of higher
scoring taxa were left by the end of the year. SASS/NaSS and NoT scores rose again in
Fr:bruary as the flood began to push water, an(J presumabll, some invertebrates upstream.

ASPT fell at the same time indicating that the nevrly arrived taxa were numerous but not fronr
high scoring groups.

SASSAIaSS scores were all <100 but only a fe.x rvere <50 and ASPT scores varied from
between 4 3 - 6.0. As with Ngoma, scores indicated that there was some impact on the wate,r
quality, but not as severe as that seen at Ngoma. The slightly better scores here tvere most
likely as this was not an isolated pool, connected rvith the main channel and subject to florv at

certain times of year. There was also no abstraction at this site and no other anthropomorphic
influences. It is difficult to say rvhether the water quality was actually better than at Ngoma or
just that the site was less affected by external abiotic factors. Again, the only wa), that thi:i
cor-rld be confirmed r,vould be to do joint. biological and chemical monitoring in the future.

3.3.4 Chobe/Zambezi

3.3.4.1 Ichingo

Dur: to its distance from Katima this site was not regularly included in ttre sun'ey until January

1998. Samples were taken from two habitats, namely Stones In Current (SIC) and Aquatic
Vegetation (AV) although no SIC could be sampled in April '98 due to the height of the flood.
Results from this site are not as comprehensive as for all the other sites sampled but general

trends could be determined.
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The list of taxa for the AV habitat at Ichingo is shown in Table 1 in Appendix VII. The scores

from this habitat are shown in Table 24 and represented graphically in Figure 23.

Table 24 Water quality scores for Ichingo for the habitat - Aquatic Vegetation

Dirte SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

29t5197

7l8ll9i
3019197

3ltzt97
512t98

2t4t98
4t6t98

i,

,,

27

l0

3.9

-1.5

;

6

tl 3.8

Four samples were taken from the AV habitat at this site. The observed changes in all scores

seemed to be somewhat erratic, rvith the highest score being recorded at the height of the

flood. The AV habitat sampled in August 1997 rvas very different from that in April i998, the

August '97 sample coming from an unidentified submerged plant on a sand bar in a side-

channel and the April '98 from nerv plant growth at the edge of the main channel during the

flood. The samples taken in February and June '98 u'ere from intermediate types of AV
habitat which may explain the lower scores observed here. Nl SASSA{aSS and ASPT scores

were <100 and <6.0 respectively but this was thought to be due to sampling from a single

habitat anci not due to lvater quality problems. This *'as confirmed by the scores obtained

from ,he SIC habitat and the combined scores for the site

The list of taxa for the SIC habitat at ichingo is shorvn in Table 2 in Appendix VII. The scores

from this habitat are shown in Table 25 and represented graphically in Figure 24.

Table 25 \Yater qualitl' scores for Ichingo for the habitat * Stones in Current

Dtte SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

79t5197

718ll97
3At9t97
sltzl97
512198

2t4198
416198

110

t2

io,

t.,

4.0

7t 1

13 113

16

io

4

8.i

4.0

As with samples taken from SIC in the Okavango and Zambezi, the lowest scores for

SASSAIaSS, NoT and ASPT were recorded just after the flood. The highest SASSA'{aSS and

NoT scores were recorded in February 1998 but the highest ASPT was recorded in August

1997. SASSNaSS scores and NoT scores were lorv here as they came froin bedrock which

restricted the richness of the fauna, e.g. the SASSNaSS score for August'98 was <100 but

the few taxa found were high scoring, e.g. an ASPT score of 10.1. These data confirmed good

water quality and the impoverished nature of bedrock as the only habitat. The sample taken in

February '98 had a SASSA{aSS over >100 and an ASPT.of >6.0 indicating excellent water

quality and habitat, whereas the scores for June '98 were both <100 and <6.0. The June

sampte was collecied just post flood and the fauna had obviously been affected by the high

water. Neither water quality nor habitat rvas thought to be a problem at this site.
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Figure 23 Graphs showi.ng scores for the AV habitat at Ichingo
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The list of taxa for all habitats combirred at Ichin5ro is shown in Table 3 in Appendix VII. T'he

scores from this habitat are shorvn in lable 26 and represented graphically in Figure 25

T'able 26 Water quality scores for Ichingo for all hirbitats combined

D:rte SASS Score SASS NoT SASS ASPT NaSS Score NaSS NOT NaSS ASPT

2elsl97
7l8ll97
30t919'7

3l12l97
512/98

21il98
1l6le8

105

120

60
29

i'

iu
ll
6

*,

,t
-5.5

+.8

126

-)J

18

7

1.0

t1

Combining the tv'o habitats showed a change in:;cores very similar to that seen for the SIC
habitat and for the samples taken at Wenela on the Zambezt and Cheye and Popa Falls on thLe

Ol<avango. If it is assumed that the scores for 29i5197 were low, as they were in 416198 then
the general trend visible for this site was one of increasing SASS,{.,IaSS and NoT scores
betw'een August and December 1997 and then falling scores as the flood occurred. It is also
likely, judging from the ASPT score of 8.1 in Auelust, that the highest ASPT score occurred
earlier than the highest SASS,NaSS and NoT scores as was the case at the other rapids sites.
SA.SS,4rlaSS scores outside of the flood season \\'(rre >100 and ASPT scores >6.0 indicating
very good water quality and excellent habitat.

3.3.5 Zambezi River

335i Wenela

Two habitats lvere available at this site, Stones In Current (SIC) and Marginal Vegetation
(N4V) No SIC samples r.vere taken in April 1998 as the river level was too high. MV habitat

'"vas available in some form all year round. When the river level was high in May 1997 and
betv'zeen February and June 1998, MV samples rvere taken from inundated terrestrial grasses
rvhereas between August and December 1991 they rvere taken from a stand of Vossia
('usp,idalo adjacent to the main-channel. The list <if taxa for the SiC habitat at Wenela is
shor.vn in Table I in Appendix VllI. The scores from this habitat are shown in Table 2'7 and
represented graphically in Figure 26.

Table 27 lVater quality scores for Wenela SIC habitat

Ditte S.LSS Score S.A.SS NoT S.1.SS ASPT NaSS Score NaSS NoT NaSS ASPT

t2/2/91
30t5t9't
8i8i97
30/9/97
3/12t97
4t2t98
8t1t98
3t6/98

64
98
I l5
142
t32
78

83

l7
l2
l9
t7
t3

l0

b..l
k)
9.6
,4.5

,'8
6.0

6,J

l0l

l3-s

l'
l8 7.5
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Figure25Graphsshowingscoresforallhabitatscombinedatlchingo
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Figure 26 Graphs showdng scores for the SIC habitat at lvenela
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SASSiI\aSS and NoT shor.ved the same trends for the SiC habitat, with scores steadily rising
between May and September 1997, there was then a slight drop in December '97 followed by a
rapid fall as the river rose and flooded between February and April 1998 No samples could be
taken from this habitat in April but SIC was sampled again in June although only at the very
edge of the main-channel. This explained the changes observed in these scores over this
period. ASPT scores did not follow the exact same pattern as the NoT and SASSA{aSS
reaching a peak in August 1998, dropping in September and then rising again in December
1997 before shorving the changes caused by increase in river level. As in the Okavango, ASPT
scores seem to peak rvher' the water level had dropped but before the water temperature had
risen too high. This post flood and pre-summer period of "ASPT high" would thus appear to
be a prime time to take samples for water quality assessments. ASPT scofes were >6.0 for the
whole year and SASS,NaSS scores were generally >100 u'hen the river level was low
indicating excellent water quality and the importance of the SIC habitat to the invertebrate
fauna.

The list of taxa for the MV habitat at Wenela is shorvn in Table 2 in Appendix VIII. The
scores from this habitat are shor,vn in Table 28 and represented graphically in Figure 27.

Table 28 \\'lirter Qualit-r' scores lbr Wenela, Marginal vegetati0n habitat

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

t2l2l97
3015197

81819't

3019le7
3lt2l97
4l2le8
814198

316198

l4
1-t

l0
9

11

6
6

5

9l
89

50

50

51

27

30

z8

6.5
6.4
5.0
5.6
5.2
4.5
5.0

-\.6

:* t' 6,3

5.)
5.0

_55

65

io
13

SASSATIaSS and NoT fell between February and August 1991. This drop was thought to be

associated with the fact that samples taken in February and l\4ay were from terrestrial grasses

growing on a rocky substratr.rm next to the river, they thus included some taxa more typical of
the SIC hahitat. Samples taken in August, September and December '97 were from "true"

MV i,abitat, i.e. a stand cf L'ctssia cuspidala. Scores for this type of MV habitat rose between

August and December as recolonisation took place after the flood. Scores dropped for MV
habitat between February and June 1998 partly due to the flood and partly because the only
MV habitat available during that period was flooded terrestrial grasses.
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Figure 27 Graphs showing scores for the MV habitat from Wenela
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ASPT scores showed a very similar trend to the SASSAIaSS and NoT scores although the
highest score for the Vossia anpidata samples rvas in September rather than December'97.
This could well be explained in the same lvay as the August "ASPT high" seen in the SIC
habitat, i.e. it was caused by a balance between an increasing number of taxa caused by post-
flood recolonisation and a decreasing number of high scoring taxa caused by the rising rvater
temperature. SASS/lrlaSS scores were (100 and ASPT scores generally <6.0. According to
Chutter this should indicate a deterioration in water quality but it is thought that this rvas
related purely to the fact that these scores came from a single habitat type. Deterioration in
water quality was not indicated in either the scores for the SIC habitat or in the combined SIC
and MV scores.

The list of taxa for all habitats combined at Wenela is shorvn in Table 3 in Appendix VIII The
scores from this habitat are sholvn in Table 29 and represented graphically in Figure 28.

Table 29 Water Quality scores for Wenela, All habitrrts combined

Date SASS Score SASS NoT SASS ASPT NaSS Score NaSS NoT NaSS ASPT

t2l2l97
s0l5l97
8t8t97
3019197

3112t97

412t98

8t4t98
3/6t98

9l
t25
t45
t'73
159

90
30
105

14

t7
l9
24
23

l5
6

13

6.5
1l

7.6
't.2

6.9
6.0
5.0

8.1

)t
25

6.3
'1.1

7.1

6',l

9.1

128

180

167

15

18

When both habitats were combined, SASSNaSS and NoT scores were seen to rise

consistently from February and peaked in September'97. This pattern was misleading though

as it r.vas likely that scores in fact fell betrveen February' and May '97 due to the river flooding

during this period but no samples were taken between these dates. Scores then fell betrveen

Decernber 1997 and April 1998 before rising again in June after the flood had passed. ASPT

scores showed a very similar trend but peaked in August rather than September 1997. Except

during the flood, ASPT scores were 26.0 and SASS,NaSS scores generally >100 indicating

excellent water quality and habitat in the Zambezt at this point.
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Zambez\ River, Wenela - AII habitats combined
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Figure 28 Graphs showing the scores for all habitats combined at Wenela
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3.4 Limitations of the pilot study

3.4. I Water Chemistry a0d other abiotic factors

In the project proposal it was stated that certain chemical and other abiotic characteristics of
the river at the sampling points u,ould be measured on each sampling occasion, e.g.

conductivity, dissolved oxygen, florv rate etc. These measurements were not made for various
reasons, including the paucity of rvorking equipment and the expense of chemical analysis of
such samples outside of the D\VA. Collection of this data should, however, have been done
and the lack of such data represents a flaw in the study. Any future biological sampling should
be occasionally backed up by chemical sampling. In the UK, chemical samples are taken
monthly and changes in the standard chemical parameters, i.e. dissolved oxygen (DO),
biological oxygen demand (BOD), nitrate and ammonia are determined by use of three years

data cor:ibined (in order to give enough samples to be statistically sure of observed changes).

Fewe. samJrles are needed for the interpretation of biological data as invertebrate communities

are exposed to changes in water chemistry over a longer period and thus effectively have a

"built in" statistical significance. Obviously the interpretation of biological data can be further
enhanced by the collection of more samples and use of the sort of statistical analysis used by
chemists, but this is generally accepted as not being necessary; hence the popularity of
biological monitoring.

Some r.vater chemistry data is available from the study rivers from previous work done by the
Sqlt,inia molesta control team (unpublished data) and Bethune (1991 1992), br.rt this is not the
sort of data that is usually used in a water quality assessment. For example, a typical analysis

comprised conductivity, pH, sulphate (SOo), nitrate (NO,), nitrite (NOr), iron (F), chloride
(Cl), sodium (Na), potassium (K), calcium (Ca) and turbidity. Little can be deduced about
possible pollution in the rvaterbody' from this data, especialiy at the levels of detection used,

r.vhere the important criteria, such as NO: and NOz, were not given an exact figure of
concentration. An example of this is shorvn in Table 30.

Table.l0 T1'pical chemicirl anall'sis of t'ater srrmples from the Krrando river at Balehva Camp

Drte Conductivity pH

pS/cm

SO, NO, NO, F Cl Na K Ca Turbidity

myl mg/l mgl mgl mg,4 mgll mgl mgA

07109191 7.4

20102192 l i.6
18103192 I1
fila6l92 8.2

0s/08/92 10.6

2u10192 12.8

07103193 2r

7.6 <l
6.8 4

6.8 1
'7.9 3

8.2 4

89
'7.9 22

I <0.1 <0.1 3 5 4
<0.5 <0.1 <0.1 3 5 6
<0.5 <0.1 <0.1 2 4 6

<0.5 <0.1 <0.1 4 5 8

<0.5 <0.1 <0.1 3 4 7
<0.5 <0.1 <0.1 3 'l 10

<05 <0.1 <0.1 3 6 12

15 I
327
30 I
)))
356
302
77 I
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Conductivity and pH measurernents were taken from all four river channels sampled during this
project in the course c f other studies, the resrtlts of tvhich are shori'n in Table 3 l. Broad
changes for some of the other physio-chemical parameters could be reasonably estimated fi'om
ra good knorvledge of the rir,'er systems and the seasonal changes observed in these. For
r:xample, the temperature of the r.vater in the rivers rvould have been lorver in the winter
months (approximately June - August) than at the height of the summer (approximately
December - February). Dissolved oxygen (DO) is also knou'n to be at a higher concentration
in cooler water and lo'"ver in r.varmer water. J'he arnount of or.vgeir in the water, and thus
ar,'ailable to invertebrates, was thus likely to have been greater in the rvinter than summer
months.

T'able 31

Zrmbezi rivers
The rirnge of conductivitl' antl pH readings for the Chobe, Kn'antlo, Okafango and

from samples taken in other studies {Data from Bethune (1991) and unpublished sources}

Pirrameter Chobe Kn'ando Okar ango Zrmbezi

PI.I
pli
Date

7.6 - 8.2
8.1 - 166.6
1989 - 1995

15.5 - 8.4
6.5 - 23.2
1989 - 1995

6.8-72
30-+5
I 981

6.2 - 8.4
4.2 - t0
1989 - 1995

Conductivity and pH generally vary very iittle in natural, unpenurbed flowing water systems
and this was generally the case here. The Okavango, Krvando and Zarnbezr rivers have very
fer,v dissolved ions and a low conductivity, The vrater in the Chobe, and to presumably in the
Krvando at Lyadura (no data ar,'ailable lbr this site), has many more dissolved ions and a higher
conductivity due to the slow flowing or stagnant nature of the lvater. All four rivers are
alkaline in nature with the pH > 6, the cut-offpoinl described bi Chutter (1998)

3.4.2 Kunene fuver

Biological monitoring was carriecl out at sites on the Kunene fur'er on three occasions before,
during and after this pilot study in the north-east. Siamples ',vere taken in April '97, November
'97 and again in November '98. Both Nor,,ember surveys \\'ere done in conjunction with a

more detailed taxonomic survey of the river and samples from November'98 currently remain
rvith the Albany museum and have thus not been analysed properll'. A cursory examination of
the data suggests that the Kunene fuver is also of'excellent \l'ater and habitat quality in the
main channel as the majority of SASS scores were >100 and ASPT scores )6. In side

Qhannels, however, a very different picture was seen as SASS scores dropped to <50 in some
places and ASPT scores to <6. This was mostly due to the "tidal" effect in the river caused by
the hydroelectric scheme at Ruacana ( and the daily release of u.ater for power generation). In
somr: places this effect was ccmpounded by the trampling and poliuting effects of grazing
animals coming down to the river to drink. The samples taken here will be used as part of the
baseline study for the Kunene River in any future biological monitoring *'ork done in the area.
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3.5 Generalconclusions

The SASS methodology has been successftrliy used in determining rvater quality in the north-
eastenr perennial rivers of Namibia. A set of meaningful SASS and associated scores were
obtained lrom each designated sampling point over the majority of the study period, the
invertebrates collected were successfully identified to a taxonomic level appropriate for the
allocation of scores and frequentiy further. As in South Africa and the LrK, the use of
biological monitoring seems to have proven to be a reliable, relatively easy and cheap method
by which to assess u'ater quality in river systems. The majority of the work was, however,
carried out by a highly trained non-Namibian stafr member and although the methodology is

relatively simple, onll'suitably trained staffrvould be able to continue this work. Despite some

on the job training that took place in the Caprivi during the pilot study, Namibia still presently

lacks pe,rst"'nnel able to continue this vu'ork and there is a need for further training in the
Depa:tment of Water Affairs and in the cor.rntry as a whole.

It u'as suggested that sonte changes may' need to be macle to SASS in order that it reflect the
more tropical fauna found in northern Namibian rivers. i.e. creation of NaSS. There are,

however, arguments against this. The SASS system as it currently stands and is used in South

Africa rvorks well enough without changes and the addition of new taxa has made little
significant difference to the overail interpretation of the data collected during this study. A
decision will need to be taken as to rvhether it is more important to take account of the
information provided by inclusion of neu, taxa, and thus change SASS, or for the data to be

compatible rvith that of regional neighbours, and thus leave it alone. This becomes especially
true if the sampling programrne is broadened and includes the Orange River, for example, it
has been suggested that Namibia alone does the sampling for this system and makes the
information available to South Africa. Decisions as to whether to include new taxa and change

SASS can only be made after further work and collection of more data. A proposal to obtain
funding for such research was w'ritten bv the members of the South African fuver Health
Programme at a SASS workshop held in East London. South Africa, in December 1998. This
rvas due for submission to the Water Research Commission (WRc) in South Africa in January

1999. It is recomnrended that the data from thrs study be made available to that research
programme should it receive funding.

It was apparent from the results presented here that sampling for biological monitoring should

only be carried out at cenain times of year, particularly in rivers with a strong flood regime.
SASS samples also gave limited information about the ecology of the invertebrate fauna being
studied and SASS sampling should not be used as a technique with which to make ecological
assessments of riverine ecosystems. Indeed, it might be argued that too much has been read
into the data collected during this study in the explanations offered in the previous sections.
This can only be justified on the basis that, as this was the first study of it's kind in the area, an

attempt was made to get as much information as possible out of the data collected. Sampling

on a bi-monthly basis, as was carried out during this research pilot project, would be too often
should this method begin to be used for routine monitoring, otherwise its main objectives of
being cheap and easv rvould be compromised. ln the UK, only three samples were taken from
each ,vatercourse in a calendar year and this proi'ided sufficient data by which to determine
quality changes. It is recommended that a similar approach is taken here in Namibia. For
rivers with a pronounced annual flood regime, such as the Zambezr and Okavango, samples

should be taken just before the river starts to rise at the end ofthe dry season and as soon as
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the main channel can be accessed again after the t'lood .\nother sample should be taken at a
point equidistant in time betrveen these t\\o The exact timing for individual sample sites will
r:lepend on their geography, e.g. points do*nsrream uill be inundated longer than sites
upstream and rvill thus have a different sampling regime. For rivers rvith no pronounced flc,od
pattern, where samples can physically be taken at an1'time of year, it is recommended that
srampling be done at the same time, and rvhere pr:ssible in conjunction rvith, other sampling in
the area so as to increase efficiency and comparability.

F'ositioning of future, routine monitoring samplinsi sites uill be driven by two main factors, ie.
v"ater clualitv and habitat quality Sonre sites rvill \\.ant to be chosen for use as reference sites,
i.e. sites at 

"vhich 
both habitat and water qualiry is knou'n to be good. Reference sites r.vill be

used to make comparisons u,ith sites where there are rvater quality problems and"thus to
determine how far these impacted sites have shift:d from the reference state. Other sites will
br: chosen to determine the effects of a certain knon,n or perceived pollutants or other effects
on river ecosystems Such sites r.-,ill have to L,e chosen prinrarily on the position of the
perceived problem, but must also take into accoLrnt things such as habitat diversity, ease of
aCCeSS etc-

Habitat diversity can have a large elfect on SASS and ASPT scores, regardless of waterr
quality. For example the SiC habitat at Cheye on 4/12197 scored 188 rvhereas the AV habitat,
subject to the same qr-rality rwater produced a score ofjust 55 To an erperienced bioiogist this
is because fast florving water over stones is the ntost productir,,e environment in rivers and will
thus always score more than submerged u'eeds To an untrained eye, however, thes,:
differences might be attributed to \vater quality factors. particularly if the two samples r.ven:
taken at different sites. Unfortunately, the ''habitat effect" is the biggest hurdle to the easy use
and interpretation of biological monitoring results and various steps have been taken to try ancl

overcome this. Chutter (1998) slrggests that it is best to try and standardise between sampling;
sites, e.g. each should have samples take:n from both marsinal vegetation and stones in current.
othenvise comparison hetu'een sites becomes drftrcult This is not alrvays possible, however,
anc,[ in some case:, e.,s. the Kwando River. samples liom a single common habitat type, such as

N4\/, might be used for assessment of \\,'ater qualitv betr,,een sites The range of acceptable
SASS and ASPT scores r.vor:ld then also har,'e to b: altered to reflect sampling from a single
habitat type. CSIR and the fuver Health Prosramme in South Africa have recognised this flaw
and some initial researclt has alreacly' been done to develop an adjustment factor that will
cotrlpensate for variations in habitat between sites This research is in a very early stage and
fi"rrtrher funding is currently being sought A seconiJ proposal to carry-out this research was
also submitted to the WRc by the members of the Siouth African River Health Programme at
the same East London SASS workshop. One of the requests from the researchers involved in
this programme at that meeting \vas ihut unyon. involved in SASS sampling should submit
their data to the CSIR fbr further anaiysis Data from this project would be a valuable addition
to their work and it is recommended that the results and report be made available to the South
African researchers. it is also recommended that, although still someway of, this habitat
adjustment factor should be incorporated into the Namibian methodology as soon as it
becomes available.
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L.4 The lvay fonyard

If biological monitoring is to be adopted as a nationally applicable method by which to
determine water quality standards and used as a tool rvith which to manage Namibia's
perennial rivers, then some further work needs to be done in the refinement of the method.
The Division Water Environment does not currently possess the funds to carry-out such work
and external sources need to be found in order to fund this. The sort of work that still needs to
be done includes.

o I similar baseline study of the seasonal changes of invertebrate communities on Namibia's
other two perennial rivers, namely the Kunene and the Orange.

. Training of Namibian government officials as well as other Namibians, e.g. students in
order to build the capacity for such work to be done in the future.

o Determination and justification of sites at rvhich regular and routine biological monitoring
should be carried out.

1.5 Budget

The estimated cost of this pilot project (excluding the Kunene River work) was N$60 610 and

broke down as shorvn in Table 32. This project was run by a VSO volunteer and using tire
existing facilities of the Salyinia ntolesta control programme and this significantly reduced the

costs of the programme. It should be noted that to set up a biological monitoring programme

run by fuIl-time Namibian government officials'i.vould be much more expensive, particularly in

the initial stages.

Tablc 32 Estimatcd costs of thc pilot study

Salarics Capital Consumables Trrining Transllort S&T Total
cquipment

15 3 l0 4 200 l 000 23 000 15 800 I 300 60 610

,.c1



3 APPROVAL OF RECON,IMENDATIONS

This report is approved for subrnission to the Director: Resource Management.

Lt i(,&r
li) o'"

JS dc wET

DEpury brnrcroR: wATER ENVIRoNNTENT

D,,\TE: iNlUh q

RECOMNIEI{DATIOI{S

It is recommended that:

1. This report is accepted in principle.

Z. The SASS technique can be u,sed in Namibia to make water quality assessments for

n-ianagement purposes.

3. This report is used as the basis from whictr to formulate a funding proposal to a donor

agency in orcler that the method can be refined and biological monitoring implemented.

tl. The results be prepared for publication in one or more scientific journals and be presented

at the SASAQS conference in July 1999.

5;. Any future routine monitoring programme take cognisance of the suggestions containecl in

this report.

I support the recommendations contained in this report and submit it the Under Secretary fcr
Water Affairs .

l--. ) ,l

ilwtttW
-\lr" P. Heyns /
DIRECTOR: RESOURCE MANAGEMENT

DArE: t t/"=/ft
The recommendations in this repor-t are approved /.not-app+e+e$

FOR MINISTRY OF AGRICULTURE, WATER ANDDlpnruKNENr sECRETARY
tnuRaL DEVELOPNTENT

DArBi i.,rl ,lu,
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APPIINDIX I

Table 1 Tarir list for Cheve - Stones in Current habitat

Sample date

Checklist of macro-
invertebrates found at this site
(families and genus listed 2rct97 2817 tg7 6lt0lg7 4lt2lg7 2/2t98 3t/3/98 1.t6/98
alphabeticall-v)

},HYLU]II ANNELIDA
Classoligochaeta # # #

PHYLUNI I}IOLLUSCA
Class Gastropoda
Ampullariidae
Pila occidentalis # #

Bithl'niidae
Gabbiella kisalensts #

Class Bivah'ia
Corbiculidae
CorbiarlaJlumintalis # # # #

PHYLUITv{ ARTHROPODA
Cllss Crustacea
0rder Decapoda
Fotirmonautidae
Polamonaules bayonianus # #

Class Insccta
. Cl rtler Ellhemeropterl
Ilaetidae
.A/roptilum spp #
,9aetisspp. # # #
Demoulinia spp. # #
Pseudopannoraspp. # # #

Caenidae
#Caerzi.s spp.

Hcpt:rgeniidae
tlfrorurru.rspp. # # #

Lelltophlebiid ae

Choroterpesspp. # # # #

Oligoneuritlae
E'lassoneuriaspp. 4 # # #

Pol.vmitarcidae
Lkeuthyplociaspp. # # # #

Tricorl'thidae
Tricorlthusspp. # # #

Order Trichoptera
' Ecnomidae (inder) # #
H1'drolls-vchidae

Aethaloptera spp. #
!.Antphipsyche spp.

Cheumatopsychespp. # # # #

lv{acronenn spp. # #

H.r'rlroptilidae
Orthotrichia spp. ; #

Leptoceridae
Tr,;choselodes spp. #

Philopotamidae(indet) . # #
Order Odonata
Suborder Anisoptera
Gomphidae (intlet.) #
Paragomphusspp. # # #



Table 1 cont. Taxa list for Cheve - Stones in Current habitat

Sample date

Checlilist of macro-
inyertebrates found at this site
(families and genrrs listed U6t9j ZBl7t97 610197 4/12t97 212198 3ll3l98 116198

alphabeticalll')

Libellulidae (indet.)
Z-v"gon1x sPP.

Suborder Z1'goptera
Coenagriidac (indet.) #

Order Diptera
Ceratirpogonidae
Chironomidae
Simuliidae
Tabanitlire
Order Neuroptera
Sislridae.
Sisy'ra spp.

Order Coleoptera
Elmidae/Dryopidae
G1'rinitlae
Orectochilus spp.

. Order Hemiptcra
Naucoridae (indet)
Order Lepidoptera
P1'ralidne (indet.)

J]t
!!t+t

4fr
!!t+ lt !!

llr



Tablc 2 Taxa list for Chel'e - Aquatic Vegetation habitat

Sample dates

Checklist of macro-
invertebrates found at this site
(f;rmilies and gen as listed ZW97 2817t97 611191. 4lt2tg7 2/2198 3y3/98 y(itg8
:tlphnbetically)

PHYLIINI MOLLUSCA
Clirss Gastropoda
r\mpullariitlae
Pila occidentalis #
Ilithl'niidae
Cabhiella kisalensi.s F

Class Bivalvia
[Jnionidae
rl-tnio caffer #

PHYLUIVI ARTHROPODA
Clirss Crustaceir
Order Decapoda
Atlidae
Caradinanilotica # # # #

CIass Insecta
Order Ephemeropterit
Biretidae

'Baeri-sspp. # # # *
Demouliniaspp. # # #
Crenidae (intlet.) # #
Caenis spp. #
Heptirgeniidire
A1'ronurusspp. # # #
Leptophlebiidae
Choroterpe.s spp. i

Order Trichollter:r
Hvdrollsl'chidre #
Cl:eunratop*-che spp.
H1'droptilidre
Catox.y'ethira fasciata #

Ortler Odonata
Suborder Anisoptcrrr
Gomphidire
Les'tinogomphus spp. #
Libellulidae
Zyg,onyx spp. #

'subortler Zygoptera
Coenrtgriidire
Pseudagrionspp. # # #

Ortler Diptera
Chironomidne #
Ortler Colcoptera
G1'rlnidae
Orectochilus spp. : #

Order Hemiptera
Gerridae (indet.) # #

Veliidae (intlet.) #



Table 3 Tarit Iist for Chel-e - N{argind Vegetation habitat

Sample dates

Checklist of macro-
invertebrates found at this site
(families and gezas listed
alphabeticalll')

216t97 28t7t97 6lt0l97 4lt2l97 3il3198 716198

PHYLUI\I A.I\NELIDA
Class Hirudinea

Glossiphoniidae
PHYLUNI I\IOLLUSCA
Chss Gastropoda
Thirridae
:\ Ie I ano i de s v ictoriae

PHYLUNI .\RTHROPODA
Class Crustacea
Order Dccapotla
Atf idae
Caradina nilotica

Class Insectir
Order Ephemeroptera
Baetidae
Boerls spp.

Cloeon spp.
Demoulinia spp.

Caenidae (intlet.)
Heptageniidae
,4f'onurus spp.

Po[1'nritarcid ae

Exeuthv'plocia spp.
Tricorrthidae
Tricorlthu:. spp.

Order Trichoptera
H1tlropsl chidae
C'heunratopvche spp.

ltlocronenn spp.
H1'droptilirlae (intlet.)
Philopotamidae (indet )
Order Odonata
Suborder Anisoptera
Aeshnidae (indet)
Corduliidae
Gomphitlae (indet.)
Libellulidae
Trithentis spp.

Suborder 21'goptera
Coenagriidae
P-:erdagrian spp.

Order Diptera
Chironomidae
Simuliidae
Order Hemiptera
Nirucorithe (indet)
Nepidae (indel)
Veliidae (indet)
Order Lepidoptera
P1'ralidae

afr
!#

!
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Table 4 Taxa list for Cheye - Stones out of C'urrent habitat

Sample tlates

Checklist of macro-
invertebrates found at this site
(families and gezus listed 2t6lg7 ZB1TlgT 6tt0tg7 412t97 ZtZtgB 31t3tgg tt1tg1
nlphabeticall;*)

PH}'LU]!I ANNELIDA
Class Oligochaeta

P,EYLU]U NIOLLUSCA
Clitss Gastropodir
Thiaridtc
fuIe I anoi de s tu b erculat a

Cllss Bivirlvia
Corbiculidae
Corbicula fluminalis
Unionitlae (indet.)

PHYLUiVI ARTHROPODA
C'lirss Insecta
0rder Ephemeroptera
Baetidae

' Demoulinia spp.
Pseudoponnola spp.
Cnenidae
Caenodes spp.

Folvmitarcidae
Ereuthvplocia spp.

Order TricLoptenr
Ecrromidrre
llvdropsvchidae
.4ethaloptera spp.
IJ1 droptilidae (indet.)
C)rder Odonirtit
Suborder Anisopter:r
Gonrphidae
Paragontphus spp.

Order Coleollterir
Iilnridae/D rlopitlre
Ilelotlidae (indet.)

fr

n#
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Table 5 Complete Taxa list for Chel'e - All trabitats combined

Sample dates

Checlilist of mitcro-
irrlcrtebrates found at this site
(lamilies and genus listetl 216197 ZB1TlgT 6trcD7 All?lg7 ZlZt98 3tt3lgg y6lg9
alphab eticalll')

PTIYLUNI AIiNELIDA
ClassOligochaetir # # # #
Class Hirudinea
Glossiphoniidre #

PI]YLUIVI NIOLLUSCA
Cllss Gastropodir t
,{mpullariidae
Pilaoccidentalis # # #
Ilithl'niidae
Gabbiella kisalensis #

Thi:rridle
,\Ielanoides tuberculata # #

Clnss Bivllvia
Corbiculidae
Corbiculafluminalis # # # #

Unionidae (indet) #
llnio caffer #

PHYLUM ARTHROPODA
CI"rss Crustiicea
Order Decaproda

Potamonirutidae
F'otantonaute.t ba.r-onianu.s # #

Atf idae
C.laradinanilotica # # # # tl

Clilss Insecta
Order Ephemeroptera
Baetidae
.\troptilum spp. #

Bcelisspp. *! # # # # # *
Cloeon spp. # #

.Denrottliniaspp. # # # # #

Pstetrdopannorospp. # # #
Caenidae(indet.) # # # #

Caenis spp. # #
Ccrenodes spp. #

Hcptageniidae
.4/ronurusspp. # # # # #
Leptophlebiidae
C'horoterpesspp. # # # #

Oligoneuridae
Elassoneuriaspp. # # # #
Pol;vmitarcidae
Exeuth.t'plociaspp. # # # # #

Trir:o11'thidae
Tricorythusspp. # # # # #

Order Trichoptera
Ecnomidae
Ecnonntsspp. # # #

Hydropsl'chidae
. Aethaloplera spp. +l #

Amphips2-che spp. : #
Cheumatopg'chespp. # # # # #

lv{ac:ronemaspp. # # #



Table 5 cont. Complete Taxn list for Cheye - All habitats combined.

Sample dates

Checlilist of macro-
in]'ertetrrates found at this site
(families and gezas listed 216197 ZBlTtgT 6n0tg7  ltltgT 2lztgr 3tt3tg8 u6lgr
alphabetically)

Hl droptiliute (indet.)
Catoxl's1|iYq fasciata #
Orthotrichia spp.
Leptoceridae
Trichosetodes spp.

Philopotamidae (indet.)
Ortler Odonata
Suborder Anisoptera
Aeshnidae
Corduliitlne (indet.)

4t
!la
litn

' Gomphidne (indet.) # # n

!!
fr#

#

!!
It tt

nfr

!!l
hnt

#

44

Lestinogonrp,has spp.
Paragonrphus spp.
Libellulirlae (indet.)
Trithemis spp.
Zygonyc spp.

Suborder Zygoptera
Coenlgriidae
P.teuclagricn spp.

Order Diptera
Ceratapogonidae
Chironomidae
Simuliitlae
Tabanitlae
Order Neuroptera
Sisl ridrre
Si"syra spp.

Order Coleopterl

. ElmitlrtelDrlopidae
Gl rinirlae
Orectochilus spp.
Helodidae (indet.)
Order Hemilttera
Gerridae (indeL)
Naucoridae (indet.)
Nepidae (iridet.)
Veliidae (intlet.)
Order LepirloPteril
P1'ralitlae (indet.)

#
###
#

!!,+ tt
u

#
###
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APPENDIX II

l'rrblc 1 Taxa list for Popa Falls - Stones in Current habitat

Sample dates

Clheclilist of macro-
invertebrates found at this site
(l'amilies and genas Iisted 13,/2t97 216197 ZB1TlgT 6/10197 4/lZtg7 ZlZlgS 3tt3/g8 t/6198
alphabeticalll')

PHYLUM
PLATYHELIVIINTHES
CIass Turbelluia
Dugesiidite
Duge,ria spp. #

PHYLI]IVI ANNELIDA
Class Oligochaeta il # # #

PHYLUM IIIOLLUSCA
Class Bivalvia
Corbiculidle
CorbiculaJluminolis####

P}IYLUM ARTHROPODA
Clirss Crustircea
Ortler Decapoda
l?otamonautidae
Potattonautesbayonianu.s # # *t # #

Class Inscctrr
C)rder Ephemeroptera
Iluetidae (indel) #
-,lf'optilum spp. #
,Baeti.rspp. # # #' t?entroptiloides spp, #
Demoulinia spp. # #
t)phelmatostorlro spp # #
lDseudopannolaspp. # # # #
fteptagcniidae
,,lfronurusspp. # # # # # #
L,eptophlebiidae
Ohoroterpesspp. # # # #
Oligoneuridae
I:lassoneuria spp. # #
Pol-r'mitarcidae
Elxeuthvplociaspp. # # # # #

P:rosop istomatid ae

B'inoatlusspp. # # #
Tricorl'thidae
T'ricorythusspp. # # # # # #

Order Plecoptera
Perlidire(indet.) # # # # #

.Order Trichoptera
Ecnomidae
Ecnonrus spp. #
Hl dropsy'chidae
Aethaloptera spp. #
A,,nphipsychespp. # # #
C,heunntopsychespp. # # # # # #
lr'l'acronema spp. #
Leptoceridae(intlet.) : # #
P:;eudoleptocerus :pp. # #

Phil,opotamitlae(indet.) # # # # #



Table 1 cont. Tara list for Popa Falls - Stones in Current habitat

Sample dates

Checlilist of macro-
invertebrates fountl at this site
(families and genus listed r3tzt97 Zt6l9i 2Bt7l97 6lt0t9j JltZtgT Zlztgg 3tl3l9g 1l6tg9
alphabetically)

Order Odonata
' Suborder Anisoptera

Gomphidae (indet.)
Lestinogontpftls spp.

Paragomphus spp.
Libellulidae (indet.)
Trithentis spp.

Suborder Z-vgoptera
Chlorocyphitlae
Planc-vpho spp.

Order Diptera
Ceratapogonidae
Chironomidae
Simuliidne
Tabanithe
Order Coleoptera
ElmidaelDryopidae
Gyrinidte
Orectochilus sPP.

##

lt4ttttt
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Tahle 2 T'a.ra list for Popa Fllls - I\Iarginrtl vi:getzrtion habitat

Sample dates

Checlilist of macro-
inyerrebrates fountl at this site 13/2197 216197 28t1197 6n0197 qt2t97 212198 31/3/98 1t6/98

(families and genrs listed
alphrbeticalll)

PHYLUNI I\lOLLUSCA
Class Bivah'ia
'Corbiculirlire

C'orbicuIa Jluminalis
PHYLUM ARTHROPODA
Class Crrstacea
Order Decapoda
Potamonautidae
P o tonto n au te s b ayon i anu s

Class Insectir
Orriler Ephemeropiera
Baetidae
Bcretis spp.
Cloeon spp.
D<tntoulinia spp.
P.seudopannola spp.
Crenidne (indet.)
, /rocaeni.s spp.
C'aeilis spp.

Caertospella spp.
. Hcptageniitlac

Afronurus spp.
Lcptophlebiidre
.4 d'z n o ph I e b i o i d e s spp.
Oligoneuridae
Elassoneuria spp.
Tricorl'thirlae
Dic:ercotn,-zon spp.
Tricorvthus spp.

Ordcr Trichopterii
Hvdropsychidae
,4nt,ohipsvche spp.
ChetumatopsT-che spp.

H1'd roptilidae
H.yclroptila spp.
Leptoceridae
Oecetis spp.
Parasetodes spp.
Phil lpsf ilrnidas

'Orde,r Odontta
Suborder Anisoptera
Gomphidae
.[ctinogomph,/s spp.
Libellulidae (intlet )
Orthetrum spp.
Trithemi.r spp.
Zygon.vx spp

Suborder Z_r-goptera
Coenrrgriidae

####-###
#

#-#
#

!-
##

1Jt

It'

4Atfi

Pseudagrion spp. :. # #

Order Diptera
Chir,onomidae
Simuliidae
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' Table 2 cont. Taxa list for Popa Falls - i\Iarginal vegetation habitat

Sample dates

Checlilist of macro-
invertcbrates found at this site
(families and geaus listcd r3t2t97 216197 28t7t97 6t10t97 4ll2l97 212198 3113198 116198

alphabeticallv)

Order Coleoptera
Dytiscidae - Laccophilinae
Elmidae/D11'opidae
G_r-rinitlae
Orectochilus spp.
Hydrophilidae
Enochrus spp.

Order Hemiptera
Naucoridae (indet)
Gerridae
Veliidae

nfr

]Jn

.!t
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Table 3 Taxr list for Popa Falls - Sand habitat

Sample dates

Checlilist of macro-
invertebrates found at this site
(farnilies andgenas listed 13t1t97 2t6tg7 Zgt1-lgT 61yt9j 4ltZlg:. zt1tg1 3tt3lg1 y6tg8
alphlbeticalll)

PHYLUM ANNELIDA
Class Oligochaeta

PH'YLU]\I NIOLLUSCA
CI:rss Biyalviir
. Crcrbiculidae

C' o r b i c u I a Jl u m i n a I i,t
PHYLUI}I ARTHROPODA
Cla.ss Insecta
Order Ephemeroptera
Baetidae
Dentouliiia spp.
Cirenidae
.417ocaenis spp.
Le ptophlebiirlae
Choroterpes spp.
Tricorl'thidae
Tricon,thus spp.

Order Trichoptera
Ecnomidire (indet.)
H1'droptilidae
C a t oq' g 1 fi i r 6 fa -s c i a t a

Order Odonatir
Suborder Ahisoptern

. Gonrphidae
Le.r t i no g o trt phrrs spp.
Paragontphu,t spp.

Suborder Z'r'goptera
Coenagriidae
P.studagrion spp.
Chlorocl'phidne
Planc-v"pha spp.

Ortler Dipterir
Chironomidae

Order Coleoptera
Elmidae/Dryopidae





Table { Complete Taxa list for Popa Falls - AII habitats combined

Sample dates

Checklist of macro-
invertebrates found at this site
(families and genrrs listed fi12p7 Zt6l97 2Bl7l97 6n0197 4t12/97 2/2/98 3t/3/98 il6/98
alphabeticalll')

PHYLI.INI
PLATYHELNTINTIIE,S
L-lass Turbellaria
Dugesiidae
Dugesia spp. #

PHYLUNI fu\NELIDA
ClassOligochaeta # # # # #

PHYLUNI NIOLLUSCA
Class Bivirlyia
Corbiculidae
CorbiculaJlutninalis######

PHYLUN{ ARTHROPODA
C'lass Crrstacea
0rder Decapoda
,Potamonautidae
Porarnonautesba-yonianus # # ,4 # # #

Class Insecta
Order Plecoptera
Perlidae(iadet) # t+ # # # #

Clrder Ephemeropterir
Il lcti tlire
.lfroptilunt spp. #

.8aetr-rspp. # # tt # + #
tlloeon spp. #
tl'entroptiloide.s spp. #

t)entouliniaspp. ht # # # #
Ophelnntostona spp # #

Pseudopannolospp. # # # # # #

Claenidae (indet.) #
.-Ifrocaenis spp. # #

Chenls spp. #
. Caenospeila spp. #

Heptageniidae
.trfronttrusspp. # # # # # # #
Leptophlebiidae
C'horoterpesspp. # # # # #
Oligoneuridae
E'lassoneuria spp. # *
Poll'mitarcidae
Ereurh.v'plociaspp. # # # # # #

Prosopistomatidae
Binoculusspp. # # #

Tricon thidae
Dicerconryzon spp. #
Tricorythusspp. # # # # # # #

Order Trichoptera
Ecnomidae (indet) #

Ecnomus spp.

Hl drops;"chidae
.Ae:thaloptera spp. ,. # #

'.4nphipsychespp. # # # '#

Cheutnatopsvchespp. # # # # # # :H

.\ltcronenrc spp.



Table 4 cont. Complete Taxa list for Popa Falls - All habitats combined

Sample dates

Checklist of macro-
invefiebrates found at this site
(families antl ganas listed l3l2l97 216197 2817197 6110197 1lr2l97 212198 3ll3l98 116198

alphabeticalll-)

Hydroptilidae
Catoryethb a fasciata #

Hydroptila spp. #

Leptoceridae (indet.) # #

Oecetis spp. # #

Porasetodes spp. #

Pseudoleptocerur.r spp. # #

Philopotamitlae(indet.) # # # # # #

Ortler Odonata
Suborder Anisoptera
Gomphidae (indet.) # #

Ictinogomph,/s spp. #

Lestinogomphas spp. #

Paragonrphus spp. #

Libelluliilae (intlet) # #

Trithentis spp. #

Orthetrutrt spp. #

Zygonyx spp. #

Suborder Zygoptt'rit
Chlorocl'phidac
Plary-cyphaspp. # # #

Cocnagriidae
Pseudigrionspp. # # # #

Order Diptera
Ceratapogonidae #

Chironomidae######
Simuliirlae######
Tabanitlae######
Order Coleoptera
Dytiscidae i, #Laccophilinae F

Elmitlae/Drlopirlae # #

Gyrinidae
()rectc>chilttsspp. # # # #

Hydroptilidae
inochrus spp. #

Ordcr Hemiptern
Naucorirlaclintlet.)#####
Gerridae (i:det.) #

Veliidae (indet.) # #



APPENDX Itr

Table 1 Taxa list for Kongola Bridge - Stones In Current habitat

Sample dates

Checlilist of macro-
inlertebrates found at thir site
(families and gen zs iisted L0l2/97 271519'1 24/7197 lll0l97 5tr2t9'7 312t98 lll/98 216198

alphabetically)

PHYLUNI ANNELIDA
ClnssOligochaeta # # # #

PHYLUM MOLLUSCA A

Clrss Gastropoda #

Thiaridire #
it[elanoides tuberculata #
Pl anorbidae

' Brrlinrrs spp. #
Class Bivalr,ia #
Corbiculidire
CorbicttlaJlrtminalis#####;4

PHYLUM ARTEROPODA
Class Crustacea
Order Decapoda
Potamonautidire
Potanonautesba-,.'onianus # # lt
Atf idae
Caradinanilotica # # *

Order Ephemeroptera
Baetidire
Baetisspp. # # # # # # #
De'ntoulinia spp. # #
Olthelmato.stonraspp. # # # #

Caenitlae
Caenode.rspp. # # #
Leyrtophlebiidae' 
Choroterpes spp. # #
Oligoneuridae
Elassoneuria spp. # #
Pol.r'mitarcidae
Exeuthy,plocia spp. #
Trir:orythidae
Tricorvthusspp. # ll # # #

Order Trichoptera
Ecnomidire # #
Hvdrops.vchidire
Aethalopteraspp. # # # #
An4thipsyche spp. # #
Cheumatopsvchespp. # # # # # # #
Philr:potamidae(indet) # # # # # # # #
Order Odonata
Suborder Anisoptera
Gonrphitlae(indet.) # # # # #
Paragontphus spp. # #

. Libellulidae (indet ) #
Subontler Zygoptera
Coenagriidae
Psea'dagrion spp. # #



Table 1 cont. Taxa list for Kongola Bridge - Stones In Current habitat

Sample dates

Chechlist of macro-
invertebrates found at this site
(families and genas listed l0l2t97 2713/97 2117197 ltl0l91 5112197 312198 ll4t98 216198

alphabetically)

Order Diptera
Chironomidae
Culicidae
Simuliidae
Tabanidae
Ortler Coleoptera
Dytiscidae
Elmidae/Dryopidae
G1'rinidae
Oreclochilus spp.

Order Hemiptera
Nepidae (indet)
Veliidae (inder.)
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Table 2 Taxa list for Kongola Bridge - Aquatic Vegetation habitat

Sample dates

Checklist of mrcro-
invertebrates founrt at this site
tffamilies and gezrrs listed 10/2197 Z7/Slg7 21l7lg7 UfiDl SfiZtg7 3lztg} U4lgB 2t6t9}
rlphabeticalll')

PA'LUIVI ANNELIDA
Class Oligochaeta #

PHYLTIilI }IOLLUSCA
Class Gastropoda
Thiaridae
\lelanoidestuberanlala # # # # ^ #
Planorbidae.

. Brrliirrrs spp. # *
Bulinus depres-sus #
Gyraulus costulatus #

Class Bivallia
Corbiculidae
Corbiaia/luninalis # # #

Unionidae (inder) # #
PH}'LU}I ARTHROPODA
C'lass Crustacea
0rder Decapoda
Potamonautidae
Patantonautes batonianus il
An idae
Caradinnilotica # ii # # # #

0rder Ephemeroptera
Baeti d ae

Baetisspp. # it i # # # #
Dernouliniaspp. # # # #
Caenidae (indet.) # ti
Caenodes spp. # ht il
Pol.r'mitarcidae .

. ,povilla spp. #
liri corl thi dae
Drcercontyzon spp. #

Order Trichoptera
Lcnomidae #
E["r drops-r chidae
Cheunatop-yche spp. #
Leptoceridau (indet) #
()ecetis spp. i I
I'>arasetodes spp. {
7'ichosetodes spp. #

P.hilopotamidae (indet.) # #
Order Odonata
Suborder Anisoptera
Gomphidae (indet) # #
Libelluf idae (indet-) # # #

Sutrorder Z5'goptera
Coenagriidae
P.seudagtionspp. # # # # # # #
Ti4thenis spp. # #

Order Diptera
'Clrironomidae # # #
Simuliidae #

Order Hemiptera
Naucoridae H

Nepidae #

OrrJer lcpidoptera
P1'ralidae ) l





Table 3 Taxa list for Kongola Bridge - i\Iarginal Vegetation habitat

Sample dates

Checklist of macro-
inverlebrates found at this site
(frrmilies and genus listed 1012191 2'115191 211119'l ll10l9'l 5ll2l97 312198 714198 216198

alphabeticallv)

PHYLUI\I ANNELIDA
Class Oligochaeta
PHYLTi}I J\TOLLUSCA
Clrlss Gastropoda
Llntnaeidae
Ll,mnaea spp.

Thiaridae
.\ Ie I an oi de.r lube rcu Iata
PiLiuorbidae

. Iullirris spp.
Ci-t,r 6u 1 r, t co s t u I a t r t s

Cllss Bivalvia
C,orbiculidae
C'orbicula Jluminalis
Unionidae (indet.)
L,nio caffer

PH}'LU}I ARTHROPODA
Clitss Cnrstlcea '

Order Decapoda
Potamonautidae
P ( ) t a t t i O t t o u I e.t b ct.,,'O tt i an u S

Atl idae
Coraditta nilotica

Clrrss Insecta
Order Ephemeroptera
B aeti d ae

Baeti.s spp.

Cenrroptilum spp.
' ('loeon spp.

Denrculinia spp.
Caenidae (indet.)
.4.J,',ocaenis spp.
Hel)tlrgeniidae
.4/,"onurus spp.
Poh'mitarcidae
Povilla spp.
Tricorl thidae
Di,:ercontvzon spp.

Orcler Trichoptera
II1'd ropsl'chi tl ae

Cheunatopsyche spp.
Leptoceridae (indet.)
Oecetis spp.

Order Otlonata
Suborder Anisoptera
Gornphidae (indet.)

. Libellulidae (indel)
Trithentis spp.

Sub,crder Zygoptera
Coenrgriidae
Pse'udagrion spp.

Order Diptera
Chironomidae
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Table 3 cont. Taxa list for Kongola Bridge - Marginal Vegetltion habitat

Sample dates

Checklist of macro-
invertebrates found at this site
(families and genus listed l0l2l97 2715197 2417197 lll0l97 5t12197 312/98 ll4l98 216198

alphabeticalll')

Order Coleopt:ra'
D1'tiscidae (inder, #

Hyphvdrus spp. #

Gyrinidae
Orectochlus spp. # #

H1'drophilidae (indet.) #
Hydrous spp. #
Noteridae
Canthydrus spp. #

Ortler Henriptera
Gerrirlae #
Nepitlae # #

'Veliidae###



Table -l Complete Taxa list for Kongola Bridge - AII habitats combined

Sample dates

Checklist of macro-
in'r'ertebrates found at this site
(firnrilies and genas listed l0l2l97 2715197 2111,t97 1ll0l97 5112191 312198 ll4l98 2i6198

alphabeticalll')

PTIYLUI\I AN\ELIDA
Classoligochaeta # # # # #

P}IYLUNI NIOLLUSCA
Class Gastropoda

I-1 mnaeidae
Lr-nmaea Spp" #

Thiaridae
.\lelanoidestuberculala # # # # # #
Planorbidae
Gy'raulus costulatus # #

' ,BulinLtsspp. # # # #
Clitss Biyalr ia
Corbiculidae
rlorbicula_fiuninalis # # # # # # # #
lJnionid:re
Uniocaffer # # #

PHYLUN{ ARTIIROPODA
Cllss Crustacea
Order Decirlloda
P'otamonautidre
Potanronaure-sbo.t'onianus # # # #

A.tf idire
(]aradinanilotica # # # # # # # #

Order Ephemeroptera
B irctidae
liaerlsspp. # # # # # # # *
Centroptilumspp. # # #
Cloeon spp. #

.l)enrouliniaspp. # # # #()phelnntosromaspp. # # # #
Caenidae(indet.) # # # #
)l,frocaenis spp. # #()aenodesspp. # # #
Heptageniidae
Afronurus spp. #
Leptophlebiidae
C-horoterpes spp. # #
Oligoneuridae
Elassoneuria spp. # *
Prllymitarcidae
Exeuth,-plocia spp. #
Povillaspp. # # #
Tricon'thidae
Lticercontyzonspp. # # #
Tricorythusspp. # # # # #

Order Trichoptera
Er:nomidae' # #

. Htdropsl'chidae
Aethalopteraspp. # # # #
Amphipsy-che spp. :. # #
Cheunatopg'chespp. # # # # # # #



Table 4 cont. Complete Taxa list lbr Kongola Bridge - All habitats combined

Sample dates

Checklist of r:l,lcro-
inYertebrates found at this site '

(fnnrilies and gerras listed l0l2l97 2715197

alphabeticallt')

21t1t91 ,/t0l97 5lL2l97 l/{/98

Leptoceridae
Oecetis spp.

Parasetodes spp.
Trichosetodes spp.

Philopotamidae (indet.)
Order Odonata
Suborder Anisoptera
Gomphidae (indet.)
Paragonrphus spp.
Libellulidae (indet)
Trithentis spp.

Suborder 21'goptera
Coenagriidac
P-teudagrion spp.

Order Dipterit
Chironomidae
Culicidae
Simuliidae
Tabanidae
Order Coleoptera
Dltiscidae (indet.)

H1'ph.r-dru.r spp
Elmidae/Dry opidae
G1'rinidae
Orectochilus spp.
Hl drophilidae
Hvdrou.s spp.

Noteridle
Canthy.Crus spp.

Order Ilemiptera
Gerridae (indet.)
Naucoridre (indei.)
Nepidae (ir:deL)
Veliidae (indet)
Order Lepidoptera
P1'ralidire
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APPENDNX TV

Tlble I Taxa I st for Lp,adura - Marginil Vegetation habitat

Sanrple dates

Checklist of macro-
inr ertebrates found at this site
(familieS and gerzas listed lll2t97 25t3/91 28/5t97 i).4.17197 2/10197 5ll2l97 312t98 1/4i98 2i6'9li

alphubeticalll)

PHYLUNI ANNELIDA
Class Oligochaeta

PHY]LUJ\I
PLATYHEL]\{INTHES
CIitsr; Hirudinea
Gtossiphoniidae

PHY]-UJ\{ IIIOLLUSCA
Class Gastrcpoda
Ancl'litlae
-trerri.s.ria spp
H1d robiidae
Lobogenes michaelis
Llmnaeidae (indet.) #
Ph_r'riidae (indet)
Planorbidae (indet.) # frt
Bulinus spp.
'Ihi*ridae (indet)

CIass Bivah'ia
Corbiculidrre
Cor,5icula fluminalis
Unionidae (indet.)

P}IYLUTI ARTHROPODA
Class Crustacea
Order Decapoda
.\tf ir-lae

Carcrdina a,fricana
Caradina nilotica

Clirss Insectl
Order Ephemerolirera
Baetidae
Baet,;s spp.
Centroptilum spp.
Cloeon spp.
Dennulinia spp.

Caenidae (indet.)
.lfroc:aenis spp.
Caenode.s spp.

Order Trichoptera
. Leptoceridae

C)ecetlis spp.
P'arasetodes spp.

Order Odonata
Suborrler Anisoptera
Aeshnidae (indet)
Gomphitlae (indet.)
Libellulirlae (indeL)
Trithe,mis spp.

Suborder Zvgopte.'a
Coenagriidae
Pseudagrion spp.
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Table 1 cont. Taxa list for L1'atlura - Marginal Vegetation habitat

Sample dates

Checklist of macro-
invertebrates found at this site
(fnmilies antl gerrus listetl lttTtgl 25/3t97 28/5197 2417/97 2/r0,t97 st12.t97 3i2t98 1i4l98 2l6l9s

alphabeticalll')

, Order Diptera
Chironomidae
Ceratapogonidae
Order Coleoptera
Curculionidae
Dytiscidae (indet)
Hyphydrus spp.
Laccophilus spp. .

G1-rinidte
Orectochilus spp.
Hydrophilitlne (indet.)
Enochrus spp.

Hydrous spp.
Helochare.t spp.
Regintbartia spp.

Noteridae
Canlh.ydrus spp.

Order Hemiptera
. Corixidire

Gerridae (indet.) #

Nlucoridae (indel)
Notonectidae (indel)
Nepidac
Veliidire #

Ordcr Lepidoptera
Pl ralitlne
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Table 2 Tara l.st for L1'adura - Aquatic Vegetation habitat

Sample dates

Chcclilist of rnacro-
invefiebrates found at ihis site
(fanrilies and gen 4s listed 11t2t9'7 25,'3.'97 28,t5 97 21,t7i97 2/r0i9'7 5ll2 97 3;2 98 l/4i98 2/6t98

llptrab etically)

PHYLUM ANNELIDA
Class Oligochaeta #

PH\'LUilT
PLA,TYMLMINTHES
Clnss Hirudinea
Glossiphoniidae # #

PH}'LUIVI MOLLUSCA
Cliu;s Gnstropoda
Anrpullariidae
l-oniste.s ovunt #

Ancrlidae
Ferrl.rxla spp. #

L1'ntnireidae (indet.) # #

Thirridae (indet.)
Cleopatra spp. # #

,\[e'lanoides tuberculata # #
Plnnorbidne (indet.) # #

Brr,/lzrusspp. # # #

G.v.,aulus costulatus # #

, Phlsidae (intlel) #

Class Biyah'in
Corbiculidae
Corbiculaflunrinalis # # # #

Unionidre(indet.) " # #

PHYI-UNI ARTHROPODA
Class Crustrcea
Ortler Decirpoda
Potunr onautitlrte
l)olzntonaute.r baT..tniauus #

Atritlrre
('aradinanilotica # # # # # # # #

Order Hydracarina
fl1'drachnellidae #

CIirss Insecta
Order E;themeroptera
Baetidae
Baelis spp. # #

Centroptilunt spp. #

.Cloe'onspp. # # # # # # #

Denwulinia spp.
Cacnidae(indet.) # # # #

Afro'caenis spp. #

Caenodesspp. #

Poll'rnitarcidae
Povilta spp. # #

Order Trichoptera
Lcptoceridae I #
Parasetodes spp. #

Order Odonata
Suborder Anisoptera l.

Aeshrnidle (indet.) # #

Ilenlanax spp. #

Gonrlrhidae (intlet.) #

hteur'cgomphrl.r spp. #



Table 2 cont. Tara Iist for L1'adura - Aquatic Vegetation habitat

Sample dates

Checklist of macro-
invertebrates found at this site
(families antl genas liste{ ltt2 91 25 3 e7 28 5 91 24/7/97 2lt0t97 stt2t97 3/2t98 l/4/98 216198

alphabetically)

Libellulirlae(indet.) = # #
Trithentis spp. #

Suborder Zygoptera
Coenagriidae
Pseudagrionspp. # + # # # # # " # #

Ordcr Diptera
Ceratapogunidae i =

Chironomidae#t####
Order Colet,ptcra
Curculionidrte =D1'tiscidae(indet.) # # #
Hvphydrus spp. #
Laccophilusspp. # # #

H1-drophilirlae(intlet.) + # #

Enochrus spp. #
Reginbartia spp. #
Notcritlne
Canth.ydrus spp. #

. Order Hemiptera
Corixidae #
Gerridire (inrlet.) ! #

Nirucoritlae(indet.) ; # # # # #

Nepidae (indet.) # #

Notonectidae(intlet.) # # # #

Veliidae # #

Order Lepidoptera
Plralidire r # #

Tirble 3 Tasa list for Llatlura - Silt habitat

Sample dates

ClreclJist of macro-
invertebrates found at this site
(families antl genrs listetl tt2 91 25 3 97 28 5;97 24t'7t97 2tt0t97 5tl2/97 3/2t98 t/4/98 2/6!98

a[habetically)

PHYLUM MOLLUSCA
Class Gastropoda
II1'drobiidae
Lobogenes nichaelis #

Thiaridae
lvlelanoides tuberculata # #

CIlss Bivalvia
Corbiculitlle

##Corbicula Jltminalis
PIIYLUM ARTHROPODA
Class Insecta
Order Diptera
Chironomid:re # #



Table 4 Complete Taxa list for Lradura - All habitats combined

Sample dates

Checklist of macro-
invefiebrates found at this site
rfamilies and gentts listed ll'2i97 25R197 28tittt1 21t7t97 2tl0l97 Sl12t97 312t98 rl4/98 itt6l98

alphabetically)

]PHYLUNI ANNELIDA
Clas-s Oligochaeta #
PHYLU]\I
PLATYHELfiIINTHES
Cllss llirudinea
Glossiphoniidae # #

PHYLU]\{ NIOLLUSCA
Cluss Gastropoda
Anrpullariidae
Lani.stes ovttm #
Ancllidae
Ferrissia spp. # #
H1'drobiitlne
Lobogenes michaelis # #
Lvrnnaeidire(indet.) # # #

, Planorbidae (indet.) # #
Bulinusspp. # # # # #
Gyrattlus costulatus # #

Ph.r sidae (indet.) #
Thiaridae (indet)
Cleopatra spp. # #
l,[elanoide.,tuberculato # # # # #

t3lass Biyah,ia
Corhiculidae
CorbiculaJlunrinati.s # # # # # #
Unionidae(irrdet.) # # #

PHYI,U]VI ARTHROPODA
Chss Cnrstaceit
Order Deca;loda
Potamonautidae
Potomonautes bayonianus #
Atf idae
Caradina africana #
C'aradinanilotica # # # # # #' # # #

'lJrder Hydracarina
Hrdrirchnellidle #

Class Insecta
0rder Ephemeroptera
Baetidae
Baetisspp. # # #
Cenlroptilum spp. #
Cloeonspp. # # # # # # #
Dentoulinia spp. #
Caenidae(indet.) '# # # # #
Afrocaenis spp. ti #

Caenodes spp. #
Polymitirrcidae
Povilla spp. # #

O.rder Trichoptera
Leptoceridae I #

Oecelis spp. #
Para.setodes spp. # #



Table 4 cont. Complete Tara list for Lyadura - All habitats combined

Sample dates

Checklist of macro-
invertebrates found at this site
(families antl genlls listed ll 2 97 2st3t97 28t5t97 24/7197 2t10/97 5t12/97 3t2t9\ 114t98

alphabetically)

Order Odonata
Suborder Aniscptera
Aeshnidae (indeL)
Hentianax spp.
Gomphitlae (indet.)
Neurogonrph us spp.

Libellulidae (indeL)
Trithemis spp.

Subortler Z;..goptera
Coenagriidae
P-reudagrion spp.

Order Diptera
Cemtrrpogonidae
Chironomidae
Culicidae
Ortler Coleoptera
Curculionidae
D1'tiscidae (indet)
Flyphydrus spp.
Laccophilus spp.

G1'rinidrre
Orectochilus spp.

H1'drophili4ae (indet.)
Enochrus spp.
Helochare.s spp.
H),drou.s spp.
Regirubartia spp.
Noteridae
Canthydrus spp.

Order Hemiltterir
Corixidae
Gerridae (indet.)
Nirucoridle (indcr)
Nepidae (indet.)
Notonectidae (indet)
Veliidae
Order Lepidoptera
Pyralidae
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APPEI{DIX V

Table I Complete Taxa list for Ngoma Bridge for the only habitat - I\Iarginal Vegetation

Checlilist of macro-invertebrates found
at this site (families and gerrrrs listcd
alphabeticall.r')

Sample dates

29/5197 231719'7 30/9197 3n2t97 4/2198 3013198 316,t98

PHYLUJ}I ANNELIDA
CIass Oligochneta
PHY LUM PLATYHELI\TINTIIES
Clnss Hirudinen

Glossiphoniidae
PHYLU]U MOLLUSCA
Class Gastropoda
Arnpullariidle
Lanistes owtnt
Pila occidentalis

. Lrmnaeidle
Ly'nmaea spp.
Planorhidae
Bulinu.s spp.
G.v'rauIus costuIatus
Lentorbi-t spp.

PHY'LUI\I ARTHROPODA
Clitss Crustacea
Ortlcr Dccapodrr
At-r'idae
Caradina nilotica

Class Insectir
O rdler Ephenreropterir
Buctidte
Centroptilun spp.

Cloeon spp.
Cacnidae (indet.)
A/i ocaenis spp.
Pol i mitarcidae

. pot,illa spp.
Order Trichopterir
Ecnomidae
Ortler Odonata
Suborder Anisoptera
Aeshnidae (indet.)
Libellulitlae (inrlet.)
S.v'ntpetrum spp.
Trirhenis spp.

Suborder 21'goptera
Coenagriidae
Enallagnn spp.
P-se,ndagrion spp.

Order Diptera
Ceratapogonidae
Chironomidae
Tabanidae
Order Coleoptera
Curculionidae

' Dytiscitlte
Darw'inhydrus spp.
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Table I cont. Complete Taxa list for Ngoma Bridge for the only habitat - Marginal Vegetation

Sample dates

Checklist of macro-invertellrates found
at this site (farnilies and gerius listed 2g'rg7 23r7rg7 30rgtg7 3nztgi 4rztg. 30r3tg8 3t6/gs
alphabeticall,r,)

H1'drophili d ae (indet.)
Enochrus spp.
H.vdrophilus spp.

Order Hemiptera
Corixidae (indet.)
Gerridae (indet.)
Naucoridae (indet.)
Nepidae (indet.)
Notonectidae (intlet.)

. Veliidae
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APPEI{DIX VI

'llable 1 Complete Taxa list for Ihaha for the only habitat - Marginal Vegetation

Checlilist of macro-invertebrirtes found
at this site (families and ge nrr.s listed
alphabeticalll')

Sample dates

29t3t97 23t719',1 3019197 3lt2l97 412198 30/3/98 316198

PHYLUM NIOLLUSCA
Clirss Grstropotla
Ancllitlae
,trerrissia spp. #

Bith,rniidae
Gabbiella kisalensis #

H1'drobiidae
Lobogene.r nrichaelis #

' L1'nrnaeidae
Lvntnaea spp. #
Planorbitlae
Bulinusspp. # # # #
Gv'aulus co-ttulatus # #
Lentorbis spp. #

C'lass Bil'alvia
Corbiculidae
Corhicula fluntinct!.s #

liphaeriid le
Euperaferruginea #

PHYLUJ\I ARTHROPODA
Class Crxstaceir
Ctrder Decapoda
l\tf idae
rlaradinarilolica # # # #

Order Ephemeroptera
[l aeti dae

. Cenrroptilurr spp. #
C'loe<tnspp. # # # # #
Caenidire (indet.) # #
..lfrocaenis spp. #
Caenls spp. #

Poll mitirrcidae
Itovilla spp. # #

Order Trichoptera
Ecnomidae # # #
Ol"der Odonlta
Suborder Anisoptera
Aeshnidae (indet.)
lrrrr spp. #
Liibellulidae(indet) # # #
Palpopleura spp. # #
S.;mpelrum spp. #
Trithemi.s spp. # #

Suborder Zl goptera
Coenagriidae

. Ceriagrion spp. #
Ischnura/Enallagnn # # #
P:;eudagrionspp. . # # # #



Table 1 cont. Complete Taxa list for Ihaha for the only habitat - llIarginal Vegetation

Sample dates

Checlilist of rnacro-invertebrates found
lrt this site (families andgerrrs listcd
alphabeticauy) 29t5197 231',tD7 30lgl97 3n2t97 412t98 30/3/98 316198

Order Diptera
Ceratapogonidae
Chironomidae # #
Culicidae #

Tabanidae
Order Coleoptera

. Dytiscidae
G1'rinidae
Dineutus spp. # #

H;-. drophil itlae (indet.)
Enochrus spp.
Helochares spp. #
Reginfiartia spp. #

Notcridae
Canth.ydrus spp. #

Order Hem.ptera
Corixidae (intlet.) # #

Gerridae (intlet.) #

Nirucoridae(intlet) # # #

Nepitlae (indet.) #

Notonectitlae (inder) # #

Veliidae
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APPEND,I VII

'Iable 1 Tara list for lchingo for the habitat - hquatic Vegetation

Checklist of mircro-inyerteb rates found
at this site (families and genas listed
alphabeticalll')

Sample dates

?915197 718197 30t9197 3n2t97 512198 211198 116198

PH}'LUM ANNELIDA
Clrrss Oligochaeta

I'H}'LUM MOLLUSCA
Class Gastropoda
Thiaridae

' Cleopatra spp.
;\'[e I ano i d es v i ctor i a e

Viviplridae
Bellam_ya capillata

PHYLIJIII ARTTIROPODA
Clirss Cnrstacea
Orcler Decapoda
Potamonitutidae
P ol u nr or t a t t t e s ba),o:. ia n us

Atl idae
Caradina africana
Caradina nilolica

Class H1'dracarina
Hl rlrachnellidae

Clasrs Insecta
Order Ephemeroptera
Baetidae
Baeti.s spp.

. Denoulinia spp.
C:renitlac (intlct.)
Caenode,s spp.

Trir:orythidae
Tricorythus spp.

Ordr:r Trichopterir
HydLropsl'chirlae
.4mlthipsy-che spp.
Che'umatopsvche spp.

Order Odonata
Subo,rder Anisoptera
Gomphidae
Paregonrphus spp.
Libellulidae (indet.)
Suborder Zygoptera
Coenagriidae
Pseudagrion spp.

Order Diptera
Chironomidae

, Simuliidae
Tabanidne
Order Hemiptera
Nepidae
II1'dnoptilidae
Ortler Coleoptera
Dl tir;cidae
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Trble 2 Taxa list for Ichingo for the habitat - Stones in Current

Sample drtes

Checklist of macro-invertebrates found
at this site (tamilies and gerrrrs listed 2g,tg. j tSlgjalphabeticalll')

30t9te7 3/12197 512198 214198 416198

PHYLI.NI ANNELIDA
Class Oligochaeta
PHYLUNI ]VIOLLUSCA
Class Gastropoda
Thiaridae

jv'l e I an oi d e s v ic tori ae

Class Bivalvia
Corbiculidae
CorbicuIa Jltrminalis
Unionitlae
Coelatura kunenensis

PHYLUJII AR']THK]PODA
Class Crusti' cea
Ortler Decirpoda
Potamonautidae
P otanron aut e s b a1,o x i o rrrt

Class Insectir
Order Ephemerolttera
Biretidire
Cenrroptiloide.s spp.

Dentoulinia spp.
Pseudopannora spp.

Ophelnratostonn spq.
Heptageniidte
,4..frorurus spp.
Leptophlebiidae
Choroterpes sPp.

Oligoneuridae
Ela.ssoneuria spP.

Prosollistomatitlae
Binoculus spY'. '

Tricor'1 thicle
Triconthus spp.

Order Trichoptera
HytIropsl'chitlae
,4ethaloptera spp.
AmPhiPq'che sPP'

Cheunratopsyche sPP.

il'lacronenn spp.
Philopotamidae (indet)
Order Diptera
Chironomidae
Simuliidae
Order Neuroptera
Sisyridrre
Order Coleoptera
Gyrinidae
Orectochilu.r s?p.

Ortler Lepidoi;tcra
P.vrrtlidae
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TaLrlc 3 Comlllete Taxa list for Ichingo - All hrbitats combined

Sample dirtes

Chercklist of macro-invertebrates found
lt tlris site (fanrilies and een ls listed
alplrabeticalv) " 2915197 718197 30/9197 3/17/97 5/2198 ?11/98 ,116198

PHYLUJ\{ ANNELIDA
Class Oligochaeta

PHYLUM MOLLUSCA
Clirss Gastropoda
Ttriirridae

' Cleopatra spp.
t\'1 e I anoi de s vic tori ae
Viviparidae
Bellanrya capillata

Clirss Bilnlvia
Corbiculidae
CorbicuIa 1luntincIis

Urrionidae
(.' c, e I a t t r r a ku n e ne :,.t i."

PHYLUN{ ARTTIROPODA
Class Crustacea
Orcler Decapoda
Potamonautidire
P oI 0nt ot t au t es b a1'oni anus

Atl idrie
Caraclina africana
Ca,"adino nilotica

Clirsrs Hydracarinil
. [I1'drachnellidae
Class Insecta
Onler Ephemeroptera
Baetidac
Baells spp.
Centroptiloide-s spp.
Detttoulinia spp.
P.scudoponnold spp.
Ophelnuttostonta spp.
Clenidae (indet.)
Caenode:; spp.
Heptageniidae
,4fro,nuru.r spp.
Lcptophlebiirlae
Choroterpes spp.
OIigr:neuridae
,elassoneuria spp.
Prosopistomatidae
Binoculus spp.

. 1'ricorl'thidae
'lricorythus spp.

Orderr Trichoptera
H1'tlrops.vchidae
Aelhaloptera spp.
,4mphipsy,che spp.
OhettmaIops1tche spp.
It[acronenn spp.

Philopotamidae (indet) j
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Table 3 cont. Complete Taxa list for Ichingo - AII habitats combined

Sample dates

Chcclilist of macro-invertebrates found
at this site (familics and geaas listcd
atphabeticau-v) 

-o-'---'-- 29t5197 7t8t97 3019197 3lt2lg7 512198 2t4198 416198

Order Odonatrr
Subortler Anisoptera
Gomphidire
Paragonrphus spp.
Libellulidae (inder)
Suborder Zvgoptera
Coenagriidae
Pseudogriott spp.

Order Diptera
Chironomidae
Simuliidae
Tabanidae
Order Coleipterir
D1'tiscidae
G1'rinidae
Orectochilus spp.

Order Hemiptera
Nepidae
Hytlroptilidae
Ortler Lepidoptera
Ptralidae
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APPENDIX YIII

Tahle 1 Tara Iist for \Yenela for habitat - Stones in Current

Sample dates

Checl<list of macro-
invertebrates found at this site
(l'rrrnilie.s and.gerzas listed TZ1Z/97 3015197 Bl8lg7 30/glg7 3lt1l97. 4lylgy Bl4lgy 3lril98
rrlphabeticall-r')

PHYLU]VI ANNELTDA
Class Oligochaeta
Cllss Hirudinea
Erpobdellidae

PHYLUNI I\IOLLUSCA
Class Gnstropodir
Thiaridae
.\Ielanoides spp.

Class Bivalvia
Corbiculidae
C,crb icuIa Jluntina Ii-r

Unionidae (indet.)
PH'I'LUM ARTHROPODA
Chss Cmstacea
Order Decapoda
Potamonautitlae
P ol am otnu ! i s b ayoni anus

Cllr;s Insectir
Order E;lhemeropterir
Ila ctidrre
,4Ji;obaelodes spp.
.lfroptilum spp.
Baeri,s spp.
Centroptilcides spp.
Demoulinia spp.
Pseucloponnora spp.
O plr c lrt r atoston a spp.
Cacnitlae (indet.)
A/rocaenis spp.
Coenode.s spp.
Cae-nospella spp.
Heptxgeniidae
llfi'orutrlts spp.
Leptophlebiidae
Choroterpe_s spp.
Thraulus spp.

' Genns & species indet.
0ligoneuridae
L,la:;,sotteuria spp.
Polymitarcidae
Exe,uthyplocia spp.
Prosopistomatitlae
Bin<tculus spp.
Tricorythidae
T'ricorythus spp.

Order Plecoptera
Perlidae (indet.)
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Table 1 cont. Taxa Iist for \Yenelt for habitat - Stones in Currcnt

Sample dates

Checklist of mircro-
invertebrates found at this site
(families and gerus listed l2l2l97 301519'1 818197

alphabeticalll')
30t919't 3lr7l97 4/2198

Order Trichoptera
Ecnomidae
H1'dropsychidae
,4ethaloptera spp.

.4mphips-v-che spp.
Cheumatopsyche r-PP.

).4acronentt' spp.

P o l.v'n r o r ph ani.$t/s sPP.

Leptoceridae
Oecetis spp.
Philopotamidae (in der)
Order Odonata
Suborder Anisopterit
Gomphidae
Paragontphtts spp.

Libellulidae (indeL)
Order Diptera
Chironomidae
Sirnuliidae
Tabanidae
Order Coleoptera
Elmidae / Drl opidae
Gl rinitlae
Orectochilus spp.
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Table 2 Tirra list for Wenela for hrrbitlt - Mtrginal vegetirtion

Sample dates

Checklist of macro-
inverlebrates found at this site
(families and gerilrs listed tZlZlgT :t}l'lg7 BlB.tgT 30lglg7 3lt2/97 4/2198 Bl4lgr .jt6tgs
alphabeticallr)

PH}'LUJ\I ANNELIDA
C'lass Oligochaeta # +l

P]]}'LUi\{ NIOLLUSCA
Class Gastropoda
.{nc11idae
Felris.sla spp. #
Plirnorhidae
G.tyaulus costulat:t,t #
'[hiaridae

Cleopatra spp. # #
.\ [elanoides victoriae *

Cilass Bivalvia
Corbiculitlae
Corbictrla fluminalis # #
l.nionidae (indel) #

PHYLUM ARTHROPODA
Class Crustacea

.Order Decapoda
Potamonautidae
Fotanonautes bayonianus # #
.{t.vidae
Caraclina africana #
Caradina nilotica #

Clirss Insecta
Order Ephemerolitera
B aetidae
Eaerl-rspp. # # # # # # # i
( loeon spp. # # #
Ophelntatoston,d spp. #
Crenidae(indet.) # # #
.r,{rocaenis spp. # #
Crcnodes spp. # #
lleptageniidae
)1'ronurusspp. # # # # #
Leptophlebiidae
Ct;loroterpes Spp. #

. Oligoneuridae
Elassoneuria spp. # #
Tricorl'thidae
Tricorythus spp. #

Order Trichoptera
##Ecrnomidae

Hl dropsl'chidae
..lnphipsyche spp. # #
Cheunatop.sychespp. . # # #
Leptoceridae
Oecetis spp. #

Philopotamidae (indet.) #
Order Odonata

Subo.rder Anisoptera :
Gomphidae (indet) #
Leslinogomph,/s spp. #
Libeltulidae(intlet.) # # # # #



Table 2 cont. Tara list lbr Wenela for habitat - I\Iarginal vegetation

Sample dates

Checklist of macro-
invertebrates found at this site
(families and genus listed filzlgi 3013197 8t8t97 30t9i9i 3tr2t9i 412198 814198 3/6t95

' alphabeticalll')

Suborder Zygoptera
Coenagriitlae
Ischnura spp. #

Pseudagrionspp. # # # t # #

Order Diptcra
Ceratapogonidae # # #

Chironomi'lae######
Simuliidae # #

Order Coleoptera
Gyrinidae
Orectochilus spp. #

Ilytlrophilidae
Helochares spp. #

Noteridae
Canthydrurs spp. # #

Order Ilemiptera
Naucoridae # # #

Veliidae # #



Table 3 Complete Taxa list for Wenela - All habitats combined

Sarnple dates

Qhecklist of macro-
inrvertebrates found at this site
(famifies and gezrrs listed gDDT 30l5l9:. StBl97 30tglg1 3lt2tg1 4lltg8 Bl4lg8 :jt6l98
alphabeticalll )

P}IYLUM A]\'NELIDA
Clrssoligochretii # # # # # tt
Cllrrss Hirudinea

Erpobdellida e # #
P]]}'LUM I\IOLLUSCA
Clirss Gastropoda
Ancl'lidlc
Fenis.sia spp. #
Flanorbidae
Gt'raulus costulatus #

Thiaridire
Cleopatra spp. # #
.\.lelanoides yictoriae # #

C.lass Bi.r,ah'ia
' Corbiculidae
Corbiculafluninalis # # #
Ilnionidae (indet.) # #

PI{YLUJII ARTHROPODA
Class Crustacea
Order Decapoda
P'otanronau tid ae
Polan@nautesba,toniati,rs # # # #
A.tl idrrc
Coratlina qfricana #
Caradina nilotico #

Cl"rss Insecta
Order Ephemeroptera
Baetidae
A/robaetodes spp. #
Afi'oprilum spp. #
B'aetisspp. # # # # # # # #
C'entroptiloides spp. #
C'loeonspp. # # #' Dentoulinia spp. # 4
Ctphelilatostolna spp. # #
Pseudopannolcspp. # # #
Cnenidae (indet.) #. # # #
Afrocaenisspp. # # #
Caenodes spp. # #
Crcnospella spp. #
Heptageniidae
.41'ronurusspp. # # # # #
Leptophlebiidae
Choroterpesspp # # # # #
Genus&speciesindet. # # #
Thraulu.s spp. #
Oligoneuridae
Elassoneuriaspp. # # # # # #
Polvmitarcidae
Exeuth.yplociaspp. - # # #
Prosopistomatidae

, Bi,nocultrs spp. # # #
Tricorvthidae
Tr,icorythusspp. # # # # #



Table 3 Complete Taxa |ist for Wenela - All habitats combinetl

Sample dates

Chechlist of macro-
invertebrates found at this site
(lnmilies and gerrrrs listed nl2l97 3}l5l97 818t97 30t9197 3lt2l97 4tzl98 814198 316198
alphabeticalll')

Ortler Pleco;ttera
Perlidae # # #
Order Trichoptera
Ecnomidae####
H1'dropsl'chidae
.4ethaloptera spp. # #
,4mphip.rychespp. # # # #
Cheunatop*chespp. # # # # # # #

lvlacronemaspp. # # # #

Pol.yntorphatrlsrrs spp. # #
Leptoceridae

Oecgtis spp. # #
Philopotnmidae(indet.) # # I * #

' Order Odonatir
Suborder Anisoptera
Gomphidae (indet.) #

Le.stinogontp&ls spp. #
Paragonphus spp. #

Libellulitlac(indet) # # # # # #

Suborder Zrgoptera
Coenagriidrte
lschnura s;p. #

Pseudagrionspp. # # # # # #

Order Diptera
Cerattpogonitlae # # #

Chironomitlae########
Simuliidae####
Tabanidae # #

Order Coleopterit
Elnritlae/G1r'inidae # #

G1'rinidae

. Orectochilus spp. # #

Hy'drophilidue
Helochares spp. #

Noteridae
Canthydrus spp. # #

Order Hemiptera
Naucoritlae # # #

Veliidae # #




