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POREHORD

liater is essentlal for the maintenance of biological diversitv. It is also

essentlal in rnaintaining the economic welfare of human societies. In South

Africa surface water resources are l1mited, and largely restricted to a sparse

network of perennlal rivers. In terms of envi.ronrnental and conservation

issues, rivers have long been accepted as a vital component of ecosystems -

but primarily as a source of drinking water for terrestrial animal

populations, as refuges for a number of amphibious marnnals or as the habitat

of vertebrates of recreational or economic value to Man, such as fish

populations. In the econonic field rivers have all too often been retarded

rnerelv as water conduits for urban. j-ndustrial. rninlng. agricultural and other

related uses.

The rapld increase in economlc growth and human populations. over especj-al1y

the last four or five decades. also sharply increased the demands on the

naturally limited \tater supply. This, in turn. soon resulted in a water

stress situatlon in rnanv areas of the Republic of South Afri-ca. The increased

dernands also soon resulted in a severe detradation of rnanv of the perennial

rivers. as evrdenced in the decline in the \tater quality and quantitV of the

rivers. Thls sj.tuation was further aggravated bv the release of alien fish

species lnto the ri.vers for the sake of anglers. Todav. few rivers are unaf-

fected and reference to pristine conditions largelv belonts to a bygone era'

It is only in recent years that the value of rivers. as ecosvstems i'n their own

rieht has come to the iore. Late as i-t rnay be. opportunities are still avail-

able to conserve certain rivers - or sections thereof - as bench-marks of the

pristine ecosvsterfts thev once were. In spite of the Nat.i.onal Parks Board's

prlmary conservation objective of conserving natural ecosystems in their prls-

tine state. even the perennial rivers of the Kruger National Park have suf-
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fered severe degradation through the years.

practices. increased lndustrializatlon and

siltation. chenical and biotic Polluti-on and

becorne evident.

Reflecting poor land manaBement

rnining, an increased rate of

even the cessation of flow has

In the light of these developments. the National Parks Board expressed its

grave concern that the natural attributes and qualities of the Kruger National

parkrs perennial rivers were being seriously threatened. In its endeavours to

rectify the sltuation, the need to establish a sound baseline of all the

blotic and physical parameters involved in the life support systems of the

rivers as functional ecosystems was identified. The baselines would serve as

early warning systems 1n a future monitoring protranme to detect any distur-

bances to these fragile ecosystems.

In this quest the Natlonal Institute for tlater Research volunteered its exper-

tise to survey the benthic fauna of all the major rivers in the Kruter Na-

tional Park. The results of this report are the outcome of the joint venture

(with the Natj.onal parks Board) that followed. The objectives were handsornely

net. and though of a preliminary nature, the report not only rePresents a

major contrj-bution towards a better understanding of river ecology but. in

fact. has also pioneered the way towards the adoption of a xoore responsible

attitude towards river conservation. manatement and utilizationl

S.C.J. JOUBERT

SKIJKUZA

NOVEUBER 1987
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1. INTRODUCTIOTI

one of the noain functions of the National Parks Board. as stated 1n the Na-

tional Parks Act of 1926, is to ensure that "the park shall. as far as may be

and for the benefit and enjovment of visitors, b€ retained in its natural

state" (Paynter & Nussey, 1985).

The Kruger National Park (K.ll.P.) is the largest of South Africa's game

reserves with a total area of approximately 1 945 500 ha. It has a great

diverslty of habitat tvpes and a wide varietv of plant and anlnal species.

Addlti.onalLy, it is world renowned as a tourist attractlon.

Water is an essential resource for the maintenance of ecosystens. It follows

therefore. that j-f the K.N.P. is to retain its natural diversity and reputa-

tlon in accordance with the National Parks Act, it is vital that the K.N.P.rs

llmited water resources be rnanaged with the utmost care. The rivers that flow

through the K.N.P. are of rnajor importance as a source of water for sustaining

li.f e in the K.N.P. .

unfortunatelv, historical events have shown that land use practices and the

control of water qualltv and quantitv outside the K.N.P. have not always been

considered with the K.N.P.'s interests in nlnd. The rivers of the K.N.P. have

verv large catchments. nost of which lie outside the K.N.Prs boundaries

(Figure 1). Thus the National Parks Board has 1itt1e control over the qualit)t

or quantitv of water that reaches the K.N.P. and the K.N.P.'s rivers are vul-

nerable to events and activities that take place in a large area of the

Transvaal.

The earliest recorded case of pollution of an aquatic environment within the

K.N.p. took place in 1921 (Joubert, 1986ai Anon, 1985). Several gold rnines

in the viclnity of the village of Sable discharged their wastes directly into

the Sabie River. The resulting pollutron depleted invertebrate and lower ver-

tebrate populations and also adversely affected the resident hippopotami. Bv
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the early 1930ts the situation had deteriorated to such an extent that

tourists in the K.N.P. refused to use sabi.e River water for domesti.c purposes.

It was not until 1944. when the polluted wat,er caused the death of several

head of agricultural livestock. that legi.slation was passed preventing the

nine authorities from dumping thelr raw waste directly into the river.

Another problem that has been observed with increasint frequency in the

K.N.p.ts rivers is siltatlon. This is caused priroarily by the increase in

poor management of agricultural activiti.es in the upper catchments. Depletion

of natural vetetation, combj.ned with overgrazing, has accelerated natural

rates of soil erosion during rain storms. The construction of dams and peri-

odic opening of sluice tates also causes hlgh silt 1oads. Increased silt

loatls are believed to have been responsible for larte fish-kills (Joubert'

1986a). High silt loads. comblned with lower and regulated flows due to

abstraction of water fron water courses and the buildins of dams' Pronote

rapid lnfilling of hippo pools, which subsequently leads to overcrowding and

increased mortalitv of the hi-ppopotami in the renaining pools.

Invasive biOta have also contributed to the degradation of the K.N.P.'s

rj.vers. conpetition from introduced fish species such as carp (Cyprinus

carpio'l and black bass { Micropterus dolonieu) could have a detrimental effect

on the lndigenous speci-es. This is a formldable potential problem in the

sabie River and the Nwanedzi River svstem where three rare fish species occur.

namelv Serranochromis neridianus. Nothobranchius orthonotus and lV. rachovii

(Nob1e, 1974). Alien and pest plants such as the nater hyacinth (Eichhornia

crassipes) and water lettuce (Pjstia stratiotes) profoundly influence both the

natural habitat and qualltv of the water {Joubert' 1985a). Other exotic river

bank invaders such as lantana (Lantana canara) and Persian Lilac {Melia

azedoracan) contribute to the elimination of natural riparian vegetation'

Flowlnt water ecosystens are verv sensitive to chantes in the physical and

chenical environrnent. Alteration of the natural conditions could have untold

repercussions for the components of these ecosvstems.
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il In order to take full advantage of the linlted water supplies of the K.N.p..

it is inperative that a clearer understanding of the biota, functioning and

sater requirernents of the K.N.P.'s aquatic ecosystens is obtained.
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AIIdS AI{D OBJECTIVES

There are several advantates to using benthic (botton-dwellina) rnvertebrates
1n the rnonitoring of aquatic ecosystems. These are sunmarized as regards
\rater qualitv by Hawkes (i9g2) as follows:

tr-) Benthic comrnunities act as continuous monitors of the water flowing
over them as opposed to intermlttent samples taken for chemical
analysls.

(1i) Benthlc eommunities respond to a wide range of differenr water quality
determinants and pollutants. chemical monitoring requires a knowledge
of the types of pollutants that are likelv to be present.

(1ii) Benthic comnunities integrate the effects of mixed pollutants in a

rnanner similar to the wav thev would affect fish populatlons. Chemi-
cal data would need to be processed to take account of complex inter-
actlons to predict thelr effect on fish.

Horlever. while benthj-c invertebrates indicate changes in the chemical
environment. they also respond. to changes in thelr phvsicaJ. environment.
Additionallv. identiflcation of benthic invertebrates is verv rabour
:-ntensive. rn south Afrlca. the benthic fauna is poorlv known and new or un-
described specles are frequently encountered. Despite these disadvantages it
nav be concluded that the use of benthic invertebrates is verv effective in
nonito*ng many aspects of the status of rotrc ec.svstens.

The study reported here was limited to the major rivers of the K.N.p.. which
were historlcally considered to be perennial. namely the Crocodile, Sabie.
0lifants, Letaba' Luvuvhu and Mutale rivers. It was undertaken with several
a].ms:
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To record the benthic invertebrate fauna of the rivers at sampling

points near the western and eastern borders of the K.N.P.. orielnally
planned bi-monthly sampling for a year proved lotisti_cally im-
possible due to the hieh sunner level of the rivers. Consequently it was

declded to undertake bl-monthly sampling in two successive winters. with
the objective of providint a comprehensive baseline agalnst which future
studies mav be compared.

To provlde prelirninary information on the diatom and aquatic macrophvte

flora of the rivers.

To assess the conservation status of the rivers studied from the data on

the benthic lnvertebrates. from field observations made during sampllng

visits and from data on water chemistry. which lras gathered by the

Hvdrological Research Institute of the Department of Water Affairs.

To make recomrnendations regarding future monitoring of the rivers. to

provide tirnelv warnint of threats to their biologlcal quality.

Since the field work of the study ended in winter 1986. considerable concerns

have ari-sen for the irnpact of flow regulation. water abstraction and darns on

the rivers as ecosvstems. Thls study was not designed to provide answers to

these questlons. but where the results pennit pertlnent comment, it will be

rnade.

4.
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J. GENE.RAL DESCRIPTION OF fiIE AREA

fhe conbined catchment area of the six rivers included 1n this study is 90 921

k:2. and therefore covers a varlety of topographic and geological regions,
vetetatlon types and land uses. Figure 1 j.s a map showing the catchrients.
Table 1 indlcates localitres and altitudes of the river-s.

-\L l the rivers rise in or west of

flow j-n an easterly directron.
goi ges and traver-ce less steeplv

cluded rn the catchrnent ar-eas are

Transvaal.

the Transvaal Drakensberg Escarpment and

They cut through the Drakensberg Mountains i_n

slopj-ng terrain to the K.N.P.. Regions in-
Gazankulu, KaNgwane, Lebowa. Venda and the

Yajor da:ns on the rivers include Loskop, Blyderivierspoort, Doornpoort,

Rhenosterkop, Rus de Wlnter, Mlddelburg and Wltbank darns in the Olifants River

catchment; Ebenezer Darn and Fanie Botha Dan on the t"etaba River; the A1-

baslni Dan on the Luvuvhu Rr-ver and the Braan Raubenhei:ner Dam on the

Crocodile Rlver.

l. i Geology

The catchnents of the rivers are underlain by a wide range of geological tems

and the Swazilarrd Supergr-oup.

The varietv oi underlylng rocks and assoclat-ed soil tvpes prevents sinple cor-
r-elations berng drawn between the gt-:olog-v of the area arrd the wat.er chenistry
of the ri-vers.

1.2 Clinate

The K.N.P. is situated in a subtropical region, It experj-ences hot. wet, hunid

sunxTiers and cold dry wi-nters. with occasional periods of f rost.
The :nean annual tenperature for the area covered by the catchrnents of the

rlvers that traverse the K.N.P. ranges from 16 to 20"C wr-th the hottest
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tenperatures recorded in January and coolest in July. Temperature, evapora-

tj-on and humidity are higher in the subtropical Lowveld regj-on than elsewhere.

Hean annual precipitation (M.A.P. ) values for each catchnent are given in

Table 2. In the K.N.P. the M.A.P. is lowest in the north with the exception

of the Punda Maria area. Evaporation 1s also lower ln the Lowveld. In the

O1i-fants River catchment, inean gross evaporation ranges from 1400 nrn per annun

ln the west to 1900 riirn per annum in the Lowveld.

The climatic characteristlcs of the area lead to the rivers having louest flow

and possibly s11ghtly lower tenperatures in the winter inonths (April to

September). During the su:mer nonths (october to March) flow is generally hieh

with spates occurring r;hen thunder storms are experlenced in the catchment '

Since the rivers in the K.N.P. are at their lower reaches' once the water

level has risen in suiur,er there 1s a tendency ior the levels to remain hiSh

ur-rti1 the f ollowing r,rinter period.

l. I Natural Vegetation

The catchnents rnclude tnanv veld tvpes. nanely Northeastern Sand Highveld.

Northeastern Mountain Sour-veld. Low"'e1d Sour Bushveld. Bankerrveld, Springbok

Flats Turf Thornveld, Sourlsh Mixed Bushveld' Mixed Bushveld' Sour Bushveld'

Mopanl veld. Lowveld sour Bushveld, Arid Lowveld and Lowveld iAcocks i975)'

This drverse vegetation ,:esults in:nany colLplex interactions which:nav ln-

fluence river characteristics. Ho';ever, these interactions are far too iutrr-

cate to be dealt with in thls report.



TABTE 2. q4IqtrqNT AREAS, I{EAII AI{NUAL RUilOFF (ilAR) AND UEAI{ ANNUAL
PRECIPITATION (UAP) (FROM DEPARTMENT OF WATER AFFAIRS.
1986).

RTYER CATCHMENT
AREA (kn2)

MAR
(n3 x 106 )

UAP
(m)

a

t_-

t:
t_

l_
,r'

Crocodile

Sabie

Olifants

Letaba

Luvuvhu & Mutale

10 455

6 252

54 434

L3 824

s 956

238

849

284

819

529

879

833

698

671

731

-)

3.4 tand Use Outsi_de the K.N.p.

Land uses in the ri,ver catchments are urban

cal fruit cultivation: forestrv: rnini.ng:

farnlng.

development; industry; subtropi-
cattle ranching and subsistence

I

J In areas of j.ntensive frult growing in the catchnents of al1 of the rivers
there is a relatlvelv large appllcatron of blocides for pest control and of
fertillzers. Biocide use is also falrlv irnportant in forestrv areas. This
could have lnplications on the qualitv of water in the rivers. Mining is also
irnportant in all of the catchnents but rs bv far the greatest in the 011fants
River catch:nent where coal . copper. phosphate . ver:ni-culite . lron . ernerald.
mica. chrome. sil1ca, antiinonv and cinnabar are rnlned.

Al1 the actrvities llsted above could have effects on rj.ver water qualitv and

quantity. although subsistance farmlnB in the Luvuvhu and Mutale catchments

may have least impact.

I

10
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rl .{. PREVIOUS RESEARCH ON RIVERS OF THE K.N.P.
I

- ' To date' published information on the rivers of the K.N.p. relates marnlv toII

I specific taxonomic groups of the fauna. Maior groups of vertebrates such as

- ' the flsh (Pienaar. 1961 & ig78t. Hippopotani (pienaar. 1966) and reptj.lesI
I 'Pienaar' Haacke & Jacobson. 1978) have been studied. Extenslve studies of
*1 non-aquatlc insects have also been undertaken {e.t. prins. ig63i Kloppers &

I 
t \ran son. 1978: scholtz. 1978). soxne dlpterans whlch have an aquatic larval

- 
stage have been investigated (schulz. stevn & Rose-Innes. 195gt Braack.

t 
t Davidson. Ledger & Lewis. 1981), although the publlcatlons were concerned wi.th

*1 the terrestrlal adult stages and larvae f rorn non-pemanent pools.
I
a

Dra,.- ^..^ -^^^^.-^L I

-T Previous research published on the river fauna includes a checklist of I

I 
t Decapoda and f resh-water fi.-ch which is combined with arnphibians, reptiles and 

I

-l s::all rnarnrnals {Pienaar. 1961). Another list of species is a preliminary llst I

t 
I of dragonflies (0donata) (Balinskv. 1965). A publication by oosthulzen ( lg7g, I*1 concerning the leech specles Placobdella nultistrata makes several reference- |

I 
I to specinens collected from the K.ll.P. and Sciacchitano ( 1951 ) published 

" I

-f 
paper ( in ltalian) on the leeches of the K.N.p.. oberholzer and van Eeden I

I 
n tr967 t undertook an extensive survev of the freshwater rnolluscs of the K.l{.p. I*.1 l'-ith particular reference to the vectors of bllharzla. In 197g the five najor I

t 
! rivers flowing into the K.N.P.. (crocodile, Sabie. Olifants. Letaba and I*f Lu'"'uvhu Rivers) were rnonitored for pe-sticide residues. The results of that I

I 
I survev irrdlcated that pestlcldes had not vet posed a serious threat to I

*f r'-rldlif e in the K.N.P.. (van Dvk. 1v78 r. other than newspaper articles. I

I
\
- t In 1933 a survev of the benthlc fauna of the Sabie River was carried out bv

L Bertran Jearv after long disputes between the N.p.B. and nining concerns 1n-|
il ! the sable area. This survev revealed that there was virtuallv no srnall
[ 3quatlc life in the Sable River. Additi-onallv. the ward.en reported that the
-l 

u:usLfL rrrs rrr LrlE JduIe nlvel.

I 
t nurber of fish in the river had also decl1ned. The N.p.B. then decided to

a-
r 1l

"lt-l
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pursue the matter of the Pollutlon of the river caused by the mining companies

{ Joubert. 1985b).

In 1959 the Hydrobiology Division of the National Instltute for Water Research

{lilwR) collected benthi"c invertebrates from the Crocodile Ri.ver at Malelane in
Julv and Novernber and from the Sable Ri"ver at Lorrer Sabie in November onlv.
fhls study was executed as part of a research project on "South African
Hvdrobiological Regions" by Dr A.D. Harrison and J.D. Atnew and their findings
are recorded in Reports 2 and 3 on NIWR file W5l5/8H. Many previously un-

recorded Epheneroptera (mayfliest and Trichoptera (caddlsflies) rdere found.

particularly at Lower Sabie. The fauna of the Sabie River was far more

diverse than that of the Crocodile. It was concluded that the fauna has

strong l1nks with that of Central Africa. The collected material was

catalogued and later donated to the Albanv Museurn. Grahamstown.

The scarcltv of data on the biota
K.N.P. rivers seriously impedes

present conditlons. This poses a

wlth having to make decisions

rlvers.

and quallty and quantity of water in the

the assessment and comparison of past and

problem when the K.N.P. nanagement is faced

that have a potential lmpact on the K.N.p.'s

t2
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SAHPLII{G

5.1 BIOTOPLS

A biotope has been defined as the smallest geoBraphlcal unit of the biosphere

or of a habltat that can be delirnlted by convenient boundaries and is charac-

terized bv its biota (Lincoln. Boxshall & Clark' 1982).

The particular brotopes t.hat were used in this survey were: stones-ln-current.

stones-out-of-current. sediment and vegetatlon. rn a river or stream in its

natural state. eaeh of these biotopes has a characteristi.c fauna. Each

biotope was therefore sanpled seperately to enable individual treatnent of

each fauna. Thi-s is desirable since if organic pollutlon has occurred the

fauna changes such that taxa that are normally found in other biotopes rnay

appear. Thus if the invertebrate fauna is to be correlated with water quali-

tv. the dlfferent biotopes nust be treated separately.

5. i.1 Stones-in-current biotoPe

The stones-in-current blotope consists of an area of river bed with loose

rocks and stones with a perceptible current of water flowing over them. These

areas are often referred to as "riffles". This biotope was considered to be

the most important durint the survev since it is inhabited by the nost

pollutron-sensitive specles (Chandler. 1970). and is therefore the most ap-

propriate habitat for studies of h'ater qualitv. Also the stones-in-current is

a biotope that is relatively easy to sample, and has a diverse fauna 1n

unpolluted conditions.

5.1.2 Stones-out-of-current biotope

This biotope is similar to the stones-in-current biotope with the difference

that the stones are located in an area of no flow (e.g. in backwaters at the

ri-ver's edge). In this case. "no flow" was regarded as a situation where fine

sed.inent. could settle on the upper surfaces of the stones, undisturbed by

vater movements.

13
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5. 1.3 Sediment biotopes

sedlnent blotopes is a term used here to incLude a variety of habitats, most
cormonlv that of diatom growth on rocks or sand. fine sediment lyLng over sand
or bedrock or. less consnonlv, sand itself. Table 3 shows localities at vrhich
r-he different habltats were sampled.

) . 1 .4 Vegetati.on biotopes

Thr-s categorv also includes a number of different habitats, namelv frinelng or
:.arginaI vegetation. trailing vetetation. and emergent vetetation. Table 4

lrsts localities at which the different habitats were sampled.

Lhen analysing the data. cognisance must be taken of the fact that the sedi-
:.ent and vegetation biotopes both include a number of different habltat types.

',2 
SAXPLING SITES

The sampllng sites used 1n this survey 'were selected durint a prelimlnary
studv that was carried out by the N.I.W.R. at the onset of the project in
1983. Where possible. sampling sites were chosen near the western and eastern

boundaries of the K.N.P., in order to observe the fauna where there is maximun

and ninimum influence of factors and events taking place outside the park.

Further sites were selected above and below the confluence of rivers with a

\'1ew to ascertaining the impacts of tributaries on the rnain rivers. In addi-
tlon to these criterr-a. other factors that were taken lnto aceount during
srte selectlon were (i) the suitability of the river bed; (ii) accesslbillty
of the sj.te from the road and (j.ii) the accesslbility of the biotopes, p&F-

ticularly the stones-1n-current biotope. Figure 2 is a map of the K.N.P. in-
dicating the sampling sites used. Table 5 gives the names. localities and

brref descriptions of the sampling sites.

I4
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] SAMPLING PROGRAM}M

The orj-gina1 proposed sarnpllnt progranme entailed seven collectrng trips. con-

:encing in April i985 and returning every alternate rnonth for a perlod of one

vear. This was to be followed by an addltional dry season vrslt. Trips were

actually undertaken in April and June of i985, but the proposed August 1985

vls1t was not possible due to a lack of available faci-lities rn the Park. A

r-j-sit was, however, possible in Septenber i985. Thj-s was f ollowed by sampling

irlps 1n Apri-l, June, August and October of 1986. The above reschedullng was

necessary due to heavy sum;iier rainf all whi-ch inade rnany of the sarirpllng sites

inaccessible.

fhe proposed tirietable was planned to enable seasonal variations in faunal

coripos:"tion to be detected. These salrrpling tixes would also be most likely to

show the effects rrf nrnlnu:i and naximum dllution of posslble pollutants.

The proposed ltovember 1985 trip had to be aborted after only two sites had

been visited (Crocodile Ri-ver at Gezabahle and Sabie Ri-ver at Lubve-Lubye).

One addrtronal set of sanples was collected frorr a -srntle slte (Sabre River at

Lubve-Lubye) in January 1986. wh11st on vacation.

Ihe eventual rescheduled ti:netable led to the collectron of data through two

xr^v seasons with a very linited anount of data avail-able for the summer period

cl 0ctober to Apri1.

Table 6 indlcates the benthrc iauna sa:lples collected.

19



rri
rri
rrl
rrl

ll
tl

fia

++

I

I

+

I

I

I

I

+

I

+

I

t

I

I

+

+

I

I

+

+

I

+

+

+

I

+

+

+

.0>€
v2

FO

rll
it I

i

+

tl
l+
l+

+l
++
++

+

I

+

+

ll
+l
+l
+l

I
I

I
I

+
+

+
+

I

+

+

I

+

I

I

I

+

I

+

I

+

+

I

I

+

+

I

I

+

+

I

i

+

\0>€
'Jt

<r
I

I

I

II
I

I

I

I

+

+

I

+

+

+

I

+

+

?

I

I

+

+

I

I

+

+

I

I

+

+

i

I

+

+

€>€
I:
=Q

I

I

+

+

I

I

+

+

I

I

I

+

I

I

+

+

I

I

+

+

I

I

+

+

I

I

+

T

.D>
:o n

<:

I
q
t.,

^[

\

t.,
II

\t,
q
L
{

q
L
q

I
d

t
il

.g> i t | | | | | | | |

'rti rt+tllllllll
z.o i t | + I I I | | | | | I

i- I _ r---^_ r__.*_._ t*__ l-- l--_- t=-_1-_- I | | l.-*_I
lll

-^> i t + | | | |
I€:uri ttllll
I

r>
ah

'!t -

I

I

I

I

I

+

+

I

I

+

+

I

I

+

I

I

+

+

I

I

+

+

I

I

I

I

I

+

+

I

I
OJ

+

+

-a)
,1,

zo

I

+

I

I

I

+

+

I

+

+

I

I

+

+

I

I

I

I

I

+

+

+

I

I

+

I

I

+

+

I

I

+

+

I

I

+

+

I

I

+

+

+

I

+

+

tl
tllllltl+lll

I

ll++lll+llllrGrr,o.,'l
+++++++++++ll

i

++++++++++++l

.n)€
?a

<Fr

-

-

z.

z.

!lp+Jl.nr
TqFl +Jl
0J 'ri qJ 

I

ov)Ql
Ltsi

tiCJ !() Olt I

0J I 5i OJ'rl ! 5 O I

>F{q,J >g oJd> {.ri iFr > 'r1 O > tH'r'i 
I

& tr'A Et'd 'ri q o4 |

O& or &O I

-v/l.c €J .q.ri (D .q I>3'r >ti -o> :to(6 =u G>p i>-+J >'H |)O> !

=@u =(o uE= |

-1.o= -JOr = GJ I

{)
OJ
|J.qS
GPP
1l -t 'rl(rB3
l'l 

GJ o)
!<liggUO O O tr! $r lrtr

u t t I ooJ cr oo fi
F ;t .li o l ,=> > >Ph QrorFt t & liO :r'rr O O-t'r1 'n '-dP >{J.,/) Or>. O-1 >0J >+4& & dtr{> riri

oi'rr oo >.o > rrtr '-tr trFl fro
(J ;q

= 
.d.rt .rit dJ &*: O! OP f' PU Qg

Fr 153 EG | 'ri <dg q tr g tr S Sli
J o€ on oro oro 9(d t9(6 G(! (c9! >ar-t -i Oo rr> rro Gd ts>'+. +r! h{><6 =P
= oo oN .o"o .o* P.q Pori rtF 'rr99 ?o
n .Jd ci(J v)J U)0 JE F1 (n0 0> o(dJ JB

'- Oi<c.F

20



l

)

-l
j
l

1
h
\

\

\

\

-,fr
I

I
'Ir
I

n

t
I

I
I!

6.HETHODS

b.I BENTHIC FAT]NA

5. 1.1 Fi-eld Collection

Benthic invertebrate sainples were collected uslng a hand net nade fron bolting

s11k with a nesh slze of 300Un which was rnounted on a 0,25 Ir dia;neter brass

tlnt attached to a 1.5 n wooden handle. Tn order to sanple both lhe stones-

Ln- arrd out-of-current biotopes. the net was held i:LnediatelV downstrea:lr of

t,he stones to be sampled.. Selected stones were individually lifted and the

aninals cllngj-ng or attached to the stone \'{ere scrubbed of f into the net '

Those anirnals that had been on or under the stones-in-current and had beco;ne

dj-slodged when the stone was rnoved, drifted downstream with the current into

the net. Thrs process was rePeated until a representative sample had been

collected. sedrnent sanples were collected by rapidly sweeplng the net

through the suriace sedinents several tines. A sinilar rnethod was used for

vetetatt-on biotopes, the net beine;;roved back and forth through the vegetatlon

io be sampled. The aninals were transferred to a Nasco Whlrl-Pak bag

'Ylllrpore south Africa (Pty) Ltd" Joiranrresburg) contalning approxinately 300

:.1 of wate r.

For.',alin was added to the sainple to a final concentration of approxlnately 4'Z

,volunei volune) to preserve the sanple untrl ii could be sorted irr the

l_aboratory. At each site. w*ater temperature and the tine of satrplrng were re-

ccrded whllst the ra[e of water flow at the stones-in-current biotcpe at each

slte was measured using an "Ott" current ;neter'

\.I.2 LaboratorY Techniques

In the laborat.ory, the preserved sample was poured into a brass sieve with a

:,.esh aperture of 710un, stand.ing in a 300ull :nesh silk net. The sanple was

--hen gently rrnsed with a strean of tap \dater. Any animals rernaining rn the

s1e\-e constr-tuted t.he nacr-o-sanple. whilst those aninals that passed through

--he seive and were retalned by the net f orrned the inlcro-sarnple.

Each nacro-sarirple was thoroughly sorted usin8 a binocular dissectrng
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:-l,croscope. Individual anircals were separated from the detritus, which

together with any vegetation and pebbles was later discarded. Aniinals were

:dentified to the lowest possible taxononic rank (dependent on available

-Lterature and ease of ldentification) and then transferred to vials contain-
lng 30% alcohol for long-term storate. Representative collections of the

ant:.als found w111 be prepared for the nuseum at Skukuza and for the N.I.W.R.

eference collection, The remalni-ng naterial w11l be sent to the National

i-e-chk-ater Invertebrate Co l lection at the Albany Museum, Grahainstown

fhe :laterial in the nicro-sanple was transferred to an octagonal beaker and

:ap viater added to:rrake up the sanple volume to 200 ml . Thls was then sti-rred

and a 25 nl sub-sarnple was renoved. usj-nB a wide-nouthed plpette, and trans-

:erred to a square counting tra-v-. All an1:na1s 1n the sub-sarnple were iden-

:rfred and counted under a binocular dissectlng nlcroscope. By nultlplylnB

ihe nu:nber of ani:nals in thrs sub-sainple by a factor of eight, an estlmate of

:he total number of anlii,als in the nicro-sample was obtalned. However, 1f

'-here were f ewer than flf tv ani-na1s in the sub-sanple, a second 25 ml sub-

sa:.ple was taken and the total nuinber of ani-na1,s that \.iere counted r^ras nu1t1-

;f."O by a factor of four'. Fu1l detai-ls of this nethod toBether with a

ststi::ti-ca1 analysis of the technique ere given by Allanson and Kerrrch

l9rr1 ) . The whole of the :ni-cro-sa:riple was preserved in 80:1 alcohol.

l;le aninals were identifled to species level where posslble. Houever. since

--:'ier-e 1s not a general taxononic text o11 the freshwater- ilivertebrates of Soulh

-\fnca, it was sonet.lnes only possible to rdentify;ni:i:als to fanily level

':.ing North American rdentif icaticii keys. Ilr order f or these arri:nals to be

tdentifled further. they will have to be sent to experienced taxononlsts.

:. i. I Analysi-s and Evaluation of Data

l:e :ethod of data analysrs ernployed is the Enpirical
'- )i 2 , . In nost sanp les it was f ound that sot:e of the

baetrd juveniles ) could not be identiiied further
:-ence. before the calculation of blotic rndlces, these

Biotic Index (Chutter.

srnaller aninals { eg.

than to fanrlly level.
anlnals were appor-

') ')
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t.ioned to identlfied taxa of the sarne family in proportion to the abundance of

the identified individuals in the sarnp1e.

Brotj-c lndices are useful tools for obtalning a general plcture oi the quallty

oi water. The types and conblnations of anirnals present in a sarrple provide

an indication of the 1evel of organlc pollutlon of the water fron which they

r;ere taken. However, while the biotlc index value {B.I.V) is a useful tool, rt
also has certain dlsadvantages. The flrst of these 1s that the Index rs ap-

pLrcable only to collectj,ons of anlnals fron the stones-in-current biotope.

Secondly. it is assurned that all chantes i-n faunal conposit:-on are due to or-
ganlc pollution. Thj-,s is an over-sir'plification. since other factors such as

heavv netal pollution, biocide contarnlnation and physlcal environmental

?era:teters can also influence the sLructure of the faunal population. However

:-hese iactors are characterized by distinctive invertebrate faunas (Hynes,

lrt'0 ). Another factor that inust be taken lnto account, when dealing with

South African rivers, 1s considerable variability of water flow and river
:haracteristrcs due to the dlstinct d.rv and wet seasons. Chutter's Enpirical
Biotic Index was specifically designed for South African conclitions using

iauna collected from the stones-in-current biotope. In this index, all
:nr:.als in a sanple. with the excepti"on of the Cladocera and Copepoda, con-

--rlbute to the calculation of the B.I.V.. These two orders are onitted since

.-rst of the individuals of these orders ar^e not strlctlv benthic and so dr'ift

-:..:o t.he Ilet v;rth the current. Their abundrrnce is thei'efore heavilv rn-

:-uenced by the current speed and the ieng,th oi ti:e taken to col-tect lhe
: a.-n I o

lhe B.I .V. i-s calculated using the qu.alitv values listed j-n Table 7. Thls

i:-ifers from the table published by Chutter ( i972) in that r-t also jucludes

::e:.rdge tir^rbe. Tanytarsrni. Chutter {i984.i concluded that thrs taxon should

.-=o be specified in the calculation of the bir:tic:.ndex, since it has been

::und to be numerous in associatlon wrth larBe nurnbers of other types of

-:tIono:ridae whose densi-ties are related to the ainount of organic enrichnenL

:::ne water.
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IAELE 7: QUALITT VALUES FOR THE CALCULATTOI{ OF CHUTTERTS BTOTIC rNDEK VALttE
(Taken from Chutter, 1972 and Chrtter, f984).

r-)
?axon

Quarj.ty
Value Taxon

qualr.ty
Value

Ilvdra spp.
Planarians
Rhabdocoe llda
Tardigrada
\e:ratoda ( except Merrnithidae )

Anphipsyche scottae
Cheunatopsyche t honasset i
Macronena capense
Hydroptila spp.
orthotricftja spp.
Stenelnis spp.
Psychodld ae- Ps yc hoda spp .
Cullcidae
Chirononus spp.
Chirononlni (except
Chirononusl
Orthoc ladiinae
Tanytarsinl
Simuliidae
Erjstalis spp.
Ancvlidae

other taxa is 0. but Cladocera

5
3

l0,
T

7

3
,)

3

2
2
3

10
10
l01

1

0li-gochaeta other than
.Ya-l-s spp.
Hrrudinea
Cvpridopsis spp.
Baetis harrisoni

Nais Table
Table

'l
,

Table
Table

7b
7b

7b
7c

Choroterpes ( EuthrauJus/
sp. 1

Table 7b
Table 7b
Table 7b
Table 7b

10
4

and

Caenidae 1

{ llicronecta sPP. 4

I quality Value for allt CoPepoda are omitted.

T5r

Baetid Emphemeroptera

Quality values (dependent on Baetid Ephemer-,optera
shown on the left)

llrnber
of

speci,es

Iilli\riduals
astof

whole fauna*

Oligo-
chaeta
other
than
Nais

fais

CWridopsis,
Chironomi.nl(except Si.nuliidae
Chironomusl
Orthocladiinae
Tanytarsini

1
or nore
or4

any
20

10-20
5-10

5
20

10-20
5-10

5

I
8
8
,c

8
8
8
8
8

10

I
I
3

5

1
I

3
{
8

10

I
I
3
3

5
I

3
5
1t
7

0
0
1

3
3

1

3

5
5
5

1or 2

Absent

1

1

1

1

1

1

1

1

1

I
1

1

(c)

Epherneroptera
B. harcisoni
Qpality Value

To arrive at Baetid
per cent for (b)
multiply B. harcisoni
nunbers by

B. harrisoni
B, harcisoni and
B. harrisoni and
B. harrisoni and.

other specles
other species
or more species

b
4
2
0

I

2
3

0.5
0.5
0.5
i.0

*i. Fauna is all anlmals in sample except Cladocera and Copepoda
2. The percentage 1s calculated after multiplying the Baetis harrisani

nurnbirs bv either 0.5 or I as shown in Table 7c.

I
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Chutterts Biotic Index Value is calculated as follows:

B.I.V.

where a= number of lndividuals of a taxon

b= quality value assigned to that taxon

c= total number of individuals in the sarnple.

retation of Chutterrs B.I.V. is:

Interpretation
Clean unpolluted waters.

Slightly enrlched waters, the slight enrichment may be due

elther to the natural occurrence of organic matter or to
hlgh qualitv effluents containlnt a 11ttIe organi_c matter or
its breakdown products. chemical changes in the water nav

be hardly detectable.

X(axb)

The i-nterp

B. r.v.
o-2

2-4

4-7 Enriched waters, the higher the B.I.V. the greater the en-

richment. 0bvious increases i_n the Biological Oxygen De-

mand, high 1evels of nitrogenous conpounds in the water and

rather wide diurnal fluctuations in the dlssolved oxygen are

to be expected.

7- l0 Polluted \raters i-n whlch there will be great increases in
the chenlcal paraneters associ-ated with organic pollutlon.
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),2 DIATOM FLORA

In September 1985 Dr R.E.M.

nrne of the sarnpling sites.

i.:. I Fietrd Coltection
]:- a t ons

Archibald collected samples of the diatom flora ar

:efr-ed

-^t;-.--a a f tl

- rlq>c

were collected in the fleld by

rocks, stones, sand) with a netal
to a 50 nl glass bottle containlng
was added to a fi_nal concentration

scraplng thern frorn

spoon. The diatoms

a few inillili"tres of

of approxlmately 4%

the substrate.
were then trans-

wat e r. Fo r-
(volume/volune) .

further treat-

A detalled descrlp-
Archrbald (1977 ) and

at 1250x nagnificatiou

1s routrnely

Departrnent of

conductivity,
n^+^--{''-.lJU LODDaUlll ,

, anmoniun,

:.ent and analysis.

2.2,2 Laboratory techni.ques

1n the laboiatory, the diatons were oven-drled at 90-c until dry. The samples

preserved sainples were then taken to the laboratory for

rere then cleaned and prepared for nicroscopic analysis.
--ion of the nethods used can be found rn schoenan and

'ielsh r 1964) . Microscopic exarnination was carrled out
ln sanples mounted in Naphrax.

--'. ]. WATER CHEI{ISTRY

rhe chenrstrv of the water of the rivers includeci iri thrs study
-:rrrtoi-ed bv the Hvdrological Research Irstit.ute i H.R.I. ) of the
;ater Affalrs. The analy_ses that are perfor:ned are electrical
pH. total dissolved so11ds. total hardness. calcrun, :riagnesiurr.
sodiurn. total a1kallnlty. chloride, f luori.d.e, sr11con. sulphate
:.1t rate + nitri_te,

; nospho rus .

lab:e t gives the

=:..1 used in thl_q s

: rtn have been

locations of the sites from which

tudy. Means, standard deviatlons
calculated for wet (0ctober to

chenlcal data was obtained

and coefficients of varia-
March) and dry (Apri1 to

kjeldahl nitrogen, inorganj-c phosphorus ancl totar

t
I
III

26



. The inean values for pH were carculated usrng the pH unlts
,lgnoring the fact that the pH scale is logarithrnlc.

l
I
I
I
I
.T

I
-I

-I

-l

f
1
1
1

1

t
l;rI
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#

#
t
I

September) seasons

recorded by H.R.I.
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RESULTS

7 .'], IJATER CHEMISTRY

Table 9 surnmari-zes the chernical data that has been collected by the H.R.I. at
their routine monitoring sites (Table 8) fron October 19g3 to october 19g6.
Due to the lack of water f10w data for the rivers in the vicrnlty of the
K'N'P" it was not possible to ascertaln actual flows on sa:npling d.ates. rn
the analysis of the data, each year rdas divided into a winter season (April to
september) and a sunner season (0ctober to March). rt is apparent from Table
9 that the coefficient of variation (C.V) is very hich for most rneans. so 1t
is probable that the winter and sufirmer periods chosen do not coinclde exactly
with wet and dry periods. However, slnce the c.v. values are so high, the
nany dlfferences in chernical concentrations bet\reen different dates and dif-
rerent sltes cannot be regard.ed. as statistically srgnificant. Thls implies
that comparisons of the arithmetic means (x) should be made wrth caution.
However' there does seem to be a general trend in chemical concentratlons.
This general trend is that the Olifants River has very high values for all of
the chemlcal components that were measured. Mean concentrations rn the Letaba
and crocodile Rfi'ers were lower and sinilar in the two rivers. The Sable
River had the lowest overall values with the Luvuvhu also having relatlvelv
low chemlcal concentratlons.
Fron the recorded coefficients of variat.ion the nean values for the 011t.ants
River were i0ore variable than those for the sabie River. Mean potassrum arrd
sulphate concentratj-ons in the 0lifants River were particularly grearer than
in the other rivers, while fluoride and silrca concentrations rrere no hrgher
1n the OLi_fants than elsewhere.

I

A notable exception to thls general trend
and nltrites in the Crocodile Rrver
0lifants River.

was the concentrations of nitrares
which were as hieh as those 1n the

29
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; .2 ZOOBEN]HOS

; .2. I Stones-in-current fauna

L-henever possible, the rate of f low of the toater f ron which the stones-t-n-

current samples were taken was rneasured. Table 10 shows the recorded current

-.peeds. It :.s apparent from thls table that nost of the current speeds were

ol the same order, with the exception of Crocodlle Rlver' at Ngondwini :-n

Septenber. 1985 and Sabie River at Lubye-Lubye in August 1985. However the

-;a1ues are sti1l low and it i-s assu:ied that the current speed did not gi-eatly

influence the faunal dlfferences between stones-in-current sanples.

Tables Ai to A12 llst the taxa found

cf i-ndividuals present are expressed

annals rn each sanple. whlch norrnal

between samples.

in the stones-in-current sarLples, Numbers

as a percentage of the total nurnber of

izes abundance and al1ows for conpari-sons

Figures I and 4 are stacked bar charts showr-ng the nurnber of taxa for each

:3Jor ta-rono:r:ic group iol- each slones-in-curiient sa:np1e. They glve a visual

lndicatlon of the relatrve diversity of taxa within each sa;np1e. The values

:or Sinultun sp. nay be nisleading since thev are indrcat:.ve of presence or

absence and not of the nunber of species rn the sarnple.

lre total nunber of tara recorded at each sarrplr-ng porrrt rs shown rn Table 11.

lhe nunber of taxa collected is related lo the nunber and srze ci sal.ples and

:nis should be borne in nlnd in rnterpreting the rnfor:ration rn Table I1. To

-:c:.e extent 1ow sarnplrng frequencv accounts for the s:rall nu;;lber of taxa re-

::rded f rom the Letaba Rrver sa:npling poinr-s. However tt is cl-ear iron Figure

- and the Appendix Tables that the nurnber of taxa rn the separate -canples irox,

::e Letaba Rlver- were always at cr^ near the botton ol the range of nutnber-<

::c:- other sampling point-c in the nonths when they were collected. Table i1

=:cHS that the nu:nbers of taxa recorded iron the stones-ln-current were

:-'eatest in the Sable River, followed by the Crocodlle, the Mutale, Lul'uvhu

,:C the 0lifants (between whrch there was 11ttle dlfference) and finally by

'l 1
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I TABLE t0. II{EAN CURRENT SPEEDS (ns-1) FOR STONES IN CURRENT BIOTOPE

DATE JUNE
85

S EPT
85

APR
86

JUNE
85

AUG
86

OCT
85

SAUPLING SITE
-*

t

:t
.L

-q
i

t

--
i

-T,?
It

Crocodile River
l{gondwinl

Crocodlle River
Gezabahle

Sabi-e River
Lubye-LubYe

Sabie Rtver
Opposlte Lisbon Estates

i Letaba Rlver
I above conf luence with
: 01i f ant s Rr"ve r

I 0lifants River
I Yamba

01i-f ants Rlver
above confluence with
Letaba River

.

Luvuvhu Rrver
western slte
Luvuvhu Rrve r
be low conf luence wr-th
Yutale Rlver
Luvuvhu R:-ve r
Paiuri Picnlc Srte

'Yutale Rrver
above confluence with
Luvuvhu River

0.64

n ?7

0.50

0.72

0.50
(a)

0.53

0.97

0.45

0.64

0.40

0.86

0.40

0.34

0.32

0.51

0.59

0.78

0.68

0.45

0.40

0.48

0 .61

0.58

0 .7 7

0.43

0.38

0.51

1.02

0.41+

0.551
:

o .42

0.55

0 .60

0.77

n ta

0.57

0.49
(c)

0.77

0.56

0.38
(b)

0.49

0.49

0.53
(b )

n 1q

0.63
(b)

a-Dongadzj-ba b -Manto vane c-Drift above conf luenc e r,si-th Luvuvhu R '
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TABLE 1I

River and sampling poi.nt Stones-in-current
number of

samples taxa

S tones-out-of -current
number of

samples tzrxa

Sanpling intensity and the number of taxa recorded fron the stones-
in-current and stones-out-of-current biotopes at sanpling Points
on rivers in the Kruger National Park.

I
t

j

i

I

IL-r

{
1

-1

,J

t
Crocodile Gezabahle

1{gondwini

Sabj-e Opposite Llsbon Estates
Lubve-Lubve'

0lifants Mamba
Letaba confluence

Letaba Mahlangene
011fants confluence

Luvuvhu Western boundary
below Mutale confluence
Pafuri Picnic site

Yutale above Luvuvhu confluence

7I
80

I
6

'lt
2

6
6

(j

82
38

'l

7

1

4

6
a

()

6

90
86

70
60

24
+l

bl
75
72

65

I
4

5
'l

5

5

93
88

79
88

23
52

97
94
85

95

In order to allow unbiased
1985 and Januarv 1985 riere
r':-srted during sururer.

comparisons. the sarnples collected in Nove:nber
onitted. as other sampling points were not
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the Letaba in which, as explained

other sanpling points.

fhe data given in Tables

thos occur in alnost all

above. there were usually fewer taxa than at

to A12 indicate that several taxa of the zooben-

the sanples. These taxa are the nayflies, Baetis

A1

nf

j

I
-I

3
t

\

h

glaucus, Charoterpes sp.. Tticor.vtfu -< "lowveld" and Austtocaenj-q sp. i the

caddis-fly, Cheuntatopsyche thonassetil the Sinuliidae and the rna ior

chlronornid tribes. In addltlon to these common taxa, ot.her taxa seen to be

v;e11 represented at:nost s1tes. These less cornmon but widely distributed taxa

rnclude the oligochaete worms Pristina sp. and fars sp.; water inites,

H-vdracarlna; seed shri-nps, Ostracoda; the stonef 1y. Neoperla spiai the

::.ayflies , Centroptilum nediun and. Afronurus sp.; the dragonfly, Zyganyx sp.i

'Lhe leptocerrd and hydroptilrd caddis-f1ies; the rlffle beetle, SteneJnis sp.

and biting mrdges, Ceratopogonidae.

Table 12 shows the results df the B.I.V. calculations. In the Crocodlle River

r of the 13 values recorded l-ay rn the rante 2.0 to 2.7 indlcating sllght or-

.3an1c enrichrnent (see p, 25 ). This i-s conf j-rmed by the rather h18h value for

:t1tri-tes plus nitrates f or this r:-ver (Table 9 ) . Together with other nutrients

iid 1rght, bound. nLtroten stinulates autochthonous pi-il,arv production. raising

--he levels of organlc natter present. Fllanerrtous algae were particularly ob-

'.'icus at Ngondwini. Enhanced levels of nitl'ogenous co::.pounds are also rndica-
--:r,'e of enhanced levels of organ:-c irrat-ter. sirrce both occ'r.tr rrr efflueuts frotri

:he treatrnent of organically polluted water. -\ fr-ir ther source ol organic en-

:;-chnent in the K.N.P. rivers is hippopotonus dung. which obvrously con-

-,ributed to the organic load at Ngondr,;ini. partlcularly as the sanples were

:-a1nly collected durint extrenely low f low cortdj-tions. As nay be seen f ro:n

l:gure 3 and Tables Al and A2, when the B.I.V. was hrgh, the diversitv of the

;phe:.eroptera, particularly the Baetidae, was characteristically 1ow { ci '

-:icodile River data with Sabie River data in F1g. l).
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B.I.V.'s for the Sabie Rj.ver ranged fron 0.1 to 1.t with the esception of a

value of 3.5 for Lubye-Lubye in Septernber 1985. The reason for the hleh

B.I.V. is the presence of only 3 baetid mayfly species iorganrc enri-chrrent rs

known to adversely affect baetid nayfly speci-es without totally elrnlnating

the:n (Hynes, 1960) ). and high abundances af Hvdra sp.. Planaria, )iernatoda,

oligochaetes, Steneinis and chirononids, all of r,rhich have high values 1n the

calculatj-on of the B.I.V. and nost of which are pollution-tolerant specl"es

, Hellawel1, 1986 ) . An alternative explanatlon f or this f autral co;llposition is

that a poor sample was collected on that occasion. The water 1evel of the

rlver was very low, and there were few suit.able rocks in the current for the

collectlon of a repre-sentatlve stones-in-current sanple. The barchart (Figure

l) shows that a poor sanple was collected rn Novenber 1985. Thls was due to

the hrgh watei level ald the fact that the stones had onlv recently become

sub;:lerged. The presence of PLecoptera rs rndicative of unenriched water

iXason. 1981). The plecopteran, Neoperla -sp-to cccllrred itr nearly al1 of the

Sabre Rrver sanples. Thls indicates unenrtched conciitions.

There are few B.I.Vrs for the Letaba River (Tab1e l2) since the river ceased

to ilow for long periods during the dry season. Values range iron 1'1 to 2'6

wrth a hrth value of 5.9 1n Aprtl l9'ts6. A possr,ble explanatlon f or this very

nrgh value 1s that an unrepresentative sarilple h'as coll"ected due to the fact

..n3t the rj-ver had only been f lowing ior a f ew dav:i. and so thr: benthos had

rrot had t1:e [o recolonize the river bed.

The B.LV.'s for the Olrfants River at Malrba r-anged fro;n 0.5 to 5.1. The high

values f or August and October 1'lB6 are noleworth"' ioi- ::€V€ f3l reasons '

Fr-rst1y, although the water 1eve1 was low there was stlll :i:uch stotres-itt-

current brotope available. Secondly. there \{as no obvlous hrppopotanus dung

lonta:liriatr-on and thlrclr-. an abnorinal benthrc fauna has beerl subsequently

:ound in the western reaches of the river within the park (Dr B.R. Davi.es,

personal conrnunicatiorri. Fourthly. the hlCh B.i.V,'s, ref lected irr a verv lot"-

lphereroplera diverslty. { Tabie A7, Fj-g. I I , coincrded with an absence of

-+u
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yollusca (snails) and the virtual dlsappearance of 0ligochaeta (wonns).

The values for the blotlc index for the Olifants River above the confluence

with the Letaba River varied between 0.3 and 5.0. The values vTere highest

durinS the dry months of June 1985, September 1985, June i986 and August 1986

r;hen they were 3.1, 5.0. 3.6 and 3.7 respectively. These values may be due to

the presence of a hippo pool upstream of the sanpling site. The stones fron

whlch the sanples were taken acted as a trap for undigested vegetation fron

::lppo dung on every occasi-on that the site was sampled. It is possible that

Curing the drier months. hlppo pools dry up and so hippos move to forirr larger

groups 1n the remaining pools. This concentration of hlppos totether with the

higher concentrations of organic natter that they produce could' due to

reduced dilution. be respolsible for the high B.I.V.'s durint the winter'

Brotic Index values for the -sanpling pornts on the Lur''uvhu and Mutale Rivers

were all less than 2.0 iTable 12), confir:ning that these rivers are chemically

unpolluted (cf Table 9) and simllar in status to the sable. It is perhaps

surprising that the Mutale River 1-c sinilar in status to the++ Sabie, siuce

the yutale River has been reported. as drylng out in severe drouthts. However

the yutale sanpllng polnt was close to the Luvuvhu confluence. so that there

:^av be assuned to be rapld recolonisatlon of the llutale froin the Luvuvhu'

; .2.2 Stones-out-of-current fauna

Tables B1 to 812 list the taxa collected fron the stones-oltt-of-current

biotope and give values of abundance as the percentate of the total rrulsber- of

animals in the sanPle.

Unlike the stones-in-currenl fauna, there were no particular specles or taxa

r-hat Occurred. tn each Sanple. However' there are Several taXa that were

abundant ln many samples. As expected, these tara diifer fron the abundant

taxa of the stones-in-current brotope. Corn:non taxa of the stones-out-of cur-

rent biotope includ.e Cloeon africanum, Centroptilun "near excisum", C, :nediun,

-Tustrocae,nts Sp. , oligochaetes, copepods, ostracods ' Micronecta sp ' ('4

I

I

T

I
I
I
I
I
1

I
l
I
I
I
I
I

41



[:

q
\

q
\

{

d
d
{

q

t

corixi-d bug), chironomids and ceratopogonlds.

The stones-out-of-current fauna appeared to be more diverse with 184 taxa as

opposed to 153 taxa j-n the stones-in-current biotope. The Ephe:neroptera

(nayflies), 0donata (dragonflies), Hemiptera (bugs) and Mollusca (snails and

nussels) were dlverse in the stones-out-of-current biotope and nany taxa were

recorded from thls biotope and not from the stones-in-current. The data re-
corded frorn the stones-out-of-current blotope at all sampling points (Tab1e

11) shows that numbers of taxa were greatest in the Mutale and Luvuvhu rivers.
followed by the Sabie, the 0lifants and Crocodlle (which were about equal) and

the Letaba. As in the case of the stones-in-current fauna, otr a month by

nonth basis of comparison, diversity in the Letaba samples was usually lowest

or nearly lowest. The Ephemeroptera (rnayf 1i-es) in parti.cular were more

diverse in the Sabi.e and Luvuvhu rivers than in the other rivers. The table
shows that the hieher number of taxa fro:n the stones-out-of-current biotope as

opposed to the stones-in-current biotope was connon to all sanpling points ex-
cept the Letaba at Mahlangene. The dlfference was rnost marked in the Luvuvhu

and Mutale rivers.

Some of the stones-out-of-current samples had a poor diversity of anlnals. In

nost cases this was due to the fact that the stones that were sanpled had only

recentlv been submerged as the water level of the river had only r|sen a few

days prror to samp11ng. Such samples were collected from the Crocodile River
at Gezabahle and the Sabi-e River at Lubye-Lubye l-n November 1985 and the
Letaba and 0lifants rivers at their confluence

in April 1986. A poor sampl-e was also collected from the Sabie Rlver opposite

Lisbon Estates in 0ctober 1986 because there were verv few stones-out-of-

current at that site.

;.2.3 The sedinent fauna

Tables Ci - C7 l1st the taxa found 1n sediment biotopes. 0n several occasions

sanples were collected fron surface sedi:rrent that had settled on rocks, stones

and sand. Eiehty-nine taxa \rere ldentlfied from sediment biotopes. Although
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the fauna was not as diverse as the stony biotope faunas, several of the

aninals that were collected had unique adaptations to the environment in whi-ch

they were living. The most spectacular of these adaptations was found 1n the

::ayfly Machadorhytfius sp. This anirnal has its eyes protruding frorn its head

and one pair of its e1l1s form arboxraround the other ei11s allowing the

crrculation of water over the gills in a unidirectional fl-ow. Mayflies,
dragonflies, buts, caddis-flies, beetles. chironomids, ceratopogonids and no1-

luscs were well represented in this bi-otope.

The nature of the sediments sarnpled varj-ed considerably and nany of the ob-

served sanpling point to sarnplrng point faunal differences should be ascribed

to differences i-n biotopes sampled, rather than to ;najor variation following

drfferences between ri-vers. The faunal lists in Tables C1 to C7 should be

t-aken together with the rnformation in Table 3 to illustrate the types of in-
vertebrate corununities that nay be found in various sedlment types.

7.2,4 The vegetation fauna

Sanpling of invertebrates from fringing vegetation was seldom possible because

of the low dry season flows, which neant that at most places the water level

was below the base of the vegetation. Tables Dl - D6 1j-st the taxa found in
vegetation biotopes. As with the sedinent faurra, sailples were collected frorn

r,egetatlon blotopes on several occasions when such biotopes \rere easily
accessible. One hundred and er-ghteen taxa wele identified fron this biotope.

The taxa that had a belter representation in this brotope than in the other

biotopes were the Odonata (dragonflies), Heniptera (true bugs) and Coleoptel-a

ibeetles). 0ther taxa such as nayflres, caddisflles, true flies and nolluscs

were also well represented.

7.3 DIATOM FLORA

Diaton sanples \^iere collected irom

E10 are prellminary lists of the

rnltial scanning of the samples.

Gezabahle are indicative of sllght

ni-ne sites in September i985. Tables E1 -
species that have been identified during an

The speci-es found in the Crocodile River at

organj.c enrichment. The sample frorn fur-
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ther downstream at Ngondwini lndicates falrly clean water with improved
quallty from the site upstream. Both of the samples fron the sabie R1ver con-
tained species found only in unenriched waters. At Mamba on the 011fants
River Nitzschia specles were most prominent. These diatoms are usualry abun-
dant in greatly enriched waters. The samples collected from the Letaba,
Luv-uvhu and Mutale Rivers contaj-ned too few diatoms to permlt conment on water
qualrty' The reason for the poor sample frorn the Letaba River was probably
the 1ow f low condltions, whilst in the Luv-uvhu River the opposrte w-as true.
The river had corne down in flood flve days prior to collecting the sarnples and
dlatons had been flushed a\day. There had not been a long enough period since
the floodi-ng for the diatorn flora to recover. and light penetratlon was
greatlv reduced due to the hieh turbidlty of the river,

7 . 4 AQUATIC MACROPHYTES

The following rernarks on the aquatic nacrophytes are based on field observa-
tlons rather than on close study. Pistia stratjotes (water lettuce) occurred
rn the Mutale River and in the Luvuvhu downstrearn of the Mutale confluence and
at Pafuri Picnic Site. It was also seen in the Sabie River at Lubye-Lubye,
but not at the sanpling point opposite Lisbon Estates. p:stia stratjofe-s also
occurred in the crocodile River at Gezabahle 1n October 1986. Etchhornia
cl^as-slpes (water hyacinth) 1s present in the Crocod.ile River, but durlng this
study was not nearlv as abundant as it has been in the past.

Phragnites sp. (ttre reed) is well known to be abundant in Lowveld rivers. It
was Iess abundant at the Muta1e River, Lu'vrrvhu below Mutale confluence,
Luvuvhu at Pafuri Picnlc Site and sable opposite Llsbon Estates sarnprrng
polnts than elsewhere. At the Pafuri Picnic Site a large bank of floating
Palytonum sp. was present in June 1986. The roots of aquatic xrosses were
present on stones at Lubye-Lubye (Sabj-e Rlver), below the Mutale confluence
and at the Pafurr plcnic Site (Lulruvhu Rr_ver).

I
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8. DISCUSSION

I{hen first studies are made of the benthlc invertebrates i-n previously

unexplored regj-ons, it rs advisable to rear as rnany lavae as possible to the

adult state. at whlch the species can be identlfied and, if necessary, des-

crrbed. Unfortunately, due to the linited duration of field visits to the

K,N.P., it was not possible to rear the aquatj-c insect larvae encountered to

the adult stage. Many of the specles j-dentifications in the appended faunal

lists are tentati-ve and should therefore be treated wlth caution.

\evertheless, lt is quite clear, frorn the Benera encountered, that the insect

fauna of the K.N.P. rivers 1s rather unl1ke that of other parts of the

country. The Epheneroptera (mayfllesi are relatively easily separable into

dlfferent genera and were partj-cularly dlverse. Taxa such as Afrobaetodes

berneri, Centroptlloides ?spinulosa, Eiassoneur-rca sp. , Adenophlebiodes sp.,

Dicercamyzon sp. and Machadorhythus sp. have seldom been previously collected

in South Afrr-ca. Certain of then, such as A. berneri and Dicerconyzon have

previousty seldom been recorded in the Transvaal and were described from

Central Africa.The leptophlebid r:avfly, Ltasharikella sp. and the

tricorythid,llachadorhythus were previously uncrecorded rn South Afrlca. This

confirins that the benthic fauna of the K.N.P. rivers includes a tropical ele-

nent that has spread southwards fron the \,Jarner parts of Africa. Wlthln the

Republi-c of South Afrrca these forns are restr:-cted to the Lowveld. Were taxa

such as the Trichoptera nore readily identlrlable. rt is certain that species

wrth a troplcal orlgln would also be found. Ihe benthic fauna of the rivers

of the K.N,P. is therefore of conslderable lnterest to biogeographers.

A rather surprislng outcorne of the study was that no seasonal trends of occur-

rence of the taxa encountered occurred within the two winters whlch were

studied. In other parts of the country. certarn [axa are known to occur ].rl

large numbers at certain ti-ines withj-n a season. In fact the nu:nbers of in-
divi-duals of the various taxa, expressed as percentages of the total number of

anj-na1s encountered j"n the samples, varied rather widely from rnonth to month.

Huch of thls variation nust be due to factors such as subtle variations i-n the

I
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nature of the biotope sampled. This type of variation is to be expected 1n

places, such as the rapids i-n the K.N.P. rivers, where physical conditions

vary consi-derably following flow (depth and current speed) and size and shape

of the stones. Thls neans that particularly large collections of lnver-

tebrates are necessary to ensure that the najorlty of species present are

collected. As can be seen from the total number of animals in the saurples

gj.ven in the Appendlx Tables, most sarnples contained over a thousand inver-

tebrates and several samples contaj-ned up to three thousand. Nevertheless,

:any taxa were recorded :-n low numbers.

coiparison of the data on benthic invertebrates collected in 1959 by the Na-

tional Insti-tute for Water Research frorn the Crocodile and Sabie rivers with

present results suggests that the differences between the tr,ro rivers observed

during the present study are not new. The 1959 studies showed that the lnver-

tebrate biota of the Sabie River was considerably more varied than that of the

Crocodile. In fact there would appear to have been li-ttle change over the 27

vear perrod, although more taxa were encountered j-n the present study because

of the greater intensity of samplrng. This is encouragi-ng, because it shows

that the increasint human pressures on the catchments of both rivers have yet

to be reflected in serious changes i-n water qualltv and biota.

The present study showed that the rivers could be ranked as regards faunal

diversity 1n the f ollowlng order - Sabi"e. Luvuvhu, )'{uta1e, Crocodile.

Ollfants, Letaba. The concentrations of solutes in both the Sabie and the

Luvuvhu rivers were lower than in the other ri-vers, a1lowi-ng for the fact that

no chemical analyses were available for the Mut$le River. Aquatlc nosses were

found only 1n the Sabie and Luvuvhu rivers. Che:nlcal and biological indica-

tions of nutrient enrichrrent in the Crocodlle River were apparent. There was

no evidence that biocide application in the intensive agriculture alont the

banks of the river had any effect on the invertebrate fauna, which would be

likely to be evident as the absence of aquatic lnsects.

The conditlon of the Ollfants and Letaba Rivers tives great cause for concern.
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In all seasons the total drssolved so11ds concentration in the Olifants Ri.ver

was higher by a factor of approximately 2 than elsewhere in the Lowveld

ri.vers. Moreover, the coeffici-ent of variation of the nean seasonal con-

centratl-ons was higher too. :-ndicatlng, particularly in the winter, that the

rlver was sporadj-ca11y receiving effluents contarninated by dlssolved inaterial.
The fact that the biotic index values (Table 12) rose sharply in August and

0ctober 1985 and that durinS his recent (1987) visit to the K.N.p., prof B.R.

Dar;tes (University of Cape Town) found that the olifants Rrver benthic fauna

k-as considerably modlfled for a long stretch beglnning at the western

boundary, suggests that the chemical changes in thls river have recently been

sufficient to have a major impact on the invertebrate fauna. From the absence

of nolluscs and the poor representation of olrgochaetes in the stones-in-

current 1n August and 0ctober 1986. heavy netal pollutlon night be expected

'Hynes, 1960). However, thi,q is by no neans certain, since these susceptible

groups of aniinals rernained 1n the stones-out-of-current. The benthic fauna of

the tllr-f ants Ri-ver should be studled outside the park to pin-point the

source(s) and nature of the pollutants brrnging about the observed faunal

charrges.

The threat to the Letaba Rrver is of a di"iferent nature. As can be seen lrorn

.-he frequencv of sanpling of the two sanplints points on this river there was

cnlv one occasj-on during the two survey perlods when there was a flow at Mah-

^angene tTable A5i. 0n thrs occasion there was in fact only a snal1 trickle
:i water and, as can be seen froin the table. the irst of species found was

i-erv restrlcted. Flowing water was nore frequently encountered rn the Letaba

S.rver near its confluence with the 0lifants River (Table A6). The sanpllng

?ol-nt was withln 200 n of the 0lifants River and the longer list of species

:ncountered here was no doubt due to i-ts proxi:nr-ty to the perennial 0lifants
rf f-er.

- ^S +1-ru arpqLLD u! une K.N.P. ri-vers are of great interest to conservation.

-?.o\-ery of the Sabie River fron the gold nlne pollutlon of the 1920's

-jj0's gives great cause for hope that degraded river systens can recover,

The

and

I
I
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provided that the cause of the degradatlon is rernoved. However, 1t is prudent

to bear in mlnd that the Sable River fauna recovered at a tine when the stress

on the rivers around it was inuch lower than is probably the case today. There

were therefore nost probably nany places where the rlch fauna of the Sabie

River of today found refute, from which 1t could rei-nvade the Sabie River.

Thls would not necessarily be so in the future. The second point that arises

out of the observations on the benthic invertebrates is that hippopotami play

an important role in the nutrient dynamics of these rivers, particularly when

the flow i-s 1ow. Certainly the load of hippo dung in the water at the eastern

sanpling points in the 0lifants and Crocodile Rlvers was sufficient to cause

obvious accurnulation of fragmented terrestrial vegetatj-on among the stones and

raplds and an accornpanying drop in the dlversity of the sensitive mayflies,

reflected 1n the biotic index values in Table 12. This could perhaps be

regarded as a natural event, though it does suggest that abstraction of water

to the po:"nt where the hippopotanus population becomes high in relation to the

volurne of flowlng water. could have untoward consequences ior the benthrc 1n-

vertebrates in certain stretches of the rivers.

It nust be noted that as abstraction of water fron the rivers increases and

the volurne of flowin8 water decreases, both natural events and hurnan ac-

iivrties are going to have an increasing eifect on the rrverine ecosysten.

Factors such as irrigation and industrial effluent whlch mrght in the past

have had 11tt1e effect on the rivers rnay have an i-ncreasing effect even though

these factors themselves do not change.
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CONCLUSIONS

The rivers of the eastern Transvaal Lowveld within the K.l'l .P. have an

invertebrate fauna which is unlque in the Republic of South Africa and

therefore worthv of conservation in its own rlght.

The threat to the continued survival of this fauna and of the rivers as

natural ecosystems 1s real. The Letaba and Lur,'uvhu rivers are, due to the

excessive abstraction oi water, [o longer perennial rivers and the diver-

si-ty of the invertebrate fauna partlcularly 1n the Letaba River has

dropped considerably. In other words' nany species have already been lost

frorn this river. It would appear that the benthic fauna of the Olifants

River has been adversely effected and its dlversity reduced, probably due

to chernlcal pollutron.

The Sable River contains the rnost diverse benthic lnvertebrate

fauna. and .therefore appears to have been least effected by inan's

activitles. It should enjoy the hi-ehest priority for conservation and

should not be neglected as a river which is "lookint after itself"'

The taxonomv of the benthic fauna of the rivers of the K.N.P. is poorly

known at the species level.
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iO. RECOMIT{ENDATIONS

Recommendations regarding future actions arising out of this stud_v are:

urgent priority should be given

chenistry and benthic biology of
west of the K.N.p., in order to
appear to be detrrnental to
nost probably detrlnental to the

to a further investlgation of the water
the 011fants River both inslde and to the

locate the source of the water whrch would
the benthi-c invertebrate fauna ( 1t is also
fish fauna I .

2' It would be advisable to set up a progranme to nonitor the benthrc inver-
tebrates of the rivers to provide warnlng of insidious changes taking
place in them. such a monitoring progranrne should be based on dry season
sampling, probably best executed. in June. July or August. The monitoring
progrannne should be backed up by a capaclty and willingne_qs to undertake
further studies along the courses of the rivers, if necessary to the west
outsl-de the K'N.P., should untoward changes be observed. Biotopes to be
sanpled and sanplin8 nethods should be as de*scribed in thi-s report,

J. There is an urgent need for flow data for the rivers rn
Ienent the data on chenical concentrations and to a110w

ful interpretations of the changes 1n concentrat
substances, which can presently be observed.

the park to supp-

for nore meaning-

lon of dissolved

4. If it is deemed desirable to

conditlon, it is essential
ensured.

nar.ntar-n the Letaba Rlver in a nore natural
that the drv season flow of the river be

) ' An aquati-c entomologlst/i-nvertebrate zoologlst should be appornted to the
staff of the National Parks Board wrth pr:-ncrpal duties to monltor the
benthic invertebrate fauna of the rivers. to extend the data base of the
i-nvertebrate faurra bv undertaking sarnpling durlng the sunmer and to rear
aquatic insect larvae through t.o the aduLt stage, to a11ow for a better
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taxonomic knowledge of the fauna than ls presently available. Arrante-

nents could be made with the NII,JR as regards the trainlng of such a

scientist. Alternati-vely the necessary studies could be carried out on a

contract basls, but this would require that the scientists spend more tine
1n the K.N.P. in order to collect and rear the aquatic insect larvae than

was the case in the present study.

It would appear that the other aquatic ecosystems of the K.N.P. such as

wetlands, pans and temporary streams which rise within the boundary of the

K.N.P. are poorly known. These ecosystems nust be anont the aquatlc

ecosystens least inpacted by rnan in Southern Africa. For this reason they

are worthy of study as benchmarks of what aquatic ecosystems should or

night be like in other parts of the country. were they not affected by

deve lopnent .

A study of the dry season survival strategies of the fauna of temporary

streans should be undertaken. Such a study would reveal whether the fauna

of these streans is re-established every year by re-invasion from nearby

perennial rivers or not. It would also provide infornation as to whether

the present fauna of the perennial rivers would be like1y to survlve the

abstractj-on of water to the polnt where the rivers dried up every dry

season. In this connection 1t would also be useful for a study to be nade

of the fauna of the Letaba River when i-t flous.
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TABLE AI. PERCENTAGE COUPOSITION OF THE SMNES-IN-CTJRRENT FAI.JI{A FROM THE
CROCODILE RIVER AT GEZABAHLE.

APRI, JUNE SEPT APRL
85 85 85 86

TAXON
Planari-a
Nenatoda
0ther oli"gochaetes
Stenacypr1s sp,
Hydracarina sp. 1

Collembola
Neoperla splo

^Cent )'op t i lun excisun
Centroptilur? "near excisurr"
Centroptilun flav'un
Centroptilum nediun
Cloeon africanurn

' Baetis Elaucus', 0ther baeti"d sp. diag.A.:: l:::l:T
U

Choroterpe-s sp.
Adenophlebiodes sp.
Trico rythus " 1o\'rve 1d"
Au-q f l^ocaer?-l.s sp .
.lfronurus sp.

- Zvtonvx sp,l
L j.be 1 1u1id sp . 1

Anisopterans
l.laucoridae
Mictonecta sp.
Other henrpterans
S isyrldae
Aethaloptera sp.
Anphipsvche scottae
Cheunatapsyche thonasseti
Cheunatopsyche afra
Ecr?onu-q sp.
Chinarrha sp.
Leptocerus ?infiatus
Trichosetodes sp.
]Barbarochthon sp.
Lep toce ridae
Oecetrs sp.
Hydt'optila capensis
orthotrichia barnardi
Catoxyethir^a sp.
Hvdroptilid juvenrles
Pvral idae
Dvtiscldae
Gv rini-dae
5 t eneJrn:.s sp .

Other elnidae
Coleopterans
Trpul ldae
5-r,nuJrum spp.
r ht rononrnr
Tanvtarslnr.
'-ot'Ttnoneura sp.
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1'l
0.6

U
n1

n
n
n
tl

n
n

't n
1n
NE
n')
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n
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0
0
0
0
0
0
0

3.6
0
0
0

4.3
0.2

25.0
1.2
tq
0
n
n

n')
0
U

0.9 t,7
00
0 0.1
00
00
PO
P 0.4
0 0.1

J.t 4.I
0 0.i
0 0.1
0 0.1

0.4 0.6
00

7.8 1.8
0.9 3 .7
2.0 0.1
00
PO

n') nV.a V

00
on
PO
00
00
PO

5 .8 2.6
PO
00

1n
0.5
n1

n
n')
i1

0.7
n

U
t\

0.5
0
n

7,4
17
ql

n1

0
0.1

n

U
n1
n')
1n
n
n

n1
ne
n1

U

0
1"t q

LN
1if t,

0

u.t
0

U

P
n
n
n
n

0
n

P
n'l

0
n
n

0.4
1n

0

0
0.4
1.2
2.7
2.3
3.1

n.)
n?

n

0.2
0.8
n1

0
0

8.4 10.0 22.8
i.6 7.t 1.4

24.5 11.3 8.2
0 0.3 0

1?
i0.0

n



SEPT APRL JT]NE AUG OCT
8s 86 86 85 86

00000

Table A1. Crocodile River

TAXON
Theinenanniella sp.
0rthoc ladinae
Crtcotopus sP.
Pentaneur^a sP.
Dasvhelea-tYPe larvae
Bezzia-type }arvae
Forcipanyia sp.
Tabanidae
Rhaglonidae
Muscidae
Anthomyidae
t{e lanoides sp .

Ancylidae
Euper-a -sP.
Cot'bicula africana
0ther pelec-v*poda
Chiloglani*s sP.

TOTAL NO. OF INDIVIDUALS

at Gezabahle, Stones-in-current (cont. )

APRL JUNE
85 85

I
I
J

-T
J

-l
IJ

r
Tt

I

i5.0 21.1 1i.4
11 l4nt,.r r.4 u
0.2 0.4 0.3
0 0.4 0
0 0.1 0
000
000
000
000
0 0.2 0
0 0.1 0
0 0 0.8

0.8 0 0.7
0 0.5 2.0
000
P00

6.0 7.8
nnl
U LCJ

1ni')l.U

U I.b
00
00
00
00

0,1 0
00
00
00
00
00

0 0.3
71 qa)
0 0.9

').)14)tL r.9
OP
00
nnlU VrJ
0 0.2
OP
0 0.3
00
00
00
00
00

2.3 1.1
00

0.6 3.1
00

445 2529 1297 256 2231 1898 608
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TABLE A2. PERCENTAGE COMPOSITION OF THE STONES-IN-CT]RRENT FAT]I{A FROM THE
CROCODILE RIVER AT NC,ONDWINI.

I

\
\
I

l

1

I
I
I
1

t
I

TAXON
Hydra sp.
Planaria
Prostona sp.
Nematoda
Pristrna sp.
lval,c sp.
0ther naids
Tubificidae
Branchlobde I lidae
Daphnla sp,
Cyclopold copepods
Pionocypris -sp.
Stenocyprfs sp.
Hydracarina sp.1

'Cent rop t i loides i'spinulosa
C e n t fo p t i.l um e-xcl-cum
Cent rop t i l-um " near excisum"

0
0
0
0

0

APRL JI]NE
85 85

v..+

rln
n1
n1

n

SEPT
85

0.5
n)
0.2
n1

0.1
0

nt

0
0
0

11 .3
0
0
0
0
0
0
0
n

6.1
n

0

0
n
n

0
n

0
0

5.8
0.1

n

0
0

u.l
n

0
0.6

0
0
0
0
0

2.2
0.7

U
AL

0
0
n

0
n
U

JT]NE
85

0
0
0

0.1
0
0
0
0

1.1
0
0
0

0.2
0

no
0.2
o,2
0.2,1 7

0
n

6.3
n

AUG
86

rt

10. 1

0
0
n
n
0

0
0

0,7
0.9

0
4.7

0
0
n

0
3,4

0
n

OCT
86

?1 n

n'7

0
0
0
0
n
0

1.3
i1.5
0.7
0.2

n
0
0
0

/.b
0na

4,6
0

0.5
0
0
0
0

0.2
7.8
1.8
0
n
n

0
U

0

CentroptiTun flavunt
Centroptilum;nedium
Pseudocloeon vinosum
Baetts bel -l u-s
Baetis tlaucus
Afrobaetades berneri
0ther baetid sp. dlag.E

tl lt tt ,ru
ililrtH
IttrttJ

6
4
J

1.
0
0
n

U

0
0
0

-l

0
0
0
n

0
{

0.
0
0
0
n

( ? 1n 1

'J.1 )tJ
n<no a. )

0.3 0.1
00
00

n'tnnv.l V.L

0 0.1
00

1.3 0.5
00

17 .6 i2. 1

1.1 0
00

0.1
0
0
0
0

4.9
0
0

).7 6.0 0.1
0.1 0 00.6 0 0.1
0 0 1,70 0.1 00 0.6 0000
0 0 1.9
000
000

0.i 0 00 0 0.1

u.,!
0

12,3
0
0')(
0
0
0
0

0
1.5

0n?
0
0

l0 .8

0
u.l
6.3
1.1
1.9

U
n,f

0.3
U

Un')
nt

0
0

0.2
4.5

0
n

0.7
0

0.4
0.3
0.3
2.8
nt
0,7

0
n
0
0

0.5
U

0
n

0

t7.l

U.I
n

nl
n1
v.z
0.6

0
0q,
n

n1
0.5
0.5
0.3
0.4
n')

0

0thei' baetid spp.
Choroterpes sp.
Ti ic o t-vthu-s " lourye 1d"
.1u*s1;963"r?l-q sp.

-Jfi'oriui-us sp.
Zvgopte rans
Gomphidae
Zygonyx sp.1
Libellulid sp.1
Anisopterans
lticranecta sp.
0ther hemipterans
Cheunatopsyche thonasse t i
Cheunatopsyche afra
Ecnonus sp,
Chinarrha sp,
Lep toceridae
Oecetis sp.
Hvd ro p t t le capen-sl-s
Orthotrichia barnardi
Catoxyethira sp.
Hvdroptila sp. I
Hvdroptilid juveniles
Pvralidae
Dvtr.sc idae
;lvrinidae
I{vdrophl l idae

nt
0.4
0.3

0
0.i

0

I



TableA2.CrocodileRiveratNtondwini.Stones-in-current(cont.)
JI.INE SEPT JT'NE
85 85 85

ocT
86

0
8,0

0
0
0

5.6
0.7
i.5
o,7
0.8
0.3
0.7
0.2
o.2
n.l

0.2
0
0

AUG
86

0
3.3n,)

0
n

t1
1A
9,7

0
14.9
0.7
0.5

0
0
0
0
0
n

0
0
n

1.0
0.3
5.9

0
0

0.1
0
0

n1v.r
0
0

nt
0.i
n1
0.5
6.3

n

0

0.4
0
0
0
0
0
0

U.I
0

U.D
0

9.3
11t.L

18. 7

u.l
4.5
0.8
no
0.1

0
0
0
0

U.I
0
0

0.1
U
n

0
0

0.1
0.1

U

0
0
0
0
0
0

0.8
0.1

TAXON
Dryopidae
Stenelrnis sP.
Other elmj.dae
Pseudancyr^onyx sP.
Tipulidae
Sinuliun sPP.
Chlronomini
TanYtarsini
Corynoneura sP.
Orthoc 1 adinae
cricatopus sp.
Pentaneura sP.
Dasrheiea-type larvae
Bezzia-tYPe larvae
ForciPonYia sP.
Tabanidae
Rhagionidae
Enpi-didaeae
Muscidae
LvmnoPhora sP.
Hj.gher diPterans
AncYlidae
Eupera sP.
Corbicula atrTcena
Other PelecYPoda
ChiloeTanis sP.

TOTAL NO. OF INDIVIDUALS

APRL
85

0
1.4

0.1
0

5.2
8.0
5,2

0
10 .4
0.6
2.0
0.1

0
0

0 0.1
5 7.4 0,9

00
00

0
n

0
0
0 0.i 0.4

1.5 11.6
1.8 2.9

12.9 26.7
0.5 0
2.8 9.1
0,2 2.6
1.0 2.9
00

0.1 0.1

o.2
0

0.5
1.0
0.5

U
o ',

1550 1230 i755 2208 577 60i



h ^ r-- C) -6r\- OrpL^
t8 c joo"io.;J;oo;.J";oo 6d.OO .OOO #c)

OOOC)..O.
o- o

q, L1\

=\D 
C) .C) C) .O

<@ o o
ooord1 -s*a

?-)- -cl O -O-O<)(]C)COC).ver

C.l ai .if \O ra \O 6l
^: : ^'oo " "o 'oooooo.t6't\o t_.ndo O OOOOOO

_ F- ui -t c) c..t f,- al \o # d - c.lc) ._.ooc) . . .oo . . .oo . . . . dOO d-+\? -.rcf.t -C)AOOOO .OOOOOC)
O

Cl .]f,r"- dO1 6 ,O C.t dg\. . .ooc) . . .oc) .oo()o_.Q(3OOO<)OO .-.ctc>odo L1r.ad) d o- - oo

d) # t.- r- -) OO \_O ,Oo..o.o...oo.c).o
r-O O aJ\OC) \.o

f,

,ff ,:f Ln F- O f-- - d d C..t f_O . O O O{ O . . c.t 
-r C) . . . O . O O . . O O O O O O O . O..o6^.(f c) 

_o<) 
()'.4

F-'t rf C)LJ1 l} .a(f . _.oro rtr .-.-.o o. --.-'io c.<)c)oc)ooC)c)ooor:o
-O -Ctrn

cn
ct

fsl
Z\D

Flg\g*€

1<€. -?6

U>v OrnZQ

AJFtr 0r r/1!r H@

I

'fi VnI F€c0-

IJ &LAU) 0{€

j
I

Ft

.r{

V2

az-!XJ!lFF

d*O\ 
-)-

OOO O QO_

C.l

c)
@
ol

(Yl
c.I

a.)

-$
tr'l
a.l

co

a..l

,.1

z

z
-l
Ei

ti

o)
6

e. i, s
: "!E v, E*. \! X . - f,a -

-'e -' ff;q*+c&jf g ia*sqo + ..!.ld'4r/l$t o,' \;"
r=E f; *$ 3i; H !! e l3i ll,..$, Hf ,;:gX
Hr!-; i{! 5 E q i Hj SE!+ t E€ !€ H- ;€ aEES

rE I 3;€i Es^F I EH fi F.S i i.i ei; ! ii I i ;s! qii; axE ; i'{ !f ,H F ahN tE SF;tl aH.t€is;E35tra58sssSeSSs€EEFEETSffSES



J

I
t_

t_

L_

t-,

d
(

(

F

<6

Z\g
-
.t
0r cO

z<\D
r F]CO

U>
C) r/)
7@

,r 01rfi! rrJ6
Q
I

'a 26

lJ &tn

J
I

,1

Er

t".- #t*'f\ F- o\ -)i o o\@+i
.O . .'O<)OO'O()OOO'O'.'O'OOOO

c.l C.l++ O - @ Oct <)O<)O
c.t

.n \o aa .1 cD.o
.c .c .occ .c)oo()c)o .oc) _.o .oo .oc) _. _.oc)ooo-o,-o -() o o o o oc)

.c) r1\-tcor?- d-+ oo cod$r/1 tn H
.O .c> ' . 'C)OC)O 'OO -' ' ' 'c)c) 'O 'OOOOO

o-r-4-OC) OOO 4 OOOd O O

dco-ct-f, \o m- co al+#\od $
'O 'OO ' 'O ' 'O 'O '-'' ' 'OO 'QO'OoOO

F-O,tr!r\- c) -o oo d o-ao'$o cf o

.r\ ')O'1r- O O oOoior
.O:-. .OO .OO .OOOO .OOI--O 'OOOOOO-'-' 'OO

O--$-il- O - - ; 
OOO

ai aO /v1 tJ ,f\ f\
.C . .'OO(>COOOOOO'C)OOOOOOOOC)OO.'OC)O

-:i .'aatc) - c) <)

a-t Hat -tcia cl aaoa]6al d5 .$ca d-l dcJ6'.6 .-.OOOOCI .''Cr'()'' "<)''O'-'c) :OO'''
.t n.l OOO C) dOO-a dO clo .. OC)O

-:i f--?-T -t -? *Ct f- L^d -r 'I.O . . .OOOO .OC)Cf OOr .C . 'O 'O0r '-'O 
-'CO 

'O<3
c.r co.ro c) -f, c-a o oo () o

(.l rl a l ,:O O' -JC r't (\l c\t'.o 1 .trrOoO 'Oc,OOoC) 'Oo 'O 'O 'OC)(f -'tuC) 'C)C)
o -l<> al # c o o o

'r
!
d\
,n

=vJ-tt)4n:(4Fc)
'; a'r r 'rt I rr | '-r

Fici A O | ! H ll -
At ,r{,.q! q ' tF F"7 tr!*ol 'ae, F:-'9. 14 o tr. ar i rd Q - '+{ dJ 0 F qZ

-.c,-rn ,n . .Sq.lqOJ tr a.aOt
dt= a sovl55 'nr, (s '- or" o- rI aE -d,r, A*, _ E u o..'-qJ aJ u.q !5 <d

'/ji,4'iL.lOUt ."i -p.o;>.\.O !aJ' l-1J €cr
qj aSC"'Ni at(d0r(!ais?qa t4o€oc+:- o rid
o.qr€ qr !4 >.G or o'; ! -s g I d!\o rl lf '-l o\'9€d cr € crd,lJ
'l;*j - i 

= 
* o ''r o.r'rJ ! O \a'o { I Q I -':'if '-l td15 cc - -1

o 'l: \ d - d c", < 4 
= 

P ; I = !'l s ti g) i 0'4 or u) ti - I f '13''l tt 'q iiEl'5 = dJ; f : q:r tr' q.a: S I - u Q u'd QIJ;^'Q'rl u ri +cr
z o o-o i c * c-.c !;5o p t''-i E S F iJ o-q ot-, o Q'< od (' i c €
5'i n i- d Q cE$ or o - ! o'S I | 5i Fr t'rt aJ-\€ o i G'- r't ! ri
X c cj'- a \ u o!E goi ; - a-- *9 I - i a'i *9F'l-'tp !, +r-1513

Srir €!s 55 $= 5 s sE 5t3'!t S I 3s$s sersaer
\-/n-\*J



-'l
I
i
N

I

Cld CO 'IiJ\ -CO\? La aa ("r -lC) . . O . O O <) O O . . O . . . O O O O O . O O . O O . O . O OdC) O O.. OOO - d <)

1.1 ,t F- Lr| d C.l al -'! *t at
O .OO .OOOOOOO .O . .()O .C)O .OO . .O .OOOO

a€ r-- -a* OdLa Cl (:.t COo c) o . . o . () o o o o c:) o . . o o o . . . o o . o o . o o . oo6 c oQ d-.\ oo o at

a.l -d al O- 'O\.o.i v1 \0 C\l Occ)c .oo . .<)o .o .o . .ooo . . .o . .oo .ooo .
o oo .3 clo oo* ..)111 a \+

ct

.S F- O]F-* ar!t- € aa
.---- .- . . .^-A . .^A

O O iOO s*T

f'- --t d -T F- Cl el F- al
O C) O . O O C) O . . O O A . . O O O O O . . O <) . O O . C) O O .

Olra O+ .i C.l

'I d1!\tal-c-,{) r.1 HCn -"cn 6
. . . .-- .--- . .-A

--+----A--

,rf aa - 6 - c.l at ct_] al c.l
<f F. Or O . C C) . O O O O O O . . C . O C) . . C) C) . . O . O O O C

t--.1! L/.] CO O C{ d -<) o <) . o c) o o c o o () . c) . . c cf . c) Q . cf c) . c) . () . o o .
O O O<] C) L. O O C)

F
vv
-d

tw
<co

lrj
Z\D
-]

g

F 
'.1&,^

E OrcOo
lr z
z -oo

tr
F Ou'1zz6r

A, ^r!1 /*

z
.h 26
rtl

zh:
F

F,a
.-1 A, a

-w:trF
tr1

Cr>

ZrJ
Fi trlF>
vt>

=Fo<

o>< l-.1?&zr-i tul
(.) H

rll<fut)

trJ
J
4

tr\
.-\
u
G '!

!\
cJq
pi

o..^ :=
!.uiU) *tnA

lR-,^

\ 'rlH.- . <clL.l(Jr! (JlO o.
€ t4!X r, d0il tL"e=* -lI===

ut e O .r 14 !{ F = f fl 01J
A U Orj (/] Q+.cd >'1 ',:.1 - tr
G!) EO 0)- . O(!!!= \\.
t aj n pr . .-r . Q.frt r/J ll a !!: fu aJ a: : :.-t G 14 0J O.q..ri A ql qJ qJ: q{ i > trr'] I'a t4P.{.c -..ptutolf/JQ !! ii5*r. F{ o \"-J O 0J Fi at'n - 

= 
E = E u u E r4.ij

o. cJ o r.r o fo (4 > G a.'Fi Q o l:1l5 rr f, at Ql .rr
- tt 'E d0 q '"J fl = I 

ul \\\\Fn\\ ! fiJ ()\JiJ: : 
=. .Q.rrG€'€\\'-.Fl ='-^nn'nr..l11+r\qOoJO.fll (d o! . . O-r 0J a..i a.A ! aJ 0J*s€*J€! (t! d!-s <drr.rr! i p.tr'-l o c fc o \>,! Gr E a.qaa,a.a. aJ-o

! O -1 r0 (/,,C rr! O.(J Q O c.r \ O O Q a Q O O = 
u)'4 rr3

zsccps (J!dQooQo..Joa-\\t \\QriFi.Q!"
O \ i cd tl'] (4 Q tr oJ = 

Fr-{ { = :J ! o.ur!!N ! !*) QJ!! Q oJ
x! (! E -1 -.t - G.c l. { Cj Q qr o€ O (! i tr i E i tr o o $.\-c: : :{.\r 0J - (! qJ ti +r'-i 0J >.'-i ! 0J > qJ\ aJ O qJ q) qJ qJ*r $ 0l\ |)F E o. z q < Q cQ o :E rJ rJ c\ l/J A E 

= 
trJ U qJ U qJ rJ r.J qJ ca ca q O



1l
xl
I III

-
-

L
L
l-
u
l-
u
t-

'jq
il-
1

lr-I
-t

I
I
l
1

Table A4. Sabie River opposite

TAXON
Dyschinus sp.
Hvdt-optila capensis
}rthottichia barnardi
Hvdroptila sp.1
Catoxyethira sp.
Hydroptilid juveniles
Hvdropsychid juveniles
Trichopte rans
Dyt isc idae
Gyrinldae
Hydrophilidae
Stenelnls sp.
0ther elmidae
Coleopterans
Tipulidae
Srmulrun spp.
Chrrononinl
Tanytarsini
Corynoneura sp.
Theinenanniella sp.
Orthoc ladinae
Cricotopus sp.
Pentaneura sp.
Tanypod pupae
Dasyhelea-type larvae
Bezzia-type larvae
Forciponvla sp.
Ceratapogonld pupae
Tabanidae
Rhagion:-dae
Ephyridae
Enpldidae
Yuscrdae
Ancylidae
Carbicula africana
Other pelecypoda
Chilaglanis sp.

TOTAL NO. OF INDIVIDUALS

Lisbon Estates.

APRL JUNE
85 85

938 819

Stones-in-current (cont. )

SEPT APRL JUNE AUG85 86 86 86

U

0.5
n(
0.5

n

0.5
0

0.5
0

0.1
0

0.3
1.2
n

0.8
0

no
6.6
4.2
3.0
0.8

0

OCT
86

U

1l n
1',|1.1
n/,
n.)
n.,

n

0
0

n')
n
n

U
nn

0
0
n
0

0.5 0.5
4.0 0.3
5.9 i0.2

20.9 19.8
i.0 0
nl')

15 .7 1.6
0.1 0.6.r1 no!. J W. )

00
00
00
00
00
00

0.4 0.1
00
00
00
00
00
0 0.3

n1 n

n
n

0
0
0
0
0
0

0.1
0
0

3.7
0.2

n
n1
2.7

1.7
n

11.9
nl
1A
n

0.1
0
n
U

n1
0.4

0
0.1

0
n

0
0

n')

1.0
n)

0
l,c
0.6

0
0
0

0.1
5.9
i.9
n7

0

00
0 0.2
00

0.i P0 0,10.1 0
0 2.0
00
00
0 0.1
00
0 0.6
0 0.2

0.4 0
OP

n)
0
0
0
0
n
n

^,)0.2
n'1

0
0

0
0.1
n')

U

0.1
2,1,

n

0
n

0
n

0.5
0.5

U

4.1
u.b
,q

0
?t 'l

'ln

0.3
0.6

0
0.4

n
n1

n

0.6
1.2
0
n

3.4
17
0.6

0
0

n1
n

0
n1
n1

n
n')

n

0
0
0

28.0 27.9
3 ,7 4.06.2 33.5
2.9 0.2
00

5.0
3.7
2.8

0
0

ln 1 1

'l ')
no

n

0.
n

n

0.

0
n

0

n
n

ll3 <1') 15 30 3318 675
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TABLE A5. PERCENTAGE COMPOSITION
RIVER AT MAHLANGENE.

TA)$ \iI
.ilars sp.
0ther nai-ds
Cladocerans
Cyclopold copepoda
Stenacypris sp.

fElassoneuria sp,
Centroptilun excjsun
Centroptilun nediun

< Other baeti-d sp . dlae. B

Gerridae
-4nphips1t6he scottae
Aethaloptera sp.
Cheunatapsyche thontasse t i
Ecnomus sp,
Chironomini
Tanytarslnl
0rthoc ladinae
Pentaneura sp.
Tabanldae

TOTAL NO. OF INDIVIDUALS

OF THE STONES-IN_CT]RRENT

APRL
85

0.3
P

61.5
2.9
n1
0.2
nn
0.6
tn
n1

6,6

1,6
P
P

FAUNA OF THE LETABA

3.8
n1
0.6
0.6n,
nlv.l

P)(,
P

30 12

Chototerpes sp.
Tric o rythu-s t' 1owve ld"I IA!!Ul YLITUL- IUW

I-\ lustr^ocaenr.-s sp.
Zygonyx sp.l
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TABLE A5. PERCEI{TAGE COMPOSITION OF THE STONES_IN-CI.IRRENT FAUNA FROM THE

LETABA RIVER ABOVE CONFLUEilCE WITH OLIFANTS RIVER.

APRL J[]NE APRL JI.]NE
85 85 86 36

TAXrI

Hydr- sp.
Nenatoda
P1^f -s t jr?a sp .
B ranchlobde 1 1i-dae
0ther oligochaetes
Hirudinea
Ce riodaphnia / SinocePhal us sP .
Daphnia sP.
Chydorids
Cyclopold coPePods
Harpactacoid coPePods
Stenocyqrl-s sP.

-Povtlla adusta

t.7
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0.1
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0
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0
n
0
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n1
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0
0
0
0
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0
0
0
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0
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n
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0
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n
n9

0
0

0,5
U

0.1
1|) 0

0.5
n
n

0
0.6

n

0

n'l
n

U
n.)
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0
n
n
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n
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0
n

U.I
n

n1
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0
n
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n

n'l
0

0
0
n

P
U.J

n

0
n

n1

3.9
u.l

4.8
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n

Pn.)
n

0
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tt \
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0
U

0
,t .t 'l

9,6
1t a

P
n

P

0
P

n

1 .e,

27 .4
n
E

0

0
n1
4.1

11 r
n

0.1
0.4
0.2
0.2

15.6
2.r
"lI

U

0.1
2.2

Pn')
0
0
n

0
0.1

0
0.5

0
0

0
69. s

ln

0

I
C e nt rop t i lutn f I av'uin
Centroptilum nediun
Cloeon africanunt
Baetis tiaucus
Baetis lAceITtrelJai sP.
Other baetld sPP.
CharotetPe-q sP.
Tricorythu-c " lowve ld"

,Austrocaenis sP.
-Zysonyx sp.I
Anisopte rans
Micronecra sP.
0ther hemi-Pterans
Aethaloptera sP.
Anphipsvche scottae
Che unat o P s vc he t honas s e t t
Ecrro,nus sp.
tlhi:narrha sp.
0 t'tho t richia ba rnardi
Hydroptilid juveniles
Stenelnis sp.
Srrrlul jurri sPP.
Chrronomlnl
Tanytarsini
Corynoneura sP.
Theinenanniella sP.
0rthoc ladinae
CricotoPus sP.
Pentaneut a sP.
Tanypod pupae
HlBher drPterans
0ther gastroPoda
Cotbicula africana
Chiloslanls sp.

TOTAL NO. OF INDIVIDUALS

)
I

I

I

{

t:
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2254 235 I 1727 15E4
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TABLE A7. PERCENTAGE COMPOSITION
OLIPANTS RIVER AT MAI{BA.

:"
TAT DN

f/.vc ra sp.
Planaria
Nenatoda
Pristina sp.
laf -c sp.
Dero sp.
0ther oliEochaetes
Ce riodaphnia /'S inocePfial us sP .
Cyclopoid copepods
Harpactacold coPePods
Stenocyprl.s sp.
Hydracarina sp.1

OF THE STONES_IN-CI.]RRENT FAUNA FROM TIIE

JIJNE AUG
86 86
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0.2 0
00
00
00
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0
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0
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0
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0
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0
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0
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0
0
0
0
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0
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0
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0
0
0
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0 0 1.6
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0 0 2.1
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0 0 0.1
nnnlU V V.I
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0
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0
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0
nq
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0
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0
0
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0
0

4.0
0
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P
0
rrq /,

n
n

0
0
0

t1
n

0
P
0

0.i
0
P

sp .2
Collembola
Neoperla spio

/-Ela*csoneuria sp./ Centroptilun e-Yclsun
Cent ropt i Lum " near excisum"
Centroptilun flavun

. Centroptituirt ned.iu:n o ^,J *f{"'\ Pseudociaeon inaculasun'- Yso 
-

{ naetis g]aucus
\ ottrer baetrd sp. diag.E
\ other baetid spp.
I Chorotet?e-s sP.
I Castanophleb-ra sP.
I Tricorvtfius "lowveld"
| .{ustrocaenis sP.
\Afronuru-c sp.

zytop t e rans
Zvgonyx sp,I
Anisopte raus
Ge rridae
Ve 1 iidae
Other hemrPterans
Aethaloptera sP.
AnphipsYche scottae
CheunatoPsYche thonasset t
Ecnonus sp.
Oecetrs sp.
Hydroptila caPensis
orthotrichia barnardi
Catoxvethira sP.
Hydroptilid juveniles
Pyralidae
Dytiscldae
Gyrinidae
Hyd rophi 1 ldae
SteneJra.r's sp.
Other elnrdae
Culicidae
Srnulium spp.
Chlronominl
Tanytarslni

n?
n
n
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n,
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n

0

0.2
U

n1

0
0.9
0.5

0
3.0
5.5

0

nt
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U
n
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nlU.I
0
n

0.8
0
0

63.1 90.9
6lI .() t.+

0.1 0.1

1q )
a(
0.6

23 .6
5.1
0.8
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Table A7. Olifants River at

TAXON
Corynoneure sp.
0ri hoc ladinae
Cr \cotopus sp.
Pe,itaneura sp.
Dasyhelea-type larvae
Bezzia-type larvae
Fot cipony-La sp.
Tabanidae
Muscidae
Lynnophora sp.
Bu-llnu-s sp.
Burnupia sp.
Lynnaea sp.
Melanoides sp.
Corbicuia africana
Other pelecypoda

TOTAL NO. OF INDIVIDUALS

Manba. Stones-in-current (cont. )

APRL JI]NE
85 85

PO
3,7 1.5
nnVU

SEPT APRL JI]NE AUG8s 86 86 85
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0.4 0.2
PO
00
00
00nn
00
00
00
00

0.1 0
00

0.3 0.3

0.5
0.4
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0.4
0.4n')

0
0.1
n?

9. '.)

3.4
11

0
0

n1

0
0.1

0
0
0
0
0
n

0.6 0 0.31.9 5,7 4.60.i 0.1 0.i0.1 0.2 0.1000
000
000
000
000
000
000
000
000
000

o,2 0 00 0.1 0

0.
n

0.
rr

0.
0

3122 1845 2029 t5t3 1909 3030 790

I
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TABLE A8. PERCENTAGE COMPOSITION OF THE STONES-IN-CURRENT FAUNA FROM THE
OLIFANTS RIVER ABOVE CONFLUENCE WITH THE LETABA RIVER.
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0
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0
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0
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0
0
0
0
0

^,)11
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0
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0
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0
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0
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0
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0
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0
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0
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n
n
n

0
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0
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0
0
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0

0
i.4

P
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.nq
36.5
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H! 'ra sp.
)ie atoda
Prus t:.na sp .
:!ars sp.
0ther nai-ds
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Hi rudinea
l{acrothr i.t sp.
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Baetis glaucus
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Table A8. Olifants Rlver above confluence
Stones-in-current (cont. )

with Letaba

JT]NE SE,PT
85 85

OP
0.1 P
00
0 3.1
0 0.1
00

296t 39i5

River.

TAXON
Tabanldae
Hiehq} dipterans

,7ftrc$5.daeEupera sP.
Corbicula africana
ChiloSianis sP.

TOTAL NO. OF INDIVIDUALS

APRL
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0
0

,0
0

P
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APRL JT'I{E
86 86
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00
0 0.1

0.1 2,2
0.9 0
00

3702 1329

AUG OCT
86 86

00
0.2 0
00

0.4 0
3.1 2,7
00
t569 1021
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TAALE A9, PERCENTAGE COMPOSITION OF THE STONES-IN-CT]RRENT FAUNA
LI.IVTIVI{U RIVER AT THE I{ESTERN SITE.
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Table A9. tuvuvhu River at

TAXON
Cr-lcotopus sp.
Pentaneura sp.
Tanypod pupae
Dasv'he I ea-type larvae
Bezzia-type larvae
Forcipomy-za sp,
Tabgz'-dae
Hr{-^er dipterans
Burnupia sp,
Eupera sp.
Cot-bicula africana
0ther pelecvpoda
Anguilla sp.

TOTAL NO. OT' INDIVIDUALS

DON. -Dongadziba
SHI. -Shidzlvane
MAN. -Mangovane

I,Iestern Site. Stones-in-current ( cont . )
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TABLE A1O. PERCENTAGE COMPOSITION OF THE STONES-IN-CT]RRENT FATJNA FROM THE

LUVLM{U RMR BELOW CONFLUENCE I'IITH THE MUTALE RIVER.

TAXON
Hvdra sp.
Planarra
Prostona sP,
Pt'isttna sP.
-Yal.-c sp.
Branchlobde I 1 idae
Other oli€ochaetes
Stenocyr'Ls sP.
Hydrac*rina sP. 1

sp. 2

Neooerla spio- Centroptiloides bif asciatur? - ,7.'
Cent roptiloides ?sPittulosa -' \'
Centroptilum "near excisum"'
Centroptilum flavun o
Centroptilum nediun \

Pseudo'c lo"on tp le-ni*n,t"tts 1955"
Baetis gTaucus
Baetis {AcentrelJa) sP.
0ther baetid sp. diag.

lt ll ll ll
tl rl ll lt

tl lt

il il tt

, 0ther baetid sPP.
i Chot oter?e-c sp .

Tricorythus "lowve1d"
Aus t.i^ocaenis sP .
.lfr^onur^us sP.

. Dtcercotnyzon sP..*Al 
locnen-ls sp .

Zygopterans
Zvtonvx sp.l
Llbe I 1u1 id sp . i
Anlsopterans
Micronecta sp.
0ther hemipterans
S j.syridae
Anphipsyche scottae
CheunatopsYche thonassett
Ecnomus sp.
Chimarrha sp.
Leptocerus'?inflatus
Trichosetode-c sp.
','Barbarochthan sp.
Leptoceridae
Hydroptila capensis
O t'thot richia barnardi
Catoxyethira sp.
Hydroptilid juveniles
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Table A10. tuvuvhu River below confluence with the Hutale River.Stones-in-current (cont. )

APRL JI}NE SEPT APRL
85 8s 85 86

JI]NE AUG OCT
85 85 86

TAXON
Other elmldae
Tipul ldae
Srmul:um spp.
Chlrononilni
Tanytarsini
Corynoneura sp.
Theinenanniella sp.
0rthoc ladinae
CricotopuV sp.
Pentanev/r sp.
Dasyhelea-type larvae
Bezzia-type larvae
Forciponyia sp.
Tabanldae
Rhagionidae
Lynnophora sp.
Higher dipterans
Ancylidae
Eupera sp.
Corbicula africana
Other pelecypoda

TOTAL NO. OF INDIVIDUALS

20 .9 24.7 9 ,71.5 10.4 5.9
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n

1729 3222 422

0.2 0
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TABLE A1I. PERCET{TAGE COUPOSITION OF THE STONES-IN-CT]RRET{T FAI'NA FROM THE
LIIvt'vI{U RIVER AT PATURI PICNIC SITE.

APRL JUNE SEPT APRL JIJNE AUG

TAXON
Hydra sp.
Planaria
ffais sp.
Dero sp.
Branchlobde 1 11dae
Other olitochaetes
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Cyclopoid copepods
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0ther baeti-d spp.
Choroterpes sp.
Tricorythus " lowveldt'
Austrocaenfs sp.
At-ronurus sp.
Pseudagrion sp.
Zygopterans
Zygonyx sp.l
Libellulid sp.1
Anlsopterans
Other hemipterans
Sisyrldae
Aethaloptera sp.
,4nphipsyche scottae
Cheunat opsyche thonass e t 7
Ecnomus sp.
Chinarrha sp.
Leptocerus ?inflatus
Tr-ichosetodes sp.
Leptoceridae
Oecetis sp.
H vd ro p t i la caperl-s-z-s
Orthotrichia barnardi
Hydroptilid juveniles
Gyrinidae
Stenelmis sp.
Staphylinidae
S isyridae
Tipul idae

8.6 9.1
-).1 'J.*00

0.8 4.4 7,9
16.i 6.3 3.8
0.2 3.5 13.9
0.3 0.7 4.3
1.'r 2.8 0.1
0 0.1 0
0 0.1 0
000
0 0.5 P
0 0.1 P
0 0.3 0
0 0.1 0
000
0 0.4 0

16.6 11.6 15.8
0.3 0.2 0.1

n17 11
V L.t

00P
00P

0.3 0.1 P

00Pn n) p

0 0.9 1.0
nnl 11W L.t L.a

000
1.1 2.r 0.8
00P
0 0.1 0
0 0.1 0

u.+
U
n

0.2

0
0
0
0

i.0
27 .7

n

0.9
0.1

0
n

n9
0
0

0
U

0
n

0

1.0
U
n

0.1
U

0
0
0

0.1
1.0

17 .4
U

f.i
0
0
0

th

0
U

0
0

0

0.1
z.l
0
U

0

0.2
0.2
1.5
n



0.8n,)
0
0
0
0
0
n

na

0.5 2L ,81.5 5.12.4 0.400
0 0.51.6 14,70.2 6.11.4 0.400
00
00
00
0 0.300
00
00

0.1 000

/
i

If
L_

l

tJ
I
I

-]'
J

I
TI
J

I
I
I
I
I
I
1

1

I
t
t
I
I

Table Al1. Luvuvhu River at

TAXON
S:.nuJ:.un spp.
Chi rononinl
Tanytarsini
Corynoneura sp.
Theinemanniel'la sp,
0rthoc ladinae
Cricotopus sp.
Pentaneura sp.
Canypod pupae
Dasyhelea-type larvae
Tabanidae
Rhaglonidae
Hj-gher dipterans
Biomphalarza sp.
Eupera sp,.--
Corbicula atricana
Anguilla sp.
Chi log lan-ls sp .

TOTAL NO. OF INDIVIDUALS

Pafuri Picnic Site. Stones_i-n_current (cont. )

APRL JI'NE
85 85

SEPT
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9.6
6.4
2.6

U

0.6
14. 3

0.4
0

JI]NE AUG
86 86

APRI,
85
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(\)
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,ln1 alv.J a.L0.7 0.5 3.50 0 0.1000
o,2 0.1 0.10 0 0.1000
0P0

2.1 0.8 1.02.3 1.4 1.0000
000

15 .5 8.4
2,8 9 ,,2
16r.o ).)
1. 1 0,7
00

1023 1468 627 1922 J975 1532

I
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raBLE A12' PERCEII49E coMposrrro[-gq_ry8 sroNEs-r*N-cr]RRENT FauNA FR'M THEMUTALE RIVER ABOVE COIiFiiIETTCE 
- 
iiiTH' fr ;"iUVUVHU RI VER .
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TAXON
Planaria
Pru_c f lla sp .
.!ar-c sp .
Bianchiura sp.
Other oligochaetes
Stenocypr2-s sp.
Hvdracarina sb.'Elassoneurua ip.
a e n t ro p t j I o ides b j f a-c c iat u:n
C_e rtt ro p t i I o ides :s p t nui oii"' j,rn.
C-entropcilun e-yctsu.rn _ tJ;.;7 p'"'
Centroptilun :nediun .../ rCentroptllum variui - tt/,,.'f [1t/tt
PseudocJlto-n sp.A Kinmln's ig55baetTS 6lducusBaetis (Acentrella) sp.0ther baetid sp. diae.-a, r, ;, ir-- T
Other baetid spp.
Lno.roterpes sp.
I r'7CO IVthu-q " IOwVe 1d"
-1,ust rocael?]_s sp .
l-fi'onur^u-c sp.
ptcercomyzon sp.
Pseudatrjon sp.
zvtop t e rans
Zvgonyx sp,
Lrbe11u11d sp.
-{n].so p te rans
0ther'henipterans
-\nphips.r,c he sc o t t ae
C h e u:n a t o p 

-s, .y, 
g 11 s f hofia,s-s e t ztcnonu-s sp.

Chtmarrha sp.
Trichosetod-es sp.
Leptoceridae
Hydroptila capensis
0rthotrichia barnardi
Catoxyeth-zra sp.Hvdroptilld tuieniles
HV ra I ].dae
Dvt isc i_dae
Gv rinrdae
Drvopi_dae
Srerielrnrs sp.
utner elnidae
frpul idae
Srilu/-r um spp .intronomtni
Tany t ars ini
Co ry.noneura sp .
inet nenanniella sp.
0rthoc ladlnae
irt co fopus sp.



Table A12. Mutale River above confluence with the Luvuvhu River.
Stones-in-current (cont. )

.l
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TAXON
Pentaneura sp.
n^-, L^t^^ +,,-^ 1J3SIne r e.?-rvpe lar\-ae
Bezzta-tvpe larvae
a - ., - ^ i n ^ ,. t - i - .- -iutLlyu't.ytd -y.

T ab.enidae
Rhag:-onrdae
Yusc rdae
Bt o:..pha 1arla sp .
\nc v 1i-dae
Eupera sp.
,,hiloslanls sp.

ICTAL NO. OF INDIVIDUALS

APRL J1JNE SEPT APRL JUNE AUG
85 85 85 86 86 86

ISr. 1137 1754 2275 19,17 1547

1.1 0.6 0 0.3 0.6 1.5
0 0 0.1 0 0 0
0 0 0 0.i 0.1 C.l
0 0 0 P 0 0.1

0.i 0 0 0 0 0
0 0 0 0.1 0 0
0 0 0 0 0 0.1
c 0 0.1 P 0 0
0 0 0.1 0 0 0
0 0 0 0 0.1 0
000P00
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TABLE BI. PERCENTAGE COMPOSITIOI{ OF THE STONES-OUT-OF-CI.'RRENT FATINA FROM THE

CROCODILE RIVER AT GEZABAITLE.

TAXON
Hvdra sp.
Planana
Nernatoda
Prlstina sP.
ffais sp.
Branchiura sP.
Branchlobde I 1 ldae
Other oliSochaetes
Hirudlnea
Ce riodaPhnia / S inoc ePha lus sP,
Chydorids
Cyclopoid coPePods
StenocYPrj-c sP.
PionocYPrls sP.
Hydracarina sP.1

sp.2
CollepSoIa
NeGerla sPio

r' C e nt ro p t i I un exc-z.s un
Cent ropt i lun "near excisufil"
Centroptilun f lav'un
CentroPtilum nedium
Cloeon africanun
0ther baetld sP. dlag. A

lttttl?ftF
', Other baetid sPP.
) ChoroterPe-< sP.
.' CastanoPhlebia sP.
;' Tricorythu-. " lowve 1d"
! Austrocaents sP,
',-.Afr onurus sP.

Zygopterans
Phyllonacrantia sP.
Libe I lulid sP . I
An].sopterans
Notonectidae
Naucoridae
Micronecta sP.
0ther hemiPterans
CheunatoPsYche thomasse t i
Ecnonus sP.
Chinarrha sP,
Leptocerus ?inilatus
L e P t oc e ru-s ? s cho e nobat e s
Trichosetodes sP.
Leptoceridae
Oecetis sP.
HvdtoPtila cagensTs
orthotrichia barnardi
Hydroptilid juveniles
TrichoPterans
.YethJes sp.
lanastes sP.
Dvtlscldae
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Table Bl. Crocodile River at

TAXON
Hydrophilidae
Hydroboriinae
Stenelrn-zs sp.
0ther eLmidae
Cu1 ic idae
Srmulrum spp.
Chlronominl
Tanytarslni
Corynoneura sp.
Theinenanniella sp.
0rthoc ladinae
Cricotopus sp.
Pentaneura sp.
Tanypod pupae
Dasyhelea-type larvae
Bezzia-type larvae
Forciponyja sp.
CeSz>apo*onrd pupae
Muoci-dae
Hlgher dipterans
Other dipterans
Bionphalal--la sp.
EuJrnus sp.
Melanoides sp.
PhY-sop-s15 sn.
0ther gastropoda
Eupera sp,
Corbicula africana
0ther pelecypoda
Frsh juveni"le

TOTAL NO. OF INDIVIDUALS

't sanple collected at Magneslte

Gezabahle. Stones-out-of-current (cont. )
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0
0
0
n

0
0
0

n
n
n

U

U
n
n
n
n

30. 2
3i.2

P
U

5,6
'lq
0.9n.)

P
0.1
n1

0

0,7
c
0

7.4
5.9

0
0

4.9
0n')
0

L'

0
3.7
0

1)
n?

0
0
0
0
0
n
n
n
n

0.3
P
0
0
0
0

U

5.1
0.5
0.5
0.9
0.9

0
0

n

202 2592 405 90 684 r27 | 2t6 2172

1

I
I
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TABLE 82. PERCENTAGE COMPOSITION
THE CROCODILE RIVER AT

TAXON
PIanana
Ptostona sP.
Pr-r-s tlna sp.
Tubif rc ldae
Branchiobde 1 1 idae
0ther ol:-gochaetes
Harpactacoid coPePods
Stenoc7Prl.s sP.
PtonocYpr-ls sP.
Hvdracarina sP.1

t'CentroptiLun nediun
Baetis Ellaucus
Baetis quintus
Chot-oterPes sP.

' Tricorythus " 1owveld"
Austrocaenls sP.
Afronurus sP.
Paragonqhu-s sP.
Anr-sopterans
\auc o ri-dae
Conxidr--
\tcronecta sP.
CheunatoPsvche thomasse t i
Ecnomus sP.
Dyt isc idae
Gy rinidae
Hvdrophi lidae
Sf ene-li??-1s sp.
Trpul idae
Srnulium sPP.
Chlronomini
Tanytarstni
0rthoc ladirrae
Cricotopus sp.
Pentaneura sP.
Muscidae
Eupera sP.
0ther PelecYPoda

TOTAL NO. OF INDIVIDUALS

OF THE STONES_OUT_OF-CT]RRENT FA{INA
NGONDI{INI.

APRL JI'NE
85 86

FROM

2.3
U.J
t.2
0.1

U

4.1
0.6
6.1

0
n

0
0

6.0
0
U

7.3
0

0.7
0.3
0.1
n'l
i.0

0
n

0.6
0

nl
0.6

0
U

r-t q

0.6
0.7

0

q

n

3.4
n

J

I
1

q

6

11

0.6

0.6
n
n

0

nq
1.4
;.l
1i

z.)
4.3

It

11
n

0.6
0
0

(R

U
/.o o

68s I 50

t



TABLE 83. PERCENTAGE COMPOSITION OF THE STONES-OUT_OF-CT]RRENT FAI'NA
SABIE RIVER AT LUBYE-LUBYE.

JAN APRL JI'NE
86 85 86

FROM THE

ocT
86

o.2
lo
0
0
0

1.4
0

0.7
0

0.7
6.0
1.4
0

TAXON
Hydra sp.
PLanaria
Nem.atoda
Prust-rra sp.
flais sp.
Branchiura sp,
Dero sp.
Branchlobdel 11dae
Other oli8ochaetes
Hirudinea
Ce riodaphnia / S inocepfialus sp .
Chydorlds
Cyclopold copepods
Pionacvpr-ls sp.
Stenacypris sp.
Carldina sp.
Decapod juveniles
Hydracarlna sp. 1

Neoperla spio
,/' Cent ropti lun "near excisurn"

Centroptilun nediun
canum
Baetis bellus
Other baetid sp. drae. f

,ttrttttil
0ther baetid spp.

i Choroter?e,c sp.
I Adenophlebiodes sp,

Castanophlebla sp.
Trico rvthlls " lowve 1d"
Austrocaenr.s sp.

'.Afronurus sp.
Elattoneura sp.
Allocnenis sp.
Enallogna sp. or -Ischnui'a sp.
Zygopterans
Paragonphus sp
Aeschna sp.
Zygonyx sp.T
Llbe 1 lulid sp. 1

Anlsopte rans
Yesove 1 eidae
l,io tonec tidae
\aucoridae
Micronecta sp.
0ther hemlpterans
Cheunatopsyche thonasset i
Ecnomus sp.
Chinarrha sp,
Athripsade-s sp.
Trichosetodes sp.
Leptoceridae
Oece f -1s sp .

0.6 1.9
0.5 0.1
00

5.2 0
0.8 0.3
0 1.9

0.2 0.6
0 4.7
0 1.0
00
00nnvv
n 11 I

00

n
0

IQ
.li

(j

0
0
0
0
0
0

n
U

0.4
0

n

U

0
0

1.5
4.4

0
0
0
0

0.4
0.4

0
0

0.1
0
0

1q

n

0

0
0

19.5
0
0
0

i?
0
0

APRL JT]NE SEPT NOV
85 85 85 85

t2.o
0
0
U

0
0
0
0
0
0
0
0

1.8
0

4.4
0

n

0
0

1.9
rt

1.e
0
0

5.9
i.4

0
0

10.7
0

2r ,4
0
0

1.0
2.0

0
0
0
0

nn
0.4 0 ,2
00

24.0
4.4

0
0
0
0
0

,1
n?

l'l \
4,6

0
0
0
0

n

0
n

0

0
0
0
tJ

0

1Q
n,

n

0
0

0
b.6

n

U
n

0
n1
n,l

n

n

14,9

0
0

1!,
0
0

0:l
n1

0
U

1.6
U

0.5
0

n?

U
17

0
0

n

0
U
tl

n)
0

n.)
n

0
0
0

0
0

r.4
0
0

1.5
0

0.7
0

n7
0
0

?l
0

0.1
0.1
0.8
3.8

0
11.0
0.3

0
0
0
0

80
4 20.9

0

4.int
0
U

r6.9
4.7

0
0
0
n
0
0
0
0

n

0

i7.3
0.i

0
0
U

n')
0.1

0
0
0

u.l
0
0
0

0.5
2,8

0
0
0

0.6
0

1

l

l
It

It

I

1,2
3.4

0
0

*1 q

07
n

6.6
20.4

1l
0
0

0
0
0
0
0
0

0
0

i6.9 0.4 i.3 0.7
2.6 0 0 0
0 1.8 0 0
0000
o 2.9 0 0
0000
0 0.4 3.1 2.5
0 0 0.1 0.7
0 0 0.1 0

0.2
0.6

Un')
1.8

0
0
0
0

1.3
0

0.1
0

1')
0nq
0
0
0
0
0

1.0
0
0

0
0.4

0

0.2 3.6
0.2 0
0 0.6
00

,)^
0.1

1n

0
n

0
1.4
n7
0.4

n

0
0
0
0
0

0.9
0
0
A

0.2
23.4

1.2
n.)
1.6

n

U
ln
0.4

0

)1 7
1)t.J
0

n

0
U

0

n')
0
U

0.4
n1u. t

U

0.9
0
0
0

0.9
0
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Table 83. Sabie River at

TAXON
Hydroptila capensis
0rthotrichia barnardi
Catoxyethira sp.
Hydroptilid juveniles
Tri-chopterans
Pyralrdae
Peschetius sp.
Dytiscldae
Noteridae
Hydrophi-1idae
Hydraenidae
Leptelnts sp.
Stenelm:.s sp.
Other elmidae
Tlpulidae
Cu1 1c idae
SrnuJ jurzr spp.
Chironominl
Tanytarsinr
Orthoc ladinae
Cricotopus sp.
Pentaneura sp.
Procladius sp.
Dasyhelea-type larvae
Bezzia-type larvae
Forcponyia sp.
CeratapogoniC:-*'.aae
Tabanidae
Rhagionidae
E:rp j-didae
Yuscidae
Biomphalar fe sp.
EuJrnus sp.
Helanoides sp.
PhY-e oP515 5n.
Ancylidae
Eupera sp.
Corbicula africana
Other pelecypoda
Xenopus sp.
Anuran juveniles

TOTAL NO. OF INDIVIDUALS

Lubye-Lubye. Stones-out-of-current (cont. )

APRL JI.INE SEPT
85 85 85

n

0
r.6
0.7

n
n')

0

0
0

0.2
0

3.5
0
0

1.4
U

3.3
7,4
n7
1(
q1

0
0

l1
0
n

0.4
n

0
0
0

10.2

0
0
n

JAN
86

0
0
0

1q
0
0

0.4
C

0
0
0
0
0
0
0
0
0

2.2
4.7

0
1.5
2.6

0
0

0.7
0
0
n
n

0
0
0
0
0

n
n

1.5
0
0

828 1051 569274,\r41ll1

0
0.i

0
0.i

0
0
0
0
0
0
n
0

0.1
0
0
0
0

oa
4.3
3.5
n1
1.7

0
1.6n?
i.0

n
n1

0
n

0
0
n
n

0.8
r.7

0
0
0

NOV
85

APRL JUNE OCT
85 86 86

L

J

rl

00
00
00
00
00
00
00
00
0 0.3
00
00
00

0
0
0
0

40 .5
11

n
1.1
0.2

0
no

n

n
n
n

0
n

U

u.r
n

0.1

t,7
0

0.1
0.2

0
0

1)
0
0

0.1
0

0,7
U

0
n

0

0
n

0
0

0.9
0.9

0
nq

0

U

0

0
0.1

0
0

0.5
0
0
0
0

0,2
0.2

0
0
0

4.8
11
i.0
i.0
l?
0.1

0
3.1
1.2

n

0
0
0

n1
n

0
nl

0.2
0
0

6.6
0
0

-I
J

-'T
I

I
l
I
I
I
I
l
l
t
I
I

IR

0
0.4

U
i/,

1n ')
/,q
no

n

n1

t6.6
1q

n

0.5

0

0.b
n
n

??
n
n

0.5
0.4
fi)

U

0
0
0
0

19.

0
0
0
0
0
0
0

2.6
n

0
n
n
n
tt
n
n
n
n
n

0

11

n

U

0
0
0

0.4
0
n

0
0
n

U

0
0
n

1.4
on

0
0
0
n

0

8.8
n

0

226

i.)
U

1265
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TABLE 84. PERCENTAGE COMPOSITION OF THE STONES_OUT-OF_CTJRRENT FAI'NA

SABIE RIVER OPPOSITE LISBON ESTATES.

APRL JTJNE SEPT
85 8s 85

JUNE AUG
86 86

FROM THE

OCT
86

TAXON
Hydra sp.
Planaria
Nematoda
Tardi.Brada
Pr-7-q tf ra sp .

Nal-s sp.
Branchiura sP.
Dero sp,
0ther oliSochaetes
Cvclopoid coPePods
Harpactacold coPePods
Pionocypris sP.
StenocyPt fs sP.
Caridina sP.
Hydracarina sP.1
Neoperla sPio

t'Machadorhythus sP,
C e nt ro P t i I um e-TCf -q u-rn

Cent ro-pti-lum t'near excisum"
CentroPtilum f 1a'"'un
Centroptilum nediun t.i=
CentroPtilun vattun - /! "
Cloeon africanun
Cloeon sp,

00
0 0.2
00
00
0 2.0
00nn
00
0 1.0
r.7 0.5
00
0 0.1
00
00

n

0
U

0
0
0

U

0
U

0
0
n

11
n1

n

0

0

i.4
0

0.1
2.5

ln 7

1n
0.5
1n

n

0
n

0
1.0
0.t
1.0
1.0
0
0

0.i
i6.t
n1
0.1
o,7

n

0
n

0
0

1-)Lr)
0

0.1
n

0
i.4
6.h

n

U
n

0
0
0
0

2,2
1.1

0
0

o 2.6
0 0.i

nl n')V.I

0.3 0
0.3 12.2
0.4 0
0 0.i

0.3 0
n11

0.3 0.8
0.7 0
00

0.b 0
PO
0 0.9
00

0.1 0.1
0 0.8

11 t oa < IL-.1

00
00
00

t.1

0
o
0
0

0

0

.8
0
0
n

U

0
0
0
0
0
n
n
U

U

n
U

0

n

0
n
n

n
n
0
0
0
0
n

0
n
n

I

5.1 1.6
0.1 0
00
00
00

0.3 5,2
00
00

1
n

U
tl

a
o

n

U
d

E
H l.l i.e'

00
0.1 0
00

11.5 9.b
0.1 0
00
00
00
00
00
PO

0.1 0.9
00

0.4 0.i
00
0 0.i
00
0 0.9

7.3 5.0
0 1.6
PO

0.1 0
0 0.2

"l 7

1

I
I
I

Pseudocloeon sP.
Baetis giaucus
Baetis q-'-':us
0ther baetid sP. dlag.

rt lt !r ll
tttt

Chot o ter?es sP .
Adenophleblode-q sP.
Castanophlebta sP.
Tricot'ythus " lowve ld"
Austrocaenis sP.
Afronurus sP.
DicerconyzonsP. ^ ;;,"'
Prosopistoma sP, V""'.'-'
Hetacnenis sP.
Allocnenis sP.
Chlorocyplra sP.
Zvgopterans
Gonphidae
Zy-tanvx sP,l
-{nlsopterans
Ge rridae
\otonec lldae
\aucoridae
Conxidae
!{tcronec ta sP.
0ther henliPterans
Aethaloptera sP.
Leptocerus ?schoenobates
-lthripsode-s sP.

qA

n

,/, (

n1
n

0.6
0.b

0
0.9
0.6

n

0
U.J

0
0
0
U

0
0

11 q

n1
n
n

0.1
n

n')
n

0.i 0.? 3.
0.1 0 0
000

0,2 0 1.
000

4.5 0.7 10.
000
000

0.2 0 0
0.1 0 0

2

E)l

.!,

I
I
I

I
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Table 84. sabie River opposite Lisbon Estates. stones-out-of-current (cont.)
APRL JI]NE SEPT JI]NE85 85 85 85

AUG
86

n1
0
0
0

n1
U

n.)
n?
2,5

0
0.1
0,4

0

OCT
86TAXOIi

Tt'ichosetodes sp.
?Barbarochthon sp.
Leptoc eridae
D;tschinus sp.
Hydroptila capensis
Orthotrichia barnardi
Cataxyethl.ra sp.
Hydroptila sp.
Hvdroptilid juveniles
Dryopidae
Psychodidae
Stenelrn:s sp.
0ther elmidae
Staphyllnidae
Slsyridae
Ti-pul idae
Cullcldae
Srmuliu,n spp.
Chironomlni
Tanytars ini.
Corynoneura sp.
Theinenanniella sp.
0rthoc ladinae
Crtcotopus sp,
Pentaneura sp.
Prociadius sp.
Tanypod pulpge
Dasyhelc'-ype larvae
Bezzia-Lype J-arvae
Forciponyia sp.
Ceratapogonid pupae
Tabani-dae
Rhagionldae
E;np idrdae
Yuscidae
Higher dlpterans
Eupera sp,
Corbicula africana
0ther pelecypoda
O re o c h ronis mo s s amb ic us

TOTAL NO. OF INDIVIDUALS

0
0

)1
0

nq
tt {

0
0

)'l
0
0
0
0
0
0
n
0
0

t.2
\e
0.6

0
l5 .4

0
2.7

0

0.6
0

0.1
0

0.i
0
0
P

0.2
0
0

0.6n')
P
0

0.1
0
0

28 ,4
1\ i

U

0

0.5
nl

U

0.1
0
0
0
0
0

0.1
0

1.4
nn

0
0
0
0
0

0.6
0

0.1
0

n1
0.1

0
0.1
0.8

0
0

0.9
0
0
n

0.i
0
0

t.2
o1

0.8
l1

ln
0.1

0
0

2.0
n?

U

U

U

0
0
0
0
0

t.2
0
0
0
0
0
n
U

0
0
0
0
0
0
0
0

8.i
0
0
n
n

0
0
0
0
n

0
0

4
7

6
1J
7

0
0

)
8.

1'l

0
ln

I

0
0
0

0.1 3.5
0.1 5.8n] 1<
00

0
0.1 0
0 9.3
00
00
00
00
00

0.5
n

0.3
0
0

3.6n')
la
0.i
nl

0
0.4

0
U

n1
n
0

n1
0

0.1
0
0
n

n

U
n

U
n-l

n

10.0
22.2

0
0

5.6
0

1..i
0.1

n

0
0.4

n1
n1

0
0

0.1
0

0.9
U

0.i
133 2

0.1

330 2793 95 I t7 41 85
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IABLE 85. PERCEI{TAGE COUPOSITION
RIVER AT }IAMBA.

TAXOIf
Hydra sp.
Nematoda
Pristina sp.
Branchiura sp.
Branchiobdel lidae
Other oligochaetes
Hirudinea
Ce riodaphnia / S inoc ePha lus sP .
Chydorids
Other cladocerans
Cyclopold coPePods
Pionocypris sP . ru'
Stenocypris sp , .Ih'
Hydracarina sp.1 .h'

OT TTIE STOT{ES-OUT-OF-CT]RRENT rROM ITIE OLIFAI{TS

'Pseudat rion nasszaTcum

APRL JI]ITE
85 85

00
0 0.2
00

0.8 0
00
0 0.8
00
00
00
00

9.3 4.7
0 0.7
1.5 0
00
0 0.2
0 3.0
0 3.2

3.5 10.6
52.5 22,9
2.3 0
00
00
00
0 2.1

5.0 9.2
0 1.3

5.8 15. i
0.4 0.8
00
00
0 0.2

0.4 0
0 1.0
00
00

0.4 0
0.4 0
0 0.2
00
0 0.7
0 0.5
00

0.4 0
0 0.5
00

0.4 0
00

1.5 0
00
00
00
00
00
00

APRL
85

0

SEPT
85

r.7
0

2.8
0

5,3
0
0
0

5.4
1.1
8.0

0
27 .6
0.3

0

ocT
85

0.9
0.i

0
0.3

0

AUG
85

3.5
0
0

5.7
0

t,7
21,0

0

3.2
1.0

0
0
0
0

ln
0
n

0
0

1'-)
0
0

0.5
0

1.4
t.2
0

o.7
1.6

0
0
0
0
0
0

12,7
0
0

0.1
0.1

0
0
0
0

0.1
6.8

0
0

0.1
0,2
0.2

0
0
0

0.1
0
0

0.1
0

0.1
0
0

0.6
2.9
0.1

0
0

0.1
0

9.0
1.8
2.7

0
0

o.7
3.2

0
0

0.7
0
0
0
0

1.9
0.1
tl

0
0
0
U

0
0,2

0
0
0

5.3
0
0

0
0.1

^,)
0

0.1
0.1

0
0
0
0
0
0

0.1

19.5
2.O

0
0

ttydracii^ina si. 1 ..ht'Collenbola Ur'
Centroptilum excisun"
Centroptilum "near excisun"
Centroptilum fTavun
Centroptilum nediun 'Vt9

'r'rz1:"i *f;#ff 33,, - r3 uY
CToeon sp.
Baetis bellus
Other baeti-d sPP.
Choroterpes sP.
Tricorythus "lowveld"
AustrocryG sP.
Afronuris sp.

t,7
5.5

0
0
0
0

t.7
0

Pseudagrion sp.
Zytopterans
Zyganyx sp.l
Anisopterans
Gerridae
Notonectidae
Naucoridae
Micronecta sP.
Other hemiPterans
AethaloPtera sP
Cheunat oPsYche thonasse t t
Ecnomus sP.
Leptacerus ?schoenobat es
Athripsodes sP.
Trichosetodes sP.
Leptoceridae
Orthotrichia barnardi
Hydroptila sp.
Hydroptllid juveni-1es
Haliplldae
Peschetius sp.
Dytiscidae
Gyrinidae

I Hydrophilidae
Hydraenidae

o.2
0

0.2
0

2.5
0

0.4
0

0.i
0
0
0

n1

0
n

0.1
U

2.7
0
0

0
0
0
0

0

t.7
n

0
0
0
U

0
0
0

0
12.8

n
0.6
6.8

0
0
0
0
0
n

0
0
0
0
0
0

0.3
0

0.3
0

0.1
0.1

0
n

0.1
0
0

0.1
0
0
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Table 85. Olifants River at l.lamba. Stones-out-of-current (cont.)

APRL
85

69i

JTINE
85

APRL JUNE AUG OCT
86 86 86 86

TAXON
Dryopidae
SteneJmrs sp.
Other elmidae
Cu I ic i-dae
S:.muJrum spp.
Chironomlni
Tanytarsinl
Corynoneura sp.
Orthoc ladinae
Crtcatopu-c sP.
Pentaneura sP.
Tanypod pupae
Dasyhelea-type larvae
Forcipony-t a sP .
Ceratapogonld puPae
Tabanidae
Ephyridae
Muscidae
Lynnophora sp.
Higher dipterans
Bionphalarla sp.
rlorbicuia africana
Other pelecypoda
Fish juvenile
Xenopus sp.

TOTAL NO. OF INDIVIDUALS

0
0
0

0.6
0

22.6
i5.5

1q
9.0
2.0

n1
?q

0
0.1

0
n

0
0
U

0.4
n1

0
U.;

n
nt

0.1
5.9

r7 a

2.7
15.0

0

0.3
0
n
0
0

0.3ql
1.1
n1

0
0.3

0
1.4
n

0
n
0
U

0

00
00
00
00
n1'lU lr,

0.4 0.7
0 1.2

4.6 0.7
1 .5 T4.2
0 3.3

3.5 i.8
1.5 0
1.5 0.3
00
00
0 0.2
00
00
00
00
00

2,3 2,2
00
00
00

0

U.I
0

0.3
0

13.3
8,2
3.4

0

U.I
5,2

19.6
8.5

10.9
0,2
0.3

n
n(
0.1
0.3

0
U
n

0.1
00.3

U

0
U.J

351

n1

0.9
U

0
0

n')
0.5

n

0
0
0
n

0
0

259 598 888 87 1
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TABLE C5. PERCENTAGE COMPOSITION
AT U${BA

TAXON
0ther oligochaetes
Chydorids
Cvclopoid copepods
Pionocyprl.-q sp.
Stenocypris sp.
Cent roptiJu,'l? "near excisun"
-lustrocaen-r..s sp.
:leschna sp.
Phvllonacronia sp.
Gonphidae
)licronecta sp.
Other hemipterans
Trichasetodes sp.
Leptocerldae
Hvdrophpi- 11dae
Chlronominl
Tanytarslni
Dasyhelea-type larvae
!{elanoides sp.
Corbicula africana

TOTAL NO. OF INDIVIDUALS

OF THE SEDIMENT

ocT
86

120 5

FATJNA FROM ITIE OLIFANTS RIYER

tt I

n7
"t ,l

11 .,

()
3.5
7,9

P
P
P

7,4
P

0.1
0.3
n1
1.4

58 .0
0.1
0.1
1.3

T

I
I

I



TA)(oN
Pristina sP.
Other oligochaetes
CeriodaPhnia / S inocePftal us sP'

jionocYPrrs sP.
fcint ro'it i lun i'near excisun"
( Baetis bellus
] ottrer baetid sP. diag.F
) Austrocaents sP.
( TricorYthus"lowve1d"
- Libe l iirt:.aae

Gornphidae
Naucoridae
Micronecta sP.
0ther hemiPteran
Oecetis sP.
HydroPtila caPensTs
Sinuliut sPP.
Chironomini
Tanytarsinj-
CorYnoneura sP.
CricotoPus sP.
Pentaneura sP.
TanyPod Pupae
DasYheJea-tYPe larvae
ForciPamYia sP.
EphYridae
Db I ichoPodlda
Fish juvenlle

TABLE C6. PERCENTAGE COMPOSITIOIT OF TIIE SEDIMENT FATI}IA FROM TTIE OLIFAT{TS RIVER

ABOVE COT{FLUENCE T{ITII fiIE LETABA RIVER.

TOTAL NO. OF INDIVIDUALSF:

APRL
85

4.8
2.7

0.7
8.6
0,7
0.5

34.3
na
nn
0.5
0.3
0.5
U.'
1,|
0,2
0.3

15.6
16.0
1.4
0.2
6.3
0.5
I.4
n1
0.7
0.2nn

583
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TABLE C7. PERCENTAGE COMFOSITION
AT PAFURI PICNIC SITE.

OF THE SEDIMENT FAT]NA FROI'I THE LIIVI.M{U RIVER

JIJNE AUG
85 85

TAXON
Branchiobde 1 lidae
0ther oligochaetes
C e riodaphnia/ S imoc e Pha lus sP .
Cyclopold coPePods
Pionocvpris sP.
StenocyPrl.s sP.
Hydracarina sP.1
Centropti-lum t'near excisum"
Cloeon africanun
Baetis be1lus
Choroterpes sP.
Austrocaenis sP.
Gomphidae
Libe I lulidae
Naucori-dae
Micronecta sP.
Other hemiPterans
Ch euna t o P s,vc he t homas s e t t
Hvdroptila caPensTs
Hydroptilid juveniles
Peschetiu-s sp.
Dyt r-scldae
Simuliun sPP.
Chironoilinr
Tanytarsinr
Corynoneura sP.
0rthoc ladi-nae
CrtcotoPus sP.
Pentaneura sP.
Bezzia-tyPe larvae
!{elarn; )9s sp .
Eupera sp.
Corbicula africana

TOTAL NO. OF INDIVIDUALS

at

1,0
0.5
'l 7

r1
U

27 .2
P

I.U
0.7

10 .4
0
0

no

aa
P

0.3
10 D

P
P
P
P
0
P

u.4
5.E
4.7

P

7.0n1
0

2I .4
1n n

1.6
0

45 .4
0.4
n1

0
4.3

0
U

U
n1

0
0

3.6
11

n
?n

1n
l.u
U.In')

n1
1')
1.6n')

n

1758 2309

I



TABLE Dl. PERCEilTAGE COUPOSITION OF THE VEGETATION FAUNA FROII TEE
CROCODILE RIVER AT GEZABAHLE.

TAXON
Other oligochaetes
Cyclopold copepods
Pionocypris sp.
Hydracarina sp.1

C Baetis bellus
- Gomphidae

Notonectldae
Micronecta sP.
Other heniPterans
Sinuiiun spp.
Chi ronomini
Orthoc ladinae
Ce ratapogonid PuPae

TOTAL NO. OF INDIVIDUALS

#

nov
85

6,2
2,1
6.2
2.1
6.6

34.6
2.6
5.2

18 .5
1.0
2.1
4.6
4.1
4.1

194
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TABLED2.PERCENTAGEcouPgIITIoNoFTHEVEGETATIoNFAUNAFRot{THE
OLIFAIITS RIVER AT }iAMBA.

TAXON
Pristina sP.
Branchiobde 1 lidae
cLriodaPhnia / SinocePhaTus sP 'gvclopoid _coPePodsPianocYPras sP.

- centropiiTun excisun ''
cL it-ro'P t i lun "near exc isun"
CentroPtilun flavun
C e nt ro-P t i 7un ne diun
Baet is g Taucus
oitr"t bletid sP. diae ' t!

t!llllllJ

0the r baetid sPP .

Aus t rocaenis sP .'T;i; 
o ,-vi nu" " 1-owv e 1d "

Elattaneura sP.
Pseudagrton sP.
ZYZoPterans
Ploidne
\ic ronecta sP.
0ther henrPterans
CheunatoPsYche thonassetT
Leptocerus ? schoenobat es
Gvrinidae
HvdroPhi I idae
5i;itu liun sPP.
'Jhr ronorninr
Tanytars].nl
Co r,vnoneufa sP .

0 rthoc I adinae
CrtcotoPus sP.
Pentaneura sP.
CerataPogonj-d PuPae

TOTAL NO' OF INDIVIDUALS

JUNE
85

n1
11
0.1
u.4
0.4
nt

i.0
1.8
0.4

r6.9
13.3
10.2
22 ,3
2.8n?
0.1n')
0.1
0.1
0.4
2.2
0.5
0.1
1.5
n1
<1
4.0
0.i
4,t'
nl
nq
n?
0.8

2030
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TABLE D3. PERCENTAGE COMPOSITIoN OF THE VEGETATION FAUI{A FRot{ THE
LUVUVHU RIVER AT THE WESTERN SITE.

TAXON
Hvdra sp.
PlanaYia
\enatoda
Pristina sp.
-Ya-z.s sp.
0ther oligochaetes
Hirudinea
C e riodaphnia / S inoc epha 1us sp
Chvdori-ds
Cvclopoid copepods
Pianacypri-" sp.
Stenocypt-is sp.
Caridina sp.
Hvd racarina :l . I5P..:
Cent roptilun ttnear excisuin"
Centraptilum flavun
Centroptilun nedium
C loeon africanum
Cloeon sp.
Baet is be I lus
Baetis glaucuso'l"r ba"i'u 

l' 'i'-'iililK

0ther baetid spp.
Choroterpes sp.
-{ustrocaenis sp.

r_.1 f ronur^us sp.
Elattoneura sp.
Pseudagrion sp.
Zygopterans
-{nisopterans
Phy 1 lonac ronia sp .
0rthetrutn sp.
Pantala sp.
lntqnntor2nc

Yesove leldae
Gerrrdae
Veliidae-=
\otonectidae
Pleidae
Faucori-dae
liepi.dae
lic ronecta sp .
0ther hemlpterans
Ecnomus sp.
Leptocerus ?inflatu-s
Leptocerldae
AecetJ-s sp.
0 r t t'to t r i c h i a ba rna rd i
Catoxyethira sp.
Hydroptilid juvenlles
Pyralidae
!{ethles sp.
Pesche ti us sp .
Dvtrsci-dae
Pseudancyronyx sp.
Gyrrnidae

APRL
85

DON.
0
0
0

JUNE
85

MATI.
1.1

0

JUNE
86

lrAl{.
0
P
0
0

AUG
86

MAN.
0
0
0
0
0
0
0

.i

I

-

J

-T$

rg

trr
l

-

I-

.lt

-I

3.8
0
0
n
0

2,7
0

6.9
9.8

0
0
0

1.1
1.1

17 ,2
1.1

0
0
0

0
0
n

0
0.4
5.8nn
n')

n

0
0
U

0
0
U
n

0.2
n

0

0
n7
0.2

1a
n

n')
0
U

0
I.1

0
0

0.2
0.2

0

1.5
0

1.9
n1
0.1
0.5
0.7

0
0
0

0.5

0
0
0
0

7.4
2.8
0,7

20.5
0.2
2.9
2.4

0

0.1
1'.)
0.1
0.5
1L
3.1

8.4
2.0
0.4
0.3

0
n

0
13.6

U

21.5
0

0.3
0
0
0

0.6
P

7,1
0.6

0

0.i
1.1
8.9

0
0
0
0
0

i.1
4.t
0.7

0
0

0.8
n

0
i.4

0
0

4.4
0

1a
0

na
1.9
0.1
0.7
0.5

0
0.3 0.3 0.2
0.4 0.4 0.1
0.4 0.6 0
0 0.1 0
0P0
0P0
0 0 0.4
0 0.2 00 0.1 0
0 1.2 00.7 0.2 0.60P0
0 0.1 00 0.1 00 0.7 0.1

4.0 0.6 3.0
000
0.1 0.1 0.6
0 0 0.3

0.i 0.1 0.2
0.3 P 0.2
0 0 0.2
0P0
0 0.4 00 0.3 0
0 0.7 00,2 r.2 0
000

0.1 P 0.1



l Table D3. Luvuvhu River at

TAXON
Hydrophilidae
Ochthebius sp 

"Hydraeni-dae
Leptelmis sp.
0ther elmldae
He lodldae
Aleocharlnae
Chrysome I ldae
Coccinellidae
Culicldae
.9jnu liun spp.
Chironornlni
Tanytarsinl
Corynoneura sp.
0rthoc ladlnae
Ct tcotopus sp.
Pentaneura sp.
Bezzia-type larvae
Ceratapotonid pupae
Tabanldae
Yuscidae
Anthomy idae
Bionphaiaria sp.
Lymnaea sp.
lle lanoides sp .
Ancylidae
Eupera sp.
Corbicula africana
0ther pelecypoda
Barbus sp.

TOTAL NO. OF INDIVIDUALS

D0N . -DonB adzj-ba
VAN. -Mangovane

the I{estern Site. VeSetation biotopes (cont

APRL JUNE
85 85

DON. UAN.
00
00
00
00

JUNE
85

MAN.
n.)
0.1
0.7

0

AUG
85

MAN.
0
0

0.4 0.
00
00
00
00

3.5 0
0 1.

26.0 10.
0 4.

3.6 1.
5.8 6,
1.8 i3.

tt I

0 0.
0.2 0
00
00
0 0.
AAu u.
00
00
00
0 0.
0 21.

^'rn00

.{

q

n,
n.)

0
0
0

0,2
0

0.6
28.8
7.6'\. /,

r.7
4.4,')
1LI rA
0.1

0
0
0
0
0
n

0
0.1
0.1

0
0
n

0.3
0.3
n1

P
Pn')
P

6.0
0.3
nt

P

n.l
0

0.3
n1

0
0.1
0.1
0.i
nq

0
0
P

447 744 2419 i231

l
I
f
t
I
I
I
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TABLE D4. PERCENTAGE COMPOSITION OF THE VEGETATION FAUNA FROH THELUVUVHU RIVER BELOW CONFLUENCE WITH THE MUTALE RIVER.

JUNE
86

TAXON
Planaria
Pristina sp.
iVa js sp.
0ther oligochaetes
Cyc lopoid copepods
Pionocypr is sp.
Stenocypt'1s sp.
Decapod juveniles

f Centroptilun :nediun
Baet is g laucus
0ther baetid sp. diag

-\ ll [ il rr

' Choroterpes sp.
Aus t rocaenis sp.

'1 Af ronurus sp .'Pseudagrion sp.
Zyeopterans
Anax sp.
An:-sop t e rans
Notonectidae
Pleldae
Nauco ridae
0ther hemipterans
Chinarrha sp,
Leptocerldae
0ecetis sp.
Hvdroptila capensis
Orthot richia barnardi
Hydroptilid juveniles
Laccophilus sp.
Methles sp.
0rectogvr^us sp.
Gyrinj-dae
Troplsternu-c sp.
Hydrophl 1 ldae
Hydraenldae
Dryopidae
0ther elnidae
Coleopterans
Cu1 ic idae
Sirnu liun spp.
Chi ro nomlni
Tanytarsinl
Corynoneura sp.
0 rt h:-ad i na e
Cricotopus sp.
Pentaneura sp.
Bezzia-type larvae
Forcipanyia sp.
Ceratapogonld pupae
Bulinus sp.
Eupera sp.
Corbicuia africana
Anuran juvenrles

0.1
1.6
0.1
u.l

2.7
i.8
0.1
10
0.7
o.7(o
0.1

47,3
n1

0,7
b.1
u.l
1.4
0.1
0.1n')
4,1
0.1
0.1
0.1nr
0.6
2.1n')
nl
0.4
n1

0.1
0.9
1q
0.1
n.l
0.3
0.9
0.4
5.8
0.6
4.4
0.5
2.2
rt'f
n.)
nl
n1
0.1
0.1
1.6
0.1

H

d

I

I
-

-

,
_I

-
-?
J
I

TOTAL NO. OF INDIVIDUALS 1954
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TABLE D5. PERCENTAGE COMPOSITION OF THE VEGETATION FAUNA FROI.i THE
LUVUVfiU RIVER AT PAFURI PICNIC SITE.

JUNE AUG
86 86

TAXON
Hydra sp.
P lanaria
liematoda
PristTna sp.
Nais sp.
Branchlobdellidae
0ther o1j-gochaetes
Hirudinea
C e riodaphnia / S imoc epha lus sp .
Chydo rids
Cyclopoid copepods
Pionocypris sp.
Stenocypris sp.
Caridina sp.,'Cent ropt iloides ?spinulosa
Centraptilun nediun
Cloean africanum
Baetis bellus
0ther baetid sp. dlag.

tt tt tt tl
tt tl

Choroterpes sp.
Tricorythus " lowve 1d"
--lus t rocaenis sp.
Af ronuru-s sp.
Pseudagrion sp.
Zygapterans
Phvllomacromia sp.
Anisopterans
Yesoveleidae
Veliidae
\otonectidae
Pleidae
f auco ri-dae
\epr-dae
Belostomatidae
!'[tctonecta sp.
Cther hernj-pterans
Chinarrha sp.
Le p t oc e rus'l int la t u-s
Ht'droptila capensis
0rthotrichia barnardi
Hydroptllid juvenlles
Pv ra 1 idae
Dvtiscidae
Gvrinidae
ii i'd r \t nae
iivdrophilidae
Steneimis sp.
Staphylinidae
lurculionidae
-cleopterans
-ulrcidae
-i-1..:u I iun spp .

-Srronornlnilanvtai:sinl
- t rvnoneura sp .
-:-thoc ladlnae
I rtcotopus sp.
Fe ntaneura sp .
i, nvpod pupae

0
P

0.8
0.6
0.3
11
0.3
0.1

0
0.3
1.8
'l ')

10.9
0.8

0.5
0.3
t.2
t)
1.3
4.5
0.i

0
0.3

0
11
4.4
1.5

0
P

n1
n')

0

l i.,|

P

n1
0
P

U
n

)1
P
P

u.l
0.2'lo

u.l
P
n

1 0.i
P
P
P
P

0.7
35.5

5 7.0
11.)
8 0.9
8 8.1
7 7.5
4 1.4

0

0.
l.

17 .
0
0
n

0.
P

J1
1.
0.
2.

0
n

U.
0.

0
0.

P
P

0.
P

0.
U

0
n

0
P

0.
P
0
P

0.
0
0
P
P
0
0

r4.
0.(
n
1

0.
P

I
'7

6
H
J
K

tn'l
0

7 1.3
70
3 0.2
11n

P
I 1.0
20
30
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Table D5. Luvuvhu River at

TOTAL NO. OF INDIVIDUALS

Pafuri Picnic Site.
JUI{E AUG
86 86

l0 60 47 50

Vegetation biotopes (co

0 0.9
0 0.3
0 0.3

0.1 0.3
0 0,i

0.1 0.1
PO
OP

0.2 0
0.1 0.2
0.1 0
3.9 0

TAXON
Dasyhelea-type larvae
Bezzia-type larvae
Ceratapogonid pupae
Xuscidae
Lynnophora sp.
Bionphalaria sp.
Bulinus sp.
Lymnaea sp.
He lanoides sp .
Ancy I ldae
Eupera sp.
0ther pelecypoda

[l
q
q
t.,

t.-

L-

L-

L.

L-

t_

t_

t:
L:

q
l-
Il
I
I
L-

t"
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TABLE D6. PERCENTAGE COMPOSITION
RIVER ABOVE CONFLUENCE

TAXON
Hydra sp.
P 1 anarla
Cyc lopoid copepods
PionocyprTs sp.
fla js sP.
0ther ollBochaetes
Caridina sp.

r-C e nt rop t i lun excf sum
\ Eaetjs bellus
\, Cloeon af ricanun-, ChoroterPes sP.
" Austrocaenis sP.
..Af ronurus sP.
Pseudagrion sP.
Zygopterans
Anisopterans
Be lastomatldae
P 1 eiidae
Iticronecta sP.
0ther hemlPterans
Leptocerus ?infiatus
Leptoceridae
Aecetis sP.
Hydroptila caPenst s
Orthotrichia barnardi
Hydroptllid juveniles
Laccophilus sP.
0chthebius sP.
Hyd raenldae
Psephenidae
ltethles sp.
Hvdroblinae
Hydrophilidae
Chrysome lidae
Scionvzi-dae
Cu 1 ic idae
Srrnuiiun sPP.
Chironomlnt
Tanytarsini
CorynoneuIa sP.
0rthoc ladlnae
Cricotopus sP.
Pentaneura sP.
Tany-qd puPae
Bezz.1.--tYPe larvae
ForcipanYia sP.
CerataPogonid PuPae
Yuscidae
Bionphalaria sP.
Ancvlldae
TOTAL NO. OF INDIVlDUALS

OF THE VEGETATION FAUNA FROU THE ilUTA
WITH THE LUVUVHU RIVER.

AUG
85

0.7
3.0

14.3
29 ,6

1.1
1.7
0.5
0.3

11,1
7.2
0.1
4,7
nl

0.1
1.6
0.1
0.2
0.2

P
1.1
1.1
0.1

P

2

1

()

I
o

6
q

4

J
6

I

l

3
1

1

0
0
I

0

0
0
0

0.
1.
0.

nr
P
P
P

0.
0.
0.

P
n

0.
4.

2,
4.
1

1.
n
n
U.

P
n
n

2441



IADLE EI" DIATOU FLORA FROU THE

GEZABAHLE
Achnanthes exitua
A. miautissina
Anphora caPulata
A. holsatica
CaToneis bacilTun
C. baciTTun var. inflata
C. nolaris
C. silicula
Cocconeis Pedicufus
C. placentula
CycloteITa atonus
c. tuet zintiana
C. nenethiniana
CynbeTla kaPPii
?raeiTTaria fonticola
Gonphonema Parvulum
fravicula tretarta
lY. ninina
f,. rosteTTata
il': silinarun var, intermedia
il. schroeteri
JV. tene 17a
il. tenera
tf . vandanii
fl. veneta
Eitzschia agnita
tr. archibaldii
lll. tandersheiniensis
l\f. inconsPicuun
lll. internedia
lll . Tacuum

lY. linearis
,lll. abtusa
iY. palea
lY. tatda
PTeurositna salinarun
Synedra ulna

CROCODILE RTVER.
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Table Bl (cont.)

NGOIIDTIf,I
Achnanthes exitua
A. ninutissiaa
Anphora holistica-Eo'cioniis placentula var. euglyPta
C. scutelTun
CvnbeTTa kaPPii
Eo'iinoii^t lntricatum var. puniTun
G, parvulun
G. subc Tavatum
NavicuTa crYPtolYra
rY. minima
ff. pseudohaloPhila
rv. rostellata
If. teneTla
iV, vene t a
Nitzschia anPhibia
rY. apiculata
il. inconsPtcua
/V. linearis
iY. palea
Pleurosigna salinarun
Synedra tabuTata var. Parva
5. uina

-t-
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TABLE F.2. TNE DIATOU FTORA FROH THE

LUBIE-tUBTE
Acanthea lanceolata
A. ninutissima
Capartot ranna c ruc icu L a
Cocconeis placentuTa var. eutlypta
C. scut e17a
Cynbella tracilis
C. kappii
C, kolbei
C. ninuta
FragiTaria fonticola
F. f ragilarioides
Gonphonena clevei
G. parvulun
Melosira varians
Navicula c rYPtocePha 7a
iY, tretaria
lV. leptost riata
AI. rostelLata
rV, salinarun va}.. internedia
il. schroeteri
rY, tenelToides
rV, tenera
lV. vandamii
Nitzschia dissiPata
rV. Tinearis
rV. oliffii
rV, palea
Synedra ulna

SABIE RIVER.
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Table E2 (cont. )

OPPOSITE LISBOI| ESTATESAchnanties lanceolata
A. ninutissina
Cocconeis p lacentulaC. scutetlun var. parva
CynbeTla kolbei
C. ninuta
C, naviculi fornis
Gonphonena cleveiG, parvulum
G, subc Tavatum
Gy rosigna rautenbachiae
Navicula atomus
rY. capitata
rY. e ryptocephala
fl. tretaria
rV. leptostriata Lange-Bertalotfl, rosteTlata
N,salinarun var . intermedia
iV. schtoeteri
rY, submolesta
fl, teneTLa
N. tenera
fl. twymaniana
N. vandanii
lt. zanoni
Nitzschia acicuiaris
.Y. agnita
.V. drss ipata
rY. I inearis
tr. palea
.Y. rufitorrentis
Synedra ulna
Suri reI 1a atonus
S, ovata



IAILE E3. TEE DIATOH FLORA FROT.T TUE OLIFATfTS

I^{BA
Achnanthes ainut issina
CaToneis baciTTun var. inflata
Cocconeis pediculus
C. placentula var. euglypta
Cyc Iote 1 1a nenethiniana
C. pseudostellitera
CynbeTla kolbei
Diatona vultare
Gomphonema parvuTun
lleTosira varians
fravicula cincta var. Teptocephala
fr. cryptocephala

lv. rostelTata
lY, schroeteri

Ilit zschia anphibia
lV, apiculata
iV. frus tulun
,lV. inconspicua
IV. quadrantular
il. Tacuum
lV. liebetruthii
Synedra ulna

RIVER.



t$lc E3 (cont) --iiSii Eodiuiiis rrm rEE LSTABA RrvER
ichnanthes exigua
-f,rlohora c7abanPhota
A.- holsatica
iaToneis baci-7 7un
Gicconeis Pediculus
li-i7;;Antula var . eusrYPta
CycToteIIa atonus
C. senethiniana
i-rasilalia fonticala-confthonena ParvuTum
lleTosira granilata va{' antustissina
i;;i;i7; -cinciZ- iir ' TeytocePhata
U. decussis
l. eitinensis
l. recens
l. rosteTTata .n. schtoeterlL
tr. teneTla
f,. veneta
iitzschia atnita
n. aPiculata
n. frus tulum
tr. lrust edti.ana

fl. lacuun
f,. Tevidensis
II. Tiebet ruthii
t. microcePhala

tr. Paleafl. siTiqua
thtlZii-i o s i, " w e i s s f 7 o s i i

I

I

I
'l
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IABTE EA. IEE DIATOH TLOBA FBOH TEE LETABA RIVER.

ADOYE COiFLUEf,CE TITE TEE OLIFATTS RIVER
capattogramma crucicula
Cocconeis scuteTlun var. Parva
CyabeTTa kappii
Diploneis subovalis
FragiTaria sP.
flavlcuia cincta var. leptocephaTa
fl. elginensis
fl. tretaria
n. teneTTa
rY. tenera
rY, veneta
Ilitzschia hungarica
N. siliqua
Rhopalodia eibba
R. gibberula

-'\-\
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IABLE E5. THE DIATO}T FLORA FRO}T TEE LUVUVNU RIVER.

BELOY COrFIUEI{CE YITn THE I'IUTALE RMR (frorn silt at the edse
the river)
Achnantfies ninutissina
cocconeis pTacentuTa var' eutTyPta
Gyrosigna kutzineii
NavicuTa c ryptoc ePha 7a
rY. rosteTTata
rV. tenera
Nitzschia sp.
Pinnularia mesoTePta

BELOH COTfFLUEI{CE flITN THE MUTALE RIVER ( f TON f TCShWAtET POTif CTA

under rock in current)
Achnanthes Tanceolata
Cocconeis placentula var. eutlyPta
CyclotelTa stel Titera
Gonphonena ParvuTun
Navicula c rY?toc ePha 7a
/Y. rosteTlata
rV, schroeteri
rV. tene T Loides
lV, tenera
rY. sp.1
lV. sp.2
Nitzschia dissiPata
/V. palea
Stauroneis obtusa

of



IABLEE6.TaEI}IAtol{FLoRAFR0I|TtrEHUTALERIVEB.
AI DRIFT
fianinltes ense lbrechtii
A. minutjssjlra
ZZpirto e-ramma cruci cu 7 a
cocconets Pl acentuTa v4f' eugTypta
bvc lot e 7 7 a- me neghiniana
Cvnbella kolbei
iraeiTaria fonticola
F. vaucheriae
byrosigna kuet zineii
*|vicu7a elginensjs
trl. tretarian. heinansii
lll. ninina
ll, rost e7lata
tr. teneTToides
rlY. tenera
f,. veneta
Eitzschia atnita
iY. archibaldii
ll. c Tausii
lY. dissiPata-..
lY. liebetruthtL
lY. oliffi
1ll. palea
lt. tutitorrentis
Suri relTa ovata
S. tenera

*



NEMERTEA

NEUATODA

TARDIGRADA

ANNELIDA

Oligochaeta

Naididae

CRUSTAQF+_

Cladocera

TABLE F. TAI(I)NOITIIC LI$T OF ORGAIYIS}IS RECORDED.

ct-[ssIFrCATIot{

COELENTERATA

NAIIIE USED IlI TABLES

Hydra sp.

Prostona sp.

Nematoda

Tardigrada

Pristina sp.

rYais sp.

Dero sp.

Aulophora sp.

other nalds

Branchiura sp.

other tublficids
Branchiobdel lids
other oligochaetes

Placobdel.la sp.

other Hirudinea

Bosnina longirostris
C e ri o daphni a / S ino c epha 7 us

Daphnla sp,

Diaphanosona sp.

Macrothrix sp.

Chydorlds

other cladocerans

Tubificidae

Branchiobdel lidae

other oligochaetes

Hirudinea

Hydra sp,

Prostona sp.

Pristina sp.

fais sp.

Dero sp.

Aulophora sp.

other nalds

Branchiura sp.

other tubificids

Placobdella sp.

other Hirudinea

Bosmina lontirostris (a.F,M. )

Ce riodaphnia / S inoc epha lus sp .

Daphnia sp,

Diaphanosona sp,

l,{acrothrix sp.

Chydorids

other cladocerans
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Copepoda

0stracoda

Decapoda

HYDMCARINA

INSECTA

Co 1 lembo la

Plecoptera

Ephemeroptera

Po lvmltarcvidae

Baetidae

Cydopoid coPePods

Harpactacoid copepods

Stenocypris sP.

Pionocvpris sP.

other Ostracoda

Caridina sp,

Decapod juveniles

Crab

Hvdracarina sP. I

Hvdracarina sP.2

Neoperla spio lNewman)

Ephoron sp.

Povilla adusta Navas

C ent rap t i 1 oides bif asc iatun
(E,-P. )

Cent roqt i loides i'sP inulosa
( Demoul in )

C ent rop t iJ urn excj-qun Barnard

Centroptifum ' near excisum'

Centropti lun f lavun Crass

Cent ropti lun nediun Crass

Centropti lum variun Crass

Cloeon africanun ( E.-P. )

Cydopoid copepods

Harpactacoid copepods

Stenocvprls sp.

Pionocypris sp.

other Ostracoda

Caridina sp.

Decapod juveniles

Crab

Hvdracarina sp. I

Hvdracarina sP.2

Collernbola

Neoperla spio

Ephoron sp,

Povilla adusta

C e nt rop t i loides b i f asc iatun

C ent ropti loides ?sPinu losa

Centroptilun excisun

Cent roptilum' near excisunt

Centropt,ilun t lavun

CentroptiTun mediun

Centroptilun varzun

Cloeon africanum

-
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Cloeon I longtoes'

Cloeon sp,

Pseudoc Toeon maculosum Crass

PseudocToeon vinosura Barnard

Pseudocloeon sp. A. Kimmins
19s 5

PseudocToeon sp.

Baetis bellus Barnard

Baetis tlaucus Atnew

Baetis quintus Agnew

Baetis (Acentrella) sp.

Afrobaetodes berneri Denoulin

other baetid sp. dlag. A

ttc

ttD

F

lf 
^

,u

H

"J
ttK

other baetid spp.

Baetid juveniles

O ligoneuriopsis e I i zabethae
Atnew

ETassoneurr.a sp.

Afronurus sp.

Cloeon r longtoes r lle.,noql;-.*cr

CToeon sp.

Pseudoc loeon nacu losun

Pseudocloeon vinosun

Pseudocloea, sp. A. Klmrnins
195 5

Pseudocloeon sp.

Baetis bel7us

Baetis glaucus

Baetis quintus

Baetis (Acentrella) sp,

Atrobaetodes berneri

other baetid sp. diag. A

ttc

ttD

ttF

ttG

H

J

K

other baetid spp.

Baetid juveniles

Oligoneuriopsis e lizabethae

Elassoneuria sp.

Afronurus sp.

Adenophlebiodes sp.

Castanophlebia sp.

Choroterpes sp. (7

Masharikella sp. /
t T,.r-u-*L^rl: '

T

Ollgoneuriidae

Heptageniidae
lFF=trir

Leptophlebiidae

Adenophlebiodes sp.

Castanophlebia sp.

Choroterpes sp.

Masharikella sp.



Tricorythidae

Tricorythus "lowveld"

Hachadorythus sp.

Dicerconvzon sp.

Prosopistomatidae

Caeni.dae

Prasopistoma sp.

Austrocaen-rs sp.

Tricorythus "lowveld"

Machadorytfius sp.

Dicerconyzon sp,

Prosopistona sp.

Austrocaenl.s sp.

[!
(
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Odonata

Zygoptera

An1soptera

Elattoneura sp.

Allacnenis sp.

Metacnenis sp.

Chlorocvpha sp.

Pseudatrion nassaicum
S jiistedt

Pseudatrion sp

Enallagna sp.

-fschnura sp.

Paragonphus sp.

Gonphldae

Ai?ax sp.

Aeschna sp.

Phvl lonacro.m-?a sp .

orthetrun sp.

Crocothenis sp.

Swpetrun sp,

Zvgonyx sp.

Pantala sp.

Libellulid sp.1

Llbel lu1id

Elattoneura sp.

Allocnenis sp.

Metacnenis sp.

Chlorocypha sp.

Pseudagrion nassaicun

Pseudatrion sp.

Enallagna sp.

-Ischnura sp.

Paragonphus sp.

Gomphldae

Anax sp.

Aescina sp.

Phltl lonacrom-,a sP.

Orthetrum sp.

Crocotheni-c sp.

Svnpetrun sp.

Zygonyx sp,

Pantala sp.

Libellulid sp.1

Li-be1lu1id
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Hemlptera

Hebridae

Mesoveliidae

Gerridae

Veliidae

Notonectidae

Pleidae

Naucorldae

Nepldae

Be lostornatidae

Corixidae

Micronecta sp.

Other hemipterans

Trichoptera

Hvdropsychidae

Rhagovelia sp.

Sphaerodena sp.

Aethaloptera sp.

Anphipsvche scottae Kimmins

Cheunatopsycfie'afra' type

Cheunatopsyche' thomasseti I

type

Dip lectroninae

Chinarra sp.

Ecnonus sp.

Psvchonyiellodes sp.

Athripsodes sp.

Leptocerus ?infiatus
Leptocerus ?schoenobates

Pseudoleptoceru-< sp.

Oecetis sp.

Hebridae

Mesoveliidae

Gerridae

Rhagovelia sp.

Notonectidae

Pleidae

Nauoridae

Nepidae

Sphaerodema sp.

I'licronecta sp.

Other henipterans

Aethaloptera sp.

Anphipsvche scottae

Cheunatopsyche afra

Cheunatopsyche thonasse t i

Diplectroninae

Chinarra sp.

I'cnomus sp.

Psychonyiellodes sp,

Athripsades sp.

Leptocerus ?inflatus

Leptoc e rras ?schoenobat es

Pseudoieptacerus sp.

Oecetis sp.

Phlloptamldae

Ecnomidae

Leptoceridae
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Trichosetodes sp.

Sp. cf. Barbarochthon

Psychoroyildae

Lepidostomatidae

Dvschinus sg.

Hvdroptllidae

Hydropti la capensis Barnard

Hvdroptila sp.

catoxyeth-r,ra sp.

Arthat richia barnard: Scott

Hvdroptilld juveniles

other trichopterans

Lepidoptera

Pyralldae

Coleoptera

Dyliscidae

Laccophilus sp.

ffeth.les sp.

Peschetius sp.

Ha11p 1 ldae

Gvrinidae

Hydrophlli-dae

Orectogyrus sp.

?Tropisternu-s sp.

Ochthebius sp,

?Helichus sp.

Leptelnis sp.

Stenelnis sp.

Pseudancyronyx sp.

other Ehnidae

Trichosetodes sp.

?Barbarochthon sp.

Psychonyildae

Dvschimus sp.

Hydroptila capensis

Hydraptila sp.

Catoxyethira sp.

Orthotrichia barnardi

Hvdroptilld juveniles

Trichopterans

Pyralldae

Dytiscidae

Laccophilus sp.

MetftJes sp.

Pescfietjus sp.

Haliplldae

Orectotyrus sp.

Hydrophi I idae

Tropisternus sp.

Ochthebius sp.

Psephenidae

Helrcfius sp.

Leptelnis sp.

Stenelmrs sp.

Pseudancyronyx sp.

other Elmidae

fF{qaenidae

Psephenidae

Dryopidae

Elmidae
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He lodldae

S taphy 1 lnldae

Al eochari_nae

Chrysome 1 ldae

Curcullonidae

other coleopterans

Diptera

Tipulldae

Psychodidae

Cullcldae

S lnuliidae
Chi i:onomi-dae

Chlrononlnl

Cht-rononu-" sp,

C r.v p t oc hlJ^onor?u-s sp .

Tanytarsini

0rthoc ladrinae

Crtcotopus sp.

Corvnoneura rqp.

Thienetnanrlrel Ja sp .

Tanypodinae

Pentaneura type I

He lodidae

Al eocharinae

Chrysonelidae

Curcul ionrdae

other coleopterans

Tipulidae

Psychodidae

Culicidae

S i.;nul iidae

Chrrononlnl

Chirononus

Crvptochironomus sp.

Tany tai-s inr
0rthoc ladrnae

cricotopus sp.

Cot^ynoneur^a sp.

Thienenannlella sp.

Tanypodrnae

Pentaneuta type I
Pentaneut.: type 2

Pentaneutz type 3

Pentaneur^a type 4

Pt- tsc ladiu-\- sp .

Bezzia-type larvae

Dasyhelea-type larvae

Fo rc iponyl.a-type larvae

S t ratiomyi j_dae

Tabanidae

Rhaglonldae

Ephy r idae

tvpe

t ype

type

qn

I

3

Proc I adius

.d
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Ce rat opogonidae

S t t'at 1ony11dae

Tabanidae

Rhaglonidae

Ephyridae

Bezzia-type larvae

Dasvhelea-type larvae

Fo rcipoillvia-type larvae



Enpididae

Muscidae

Anthomyildae

Linnophora

Dollchopodidae

higher dlpterans

Dipteran puparla

}OLLUSCA

Gastropoda

Cnisus sp.

Bionphalarja sp.

Bulinus sp.

Lvmnaea sp.

Pfi_vsopsis sp.

Melanoides sp.

.4nc.vJus sp.

' Ferrissia sp.

other Ancvlidae

other Gastropoda

Pelecypoda

Corbicula africana

?Eupera sp.

other pelecypoda

PISCES

' Anguilla sp.

BarDus sp.

Chiloglanls sp.

Oreochromus mossanD:cus ( peters )

Flsh juvenlles

ANURA

.{enopus sp.

Anuran juveniles

Enpididae

Muscldae

Anthomyiidae

sp. Linnophora sp.

Do llchopodidae

higher dipterans

Dipteran puparia

Anrsus sp.

Bionphalaria sp.

Eulinus sp.

Lynnaea sp,

Plrysopsis sp.

Melanoide,s sp.

Cnc.ylus sp.

Ferrissra sp.

other Ancylidae

other Gastropoda

Corbicula africana

Euperz sp.

other Pelecypoda

Aneuilla sp.

Barbus sp.

Chiloelanis sp.

Oreochronus mossambicus

Flsh juvenlles

Xenopus sp.

Anuran juveniles.
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