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SUMMARY

Some of the important features of Lake Kariba have been summarized, together 

with a description of the areas studied, the geology of the southern shore, 

the climate of the middle Zambezi Valley, and lake level fluctuations,

Standard methods were employed to co llec t the samples and the following parameters 

were measured: temperature, dissolved oxygen, water transparency, water depth, 

e le c tr ica l conductivity, to ta l a lka lin ity , calcium, magnesium, ortho-phosphate, 

n i t r i t e ,  suspended solids, photosynthetic pigments, and algal counts. Replicate 

counts were made on a selected algal sample to te s t  the accuracy of the method,

A f ie ld  vacuum pump is  described.

(The thermal properties of the selected areas are described, with comparisons, 

as well as the ligh t penetration into the water. The dissolved oxygen cycles 

are also discussed and compared with the temperature patterns. The water 

quality  in  space and time is  discussed; i t  showed almost no annual pattern at 

low concentrations.

The lake is  oligotrophic as hydrogen sulphide is  hardly ever recorded in  the 

deep waters a t Kariba, and was absent in  the hypo3Imnion of the Mwenda Basin,

The standing crop of algae was very low in  a l l  lake samples# although two 

blooms were recorded in the Mwenda River, The Mwenda Basin maintains an almost 

homogeneous standing crop from the surface to the thermooline. The algal 

densities of the lake samples were a l l  low, but the generic d iversity  was high, 

which is  indicative of an oligotrophic, mature tropical ecosystem. Selected 

samples were submitted for detailed diatom analysis, and a preliminary species



vii

l i s t  compiled. The generic frequency.of a l l  recorded organisms was calculated 

and the ecolig ically  and taxonomically important genera presented. The post 

turnover algal bloom is  discussed, together with the composition of th is 

population. Finally, the effect the Kwenda River flood has on the lake ecosystem 

is  examined.
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INTRODUCTION

Lake Kariba was formed when a dam wall was bu ilt across Kariba Gorge, creating 

one of.the  largest man-made lakes in the world. Inundation of the middle 

Zambezi Valley began in  1958 and was completed in 1965. The lake is  geo­

graphically located between la titude  16° 301 S and 18° S, and longitude 27° B 

and 29° E. The long axis is  approximately north east to south west, forming 

part of the natural boundary between Rhodesia and Zambia (Figure l ) .

Lake Kariba has a dendritic shoreline and is  characteristica lly  divided into

fiv e  main basins, separated by narrows or chains of islands (Cache 1968): 

B1 The Sebungwe-Mlibizi Basin, between the Seburgwe Narrows and 

the Devil's Gorge,

B2 The Binga Basin, between the Chete Gorge and the Sebungwe 

Narrows,

B3 The Central Basin, between the Sibilobilo Narrows and the 

Ghete Gorge,

B4 The Kariba Basin, between Kariba township and the Sibilobilo 

Narrows, and 

B5 The Sanyati Basin.

Some important characteristics of Lake Kariba are:

Area 4450 km1'

Length 280,3 km

Maximum width 64,0 km

Mean width 20,0 km

Maximum depth  ̂ 128,0 m

Mean depth 29,0 m
’3Storage capacity 160,0 km

Water retention time 3,8 years



Mean operating level 484,63 m.a.m .s,l, 

37,6 km̂  p .a .

832 200

Mean flow of the Zambezi River

Area of drainage basin

Thickness of dam wall 24 m

Maximum hydroelectric output 1 500 H.W.

During the early stages of impoundment the lake exhibited typical eutrophic 

ch arac te ris tic s , caused by flooding of te r re s tr ia l  so ils  and decay of plants 

and animals drowned by ris ing  lake waters. About twenty per cent of the 

to ta l  lake area was cleared of vegetation for fishing grounds prior to 

flooding. This m aterial was burned, adding considerably to the trophic 

status of the water. By 1968 the eutrophic characteristics were fa r  less 

evident, and by 19'72 the lake was oligotrophia, This reverse in  trophic 

sta tus was because the in i t ia l  nutrients were incorporated into c e ll mass 

(phytoplankton) and, following the death of the biomass, sedimented into the 

bottom muds. Also, the Zambesi River, which supplies by fa r the greatest 

quantity of water to the lake, is  very poor in  nutrients and low in s i l t  

load (Mitchell 1969)* Large quantities of the early nu trien t-rich  water 

was lo st to the dam through the sluice-gates and turbines at the dam wall. 

Along the shoreline the r ise  and f a l l  in lake level causes nutrients to be 

released from grass and dung there (McLachlan 1971) and - ear river mouths 

flash  floods deposit nutrients and s i l t  into the 'in* *>, maintaining possibly 

meao-oligotrophy in these localised areas» The „ropbie status of the lake 

waters w ill remain in  flux un til equilibrium is  reached.

The aims of th is  study wore to  investiga te  the physical and chemical 

properties of selected areas of Lake Kariba# and to  determine the nature 

of the a lg a l .population composition in  time and space. I t  was a lso  

intended to  investigate  the diatom flo ra  of selected samples and to
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L a k e  K a r ib a .

^  fB3

km

Le ge nd.

■“(•SeUUfnentt.
B3 Lake  B u s i n s ,

Figure 1: Map of Lake Kariba showing the location of the sampling areas (A = 
Mwenda Elver and Mwenda River mouth, B = Mwenda Basin, C = Mujery, 
D =i Sengwa River mouth, B s  Mlibini River mouth).

compile a prelim inary species l i s t .  The influence of r iv e r  flooding (Mwenda 

River only) on the lake 'h ab ita t was to  be studied fo r  a t  le a s t one of 

the many floods which occur during the rainy season.

1,1 DESCRIPTION OF THE SAMPLING- AREAS

1.1.1 The Mwenda River System

The Mwenda River system has three separate habitat types:

1.1.1.1 Mwenda River

The Mwenda River (Figure 2) meanders through Karroo 

Sandstones and G rits. The banks of the river are steeply 

shelving with many c l i f f  features; wide sand banks occ­

ur on the riv e r bends and in  many places the riv e r has



Lake

River Inf low,

Rocky,
s a n d .
P o o l s .

200m

Section of the Mwenda River showing the routine sampling stations, 
the weir s i te  and the point of river inflow into the sheltered 
region of the Mwenda River mouth.

eroded fa ir ly  deeply into the geology. The river bed is  

generally saniy with rapids occurring frequently.

The te r re s tr ia l  vegetation of the Mwenda River catchment is 

mixed dry woodland (Henning 1971, Pers. obs, 1971, 1972), 

although Wild and Fernandes (1968) have described th is  area 

as Colonhoanermum morsane Leon -  dominated woodland. No 

typical gallery vegetation occurs except in  a few isolated 

areas, The aquatic vegetation is  v irtu a lly  non-existent 

except for some Phragmitea Adana, stands in sheltered areas 

away from the main riv e r flow.



During the rainy season (Noveni - to April) the river carries 

into the lake fa ir ly  high s i l t  and nutrien t loads. River 

flow does, however, depend on localized thunder storms 

causing rapid fluctuations in  river level (see River Floods 

ihg section below). During the dry season (May to October) 

the river is  reduced to a series cf pools, most of which 

contain water throughout th is  dry period.

Sampling station  1 has steep banks with many shade trees, and 

a complete Salvinia molesta D.S. Mitchell mat when the river 

is  not in flood. Stations 2, 3 and 4 have fa ir ly  steep banks 

with associated sand banks and rocky patches, and are well 

exposed, llo aquatic macrophytes are present.

,2 Mwend a River Mouth

The Mwenda River mouth (Figure 3) generally has a rocky 

coastline of large blocks of Karroo Sandstones and Grits 

(armoured coastline, McDaohlan 1960). Beaches and shallow 

shorelines occur in  many places generally associated with an 

abundance of dead trees, the species of which have been 

reported by Mclachlan (1908) and MacDonald (1971).

The floating  aquatic vegetation.is dominated by Salvinia 

Seguier which occurs in sheltered bays and between the dead 

trees* The presence of "sudd" is  very lim ited, but isolated 

mats occur in  sheltered bays where Oyperaceous elements have 

colonised the Salvinia mate* When the Mwenda River floods, 

most of th is  vegetation is  swept out into the open bay water,
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Lake Kar iba,

km.
Inflow

Figure 3 i Map of the Mwenda River mouth anv-ing sampling stations along 
the drowned river bed (1 -  .it- gauging weir, point of 
river inflow, and the Nuffield I f -  Kariba Research Station 
(RS) are also shown,

where i t  is  destroyed h:. v , ; Lon, contributing large

amounts of de tritus *«, vat'..r,

I'he submerged aquatic vegetati ,, oears to be on the ins

crease (Bowmaker 1970) as large stands of Ceratonhyllum L. 

and Laaeroslnhon Harv* are exposed when the lake level 

rec^'1 •* fhe ecology of these genera in Lake Kariba has 

yet to be properly investigated.

Sampling stations 1, 2 and 3 are in  the narrow upper reaches
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of the river mouth.. These areas are sheltered from the north 

and east by a steep rocky ridge, and not exposed to the pre= 

vailing  north easterly  wind. The daily period of sunshine 

Oii. the water is  also less here than for the other four stations.

Stations 4 and 5 are in the transition  zone between the 

sheltered stations and the open bay region (sta tion  6).

Feat* -as of these two stations are the large number of dead 

trees lining the shore, and exposure to the prevailing ele= 

meats.

Station 6 is  in  the open Mwenda Bay area, sheltered to some 

degree by the two lakeward islands (Christmas and Elephant 

Islands), Station 7 lie s  ju s t beyond the tree line  o ff th is 

island chain and is  exposed to a l l  the prevailing elements of 

the lake.

1.1.1.3 The Mwenda Basin

This sta tion  is  situated 6 km north West off the Nuffield 

Bake Kariba Research Station (Figure l)  . I t  is  subject to 

typical exposed open water conditions, and the water has a 

depth of more than 40 m.

1.1.2 The Sen my a River Moutn

The drowned river mouth of the Sengwa River is  approximately 16 km 

from the point of river inflow a t station  1 to the open bay water at 

sta tion  7. This system overlays fine sandstones, which uus resulted 

in  h illy  topography with many islands and a dendritic coastline (Figure 4).
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Piguye 4 t 'rhe Sengwa Elver mouth, showing rouiino fwtmiil lug n I," l-l nriii /ilutig I hr# 
Irovaied, riv e r hed, Note the dondrltlo iwituro or the fil'ivrslinw, 
Saivinia moleata "sudd*1 mats oeour in prafiW'Jfni bntooon ot«f4mi« i 
and 4; from sta tion  4 to the open water the ohorm'ilho »rifl winy of 
the sheltered bays are oolonlwed, Th« btmm It no in the drowned 
river bed,
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Figure 4: The Sengvre. River mouth, showing routine sampling stations along the 
drowned river bed. Note the dendritic nature of the shoreline, 
Salvinia molesta "audd" mats ocoxu1 in profusion between stations 1 
and A; from sta tion  4 to the open water the shoreline and many of 

he sheltered bays are colonised. The broken line  is  the drowned 
river bed*



Due to the meandering nature of the old riv e r bed, many shallow 

shelving areas occur on which the stumps of dead trees remain. These 

act as anchors for the floating  aquatic macrophyte:.',. Most of the 

sheltered bays are covered by Salvinla molesta. and from stations 1 

to 4 the drowned river mouth is  almost completely colonized.

These stable Sajvinia mats are a suitable substratum for the growth of 

other vascular plants, forming "sudd" mats (Mitchell 1969a). The 

stoloniferous reproductive nature of these "sudd" plants aids in  

binding the g_alyinia into islands of varying size and s ta b ili ty .

Wind action onuses p a rtia l break-up of these mats, and the drowning 

of many plants by wave action. This d e tr i ta l  material sediments to 

the bottom muds. Details of the species constituting these floating  

macrophytes and th e ir ecology are presented by Mitchell (i960, 1969) 

and Mclachlaii (1968).

3 Mu.iery Area

The Mujery area (Figure 5) has a very shallow sloping topography from 

the coastal plains towards the old Zambezi River course. The coast= 

lin e  varies, due to the fluctuations in  the lake level. Prior to 

inundation, much of th is  area was cleared of .woody vegetation to 

provide a fishing ground when the lake formed. This area was invest*

,igated to  assess the d ifferences between the swampy Inshore areas where 

no tree s  had seen cleared (tran sect 1, s ta tio n  1-3, s ta tio n  4 is  included 

fo r  comparison with the open water ) , and ah area cleared of tree s  

(transep t 2, s ta tio n  5-7, with s ta tio n  8 included fo r comparison with 

the open water ) .

Both s ta tio n s  1 and 5 are in sheltered  bays where wave action  is  reduced 

by the rooked macrophytic vegetation* At s ta tio n  5 % small stream



km

Figure 5 : Map of the Mujery coastline showing the offshore transects, with 
the routine sampling sta tions. The shaded area was not cleared 

' of the orig inal bush fo r fishing grounds. es Fishing camps.

en ters the lak e , As the distance increases from the shoreline along each 

tran sec t l in e  (sta tions 1-4 and 5-8 ) the degree of exposure and wave 

action  increases

1.2 GEOLOGY OF THE SOUTHERN SHORE!

Lake Kariba is  orientated roughly north-east to south-west, The lake lie s  

in  an asymetrically folded syncline running para lle l to i ts  long axis. The 

south shore is  characterised by scarp slopes of Upper Karroo Sandstone and 

G rits,

The lake is  subdivided into four connecting basins by narrows between 

promontories or by chains of islands between promontories. There is  a
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progressive decrease in the size of the basins from the Benyati in  the 

north-east to the Sebungwe-Mlibizi basin in the south-west (Bond 1965).. 

Bond (1965) roughly estimated the composition of the shoreline in  terms of 

rock types as follows:

Mo Item  Series 

Forest Sandstone

41#

I #

Basalt and Interbedded Sandstones 15^

Basement Gneiss

Lower Karroo Sandstones

Pebbly Arkoae

Fine Red Marly Sandstone

Sandstone (? Kalahari)

14#

e#

2#

The Mblteno Grits of the Upper Karroo Series comprise the largest proportion 

of the lake shore from Mlibizi to the Sengwa River mouth. From the Sengwa 

River’ mouth to the 5 any a t  1. basin area the important geological features 

are the Forest Sandstones in the Bumi area and the Basalts and Interbedded 

Sandstones of the Sfbilobilo area, forming the main shoreline and the 

islands. The shoreline of the Sanyati Gorge is  Gneisses of the Lower 

Karroo Series which also occur in the Noadza River and in the Kariba area. 

The remaining rock types constitute less iban 10# of the shoreline (Bond 

1 9 # ) .

1 .3  GLIMATB OF THE STUDY AREA.

The seasonal climatic pattern for the central Lake Kariba area is  as 

follows;

a) A cool, dry period from May to August, with a generally stable 

synoptic situation  of no ra in fa ll , low cloud incidence and ligh t

r;t ;



variable winds.

b) A hot, dry period from August to November, with a low incidence of 

cloud and ra in fa ll  and prevailing north-easterly  winds and occ= 

asional south-westerly blows (Soudder 1962).

c) The rainy season from November to April, with unstable synoptic 

conditions producing typical African convection thunderstorms with 

associated high velocity winds (30 to 40 knots and occasionally up 

to 60 knots) causing surface waves on the lake with an. amplitude of 

approximately two metres (Law 1965).

Figure 6 i llu s tra te s  the climate of the study area (see Appendix l ) .  Long­

term mean values have not been presented due to the v a riab ility  in climat= 

Ology of th is section of the Zambezi Valley. During the 1971-1972 season 

the main rains began in November, reaching a maximum in  January and decrease 

ing to August. The ra in fa ll  for th is  period amounted to 778 mm. Previous 

ra in fa ll  records indicate a variation from 500 mm to 813 mm over the same 

area.

Air temperatures were generally high with maximum variation during the 

cool, dry period. Minimum temperatures were in August and maximum 

temperatures in  October with a mean increase of 3° 0 per month. From 

October there was a steady decrease in a ir  temperatures to July, In itia lly  

as a re su lt of the onset of the rains (Nuffield Lake Kariba Research 

Station records, 1971-1972).

LAKE LEVEL

The lake level values were obtained from the Central African Power Corp= 

oration (1972) at Kariba township. The dam was completed in  December 1958,
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Mgure_6: The seasonal mean, maximum and minimum a ir  temperatures and rains
fa l l  pattern recorded at the Nuffield lake Kariha Research Station
for 1971 -  1972.

with a f i r s t  year r ise  in  water level of approximately 60 m and from 9 to 

12 m in each of the suosequent years, un til the mean operating level of 

484 m a.m.s,l» was reached in  April 1963. The lowest draw-down level is  

475 m a .m .s.l. and the maximum flood storage level is  489 m a .m .s .l.

The annual cycle of water level fluctuations begins in duly when the flood 

gates are opened (figure 7). This reduces the storage water for the next 

seasonal inflow of the Zambezi River, the major contributor to the lake.

i '
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The level Increases markedly from December'to February but then decreases 

u n til March-April as a resu lt of the flood gate draw-down. This period 

(December to April) shows large fluctuations in  the mean monthly water 

level values. Thereafter the level gradually r ise s  to the maximum value 

for that particu lar season. Each season su ffic ien t water is  released from 

the dam to allow for the maximum possible inflow.
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2 MATERIALS AM) METHODS :
'

r 'There were six  sampling periods on Lake Kariba during a limnologioal cycle -  I
i: :

August, October and December 1971 and February, April and June/July 1972 I" ;
V' :

(Table l ) .  The areas investigated were chosen because of their accessib ility  h
i : i

from the Nuffield Lake Kariba Research S ta tio n , and th a t they would r  J

support a lg a l populations ind ica tive  of most of Lake Kariba. j: |

The routine sampling areas were (Figure l ) :  1-
' I;

a) Mwenda River system j' l
I :  ■■■ /

i)  Mwenda River

i i )  Mwenda River mouth j'

i i i )  Mwenda basin. -  deep water sta tion  ;i

b) Sengwa River mouth g:;

c) Mujery offshore area. |
t:

The intensive sampling of the Mwenda River flash flood on 16th February 1972 i !

is  in  Table 2. r. S

' I I
:> '■ S

*Table 1; Sampling dates for the five routine areas on Lake Kariba during 1971/ f; |
1972. Figures in brackets are the campling sta tion  codes and numbers I • ;
e.g . Ml to M7 indicates sex 'st> Lions in  the Mwenda River mouth. j: :l
Data from stations 1, 2 and ,■*> to the Sengwa River mouth are incom= b )
plete due to excessive mats c*' "1 rting aquatic macrophytic vege=
ta tion  which prevented access to the s ta tions. i’ - .

i:

Campling Areas
Samin tog Rerlods

August
1971

October December February
1972
April June-July

Mwenda River 
(MR! to MP7) A, 8,71 14.10.71 12,12,71 7, 2,72 13. 4.72 15, 6,72
Mwettda River 
mouth . 
(Ml to M7) 3. 8.71 15.10.71 5.12.71 7, 2,72 18. 4,72 26. 6.72

Mwettda Basin 
(01 to 08) 23. 8,71 17,10.71 6.12.71 19. 2*72 25, 4.72 30. 6.72
Mujery offshore
C f t S l l y
(J5 to J8)

3
9, 8,71 20,10,71 15.12,71 16. 2,72 21. 4*72 8. 7.72

Sengwa River
m . j n ......

18. 8,71 23,10,71 15.12.71 24, 2,72 28. 4*72 5. 7,72

r

i
i

I

1 11
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Table 2; Dates that the Ivrenda River flash flood was monitored. Intensive 
sampling was carried out at the Mwenda River mouth stations I ,  3 
and 6„ All seven routine sampling stations were analysed spectro= 
photometrically for suspended solid m aterial ( s i l t  load) on the 
21st February 1972, The flood spat.,, entered the lake water on 
16th February 1972.

Sampling
stations 1 2

Sampling

5

Periods
4 5 6

1, 3 and 6 7.2,72 14.2.7? 17,2.72 21.2.72 23.2.72 26.2.72

Whenever possible chemical analysis of the water samples was carried out 

within 48 hours of collection. The routine stations were sampled for temp= 

erature and dissolved oxygen at 1 a  in te rv a ls , except for 5 m depth intervals 

a t the Mwenda Basin sta tion . Physico-chemical, photosynthetic pigment and 

phyt..ivtikvv .vtmples were taken from the surface (0 m); for the Mwenda Basin 

routine sta-.-ion, 9 m depth in terval samples were performed, except during 

nh.sr-'.'i ■. s tra tif ic a tio n  when additional readings for temperature and dissolved 

oxyge1 vo '3 made near the thermo-oxycline.

The four Mwenda River stations were sampled a t the surface (0 m) only during 

the six  sampling periods, as th is  riv e r is  a series of pools during the long 

dry season.

During the Mwenda Rf"er flash flood (February 1972) temperature and dissolved 

oxygen were recorded from stations 1, 3 and 6 in the Mwenda River mouth a t 

1 m depth in tervals from the surface to the bottom sediments. Photosynthetic 

pigment data were obtained from samples collected a t 1 m intervals from 

surface down to 5 m depth (a t sta tion  6). The tu rb id ity  (and the effect of 

suspended solid material on the penetration of d ifferent wavelengths of 

v is ib le  ligh t [340 900 mp]) and e lec trica l conductivity measurements were
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made on surface water samples, I
i

The meaaurment Of water temperature and dissolved oxygen p ro f ile s , secchi transparency ;
and water depth were aimed a t  obtaining basic lim nological data> while conductiv ity , j
calcium, magnesium, n i t r i t e  and ortho-phosphate indicated the leve ls  of some p lan t j
n u tr ie n ts , with a lk a lin ity  being a measurment of the carbonate and b icarbonate1 le v e ls . I
Unfortunately a more comprehensive analysis could not be c a r r i ' ' out as the f a c i l i t i e s  I
a t  the research s ta tio n  were f a i r ly  lim ite d , The phytoplankton population was measured j
by ex trac tin g  photosynthetic pigments and making a count of a ig a l c e l ls , and submitting j
certa in  samples fo r  de ta iled  diatom an aly sis . The inorganic load carried  by the r iv e r  ;
flood waters was determined by measuring the suspended so lid s of these samples * j.

2,1 SAMPLE COLLECTION i

2.1.1 Water samples: surface samples were collected d irectly , and depth 

samples with a 2,0 1 Friedlinger bo ttle . These samples were then 

placed into 1,0 1 polyethylene bo ttles a fte r f i l t r a t io n  through 

0,47 p, Millipore f i l t e r s  (algae on discs kept as phytoplankton 

samples), and preserved with 1,0 ml chloroform which stabilized  

the ortho-phosphates (Hellwig 1964). Samples were transported to 

the laboratory and placed in  a refrigera to r a t t  2° C* The 

samples were used for chemical analysis (e lec trica l conductivity, 

to ta l  a lka lin ity , calcium, magnesium, ortho-phosphate and n i t r i t e ),

2,1,2 Phytorlankton samples: the Millipore f i l t e r s  were placed in j0  ml 

Poly Top v ials and the algae removed by squirting a lig h t je t of 

deionized water on to the discs, and then lig h tly  brushing with 

a so ft camel ha ir brush. The discs were ralued from the water 

and washed with deionized water, the sample being made up to 

volume a fte r 0,1 ml Lugol's iodine (Vollenweider 1969) had been 

added as a preservative. This fixed the algae, and improved th e ir 

dedimen atton (Rodhe et a l 1959), The iodine also acted as a 

dye which helped particult. .ly  in  identifying the Ohlorcphyceae,

A few drops of 60^ glycerine were also added which prevented the 

organisms from sticking together. These samples were stored in



a refrigera to r u n til  they were miqr. icepically examined.

Additional phytoplankton samples were collected by slowly hauls 

ing a 60 p net with the samples concentrated by the addition of 

Lugol's iodine solution. The phytoplankton were then placed into 

v ia ls and stored in a refrigera to r. These samples were used in 

the iden tification  of the more abundant organisms (diatoms), 

river flood and annual bloom algae.

2,1.3 Pus Denied solid samples; these were collected d irec tly  in  1,0 1 

polyethylene b o ttle s , 0,5 ml chloroform added as a preservative. 

These samples were stored in a refrigera to r a t t  2° 0.

THE FILTERING APPARATUS

The f ie ld  vacuum pump was designed to be ligh t and portable for use in a 

small boat. The construction was kept as simple as possible, yet suf= 

fic len tly  strong to withstand extensive fie ld  operation,

The pump consisted of a wooden base 120 x 70 x 2,5 cm, with sides and 

carrying handles fixed in  a convenient position (Figure 8), A 50 mm 

thick foam plastic sheet was glued to the under surface of the base tc 

reduce vibration noise of the engine. The power source, a Suffolk lawn- 

mower petrol engine model Ro. 13A, was securely fastened to the base with 

four b o lts . The centrifugal water pump, labawco Bellomeade Type XB, was 

placed in  position on wooden blocks so the impeller shaft alligned onto 

the crankshaft of the engine. These two shafts were coupled with a suit= 

able flexible connector and the a lien  screws secured. The water pump 

was securely bolted to the base.



20

FI ELD VACUUM PUMP.

w f

v a  —&E

cwp
i d ^

S c h e m a t i c  D i a g r a m .

is

I y

VV?

P l a n  V i e w .

? lgure 8; Field vacuum apparatus -  diagram not to scale. >'£ -  water flow 
direction, r  = reservoir, r = venturi, cwp a c .ntrifugal water 
pump, vp e rubber vacuum pipe, id = impeller direction, b = base, 
p « P.V.C, pipe, va = vacuum, f  = flex ib le  connection, pe = petrol 
engine.
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A 20 1 metal drum was used as a reservoir by removing one end to fa c il i ta te  

f i l l in g .  A 30 mm hole was cut into the side of the drum 100 mm from the 

closed end and a 30 mm pipe nipple braised into position, A 23 mm foam 

rubber disc was glued to the outside of the uiosed end to reduce vibration 

noise. The reservoir was placed into position on the base.

A 30 mm p las tic  pipe was connected from the reservoir nipple to the water 

pump intake and secured with screw clamps. The bends in  th is  p lastic  pipe 

were 30 mm standard water pipe elbows, secured with screw clamps.

A standard laboratory water tap vacuum venturi was connected to the outflow 

of the water pump by a short length of 30 mm plastic  pipe. The outflow 

water from the venturi was passed to the reservoir through a length of 

8 mm I.D. laboratory p lastic  tVuing.

The a ir  intake connector (vacuum) of the venturi Was connected to the glass 

M illipo re .filte ring  apparatus with rubber vacuum tubing. A copper T-piece 

was inserted into th is  tubing so f i lte r in g  could be carried out in  dup= 

lic a te . The vacuum was effectively controlled by adjusting the speed of 

the petrol engine. The Millipore apparatus was secured by laboratory 

re to r t  clamps and a stand to avoid damage while f i lte r in g  in  the boat.

The direction of water flow can be seen in Figure 8,

This vacuum apparatus possesses d is tin c t advantages, namelyi 

l )  i t  is  very cheap and simple to construct; 2) running and maintenance

costs are very low; 3) i t  gives trouble-free service; 4) a l l  fau lts  are 

simple to diagnose; 5) i t  is  lig h t to transport and simple to use;

6) i t  provides a suitable vacuum for fa ir ly  rapid f i l t r a t io n , but not
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enough to rupture phytoplankton ce lls .

.3 FIELD ANALYSIS

2.3.1 Water temperature

Depth profiles Were determined using an E .I.L. Dissolved Ozygen 

Thermometer. Readings were generally taken a t 1 m depth in tervals. 

Surface water temperatures for the Mwenda River stations were read 

from a -5 to 100° C mercury thermometer. The E.I.L. Dissolved 

Oxygen Thermometer was callih rated  against standard mercury thermo= 

meters.

2.3.2 Dissolved oxygen

Depth profiles were recorded by means of the E.I.L, Dissolved 

Oxygen Thermometer and. expressed as percentage oxygen saturation. 

This instrument was callihrated as often as possible prior to use. 

Where there is  no data for a particu lar sampling period the 

instrument was out of order and beyond immediate repair On the 

research 'station ,

2.3.3 Water transparency

This was determined with a 30 cm diameter Secchi disc# and expressed 

in  metres below the surface,

2.3*4 Water depth

This was recorded by sounding with a weighted cable from a winch 

with a depth gauge. These data are in  metres below the surface.



2.3*5 River flooding

The flood data was recorded from the gauging weir on the Mwenda 

River (Figure 2). The river rose from 175 mm at 23h00 on the 

16th February 1972 to 1300 mm by 12h00 on the 17th February, with 

a flow ra te  of 640 cumecs. The flood waters contained approximates 

ly 50 mg/l of suspended s i l t  material, which was measured gravi= 

m etrically. The level then subsided to 160 mm by the 23rd 

February and remained a t th is  level thereafter,(M inistry of Water 

Development 1972), Sampling was carried out between 10h30 and 

15h00 at stations 1, 3 and 6 on the 7th, 14th, 17th, 21st, 23rd 

and 26th of February respectively.

4 LABORATORY ANALYSTS

Water samples f ilte re d  and stab ilized  with chloroform were used for 

chemical analysis which was carried out in  the students' laboratory 

(prefabricated) a t the Nuffield Lake Kariba Research S tation. Colori= 

metric analyses were read on a battery-operated Pye-tMcam SP600 

Spectrophotometer, This instrument functioned very well, except during 

the hot wet season when the high humidity affected the electrons• 

c irc u its . This was overcome by placing s i l ic a  gel bags adjacent to these 

c ircu its  (Philips SA 1971).

Water samples stored a t -  2 0 were allowed to reach room temperature 

p rio r to analysis, A fresh set of reagents and standards was made up 

fo r each of the six sampling periods. Samples were analysed in duplicate.

Reagents were made in lake water that had been passed through two 4C,0 

x 2,5 cm columns packed with an anion-cation exchange resin . Resins were



replaced once the e lec trica l conductivity of the water rose above 0,4 

mS/cm a t 25° C. This water was used generally in  the laboratory.

Glassware was washed in a 4^ Teepol solution for at least 24 hours. Ho 

detectable contamination resulted from th is  analysis preparation.

The methods of analysis used are lis ted  below and are se t out in 

GoIterman (1969) and Swingle (l96 l).

2*4,1 F iltered  Samnles

2.4.1.1 E lectrica l conductivity in  mS/cm a t 25° 0 was measured 

using a Dionic water te s te r corrected for ambient 

temperature.

2.4.1»2 Total a lka lin ity  as meq OaCO / l  was determined by

titra t in g  0,1 M 11.80  ̂ with a mixed indicator (methyl red 

plus bromocresol green) to an end-point pH 4,2 to 5v • 

The exact end-point depends on the amount of 00. in  

solution and gives a measure of the OH-'  -I- C0„" + HGÔ "".

2*4*115 Calcium was determined as mg Ca/l by the formation of a 

red colour complex with glyoxalbis -  (2 -  hydroxanil) s 

di -  (0 -  hydroxyphanylimino) ethane which was read at 

520 mp, (Kerr I960),

2.4*1.4 Magnesium was recorded as mg Mg/l by the formation of a 

coloured complex with the dye B rillian t Yellow (Tarras 

1948) which was read at 540 myu



2.4.1*5 Ortho-T)honphate was determined as mg PO^/l a t 882 mp.

by the formation of a colour complex in acid solution, 

and the subsequent formation of a blue colour a fte r 

reduction with ascorbic acid (Murphy and Riley 1962).

2.4.1.6 N itrite  was recorded as mg NOg/l a t 530 mp by the form= 

ation of a red colour complex with alpha-naphthylamine 

in acid solution (Swingle 196l ) .

2*4.2 Unflltered Samples

2.4.2.1 Susnended solid  material ( s i l t  load) carried by the 

Mwenda River flood waters was determined by placing a 

200 ml aliquot (-. ifo error) in  a centrifuge tube, which 

had previously been equilibrated in a d raft oven at 80° 0 

for 4 hours. After centrifugation for 30 minutes a t 

3000 rpm, the supernatant was discarded and the tubes 

replaced into the oven a t 100° C for 10 hours. The tubes 

were then allowed to cool in  a desiccator and weighed 

once they had reached room temperature. Each tube was 

weighed 4 times and the mean calculated. The resu lts  are 

expressed in  g suspended solid m ateria l/l.

2.4.2.2 Light penetration: the effect of suspended solid material 

(mainly Inorganic flood s i l t  load) on the penetration of 

the d ifferent wave lengths of v isib le  ligh t into the lake 

water was determined apeotropho uometrieally, Unflltered 

water samples (stab ilised  with chloroform) were scanned 

from 340 to 900 mp. The horizontal d istribution  of



suspended solid material in  the Brenda River mouth was 

determined hy measuring the scattering  properties of 

the s i l t  laden water speotrophotometrically a t 530 mp,.

.4.3 Hiotosynthetic Figments

Samples were f ilte re d  through Millipore p re f il te r  discs which 

retained the smallest phytoplankton. The discs were then placed 

in  10,0 ml methanol in  sc in tilla tio n  v ia ls , deposited in  a cold

box and transported to the laboratory where they were le f t  in

the refrigera to r for 24 hours. This cold extraction method of the 

photosynthetic pigments proved more prac tical than the rapid hot 

extraction. After 24 hours the discs were removed and the super-- 

natant liquid centrifuged a t 2500 rpm fo r 1 minute with a Christ 

hand centrifuge. The supernatant was exa. ned at 663 mp and 

760 mp with a 2,0 cm lig h t path on a Pye-Unicam SP600 spOctroi 

photometer. The to ta l photosynthetic pigment was calculated from 

che formula presented by Golterman (1969),

Pt ~ i4 cm x 1000 x Vol. extract (ml) = pg P t / l
663 K Vol. f i l t r a t e  (l)

lorn n .  tu
X 6» =* . 6153. N SO

lig h t path (cm)

Pt to ta l photosynthetic pigment (chlorophyll a and 
phaeophytin) as pg P t/ l

u -  unacidified sample 

^663' B760 "* extinction nt 663 mp and 760 mp 

K -  extinction coefficient.



Phytopla.nkton Ooimting

The phytoplankton samples collected were made up to a volume 

(between 20 and 90 ml) according to the concentration of par-- 

tic u la te  material in the sample. Each sample was well shaken and 

an aliquot (2,35 ml) placed in a Wild shallow counting chamber 

and allowed to sediment for a few hours. The chamber was then 

placed onto the stage of an Olympus inverted microscope, and the 

area of the coverslip (25,0 mm diameter) scanned to compile a 

l i s t  of genera present (Figure 9). All whole algal cells  were 

noted. A quantitative estimation of the population was made by 

counting a l l  cells  (and organisms) along a transect 0,21 mm wide 

a t 400% magnification from the centre righ t of the chamber as 

shown in  Figure 9. The length of each transect depended upon the 

sample population ( i t  varied between 2,C mm and 50,0 mm). 

Approximately 200 organisms were counted, which is  considered by 

Lund et a l (1958) to be su ffic ien t.

The density of the phytoplankton was then expressed as the to ta l 

number of c e l ls /l  or as the to ta l number Of algal occurrences/l. 

From the count sheets the percentage of each genus or group of 

genera was calculated* These calculations, based either on the 

to ta l c e ll  count or to ta l occurrence, produced almost identical 

resu lts , so i t  is  acceptable, in the case of th is report, to 

present either se t of resu lts  *

The phytoplankton populations of the areas studied were in  many 

cases very diverse, with only a few individuals of a species 

present (e.g. desmids).
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figure 9; The counting positions on the fie ld  of view for the various counts.
The solid arrows, numbered 1 to 5, are the rep licate  count positions 
for sample M17, and the broken arrow (S) is  the transect position 
for the lake sample counts »» the transect length depends on the 
algal density.

The algae were arranged according to P resco tt's  (1962) c lassifies 

ation ( ippendix 18;. In the case of the Baoillariophyeeae the 

only subdivision was fo r the centric and pennate diatoms, which 

are considered separately from the res t of the Ohryaophyta.

The percentage of each genus in  the population was summed into 

th e ir  respective major groupings and then represented as a 

percentage of each group in the population.

A sample from the Mwenda River mouth (August, s ta tion  7, number 

Ml?) was selected for a detailed count and s ta t is t ic a l  analysis 

to te s t the accuracy of the method, the randomness of 'the samples, 

and the variation between counting chambers. An aliquot (2,35 ml)



29

of the sample was placed into each of the six counting chambers 

used, and five counts per chamber made (see figure 9).

2a4.5 S ta t is t i cal Methods

The phytoplankton counts and the chemical analysis data were 

s ta t is t ic a lly  analysed, using an O livetti Programma 101 computer. 

The methods employed are as follows:

2.4,5.1 Standard deviation:

<r

where x == varia te  value

N = number of samp]es

2.4.5,2 The standar d error of the mean:

(X

where n = number of values

2.4.5»5 Counting accuracy:

(T
acouraoy x
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2.4.5,4 Chi-squared;

V" 2 <E ( a -  x ) '
A . -   -----------

x

where a = count values

x = population mean 

Degrees of freedom = n -  1

= (counts -  l)  x (chambers -  l)

2.4.5.5 The Bravais-Pearson coefficient of linear correlation:

-  (^ A )(^ y )

J i m s  -  ( U 2] [ ^ y 2 -  ( S y) 2;

where x, y = variables

h = number of observations

2.4,5.6 The generic diversity  index (d):

8 - 1d
logN

where 3 « number of genera

N ;a number of individuals

S ta tis t ic a l  tests  2.4.5.3 and 2.4.5,5 were taken from the O livetti 

Programme 101 Manual (1966), methods 2.4.5.2, 2.4,5.3 and 2.4,5,4 

from P"ego:-y (1964), and the generic index (2,4,5,6) from 

Margaief (1958). The frequency of a l l  genera recorded from the 

lake samples was computed and a Raunkiaer "J" shaped frequency 

histogram plotted (see Raunkiaer 1934 in Kershaw 1964), from
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which the ecologically important genepi were extracted, i„e. 

genera which were recorded from more than 61,0$ of a l l  samples 

investigated.



PHYSICAL LIMNOLOGY

' ysical properties of the water of selected areas were assessed by recording 

temperature depth profiles and lig h t transparency into the water, a t the 

routine sampling s i tu s .

3.1 THERMAL PROPERTIES OF THE WATER

Fluctuations in  thermal properties of the water body influence seasonal 

changes in  other physical, chemical anu bioL " ic a l  parameters under 

investigation. Changes in  water temperature are brought about by the 

local climatic pattern. The heavy convection thund'" .'torms, characters 

i s t ic  of the middle Zambezi "Valley, cause the riv e r systems to be flushed 

by cool, s i l t  laden waters, the effects of which can be seen when the 

Mwenda River floods. These conditions a lso ,a ffec t the open lake waters 

to a lesser extent than the drowned river mouths.

if

II

■t

The annual cycle of thermal s tra tif ic a tio n  in  the open lake (Mwenda 

Basin) was controlled by ambient a ir  temperatures and ra in fa ll  pattern 

(of. Figures 6 and l l ) .  The rapid increase in  mean a ir  temperature 

from August to October resu lts in a corresponding increase in  water 

ter perature, producing a well developed thermo d in e  by April. The j! if

fa ir ly  rapid cooling of the a ir  temperature and subsequent water cooling 

re su lt in isothermal conditions from about April -  May (turnover) 

through to July. Similar conditions prevail for the other basins of 

Lake Kariba (Coche 1958), though isothermal c u,tions are f i r s t  recorded 

in  basin 1 and. la s t in basins 4 and p. This is  mainly due to the wav.r 

depth, depth and in tensity  of the thermoclinu, and the temperature of 

the inflowing Zambezi waters.
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3.1.1 The Mwenda River System 

3.1.1.1 The Mwenda River

The four sampling stations showed a, common annual cycle 

related  to the local climatic pattern for the area, the 

degree of sheltering by adjacent vegetation and presence 

Q1 Salvinia at sta tion  1. Salvinia did not occur beyond 

sta tion  1 on the Mwenda River, causing the low temperature 

at th is  s ta tion  in  August, October and December (Table 3). 

In August the temperature at sta tion  1 was 1,3° 0 lower 

than the mean value for stations 2, 3 and 4; in  October, 

6,5° and in  December, 3,5° c lower.

^ab lej!: Surface water temperatures recorded from the Mwenda River.

Sampling Period
4.8,71 14.10,71 2.12.71 7.2,72 13.4.72 15.6.72 Mean/9,6

1 17,5 ?3,5 24,5 30,5 27,5 17,5 23,5 ± 5,2
Sampling 2 19,0 28,4 28,0 29,9 29,4 21,7 26,1 ± 4,7
Station 3 19,1 30,0 28,1 29,8 # ,0 18,6 25,6 ± 5,3

4 18,2 29,5 28,0 29,0 26,5 17,8 24,8 ± 5,4

Mean
18,4

-0,75
27,8
±2,9

27,1
±1,7

29,8
±0,6

27,8
±1,2

i8,9
±1,9

The increase in water temperatures from August to October 

was the re su lt of a mean monthly a ir  temperature increase 

from 17,7° C to 29,4° 0. fa ir ly  s ta tic  temperatures 

were recorded for February (mean 29,8° 0) for a i l  four 

stations when the Mwenda River was in flood. The high 

temperature for sta tion  1 was due to the Salvinia mat 

being completely flushed out, The temperature at sta tion



1 was 27,,' C in April and 17,5° C in  June, indicating 

that the Salvinia mat had re-colonised the area.

Stations 2 and 3 exhibited a sim ilar annual temperature 

cycle, except in June, when sta tion  2 was 3,1° C warmer 

than sta tion  3, due to the exposure of the "pool" at th is 

period. Station 4 was cooler than either stations 2 or 

3 in August, April and June, due largely to the over= 

hanging fringing woody vegetation and the steep-sided 

banks.

.2 The Mwenda River Mouth

The temperature profiles of the Mwenda Basin are included in 

Figure 10. The seasonal temperature cycle in the Mwenda 

River mouth can be compared with that in  the open lake 

waters, particu larly  the development of the lake thermo= 

cline ( t  30 m) and i t s  influence on the drowned river 

mouth.

During August, the highest temperature of 24,5° 0 was 

in  sheltered waters where the riv e r enters into the lake 

(station l ) .  Here the temperature dropped from 24,5° 0 

a t the surface to 22,8° C at 3 m. Continuing along the 

drowned riv e r transect (stations 2, 3 and 4) the surface 

and bottom temperatures differed by no more than 1° C,

At stations 5, 6 and 7, and the Mwenda Basin sta tion , a 

drop of less than 1° C in temperature from surface to 

bottom was recorded.



The October sample showed temperatures of the Mwenda lake 

system had Increased by approximately 4° 0 (an increase 

of approximately 2° 0 per month). The warmest temperatures

were again recorded in  the sheltered part of the drowned
/ 0 \ river mouth (28,0 0 a t s ta tion  2). The rest of the

Mwenda River mouth remained below 27,0° C; temperatures 

o
below 26,0 0 were a t s ta tio n s  6 and 7. The lake 

thermocline began to  develop as the surface waters 

of the open lake became warmer (26,3° 0 a t 0m and 

23,8° 0 a t  35 m).

By December the temperatures of the sheltered regions had 

increased by 2,0° 0, with sta tions 1 and 2 having surface 

temperatures higher than 30,0° 0. Stations 3, 4 and 5 

a l l  showed a temperature decrease of -  1,8° 0 from sur= 

face to bottom. At stations 6 and 7 a decrease in 

temperature of 0,9° 0 was recorded between the surface 

and bottom waters. The surface waters of the open lake 

continued to increase in temperature (29,4° C a t  0 m), 

while the deep waters lo st heat to the upper waters 

(bottom waters were 23,2° 0 a t 40 m). A weak thermocline 

was apparent between 20 m and 32 m.

In February the sheltered stations showed a marked in= 

crease in water temperature, The surface and bottom 

waters for stations 1 and 2 were 33,4° 0 and 28,6° C, 

and 34,5° 0 and 28,1° 0 respectively. This localised yet 

temperature gradient was between 1m and 3hn a t s ta tio n  1,
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and between 1 m and 3 ® a t sta tion  2, but did not reach

sta tion  3. These conditions resulted from the inflow of 
water f r -n  the Mwenria River undercutting the warm tu rb id

lake waters (turb id  r iv e r  water f i r s t  en ters the lake in

early  December) fo r a short d istance only, and then flowing

out along a favourable density  le v e l.

Apart from the warming of surface waters, stations 3, 4 

and 5 showed sim ilar characteristics to the December 

sample. The surface waters of sta tion  6 increased by

1,3 0 to 29,7° C, with the bottom waters cooling sligh tly  

to 27,1° C. The surface temperature recorded a t sta tion  

7 was 29,4 Of with the water column remaining isothermal 

up to 20 m; thereafter the temperature decreased from 

27,7° 0 at 20 m to 24,6° C a t 30 m.

The April sample coincided with the beginning of the cool 

dry period. The Bwepda River mouth was isothermal, with 

a mean water temperature of 27,4° C and a maximum 

fluctuation a t  a l l  stations between 27,1° C and 27,9° 0.

The surface waters of the open lake cooled to 27,2° C, 

causing the thermocllne to in tensify  to 27,0° 0 a t 30 m 

and 23,9° C a t 32 m, This fu rther lowering of the lake 

thermocline caused the cold, dense bottom water to flow 

out of the Mwenda River mouth.

3.1.1.3 The Mwenda Basin

Annual thermal conditions prevailing in the mid-Lake 

Kariba region were determined by sampling the Mwenda
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Basin. This sta tion  is  considered typical of the open 

lake water. The pattern of thermal s tra tif ic a tio n  

showed two d is tin c t phases: a) isothermal conditions 

prevailing from May-June to October, when the difference 

in  surface and bottom water temperatures was less than 

1° 0, and b) the development of the thermocline beginning 

in  late  October by the warming of surface water from 

25,0 to 29,4° C, and intensifying to March, when i t  was 

very pronounced. Turnover began in May with a decrease 

in  surface water temperature from 27,2 to 25,0° 0 and

lasted for about ten days before isothermal conditions
' ! 

again prevailed (Mitchell, pers. comm.). The isotherm |

pattern for the Mwenda Basin is  shown in Figure 11. j
i

|
During the cool dry period the lake remains isothermal

ji
with v e rtic a l water movements mixing the entire Water [I

p rofile . When the thermocline s ta r ts  developing and jf
i.

intensifying, complete profile  mixing does not occur !■■s
once the thermocline is  fu lly  developed. At th is stage j;

fthe hypo limnetic waters are completely isolated from the i|

epilinmetio waters, which are mostly confined to the old It
k

Zambesi Valley. The thermocline acts as a barrier between
■ ' I ;.

the epillmnion and hypolimnion, and destra tifica tion  only jj
n

takes place once the epilimnetic waters cool under the 1
li

influence Of the local climate, The relationship between |‘

the climatic pattern and s tra tif ic a tio n  development and jl

breakdown can be seen by comparing Figures 6 and 11* jj

J

I
' :f
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E J te e _ ll :  Temperature depth p ro file  iaopleth diagram for the Mwenda Basin 
deep water sta tion .



The development of the lake thermocline can be seen in  

F gure 12 (the oxygen curves w ill be discussed below).

By p lo tting  the surface water (0 m) and deep water (35 

m) temperatures for 1971 -  1972, the period of maximum 

s tra tif ic a tio n  and the ra te  of formation and destruction 

of the thermocline can be seen. The epilimnetic water 

shows a typical relationship with the ambient a ir  temp=

erature. The hypolimnetic water, however, shows l i t t l e

temperature change throughout the year; therefore the

breakdown of the lake s tra tif ic a tio n  is controlled by 

the temperature (and thus density) of the epilimnetic 

waters.

3.1.2 The Sengwa River

The seasonal temperature depth profile  pattern is  presented in 

Figure 13. The data are incomplete for August, October, February 

and April as a resu lt of dense infestations of Salvinia and "sudd"

re s tric tin g  access to the relevant sampling stations.

During August the "sudd" mat covered s ta t io n s  1 and 2 , and th ere  

was much lo o s e ly  packed v e g e ta ’ 'on a t  s t a t io n  3 . From s ta t io n  3 

to  s ta t io n  7 the r iv e r  showed a f a i r l y  uniform  tem perature p a ttern , 

ranging from 23,5° C to  2.1,8° 0 , w ith  a maximum temperature differ*  

ence between su rface  (2 3 ,3 °  c) and bottom (2 1 ,9 °  0) o f  1 ,4 °  0 ,

By October the "sudd" mat had moved fu r th e r  down the r iv e r  mouth so 

th a t  a ccess  to s ta t io n  3 was prevented. The water tem perature by 

th is  tim e had shown an approximate in c r e a se  o f  2° 0 per month (a
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(35 to) fox' temperature and dissolved oxygen, recorded a t the 
Wenda Basin deep water sta tion .
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sim ilar increase in  temperature for the same period was recorded 

in  the Mwenda River mouth). The surface temperature a t sta tion  4 

was 26,7 C and the bottom 25,9 C, Stations 5 and 6 exhibited 

sim ilar temperature profiles with a mean surface temperature of 

27,7 U and that a t the bottom 25,7 0. The highest temperature 

(28,3° O) was recorded from the surface waters a t sta tion  7 , which 

also showed a temperature decrease from surface (.28,3° 0) to 

bottom (25,2 C) of 5,1 C (depth 29 m). This high temperature 

was probably due to warming of the lake waters overlying shallow 

submerged so ils along the Mujery coastline.

By December, the "sudd" mat p a rtia lly  moved out beyond sta tion  4 

by wind action, leaving a large number of small mats of "sudd" and 

free-floa ting  Salyinla (Salvlnia not in association with the "sudd"). 

Thus stations 1 and 2 were v isited  for the only time during th is  

study. Station 1 showed a temperature decrease of 1 , /  0 from 

surface (30*4 C) to 5 nt (28,8° C), Stations 2 and 3 showed a mean 

p ro file  temperatu • of 29,1° 0. The surface water temperature at 

stations 4 and 5 increased to 30,2° C, and the largest decrease in 

temperature from surface (30, 2° C) to bottom (27,4° C) at station  

5 was 2,8° C. Mo data are available fo r stations 6 and 7 due to 

strong wind making th e ir  recording unsafe.

By February the "sudd" mat had re-established i t s e l f ,  preventing 

access to stations 1 and 2, The temperature profile  data shows no 

change from December except that the bottom water temperature at 

sta tion  5 decreased to 27,3° 0, Stations 6 and 7 exhibited very 

sim ilar temperature p ro files, with temperature decrease a from 

surface to bottom of 3*7° C and 4,4° C respectively (a temperature



decrease with depth of < 0 ,1 °  c/m).

By April the "sudd" mat extended beyond sta tion  3. The temperatures 

had "tarted  dropping, with the maximum surfac '■ value recorded at 

s ta tion  5 (28,2° o ). The bottom waters had cooled to a mean 

temperature of 26,6° C. The surface waters cooled rapidly (Figure 

13) and ti bottom waters lo s t heat less slowly.

Seasonal temperatures of the S'-.ugwa River mouth showed a similar 

pattern to those of the Mwenda River mouth (c f. Figures 10 and 13). 

There was a general warming of the water p ro file  from July-August 

through to December-January, a fte r which the temperatures dropped 

to the minimum in  June-July, During the hot period (December to 

February) no temperature s tra tif ic a tio n  was recorded. From these, 

figures i t  is  also clear that the ra te  of cooling of the water 

was more rapid than the warming. This pattern is  dependent f i r s t ly  

on the annual ambient a ir  temperature cycle* and secondly on the 

ra in fa ll  pattern and nature of river flooding into the riv e r mouth.

• 3 The Muiery Offshore Area

The mean water tem peratures fo r  the two o ffsh o r e  depth p r o f i le  

' t r a n s e c t s  are shot, in  f ig u r e  1A, Both t r a n s e c t s  showed s 

! t y p ic a l  " tie ll-a h a p ed 11 s e a s o n a l  * p eratu re  p a t t e r n s ,

During August t r a n s e c t s  1 and 2 shewed mean

p r o f i l e  tem peratures o f  23 ,3° C and 24 ,1° 0 r e sp e c t iv e ly *  and by
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Figure 14: The mean, maximum and minimum recorded seasonal water temperatures



October 27,5 C and 27,9 0 respectively.

By December the temperature of tran sec t 1 had increased by 

1,8 Cto 39,3°C, and tran sec t 2 by 2 ,10C to  30,0°G. aie 

temperature of tran sec t 1 increased fu rth e r to  29 , 9°0 in  

Februazy, the highest temperature of 32,0%  being refolded adjacent 

to  the lake shore a t 0 m. Transect 2 showed a decrease in  

mean water temperature of 1° C to 29,0° C.

.By July  th e  ...san wat ■' tem peratu re o f  t r a n s e c t  1 had 

« d ecrea sed  by 6 ,9  C from  2 9 ,9  0 and t r a n s e c t  2

temperature by 6,0° 0 from 29,0° 0 to 23,8° 0, completing the 

annual cycle.

At no period did e ith e r  tran sec t 1 or 2 show thermal

s t r a t i f i c a t i o n .  T h is  i s  m a in ly  due to  t h e  s h a llo w  W ater d e p th

( l e s s  th a n  10 m d e e p ) ,  and  co m p le te  v e r t i c a l  m ix in g  th ro u g h o u t  th e  

y e a r ,

WATER TRANSPARTWHY

The Secchi disc method to determine the transparency of water has been 

extensively used. The light in tensity  a t  the lim it of v is ib il i ty  of the 

disc is  about 15$ of the subsurface in tensity , but varies considerably 

due to local conditions.

3.2.1 Mwenda River System

The lig h t transparency data for the Mwenda River mouth and the 

Mwenda Basin are presented in Table 4. #o data are presented for
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th e  Mwenda R iv e r ,  a s  th e  S e c c h i  d i s c  r e a d in g s  w ere  a lw ay s <  0 ,1  m; 

t h i s  i s  due to  th e  h eav y  su sp en d ed  s i l t  l o a d  k e p t  i n  'su s p e n s io n  

th ro u g h o u t  th e  y e a r .

T a b le  4 : W ate r t r a n s p a re n c y  o f  th e  M w^dv i 'i v e r  sy s te m  a s  d e te rm in e d  by th e  
S e c c h i  d i s c  method (m).

Mwenda River Mouth
Sampling

date 3. 8.71 15.10.71 3.12.71 7. 2.72 18. 4.72 26. 6.72 Mean,6,6.

1 1,2 1,3 1,2 0,3 0,9 1,3 1,0 t  0,4
§ 2 o 1,9 2,0 1,5 0,3 1,0 1,7 1,4 -  0,6

I I

2,1
3,0

3.5
4.5

2,2
2,8

1,1
2,1

1,4
1,8

2,0
2,7

2,0 ± 0,8 
2,8 ± 0,9

1  6 w 7

4,0

4,9
4,5

4.5
4.5
4.5

4.4 
4,0
4.5

2,8
4,9
5,8

3,4
4,6
5,8

3.5
3.5 
3,8

3,8 ± 0,6 
4,4 ± 0,5
4,8 ± 0,8

23, 8.71
Mwenda
6.12.71

Basin 
19. 2.72 24. 4.72 30. 6.72 Mean

5,2 6,2 7,7 6,2 3,5 5,8 ± 1,5

The water transparency of the Mwenda River mouth showed a mean 

increase of 3,7 m from sta tion  1 to sta tion  7 through the year 

(Figure 15). C haracteristically  the lowest water transparency 

values were recorded at stations 1 and 2 (0,3 m in February 1972) 

and the highest values a t sta tion  7 (5,8 m in  February and April 

1972), The greatest difference between the transparency of 

sta tion  1 and sta tion  7 occurred in February (5>5 m). This was due 

to the ligh t-scattering  properties of the s ilt-laden  Mwenda River 

flood waters entering the lake a t sta tion  1, Pbytoplanktonic 

populations also influence ligh t penetration into the water.



D i s t a n c e  (km).

e 15: Mean lig h t transparency values for the Mwenda River mouth. Vertical 
lines are the standard deviation, and the figures adjacent to the 
mean are the sampling sta tions.

The water transparcney data of the Mwenda Basin showed a mean annual 

value of 5,8 m. The increase in transparency from August to 

February (5,2 m to 7,7 m) was due to a decrease in surface algal 

populations. By April the transparency decreased to 6,2 m and by 

June-July the Secchi disc value was 3,5 m. This re la tiv e ly  poor 

water transparency was due to the increase of phytoplankton in the 

upper layers of the water body, caused by the release of plant 

nutrients from the hypolimnion during turnover (see Figure 11).

3.2.2 Senawa River Mouth

The resu lts  are presented in Table 5. The Sengwa River mouth 

exhibits a sim ilar pattern to the Mwenda River mouth, with the 

lowest water transparency values ( l ,2  m) being recorded a t the



sta tion  closest to the point of river inflow, and the highest 

values a t the sta tion  under the influences of th*e open lake 

(Figure If,). This pattern was, however, not always evident in  the 

Sengwa River mouth, due to the effect of the floating macrophytic 

vegetation. In October the lig h t transparency at stations 5 and 6 

was lower than chat a t both stations 1 and 7. and in December that 

a t sta tion  6 was lower than that a t sta tion  5. This was the resu lt 

of wind destruction of the floating macrophyte mats, with the 

subsequent increase in suspended d e tr ita l  material. The poor 

phytomass was unlikely to have any effect on lig h t penetration in 

the Sengwa River mouth.

JPablfiJy Water transparency values recorded for the Sengwa River mouth.

Sampling
Stations 18. 8.71 25.10.71

Sampling
15.12.71

Dates 
24. 2.72 28. 4.72 5. 7.72 Meatt/S.f,

1 - — 1,2 — 2,1 1,6 ± 0,6
2 - - 3,2 — 2,5 2,8 ± 0,5
3 4,5 - 4,5 2,5 - 2,8 3,6 1 1,1

4 4,5 5,3 5,0 2,7 2,7 2,8 3,8 ± 1,2
5 5,0 4,8 5,6 3,5 2,7 4,2 4,3 £  1,0
6 5,0 4,3 5,2 4,2 4,0 4,5 4,5 ± 0,5
7 6,5 5,6 5,9 4,7 5,3 5,7 5,6 ± 0,6

Mean/ 5,1 5,0 4,4 3,5 3,7 3,5
% 0,8 -  0,6 -  1,6 1 0,9 ± 1,2 -  1,5

3 .2.3 Mu.ierv Offshore Area

Lowest transparency values a t  both tran sec t 1 and 2 

transects were at the stations closest to the shore (stations 1 

and 5), and the highest values a t the lakeward stations (4 and 8),



D
ep

th
 

(m
l

50

D i s t a n c e  (km).

2

3

k

5

6

7

Figure 16: Mean lig h t transparency fo r the Sengwa River mouth* Vertical lines 
are the standard deviations, and the figures adjacent to the mean 
values are the sampling s ta tio n s .
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The mean water transparency values of tran sec t 1 s ta tio n s  were 

higher than those of tran sec t 2 s ta tio n s  (Table 6 ), th is  d ifference 

being masked by the fac t th a t Secchi d isc  transparency was recorded 

down to  the sediments more often in tran sec t 2 than tran sec t 1.

The water in  the tran sec t 1 area contained more suspended 

m aterial o rig inating  from destruction  of periphytic  communities 

on the dead trees  and rooted macrophytes fo r s ta tio n s 1-3 than did th a t 

in  the tran sec t 2 a rea . This is  not apparent from the phytomass

data (photosynthetic pigments) as the suspended material was 

d e tr i ta l  in nature. This large amount of d e tr ita l material was 

recorded from algal count samples.

SiahleJl: Water transparency data for the QMBmmm&gmztOmmm  offshore trau=
sects in  the Mujery area. The figures underlined indicate transparency 
to the bottom sediments. y

Sampling —
Sampling Dates

Stations 9. 8.71 20,10,71 13*12,71 16. 2.72 21. 4,72 8. 7.72 Mean̂ iE,

v- 1 0,8 1,7 111 111 I t l 1,6 ± 0,5

1  2
2,3 1,5 2,1 4,3 5,2. 3,0 2,7 t i ,o

8 3 3,8 4,0 A.7 4,6 4,4 4,3 4,3 -  0,3
£ t 4 4,5 4,7 4,8 4,8 4,6 4,4 4,6 ± 0,1

Mean + + f'? + 3,5 , 3,4 :S2,g' -  1,2 = 1,9 i  1,6 ± 1,5 ± 1,4
P7 5 
•4*> h i 1.0 0j8 L I 1,1 t 0,4

m 2.0 2.7 L 2 2,3 ± 0,5
4.1 h A 2,2 M  \ M 3,2 -  0,8

^  g 4,6 5,0 5,0 4,3 ^ 4,9 4,7 4,8 ± 0,3
Mean
S.Et till , 3,2

i  ] ,s
, 2,6 
i  1,5 ± 1,3

'I'Mnrtu nVnirn-p u rn e tm M
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4 CHEMICAL LIMNOLOGY

4.1 DISSOLVED OXYGEN

The dissolved oxygen content of fresh water is  considered to be an in= 

dicator of algal photosjmthetic production. The upper layers of eutrophic 

waters are usually supersaturated with oxygen (e.g. Hartheespoort Dzw). 

Scott (1974) has pointed out that the oxygen maxima for Hartheespoort 

Dam show a significant correlation with maximum phytomass ( to ta l ce ll 

counts). The vertica l and horizontal oxygen supersaturation depends on 

the biology of the specific planktonic organism. In oligotrophic Lake 

Kariba, the oxygen content is  affected by gaseous diffusion across the 

air-water in terface, algal production, and decomposition of the d e tritu s .

4.1.1 'The Mwenda River System

No dissolved oxygen values for the Mwenda River sampling stations 

were taken due to the d iff ic u ltie s  encountered in recording in 

s itu  measurements.

4.1.1*1 The Mwenda River Mouth

The dissolved oxygen isopleth diagrams are presented in  

Figure 17* The dissolved oxygen profiles for the Mwenda 

Basin have been Included so that the relationship between 

the drowned river mouth and deep water oxycline develops 

ment and breakdown can be seen.

In August the dissolved oxygen values were near saturation 

for the en tire  system, though the sheltered stations 

(stations 1 to 4) were below 100$ saturation, and the "bay"
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stations showed oxygen >  Bty'o saturation practically  to 

the bottom sediments.

By October the river mouth oxycline started  to form. The 

upper waters of a l l  stations were saturated to sligh tly  

supersaturated (except stations 1 and 2). The bottom 

waters started  decreasing in oxygen saturation. The 

oxygen distribu .ion with depth in  the open water was 

similar bo that of the river mouth water;

The December dissolved oxygen isopleths showed an increased 

in tensity  of tho oxycline as a resu lt of a high oxygen 

demand in  the bottom waters.

The sheltered s ta tio n s  ( l , ? and 3) also showed lower 

surface values. The oxycline was somewhat diffuse a t these 

stations. From sta tion  4 toward the open lake, the 

oxycline followed the profile of the old Mwenda River 

bed, i .e .  establishing a t 15 m to 25 m depth with the 

bottom waters being less than 30$ saturated. The depth 

of the open lake oxycline was approximately the same,

By February the Mwenda River mouth was below saturation, 

except for the surface waters at stations 6 and 7 , and the 

open lake. The bottom waters were below 30$ saturation, 

except a t s ta tion  2 (>40$), Station 1 showed a i intense 

decrease in dissolved oxygen with depth (82$ a t 0 m and 

25$ at 3 m)< wi bh sta tion  2 showing a aim 1ar pattern with 

the oxycline a t 0 m to 2 m. Station 3 showed the presence



■#/ <oi’ a double oxycline (the f i r s t  a t 5 m to 4 m and the second

a t 9 m to l], m depth). The oxycline then followed the f;

river mouth bottom profile  with a sligh t divergence at d

sta tion  6 ( l9 m to 25 m). The oxycline was most intensive :

up to 5 m above the bottom sediments a t sta tion  7. The M
i ■

oxygen isopleths in the open lake corresponded closely [•

to those of the Mwenda River mouth. The oxygen-deficient j;

bottom waters (< lOfo saturation below 55 m) in the Mwenda (j
{'■1 :

Basin extended into the Mwenda River mouth to a point I;
;

betvreen sta tion  5 and sta tion  7 . k

The f in a l stage in the oxycline development can be seen 

in  the April isopieth diagram. Generally there was an 

increase in the dissolved oxygen profile  from sta tion  1 

to stations 6 and 7 (these la s t  two stations had 90$ 

saturation prac tically  down to the bottom sediments).

The bottom waters of stadion 5 showed increased oxygen 

deficiency (< 40$ below 11 m). This was possibly due to 

high respiration of organic matter in  the bottom water. 

The established lake oxycline was situated a t 50 m to 

55 tn depth, and did not enter the Mwenda River mouth.

From the data presented above i t  is  apparent that the 

oxygen cycle in  the Mwenda River mouth is  controlled 

predominantly by respiratory processes rather than by 

photdsynthetic activ ity  due to the deficient algal f lo ra .

The oxygen in solution is  consumed by the organisms de= 

composing the organic material that slowly sediments through

The uppor oxycline resulted from an oxygen demand created by.the influent j
river water flowing along a density gradient* and the lower cue by an oxygen
demand from thebbottom sediments ( th is  lower o x y c l in e  was present along the j
entire length of the river mouth profile in February :
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the water p ro file  and fin a lly  comes to re s t on the 

bottom sediments where, a t the sediment-water interface, 

maximum oxygen comsumption takes place. The fa ir ly  high 

oxygen values which exist in the Mwenda River moutn 

throughout the year indicate that a fa ir ly  deep photic 

zone is  present.

Once th e  s u r f a c e  w a te r s  o f  th e  r i v e r  m outh h av e  co o le d  

s u f f i c i e n t l y  and become s l i g h t l y  more d e n se  th a n  th e  

b o tto m  W a te rs , oxygen i s  a g a in  r e p le n i ;  -led to  th e  lo w er ' 

l a y e r s .  T h is  i s  a  p ro c e s s  o f  eddy d iflu s iv ity  r a t h e r  th a n  

' tu rn o v e r ,  f o r  th e  w a te r s  o f  t h e  r i v e r  m outh d id  n o t  

s t r a t i f y  during t h e  3971 -  1972 p e r io d  and t h e r e f o r e  

t h e o r e t i c a l  p r o f i l e  r e ju v e n a t io n  d id  n o t  o c c u r .

4,1.1.2 The Mwenda Basin

The dissolved oxygen depth isopleth is  presented in 

Figure 18 (see also Figure 17). The surface waters 

remained saturated throughout the year, with supersets 

uration occurring down to 5 m from August to mid-January, 

(121$ saturation on 6.12.71). This was the re su lt of 

strong northerly winds blowing down the long axis of the 

lake for lo%g periods, producing i  2 m waves.

The August sample showed 90$ dissolved oxygen down to 

-  37 m (lake isothermal). Oxygen s tra tif ic a tio n  began in 

October# with the bottom waters becoming Increasingly 

deficient on oxygen u n til February (< 5$ saturation at
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Fiffuve 18; Dissolved oyy^en leopleth diagram for the Mwenda Basin deep water 
sta tion .
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-  77 Prom Pebmary to April the oxycline became 

established between 50 m and 31 m (94̂ > a t 30 m and &fo 

a t 32 m).

Once thermal s tra tif ic a tio n  started  to break down, ' 

oxygen-rich water again circulated to the bottom waters 

with most of the p ro file  (37 m depth) only s ligh tly  under- 

saturated by July. Iu therefore appears that dissolved 

oxygen d istribu tion  in  the open lake water is  mainly due 

to wind-induced wave action, and the oxygen regime within 

the water was. due to the particu lar temperature pattern 

which occurred. The increase in  depth of oxygen-saturated 

surface water could be enhanced by the post turnover 

plankton bloom (> 1 ,5  pg P t / l  in surface water in Junej . 

At present th is is  pure speculation, for l i t t l e  is  known, 

about" the biological effects of and responses to ’ thermal 

and oxy-destratification in Lake Kariba,

The Senawa River Mouth

The recording of dissolved oxygen at stations 1 to 3 was affeoted

by floating  aquatic macrophytes ("sudd") which prevented access 

to these sampling sta tions.

Occasionally small mats of the floating  plants were seen in  the 

main riv e r passage. The large amount of organic material present 

in the water because of these aquatic plants (probably the main 

contributor to the particulate organic matter) has a great ina

finance on the oxygen regime of ttm Sengwa River. Large quantities
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of organic matter were noted from the plankton samples and 

bottom sediments. The continuous raining down of th is  organic 

material onto the sediments oreates a high oxygen demand as a 

resu lt of intensive bacteria l decomposition which causes oxygen 

s tra tif ic a tio n  a l l  year round, strongest during the ho ttest 

months,

The dissolved oxygen isopleths for the Sengwa River mouth are 

presented in Figure 19. In August a weak oxycline was present in 

the la s t  9 r of the water p ro file , being most intense a t stations

3 and 4 (^ sa tu r a tio n  at 6 m and about 55# at the bottom}* From

sta tion  5 to sta tion  7 the oxycline was somewhat diffuse, although 

the isopleths s t i l l  followed the river bed. The surface water 

from ju s t beyond sta tion  5 to sta tion  7 (open bay) was a t saturation 

point except for a 1 area sligh tly  undersaturated a t sta tion  6 

(90# saturation at 2 m).

In October the oxygen isopleths sloped sligh tly  down to the deeper 

Water. The re s t of the p ro file  was sim ilar to the August sample 

except that the bottom waters had lo s t considerable amounts of 

oxygen, intensifying the oxycline which had also become shallower. 

The bottom waters of sta tion  6 and sta tion  7 contained <  20#> 

dissolved oxygen.

The bottom waters a t s ta tion  1 and sta tion  2 showed a very strong 

oxyclin in the bottom 4 m, with oxygen-deficient conditions 

occurring in the surface waters a t the point of river inflow into 

the lake. The la t te r  values (<40# saturation) were the resu lt
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of reduced light penetration due to a heavy s i l t  load and also 

large amounts of organic material. At stations 3 and 4 the 

oxycline became sligh tly  diffuse but was re-established between 

5 m and 13 m (respective dissolved oxygen values were QOfo and 20$).

The bottom waters of a l l  sta tions except station 1 contained 

<  10$ dissolved oxygen (< 2$ saturation a t 25 m for sta tion  6).

The surface water from sta tion  5 to the open water contained 

100$ dissolved oxygen.

The February values showed the main oxycline sloping down towards 

the open water (between 4 m and 6 m at sta tion  „5, and between 

11 m and 14 m a t sta tion  7), with a gradient ranging from 40$ 

saturation to <  10*' m  the bottom waters. All surface waters 

remained below 96$ saturation.

By April the profile  had become re-oxygenated. From the temp­

erature data there is  no indication of a thermodine formation, 

thus no turnover, so oxygen replenishment to the bottom waters was 

probably due to weak vertica l eddy currents caused by sligh t 

density differences in the water. A weak oxycline was s t i l l  

present (about 5 m th ick) extending horizon tally  from s ta tio n  4 to  

sta tion  5 (from 5 m to 13 m, 80$ to 50$ saturation) ; i t  then 

sloped steeply down towards sta tion  7 (between 21 m and 26 m).

The only supersaturated water occurred in  the open bay at station  

7 (113$ saturation). This was due to the greater wind action on 

the water surface there than in the sheltered river mouth.
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The oxygen cycle of the Sengv?a River mouth showed a very similar 

pattern to that in  the Mwenda River mouth, but with three main 

differences:

1) the surface waters in the Mwenda River mouth were < 

generally more oxygen-saturated than in the Sengwa River 

mouth

2) the oxycline in  the Mwenda River mouth was not as 

intensive as in  the Sengwa River mouth

3) the bottom waters were not as oxygon-deficient in the 

Mwenda River mouth as in the Sengwa Rivei mouth.

4.1*3 Mu.i erv Offshore Area

The dissolved oxygen data for the Muj ery offshore area are presented 

in  Figure 20 (Appendix 4). The variation in dissolved oxygen 

between stations in each transect is  shown by p lo tting  the mean 

maximum and minimum recorded values for the particu lar sampling 

period.

The water p ro file  of tran sec t 1 was saturated  with 

oxygen from August bo la te  November. By December the water was 

sligh tly  below saturation, by February ju st above saturation, and 

by April the water p ro file  had again become saturated.

Transect 2 showed a sim ila r p a tte rn . The dissolved 

oxygen values for August to October were higher than those in the 

transect 1) th is was probably the resu lt of wind-induced wave

action causing complete vertica l mixing in these shallow parts 

of Bake Kariba. The lowest dissolved oxygen values were recorded
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Figure 20i The mean, maximum aiii minimum seasonal dissolved oxygen values 
recorded from the Mujery offshore area.

Each point on these graphs represents the mean value of the depth 
profile  a t a l l  four sampling stations fo r a particular month.
The broken line (- -  -)  indicates the possible flux in dissolved 
oxygen in  June -  July.



fo r February (mean dissolved oxygen < 80$  saturation); thereafter 

they increased to saturation by April.

There was an inverse relationship between dissolved oxygen and the 

temperature pattern in the shallow waters at Mujery. When the 

ambient a ir  temperatures started  increasing in August, the water 

temperatures followed a sim ilar pattern (see Figures 6 and 14) 

but not so for the dissolved oxygen. The saturated or super= 

saturated dissolved oxygen values could be partly due to photo= 

synthesis, which increases with increasing temperature (the highest 

photosynthetic pigment values Were recorded in October). The 

subsequent decrease in  dissolved oxygen by February could be the 

resu lt of extremely high lig h t penetration (Table 6) and deficient 

photosynthetic raw materials lim iting the primary production.

The increase in dissolved oxygen by April was again the resu lt of 

oxygen diffusing d irec tly  into the water.

LAKE) WATER QUALITY -  EXCLUDING DISSOLVED OXYGEN

Chemical values in  th is section v,ere obtained from chloroform-r+abilized

water samples analysed at the Nuffield Lake Kariba Research Svvcion.

4*2.1 The Mwenda River Synte t

The water quality of the Mwenda River system w ill be described 

as a whole, The water chemistry of the four stations on the 

Mwenda River is  presented in Table 7, that of the seven stations 

in the Mwenda River mouth in  Table 8# and the maximum and minimum 

values of the Mwenda Basin in Table 9.
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TableJ: Water quality of the Mwenda River. Where no data are presented, 
high suspended matter loads were no bed. This matter could not 
be removed by f i l t ra t io n , and thus masked the recording of the 
low colour development of the chemical analyses.

C hem ical
P a ra m e te r Aug Oct

S am p li

Dec

ng D a te  

Feb Apr Tune Mean
S',e,

E l e c t r i c a l
c o n d u c t i v i t y

1

2

4,1
8 ,3

4,4
1 2 ,0

5 ,5

2 0 ,3

4,3
4 ,1

7 .0

7.0
6 ,2

8 ,9 1 0 ,2

(inS/cm a t  25°C)
3
4

1 2 ,0

9,7
1 6 ,8

2 3 ,9

2 2 .7

2 8 .7

4.5
4 .5

6 ,9

7,2
8 ,2

9 ,1

~  0 ,7

t o t a l

a l k a l i n i t y

(m e q /l)

1

2
3
4

0 ,0 4

0,90

1 ,3 0

1 ,0 0

0 ,5 0

1 ,0 9

1,76
1 ,5 4

*73
1 ,4 3

2 ,1 2

2 ,8 9

0 ,8 0

0 ,6 1

0 ,5 9

0 ,3 9

o ,%

0 ,7 0

0,70

0 ,7 3

0 ,7 3

0 ,7 6

0 ,8 7

0 ,9 7

0 ,9 9

i  0 ,6

1 5 ,1 8 8 ,2 5 2 1 ,3 6 12,56 7,01 7,20
C alc iu m 2 , 7 ,3 7 1 1 ,5 1 20,56 1 1 ,0 0 6 ,7 6 7 ,5 6 8,97

(mg C a / l ) 3 3 ,3 4 6 ,2 1 10,28 12,08 6,68 6 ,4 4 -  4,4
4 0,61 1 ,2 5 0 ,4 5 0 ,3 9 0,29 0 ,2 3

1 0 ,1 3 0 ,1 5 0 ,3 1 0 ,3 5 0,14 0 ,1 1

M agnesium 2 0 ,2 2 0 ,5 1 0,61 0*36 0 ,1 7 0,14 0 ,3 8
(mg M g/l) 3 0 ,2 5 1,07 0 ,7 9 0 ,3 8 0,16 0 ,0 7 ± 0 ,3

4 0,61 1 ,2 5 0 ,4 5 0 ,3 9 0 ,2 9 0 ,3 2

C alc iu m  : 

m agnesium  

r a t i o

1
2
3
4

3 9 ,9

3 3 ,5

1 3 ,4

7,6

5 5 ,0

2 2 ,6

5 ,8

4 ,5

68,8
3 3 ,7

1 3 ,0

1 4 ,6

# , 9

32,8
3 1 ,8

31*6

50*1

39*8

4 1 ,8

2 3 ,3

# , 4

5 4 .0

9 2 .0  

3 6 ,2

3 5 ,3

t  21,5

O rth o  ~ 

p h o sp h a te  

(pg p o y i)

1
2
3
4

1 0 ,0

1 0 ,0

10.0
1 0 .0

1 0 ,0

1 0 ,0

2 5 ,2

1 0 ,0

14,6
3 7 ,2

2 7 ,9

1 7 ,0

1 0 ,0

1 0 ,0

1 0 ,0

1 0 ,0

10,0
1 0 ,0

1 0 ,0

1 0 ,0

1 0 ,0

10,0
1 0 ,0

1 0 ,0

13,0 
-  7,1

1 - 10 10 10 10 31
N i t r i t e 2 - 10 10 10 10 44 19

(|ig NOg/l) 3 — 30 13 10 10 70 i  16,0
4 10 19 10 10 44
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4.2.1.1 The Mwenda River

During the period under investigation the Fuenda River 

stations showed a cycle of nutrien t concentrations in 

the pools once the river stopped flowing (March) and 

then a fte r dilution by the riv e r flood waters (January - 

February). Flood waters contain suspended sediment loads 

in  excess of 50 mg/l, so a large proportion of the plant 

nutrients are adsorbed onto the clay colloids, and are 

not available fo r algal growth (Twinch 1974). They may 

only be released once the sediment has dropped out.

Thehj when the pools are again isolated, and oxygen tension 

and pH have decreased, an increase in nutrien t eonc,en= 

tra tion  occurs, This, and the lowering of the pool water 

level, is  the re su lt of extremely high surface evaporation 

■ during the dry season, (huy an insignificant amount of 

water was lo st from the pools by seepage through the river 

bed sends to the water table. The lake has raised the 

local water table su ffic ien tly  for saturated sands to 

be loacted within 50 cm of the surface of the dry river 

bed, above station 4,

Electrical conductivity (estimate of total ionio conoen=

tration) of the four river stations increased from August 

to December (9,7 to 28,7 mS/cm a t 25° C at sta tion  4).

During the annual flood the pool water was swept into the 

lake, and conductivity dropped to d,1 -  4,5 m3/cm at 

25° 0. Once the riv e r stopped flowing, the conductivity 

again increased, Station 1 showed very low values
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throughout the year. 1.'n August station  & showed a 

conductivity value of 1 2,0 mS/cm at 25° G which was 

partly  the resu lt of the riv e r bed muds being disturbed 

by workmen building the Hughes1 Weir, and also the addition 

of washing powder to the water.

The to ta l a lka lin ity  showed a sim ilar pattern to the 

e lec trica l conductivity, by increasing from August to 

December, Dilution took place with the onset of the 

flood, reducing the a lkalin ity  from 2,89 med CaCO^/l in 

December to 0,39 meq. CaGO /̂l in  February a t s ta tio n  4.

This reduction was not the re su lt of primary production, 

as the flood waters contained no detectable photosynthetic 

pigments or id en tif ia b le  plankton. The highest value 

recorded a t sta tion  1 was 0,80 meq OaCO /] in February, 

Which is  sim ilar to that of the lake water. The level of 

soluble carbon a t this, sta tion  appears to be controlled 

by the Salvinia mat, rather than by river flood water.

The maximum colonisation (objective estimate) of the 

Salvinia coincided with the low alkalin ity  value of 

0,40 meq GaC0^/l in August. By October ageing Salvinia 

plants were present, which could release soluble oarbon= 

aceous material back into the water, resu lting  in an 

increase in a lkalin ity .

The resu lt of the decrease in  pool volume due to surface 

evaporation was also evident in  the calcium and magnesium 

values* Certain deviations from the aforementioned, pattern
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appear in these resu lts , which cannot be sa tis fac to rily  

explained, except that the in teraction betwee, the 

soluble cations and the suspended clay partic les could 

be sign ifican t. The primary producers u til iz e  these ions 

by incorporating them in f , biomass, thus a lte ring  the 

equilibria; th is  causes aisc/y  ion/desorption reactions 

to take place, and a lte rs  the concentration of available 

ions in solution.

The maximum annual fluctuation k£ calcium was recorded at 

sta tion  1, where in  August 5 , : d mg Ca/l, and in  December 

21,36 mg Ca/l Were recorded. norally, the lowest 

values were recorded in August vtd the highest in  Dec= 

ember for a l l  the river s ta tic

The magnesium values also Sho ed ^  increase from August 

to October, when the highest value -.re recorded (l,25 mg 

Mg/l a t sta tion  4). There was . i, ■•ked decrease in 

soluble magnesium towards the .mber for stations

3 and 4, and a corresponding 'V.aso - 1 stations 1 and 

2. Thereafter there was a decrtrr," in February due to 

the effects of river flooding, except ... '.cation 1 where 

an increase from 0,31 to 0,35 mg Mg/l was noted. This 

was K iause the river waters contained more magnesium 

than th is pool water. From February to June a l l  sta tions 

showed a decrease in magnesium ions.

The consistently low magnesium and high calcium values 

for the river stations showed that soluble carbon (CO*,' .
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and HCOp was derived predominantly from calcium rather 

ian magnedium sa lts . At s ta tion  1 the calcium : magnesa 

urn ratio  was lowest during the period of river flow 

(Ca : Mg -  35,9) and highest when the river pools were 

a t their lowest (r'a : Mg = 68,8). At th is s i te  the 

magnesium was possibly u tilized  by the rapidly increasing 

Salvinia mat to a greater extent than calcium. I t  is  

unlikely th a t adsorption onto suspended clay partic les 

took place in th is pool, as the suspended sediment load 

dropped out soon a fte r the riv e r had stopped flowing 

(Pers. obs).

From August to December there was a general decrease in 

the Ca : Mg ra tio  from stations l*to 4. Stations 2, 3 

and 4 showed a decrease in the Ca : Mg ra tio  from 

August to October, indicating a ne tt decrease of calcium 

with respect to magnesium. This could be due to increased 

adsorption of calcium onto the clay colloids as the 

concentration of suspended and soluble solids increased.

The flood waters in February showed a mean Ca i Mg ratio  

of 35,0, From February to June a l l  stations showed an 

increase in  the cation ra t io , which coincided with an 

increase in to ta l photosynthetic pigment values from 

February to April, and then an Increase or a maintenanoe 

of the algal population.
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The ortho-phosphate concentration a t the four stations 

for the aiy sampling periods generally remained below 

10 p,g PO./l though a maximum value of 37 jtg P0^/l was 

reccrded in December a t sta tion  2. This was, however, 

the re. 11, of building operations on the Hughes' Weir.

A detectable amount of phosphorus occurred in  the pools 

in  December, but was not evident once the phosphorus- 

deficient flood waters had replaced the pool waters 

(Bowmalcer 1973)"

N itrite  nitrogen (the only species which could be accurately 

determined a t the research station) generally remained 

below 70 jig N0g/l. Very low levels of n i t r i te  were 

recorded during the dry season, but were no longer 

accurately detectable once riv e r flooding occurred. By 

June, values between 51 and 70 jig NOVl were recorded.

This was probably due to the breakdown of organic material 

a fte r the in i t i a l  a lgal growth following river flooding.

4 .2 ,1 .2  The Mwenda River Mouth

The water chemistry of the Mwenda Hiver mouth showed only 

sligh t changes from station  1 through to sta tion  7 for 

any partioulnr sampling period (the complete data table 

is  presented in  Appendix 5).

At no stage during th is investigation were the upper 

reaches of the river mouth covered by Salvinla, This 

was the case during Bowmaker's studies (1973) when
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stations 1 and 2 (Bowmken stations 4 and 5) were covered 

by Salvinia, Salvinia was however always present, to 

a greater or lesser extent, as narrow fringing mats 

stabilized by rooted aquatic maorophytes and dead tre e s . 

Salvinia did, therefore, play a less important role than 

i t  did at Mwenda River s ta tion  1 or during Bowmaker' s 

stur: „es.

The Mwenda River mouth can be c lassified  as oligotrophic, 

as low nitrogen and phosphorus values were recorded 

throughout. Bowmaker (1975) indicates n itra te  values 

between 0,0 and 0,56 rog/l, n i t r i te  between 0,0 and 0,17 

mg/l, ammonia nitrogen between 0,01 and 0,17 mg/l, and 

phosphate phosphorus values between 0,006 abd 0,6l7 mg/l, 

the maximum values noted from the river pools in the dry 

season. The data presented in Table 7 as well as that 

presented by Bowmaker (1975) show plant nutrien t levels 

typifying an oligotrophia s ta te , with mostly insignificant 

variations from river pools to open lake, and through 

water depth p ro file s .

The e lec trica l conductivity showed a maximum, fluctuation 

between 6,1 and 7,5 nS/cm a t 25° 0, for a l l  samples,

The to ta l a lka lin ity  showed a very sligh t seasonal 

fluctuation, the highest values being recorded just 

prior to the rains (mean Of 8,0 meq/l) and the lowest 

a fte r the f i r s t  heavy thunderstorm (mean 1,7 meq/l)*
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Table 8; Mean water chemistry values for the Mwenda River mouth for the i'
routine sampling periods. i

Chemical
Parameter 3. 8.71 15.10.71

Samplin
3.12.71

g Date 
7. 2.72 18. 4.72 26. 6.72 i

Conductivity 
(mS/cr a t 25 C) 6,9 7,0 7,0 6,6 7,0 7,3 .  6,9 

± 0 ,03

v

V

r
Total

a lk a lin ity
(meq/l)

0,76 0,80 0,71 0,71 0,78 0,80 , 0,76 
1 0,00 }■

:
Calcium 

(mg Ca/l) .3,18 8,11 14,90 10,02 8,04 8,35 , 8,76 
-  3,80

;;
!!

Magnesium 
(mg Mg/l) 0,47 0,33 0,15 0,13 0,20 0,16 i + o 

o
s

k ;

Orthophosphat e
( #  p o y i) <  10 < 1 0 < 10 < 1 0 <  10 < 10 -

s '

Rlfcrite 
(US M g/l)

<  10 < 10 30 <  10 50 30 —
1
!■;

ii;

!:
The waters of the Mwenda River mouth are re la tiv e ly  low ;

in mineralisation, major cations present being Oa >  Mg >  •
I '

N a>K  (Bowmaker 1975) • The low cation values recorded ;<

are mainly due to the suspended s i l t  load acting as a *
j-;

very effic ien t ion exchanger. This also plays an imports )’

ant ro le  with respect to the aniens, which become ai=
i.X

sorbed Onto the surface of the clay p a rtic le s , and are p.
■ |.i

thus unavailable for algal growth, Twinch (1974) has U

indicated that considerable amounts of nitrogen and \]

phosphorus became available a fte r digestion of unfiltered

samples from turbid, o l trophic Midmar Dam. . j :

j"
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Low ortho-vpho-phate values were recorded for a l l  the 

samples aualyred (<10 pg PO^/l) • Similarly, n i t r i te  

values were low, the maximum value of 50 y,g NO^/l 

being recorded in  April.

Considerable chemical variation exists between Samples 

from shoreline s ta tio n s j which may or may not be covered 

by Salvinia. and the open water (stations over the 

drowned riv e r bed). Bowmaker (l973) has indicated that 

i-ii.' only region of the Mwenda River mouth which maintains 

ich fauna is  under the Salvinia mat along the shoreline.

Lake level fluc tuations play an important role in  plant 

nutrient supply to the lake water, for McLachlan (1971) 

demonstrated that animal dung and vegetated shorelines 

release considerable amounts of nutrient material into 

the water when inundated. As most of the sh o re lir , in 

the Mwenda River mouth is  "armoured" and steeply s, 

the l i t to r a l  zone is  greatly reduced; therefore i t  is 

expected that an insignificant amount of plant nutrients 

is  released into the lake water. Thus, as most of the 

nutrient m aterial was either adsorbed onto suspended clay 

particles or bound up into c e ll mass which fina lly  

sediments onto the bottom, and only a small amount of 

nutrient material is  released into the water or enters 

via the river, the water quality of the Mwenda River 

improves and primary production decreases. This aspect

was partly  manifest by the reduction of Salvinia colon=
|

ization and the poor flo ra; these nutrient reductions w ill j

in  time be detrimental to the entire food chain. !,
i
i



The Mwenda Basin

The chemistry of the Mwenda Basin sta tion  showed very l i t t l e  

variation throughout the period under investigation 

(Table 9). The concentrations of chemical ions were 

not very d ifferent from those of the bay and open water 

stations of the Mwenda River mouth. No chemical s tra ta  

ifica tion  with depth was recorded, though Mitchell (1970) 

recorded some chemocline formation early in  the lake's 

existence, The variation in the concentration of the 

chemical species recorded between the sampling periods 

was also very small.

The June sample was collected shortly a fte r the lake 

destra tified  when the biomass increased rapidly (post 

turnover algal bloom), and s t i l l  no flux in water chemistry 

could be detected (Appendix 6). This suggests that 

Lake Kariba is  tending more and more toward a typical 

tropical type mature ecosystem where plant nutrients 

are barely detectable throughout the year* i .e .  most 

available nutrient material was bound up in  the biomass 

and not readily available for plant growth.

The data recorded during 1971 and 1972 f a l l  within the 

range presented by Coche (1968)* but the biomass was 

presumably less than during Coche'a investigations -  

unfortunately no early phytoplankton information is 

available to verify  th is suggestion.

i



Table Q; Maximum and minimum values for the recorded chemical parameters 
a t the Mwenda Basin routine sampling sta tion . These ranges are 
taken from data (Appendix 6) for the five sampling periods from 
the depth profiles (0 -  35 m).

Chemical Parameter Chemical Ranges

E lectrical conductivity 
(mS/cm at 25°C) 6,7 -  7,4

! Total a lka lin ity  
(meq/l) 0,70 -  0,80

Jcium (mg Ca/l) 7,50 -  11,92

Magnesium (mg Mg/1) 0,07 -  0,26

Ortho-phosphate
(pg.poyi) < 1 0  -  25

N itrite  (pg N0g/l) <  10 ~ 70

4,2,2 Sengwa Elver Mouth

The mean water chemistry data is  presented in  Table 10, and the 

complete data for a l l  sampling stations in  Appendix 7.

The occurrence of Salvinla and the established "sudd" mat have 

a marked influence on the energy flow through the food chain 

(Bowmaker 1973). Almost the entire  margin of the Sengwa River 

mouth is  fringed by Salvlnia or "sudd" mats. The area from 

sta tion  1 to approximately sta tion  4 .(see Figure 5) is  almost 

completely covered. The nutrient material bound up in  these 

macrophytes generally remains in the river mouth, only a 

negligible amount being lo st by water movement and wind blowing 

the plants out into the Sehgwa Bay. There does not appear to be 

an annual flood which flushes the system out into the open lake, 

as is  the case in  the Mwenda River mouth. The Sengwa River mouth



3,: Ifexiraum and minimum values for the recorded chemical parameters 
a t  the Mwenda Basin routine sampling sta tion . These ranges are 
taken from data (Appendix 6) for the five sampling periods from 
the depth profiles (.0 -  35 m).

Chemical Parameter Chemical Ranges

E lectrical conductivity 
(ms/cm a t 25°C) 6,7 -  7,4

Total a lka lin ity  
(meq/l) 0,70 -  0,80

Calcium (mg Ca/l) • 7,50 -  11,92

Magnesium (mg Mg/l) 0,07 -  0,26

Ortho-phosphate 
(pg P O /l) <  10 -  25

N itrite  (pg NO^/l) <  10 ~ 70

4.2.2 Sengwa River Mouth

The mean vater chemistry data is  presented in  Table 10, and the 

comple be data for a l l  sampling stations in Appendix 7.

The occurrence of Sa l v i n l _nd the established "sudd" mat have 

a marked influence on the energy flow through the food chain 

(Bowmaker 1973)• Almost the entire margin of the Sengwa River 

mouth is  fringed by Salvlnia or "sudd" mats. The area from 

sta tion  1 to approximately station  4 (see figure 5) is  almost 

completely covered. The nutrient material bound up in  these 

macrophytes generally remains in  the river mouth, only a 

negligible amount being lo s t by water movement and wind blowing 

the plants out into the Sengwa Bay* There does not appear to be 

an annual flood which flushes the system out into the open lake* 

as is  the case in  the Mwenda River mouth. The Sengwa River mouth
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is ,  however, low in available plant nu trien ts, because most of 

these nutrients are in the vast biomass. The water chemistry 

is  sim ilar to that of the Mwenda River mouth.

The e le c trica l conductivity increased from 6,9 mS/'-m to 8,6 

mS/em a t 25° C in April, and then decreased to 8,3 mS/cm at 25° C 

in June. Stations 1 and 2 were only v is ited  in  December (mid­

summer) and June (mid-winter), when conductivity gradients were 

rt:.,rded (Appendix 7). These two stations appear to be more 

m in e r a l . .w i th  respect to calcium and magnesium than the res t 

of the river mouth. There was very l i t t l e  variation in  the 

cationic levels throughout the year, except for 17,65 mg Ca/l 

in  December, and 0,48 mg Mg/l in August.

Total alkalin ity  showed a Very sim ilar pattern  to t l '  e lec trica l 

conductivity, with stations 1 and 2 having more available soluble 

carbon than the other sta tions. There appears to be a weak 

annual cycle, for 0,80 meq/l of to ta l a lka lin ity  was recorded in  

August; th is  decreased to 0,75 meq/l in  December, then increased 

to 0,93 meq/l in  April, and decreased slig h tly  in June.

Ortho-phosphate and n i t r i te  became available in the cool dry period 

and the hot dry period, but once the rains come in early December, 

t v'ose chemical species become lim iting due to the rapid growth 

of the macrophyte plants and dilution by precipitation. Phyto= 

plankton are unlikely to have a marked effect on nutrien t concen= 

tra tion  in the Sengwa River mouth as lig h t penetration into the 

water is  limited by the floating aquatics, The periphytic algae



growing on the Salvinia submerged leaves are sparse in  number 

and species d iversity  i f  compared to samples from other parts of 

the lake. At stations 5, 6 and 7 the Salvinia mat was res tric ted  

to the margin of the lake; there the phytoplankton were likely  

to be the major controlling factor in  the levels of available 

plant nu trien ts ,

Table 10: Mean water chemistry data for the Sengwa River mouth (see Appendix 7).

Chemical
Parameter Aug. Oct.

Sampli
Deo,

ng Perio 
Feb.

a
Apr. Jun. Mean ,

Conductivity 
(mS/cm a t 25 C) 6,9 7,2 7,4 7,2 8,6 8 ,3 7 ,6  -  0 ,0 7

Total
a lk a lin ity

(meq/l)
0,80 0 ,7 8 0,75 0 ,7 8 0 ,9 3 0,91 0,82 t  0,09

Calcium' 
(mg Ca/l) 7 ,7 8 - 17,65 9,14 1 0 ,3 9 ■10,19 1 ,1 5  ± 3 ,9

Magnesium 
(mg Mg/l) 0 ,4 8 - 0 ,1 4 0,15 0,27 0,18 0,23  ± 0,14
Calcium : 
magnesium 

ra tio
16,2 - 126,2 6 0 ,8 3 8 ,2 56,6 4 7 ,6

Ortho-phosphate
(p g  a y l ) 7 7 ,1 82,7 < 1 0 < 1 0 ' <  10 1 6 ,4 <  10 to 67,3

- 0 ,0 4 < 0 ,01 < o , o i < 0 , 0 1 0 ,0 1 < 0 ,0 1  to 0,04

4.2.3 Mu.iery Offshore Area

The chemical analysis data presented in Table 11 shows that the 

concentrations of chemical species were very low, and not unlike 

those for the Mwenda River mouth and Mwenda Basin sta tions. Only 

s lig h t variations were noted between the four sampling stations 

alOng each of the two offshore transects, as well as for the 

d ifferen t sampling periods.
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Table l i t Mean water quality of the Mujery
transects. Figures in  brackets

are the ranges of the mean.

Chemical Parameter Sampling Stations
Uncleared area 

1 - 4
Cleared area 

5 - 8
E lectrical conductivity 

(mS/cm)
Total a lka lin ity  (meq/l) 

Calcium (mg Ca/l) 

Magnesium (mg Mg/l) 

Ortho-phosphate (p,g PO./l) 

N itr ite  (mg NOg/l)

7,0 (6,4 -  7,6) 

0,81 (0 ,75- 0 ,90) 

9,71 (7,56-14,64) 

0,20 (0,04-0,47)

(<10,0-14,0) 

0,045 (0,010-0,450)

7,1 (6,4 -  8,0) 

0,80 (0,72-0,89) 

10,41 (7,40-17,52) 

0,21 (0,00-0,54) 

(<10,0-25,8) 

0,021 (0,003-0,035)

4,3 HYDROGEN SULPHIDE

In the early part of the development of Lake Ivariba, hydrogen sulphide 

was recorded (by smell) from hypolimnetic waters. Soon a fte r impounds 

inent there was a rapid increase the biomass as a resu lt of nutrients 

released from the old te r re s tr ia l  so ils , and from the burning of the 

Vegetation from the cleared areas (e.g. Mujery). The biological de= 

composition of th is  biomass a fte r  s tra tif ic a tio n  was established produced 

vast amounts of hydrogen sulphide (Harding 1966 and Goche 1968) below the 

thermocline a t a sta tion  a t 10 m depth (in 1959) near the dam wall. As 

the lake aged the thermocline a t th is sta tion  deepened and the amo’tnt of 

hydrogen sulphide decreased in the hypolimnion. By i"7l only a few 

isolated samples of bottom water (£ 45 m depth) produced a fa in t sulphide 

small (Begg 1971) from the dam wall sta tion . In th is survey samples 

collected from below the thermocline in the Mwenda Basin (40 m) in 

February revealed very low Oxygen saturations (<  5$ saturation) and no
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hydrogen sulphide. Oxygen-deficient conditions above the bottom sediments 

were also recorded when the Mwenda River was in  flood in  February,

These oxygen-deficient conditions persisted for a short period only, 

and no hydrogen sulphide was produced.

The production of hydrogen sulphide has decreased markedly since the 

early days of the reservoir (Coche 1968), and a t present, with the 

trophic sta tus of the lake waters on the decline, the production of 

hydrogen sulphide has almost ceased (Begg 197?).
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FHTTOPLAMTOW

The phytoplankton standing crop of hake Kariha is  almost unknown except for 

reports on the net plankton by Thomason (1965) and Begg (1967). I t  was 

therefore decided to investigate the biomass, algal population structure and 

seasonal variation of the selected areas of Lake Kariba,

The identification  of the algae was res tric ted  to the generic level (except 

fo r selected samples submitted for complete diatom analysis), due to the 

extreme diversity of the samples, A complete taxonomic c lassifica tion  of 

the plankton samples was considered out of the scope of th is  project; howe'-sr, 

notes on the algal taxa and their ecology in  Lake Kariba are presented in 

Appendix 18,

5 .1  BllOSMXSIiriitBTlO PIGMENTS

5.1.1 Horizontal Variation

The horizontal variation c.f aurfac p; ' t o synthetic pigments for 

each sampling period along fha respective transects, and for each 

sampling sta tion  throughout the annual cycle, is  presented for 

a l l  the sampling areas,

5 .1 .1 ,1  Mwenda.River

The photosynthetic pigment data for the Iwenda River can 

be seen in Figure 21, The lowest photosynthetic pigment 

values for the year were recorded a t sta tion  1 (maximum 

P t 2,25 pg P t / l ) , which can be d irec tly  related to the 

Salvinia mat which covered th is area for most of the year. 

This effectively prevented lig h t penetration into the
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Figure 21: Total photooynthetld pigment data for the four Mwenda River routine 
sampling stations, for the five sampling periods. The arrows ( i  ) 
Indicate when the river was in flood,
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water, preventing th is  water body from warming up during 

the summer as did stations 2, 3 und 4 (see ''uvle 3)»

The highest phytoplankton densities (l52,8 pg P t / l ,  

dominant organisms Pediastrum olathratum, P. boryannm,

P. simplex and Melo sira  aranulata) were recorded for 

sta tion  2, which was the re su lt of building operations 

on the Hughes' Weir, and the addition of phosphate deters 

gents to th is p <■'> by the workmen. Stations 2 and 3 

showed intermediate phytoplankton densities, and are 

probably representative oi the many pools of the Mwenda 

River,

The seasonal phrtosynthetic pigment fluctuations for a l l  

stations correlated with changes in their thermal pattern. 

From Augurt to December the volume of water in each pool 

was reduced by evaporation, and consequently the available 

nutrient material was concentrated, resu lting  in  an, in= 

creased phytomass. The August values for stations 3 and 4 

cannot be explained. With the onset of the rainy season 

the flood waters scovred the river bed, removing a ll  the 

pool algae, and replacing the la t te r  with algae-froe 

water, Once the river stopped flowing and the pools again 

became discrete, the algae recolonised the habitat*

5.1,1.2 Mwenda River Mouth

The phbtosynthetic pigments of the riverine stations 1, 2,

3, and 4 of the Mwenda River mouth transect generally showed 

higher phytomass values than the bay stations (stations
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5 and 6) or the open lake s ta tio n  (sta tion  7 and Mwenda 

deep sta tion  E ) P r o m  the data presented in Figures 22 

and 2;S the to ta l  phytoplankton density does not appear to 

he influenced to any great extent by the physical environ^ 

ment, as no clear seasonal pattern  for any one s ta tio r 

emerged. There was, however, a gradual increase of plant 

pigment concentration from sta tion  1 to sta tion  7 and the 

open lake sta tion . From August to October there was a 

sharp decline in pigment concentration from sta tion  1 to 

s ta tion  2; thereafter l i t t l e  fluctuation.

In December the pigment concentration decreased gradually 

from the riverine to the open la1 e sta tions. In February 

the riverine stations s t i l l  maintained th e ir re la tive ly  

high algal densities (Scenedesmus sp ,, Peridinium sp. and 

Anabaena s p .) , but a decrease to sta tion  5 was apparent, 

with stations (5 and 7 also showing lower values. This was 

the resu lt of the heavy thunderstorms characteristic  of 

vUis  period. The riverine sta tions were affected less by 

rainwater because of the lake width a+ the sampling Stations; 

the river flood water brought nutrients from upstream • ? 

maintain these populations, The baj stations were affected 

by rainwater d ilu tion , particu larly  the surface, and 

increased wind-induced v e rtica l mixing. By April the 

algal density had been markedly reduced t, sta tions 1 and 

2 to 1,12 ]ig P t / l .  This can be attributed  to the poor 

ligh t -enetration into the water as a resu lt of the 

suspL^aed s i l t  load, lack of available nutrient material,
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and lower water temperatures» The plant pigments a t station  

3 had increased sligh tly  since February (high diatom 

populations) with a gradual decrease to sta tion  7. The 

winter sample (June) revealed tha t the river mouth contained 

a very poor phytoplankton standing crop. This is  probably 

the resu lt of low water temperatures.

From the data presented for the Mwenda River mouth i t  is  

clear that there were a large number of factors which 

controlled and affected the primary production in  th is 

area. These factors are not the same from year to year, 

as the Salvinia mat does not completely cover the riverine 

areas, and the rains do not occur a t the same time each 

year nor with the same intensity ; the effect of river 

flooding w ill therefore not always be iden tica l. Generally, 

i t  can be said tha t the riverine  stations showed a higher 

primary production with regard to photosynthetic pigment, 

than did the bay or open water stations,

5.1.1.3 Sengwa River Mouth

Photosynthetic pigment data for the Sengwa River mouth for 

August and December 1971, and February and April 1972 are 

presented in  Table 12.

The to ta l phytoplankton density data for th is  area are 

scanty, as the area was only sampled for algae on four 

occasions, and then not a l l  the stations could be reached.



There was an increase in phytomass from August to December, 

which was probably the resu lt of the rains and nutrient 

release from decaying macrophytic vegetation. By February 

the photosynthetic pigments had again decreased to <  1 ug 

P t / l .  This could "be the resu lt of reduced available plant 

nutrien t m aterial. As the water temperatures cooled, the 

plant pigment level increased to between 1 and 2 pg P t/l  

by April. The in terpretation  of such low concentrations 

is  extremely d if f ic u lt , as the values of photosynthetic 

pigments recorded are close to the lim its of the method 

used.

12: Total photosynthetic pigment data for the Sengwa River mouth (pg P t / l ) .

Sampling
Station August

Sampling
December

Period
F e b ru a ry April

1 — 2 ,1 3 -
2 — 1,74 -

5 0 ;5 9 2 ,0 8 0 ,9 0 —
4 0 ,4 8 1,08 0 ,3 9 1 ,8 0

5 0,22 2 ,3 0 0 ,2 8 1,01
6 0*22 2 ,0 2 0,67 1 ,5 2

7 4,11 1 ,9 1 0,1% 1 ,1 2

5.1.1.4 Mujery Offshore Area

The seasonal flux of photosynthetic pigments for the 

Mujery offshore area is  in Figures 24 and 25. The 

August values were below 1 pg P t / l ,  probably the resu lt 

of the cool winter water temperature, By October the mean 

water temperature had increased by 4° 0, resu lting  in  an
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increase of algal biomass. From December to April a l l  

stations showed photosynthetic pigment values ranging 

between 1 and 5 jig P t / l .  The June samples contained a low 

phytomass value, sim ilar to the August samples. The annual 

photosynthetic pigments fluctuate with the physical 

environment (temperature rather than lig h t, as Seochi 

disc transparency depths were mostly very close to or 

recorded to the lake bottom), rather than the chemical 

environment, as no annual cycle in  any of the plant 

nutrients recorded was noted.

The sampling sta tions closer to the shore generally showed 

.slightly higher photosynthetio pigment values than the 

open water station; ♦ The winter samples (August to June) 

contained a poor phytomass, with sligh t variation from the 

shore (stations 1 and 5) to the open water stations (4 

and 8)- By spring (October) the shore stations showed a 

decrease to stations 2 and 5, which then increased to the 

open water. During the hot dry period of the summer the 

photosynthetio pigment values along the transect lines 

revealed a sligh t increase at stations 2 and 6, with the 

re s t  of the water remaining a t -  1 pg F t / l .  Once the 

rains had come (February) and the lake le^el rose, the 

algal growth a t the shore stations increased as a resu lt 

of nutrient material being released into the water from 

animal dung and ash from bush f ire s  on the f l a t  flood plains 

(Molachlan 197l)• Thore was a noticeable gradient from the 

shore to open water stations during th is  period.
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A good correlation (Figure 25) existed between the photo- 

synthetically active phytomasa from the uncleared and cleared 

transects (correlation coefficient between the two transects 

through the annual cycle is  0,8799)• In spring a poor 

correlation was noted between the transects; th is  was the 

resu lt of a fluxing algal population from shore to open 

water. From February to June the water temperatures 

dropped, as did. the photosynthetic pigments; when comparing 

the two transects a poor correlation coefficient was 

recorded (negative correlation in June).

5 ,1 ,2  V ertical D istribution

The d istribu tion  of photosynthetic pigments with depth and time was 

recorded a t the Brenda Basin deep water sta tion  (Figure 26).

The August samples revealed a water column fa ir ly  uniform in 

photosynthetic pigment with increased death (•- 1,5 pg P t / l ) .  This 

situation  resulted from complete v e rtica l mixing a fte r  the lake 

dpstra tified , so that the bottom waters contained up to 1,0 pg 

P t / l .  The only plankton maximum (-  45/ of the population of a l l  

samples was Scenedesmus bi.iuaa) was recorded in December when the 

la k e  waters warmed and the ligh t climate favourable for algal 

growth improved. The maximum occurred between about 7 m and 2'S m 

depth, By February the epllimnetio water had probably mixed down 

to the intensifying thermo d in e , winch effectively dispersed the 

algae in  the upper layers, and improved the ligh t penetration into 

the deeper waters, A gradient of photosynthetic pigments had 

developed by April, when the thermal s tra tif ic a tio n  was a t i t s
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Figure 26: Fhotoeynthetic pigment (jig F t/i)  depth profiles for the Mwenda 
Basin deep water sta tion , from August 1971 to June 1972. The 
dotted lin e  (.  ̂J. _) represents the Secchi disc transparency of 
the water. The broken line  (-£—«&•*) indicates the position of 
the thermocline.
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maximum. The surface water contained <  1,0 y,g P t / l  of extractable 

plant pigments, which increased to ju st above 1,5 pg P t / l  between 

14 m and 22 m depth; i t  then decreased to 1,0 pg P t / l  at the 

thermoeline a t 50 -  32 m depth. The plant pigments decreased 

further with lepth and a t 35 m no extractable photosynthetic 

pigments could be detected.

Once thermal s tra tif ic a tio n  had broken and the jurface waters 

began warming, the a lgal growth again concentrated in the tipper 

layers of the euphotic zone, which effectively caused the Seechi 

disc transparency to decrease. The algal growth between 25 -  

30 m depth we the result plant nutrients being released from 

the bottom sediments a t turnover. A very sim ilar pattern of 

photoaynthetic pigment flux was recorded by Tailing (1966) for a 

routine offshore sta tion  in lake V ictoria. The post turnover algal 

1loom w ill be discussed in section 5.2.5 below. As the thermal 

s tra .if io a tio n  again began to develop, the mixing caused homo= 

geneity with respect to photosynthetic pigments in the epilimnion,

5*2 ALGAL. POPULATIONS .AMD DYNAMICS

5,2.1 0ounting Precision

Ths algal diversity and the tremendous variation in algal densities 

of the lake samples made i t  impractical to determine the s ta t i s t  

t lc a l  accuracy of each sample count; sample M17 was therefore selec ts 

ed to determine the 3curacy of the counting method. The mean 

percentage of each genus in th is  sample is  seen in  Table 13,

Normally the lake sample a lg a l counts were terminated a f te r  about 200 

organisms had been recorded (Lund et a l 1958), The resu lts of
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these algal counts are in Appendix 12 and the resu lts  of the 

s ta t i s t ic a l  analysis of the counts in  Table 14. The accuracy of 

the counts was about 94$ for both to ta l c e ll counts and to ta l

Table 13: The mean percentage of each genus recorded in  sample Ml?.

Chloroohyta M f An , £■
. Rediastrum 1,1 -  0,6

Ooelastrum 2 ,3  -  1 ,4

Oocystis 1,1 i  0 ,7

Franceia 0,3 i  0,2
Schroedeiia 6 ,6  ±  2 ,3

Scenedesmus 42,7 -  4 ,0

Grucigina 1 ,3  -  0 ,8

Staurastrum 0,6 -  0,2

P v rrh o n h y ta

Peridinivu 0 ,5  ± 0 ,3

ChrvHonhvta
Tet> "olla 3 ,8  -  1 ,3

B a d ,  n hvceae
7 ,4  ± 2 ,0Centric diatoms

1- ennate diatoms 1 4 ,0  -  1,8

Ovanoohvta /

Merismopedia 2 ,2  ± 2 ,7

Anabaena 16,4 — 4,0

Table 14i Results of the s ta t is t ic a l  analysis of a l g a l  counts of sample Ml?.

Total Total
cell count occurre.iceG

Standard error 0 ,015013 0 ,004819

Counting accuracy $ 9 4 ,1 9 4 ,6

Chi"Sq.uar6a n » 20 0 ,09772 0 ,0 4 7 1 8



these algal counts are in  Appendix 12 and the resu lts  of the 

s ta t i s t ic a l  analysis of t l r  counts in  Table 14. The accuracy of 

the counts was about 94$ for both to ta l c e ll counts and to ta l

Table 11: The mean percentage of each genus recorded in  sample M17.

Chlorophyta M ean  , S .E -
Pediastrum 1,1  -  0,6

Coelastrum 2,5 ± 1,4
Oocystis 1,1 ~ 0,7
Pranceia 0,5  -  0,2

Schroederia 6,6  t  2,5
Scenedesmus 42,7 ± 4,0
Crucigina 1,5  -  0,8

Staurastrum 0,6  ± 0,2

Pyrrhophyta
Peridinium 0,5 ± 0,5

Chrvsouhvta
Tetraedi'iella 5,8 -  1,5

BacillariOPhvceae
7,4 t  2,0Centric diatoms

Pennate diatoms 14,0 t  1,8

Oyanophyta
2,2 ± 2,7Merismopedia

Anabaena 16,4 ± 4,0

Table 14; Res-It* of the s ta t is t ic a l  analysis of <Igal counts of sample ML?.

1 Total Total
c e ll count occurrences

Standard error 0,015015 0,004819
Counting accuracy $ 94,1 94,6

Chi-squared n == 20 0,09772 0,04718
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occurrence (number of organisms) counts. The Chi-squared analysis 

of the data showed that there was no sign ifican t difference between 

the six  counting chambers or between the five counting positions 

of each counting chamber. The algae were therefore randomly 

d istributed  on the covers!ip surface of the counting chambers.

The standard error of counting was sign ifican tly  low to ju s tify  

the high counting accuracy.

5.2.2 Algal Density of the Sampling Stations

The algal density of a l l  the sampling areas w ill be based on the 

to ta l c e ll count data, rather than number of organisms, because 

of the significant correlation between these two parameters; 

the l a t te r  would give sim ilar patterns (correlation coefficients 

for a l l  the lake samples are presented in  Appendix 13)„

5.2,2.1 Horizontal Variation

5 .2 .2 .1.1 Mwenda River

A quantitative assessment of the algae in  the 

Mwenda River was generally not possible, 

because of the high suspended s i l t  3oad and 

low algal densities. Algal growth was almost 

entirely  inhibited due to in su fficien t ligh t 

penetration into the water. At sta tion  1 the 

b'alvinia mat impeded lig h t penetration, which 

retarded algal grf th.

Two algal bloc ms were recorded a t sta tion  2 

however, which can be attributed to nutrient
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additions to the water by the workmen at the 

Weir s i te .  The f i r s t  bloom was recorded .in 

August, where a Schroederia sp. had an algal 

density of 89,85 x 10^ c e l ls / l .  This Was by 

far the highest plankton count recorded during 

th is investigation. The second high count was 

recorded in December (17,64 x 10  ̂ C e lls / l) .

The population Was dominated by Pediastrum 

clathratum and P, simplex, and Melosira 

granulei.a with Microcystis sp. and Phormidium 

sp„ m subdominants.

The flood waters contained no' identifiab le  

plankters or p lant pigments. Due to the im= 

poverishment of the Mwenda P-iver samples, no 

seasonal flux in  algal population could be 

detected. These samples do not en tirely  agree 

with the photosynthetic pigment data, because 

of the nature of the samples, e.g. high suspended 

terrogenic detritus loads, and the small vol= 

ume of water which could be f ilte re d  through 

the 0,47 p. Millipore f i l t e r s  (between 60 ml 

and 500 ml),

.2,2*1.2 Mwenda River Mouth

The standing crop of the Mwenda River mouth is  

presented in Table 15. Generally the phytomass 

remained below 1,00 x 10  ̂ e e l ls / l  for a l l



samples. The highest al- ' densities were 

recorded from the bay and open water stations 

(s ta tio n s 5} 6 and, 7, in. October and A p ril) , 

and the lowest values from the riverine stations 

(stations 1, 2, 3 and 4); th is  is  probably due 

to the degree of shelter each sta tion  is  

afforded by the land and by the aquatic macro= 

phytes, and also the amount of lig h t entering 

the water.

During August a gradual increase in algal c e ll 

number:' from sta tion  1 to sta tion  7 was noticed. 

The u ,en water contained large numbers of 

Scenedesmus bl.juga and diatoms -  th is  cOntrib= 

uted to the marked increase from sta tion  7 to 

the Mwenda deep s ta tion  (0 m). By October the 

algal population of the riverine sta tions, 

including sta tion  5, showed a decrease, but 

stations 6 and 7 showed, marked increases, as a 

resu lt of increased numbers of Anabaena. The 

December sample showed a decrease from sta tion  1 

to sta tion  5 with a corresponding increase in the 

Pyrrhophyceae, which then decreased to the open 

Water. The population from stations 1 to 5 

also contained large numbers of diatoms, which



were absent a t stations 6 and 7. In February,

once the flood waters had entered the lake, the

riverine stations showed a gradient c„. a poor 

algal population at sta tion  I f  which increased 

to sta tion  4 (increases in Sceneduamns sp. and 

Schroederia s p .) . I t  then decreased to the open 

Water at sta tion  7, but increased to the deep 

water station , due to a high Anabaena sp.

15: Seasonal phytoplankton standing crop of the Mwenda River mouth
(ce lls  x 10 / l)„

St
at

io
n

I

Samp
Oct.

)ling Pei 
Dec.

■iod
Feb. Apr,

Mean̂ S,

1 0,24 0,11 0,31 0,13 0,49 0,26 ~ 0,15
2 0,20 0,06 0,14 0,26 0,52 0,24 ~ 0,17

3 0,39 0,09 0,29 0,42 0,67 0,37 -  0,21
4 0,39 0,05 ' 0,36 0,88 0,72 0,48 i  0,33

5 0,52 0,19 0*55 0,38 1,99 0,73 t  0,72
6 0,56 1,66 0,11 0,20 0,66 0,64 i  0,62

1 7 0,68 7,19 0,71 0,17 1,59 2,07 ± 2,91

population a t that time. The low algal 

populations a t stations 1 and 2 were due to 

the suspended s i l t  load (and therefore reduced 

lig h t penetration into the water); many of the 

algae were mechanically broken by th is 

suspended material (see section 6 below). In 

April the algal densities of the samples 

showed a sim ilar pattern  to the February 

samples, These a lua l densities had, however,
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increased since February but the typical 

gradient s t i l l  remained, with the algal maxima 

a t station. 5 (increase in the population of 

diatoms, Gonatozygon. Anabaena and Tetra= 

e d rie lla ) , The re la tiv e  percentages of these 

plankters in the population remained the same a t 

sta tion  6 , although the densities of the taxa 

deceased (a sligh t decrease in the percentage 

of diatoms in the population was noted). At 

sta tion  7 the densities of the taxa increased, 

sim ilar to sta tion  6 . The plankton population 

density at the Mwenda Basin deep sta tion  was 

sim ilar to that of the open water river samples, 

but the plankton was dominated by the diatoms 

and T etraedriella sp,

The mean seasonal algal densities for the seven 

Mwenda River mouth stations are presented in  

Figure 27. There was an overall increase in 

algal densities from sta tion  1 to sta tion  7 and 

the open water, The riverine algal populations 

(stations 1, 2, 3 and 4) were more stable than 

the bay stations (stations 5* 6 and 7) as 

indicated by th e ir re la tive ly  small standard 

deviation values. The algal population at 

sta tion  7 showed extreme in s tab ility  throughout 

the year, but there was less variation in the 

algal densities a t sta tion  B.



u

100

CD
O

o

I—

7
S a m p l in g  S ta t io n s

2?; IKeaii seasonal algal density (to ta l c e l l  count) for the Mwenda 
aiirer mouth, Vertical lin es  sure the standard deviation. Benda
Basin sta tion  1 (b) is  included.



The large fluethation in algal density at 

sta tion  7 can be attribuued to the fac t that 

th is  area is  the zone of transition  between the 

open lake water and water contained within the 

Mwenda Diver mouth system. A further factor 

which contributed to these a lbj l  maxima was the 

effect of wind-induced wave action (north east 

swell running down the length of the lake) 

eroding "Block Beach" on Christmas Island (see 

Bowmaker's map, 1969,). The sand on these 

beaches is  almost en tirely  covered by Fanlcum 

repens L. which is  extensively grazed by game. 

Dead grass and dung together with sand grains 

are suspended by the pounding waves, and the 

swell moves th is  m aterial across the opening of 

the Mwenda River mouth. Nutrient material is  

released into the water (Mclachlan 1971), 

which is  consumed by the algal population, and 

is  therefore not easily  detectable.

•2.1.3 ffengwa River Mouth

The standing crop data for the Sengwa River 

mouth is  presented in Table 16. The algal 

density of th is  area generally remained below 

1,0  x 106 c e l ls / l .  In August the sta tion  

samples showed density values ranging between 

0,29 “ 0,56 x 106 c e l ls / l .  The October sample 

showed sim ilar density values, but the algal



population dominance had shifted from a 

green -  blue-green population to a green 

algae population. In December, when a l l  

sampling stations were v isited , the algal 

density showed an increase from sta tion  1 to
6sta tion  3» remaining just less than 1,00  z 10 

c e l ls / l  a t stations 4 and 5, and decreasing 

to the open water sta tion . These phytoplankton 

maxima at stations 3 , 4 and 5 could be the 

re su lt of the Sengwa River adding nutriehts to 

the river mouth, nutrients released when the 

macrophyte "sudd1' mat was broken up by wind 

action and decayed, and an improved lig h t 

climate in the water. The algal population 

a t sta tion  1 1 as dominated by Melosira Sp. 

and a t stations 2 to 7 by Anabaena sp. The 

standing crop was low in February, showing a 

s lig h t increase f  tation 3 to station 7 

(0,23 to 0,55 x 10® c e l ls / l ) ,  The three stations 

v isited  in April showed elevated algal densities 

from February. These algal maxima were due to 

Melosira sp. a t stations 4 and 5* and Scenedesmus 

dp. at sta tion  6 ,

The alg 1 populations were generally fa ir ly  

■itable in the Sengwa area as the magnitude of 

the population fluctuations were small through* 

out the year. This can be seen from the
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