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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 Zamﬁezi Valley, and lake level fluctuations,

Standard methods were employed to collect the samples and the following paraneters
were measured: temperature, dissolved oxygen, water transparengy, water depth,
electrical conductivity, total alkalinity, calcium, magnesium, ortho~phosphate,
nitrite, suspended solids, photosynthetic pigments, and algal counts. Replicate
counts were made on a selected algal sample to test the accuracy of the method,

A field vacuum pump is described.

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

ag well ag the light penetration into the water., The dissolved oxygen cycles

are also discussed and cbmpared with the temperature patterns.' The water

quality in space and time is discusszed; it ghowed almost no annual pattern at

low eoncentrations.

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

deep waters at Kariba, and wag ahsent in the hypolimnion of the #wenda Basin.

The standing crop of algae was very low in all leke samples, élthough two
blooms were recorded in the Mwenda River., The Mwenda Bagin maintaing an almost
homogeneous standing crop from the surface to the thermocline. The algal
densities of the lake samples were all low, but the generic diversity was high,
which is indlecative of an oligotrophic, mature tropical goosynten, Seleoted

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

i et
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i il vid
i ? gfix
4 & ‘ &
‘ f; list compiled., The generic frequency of all rscorded organisms was calculated b
: i L
: ; | §
i and the ecoligically and taxonomically important genera presented, The post f :

i ) . I[& s
, L turnover algal bloom is discussed, together with the composition of this ‘ ‘
' 8! population. Tinally, the effect the Mwenda River flood has on the leke ecosystem X }‘
; L is examined. i
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D = Sengwa River mouth, E = Mlibisi River mouth),

Figure 2: Section of the Mwenda River showing the routine sampling stations,
the weir site and the point of river inflow into the sheltered
region of the Mwenda River mouth.

¥lgure 3: Map of the Mwenda River mouth showing sampling stations along
the drovned river bed (1 - 7). The gauging weir, point of
© river inflow, and the Nuffield Lake Kariba Research Station
(RS) are also ehown.

FPigure 4: The Sengwa River mouth, showing routine sampling stations along the
drowned river bed, Note the dendritic nature of t.e shoreline,
Salvinia molegte "sudd" mats ocour in profusion betweer stations 1
and 4; from station 4 to the open water the shoreline and many of
the sheltered bays are colonised. The broken line ie the drowned
. river bed.

Figure 5: Map of the Mujery coastline showing the offshore trensects, with
the routine sampling stations, The shaded area was not eleared
of the original bush for fishing grounds, B Pishing camps.

Figure 6: The seasonal mean, maximum and minimum air temperatures and rain=
fall pattern recorded at the Nuffield Lake Kariba Research Station
for 1671 ~ 1972,

Figure 7: Mean maximum and minimum wonthly lake level for 1971 and 1972, The
broken line is the mean operating level (M,0.L.) of 484 metrer sbove
gea level. Values recorded at Kariba Dam wall.,

(Prom Central African Power Corporation 19T71-1972).

Pigure 8: Field vacuum apparatus ~ diagrem not to scals. wf = water flow
direction, ' = reservoir, v = verfuri, cwp = centrifugal water
Pump, vp = subber vacuum pipe, 3d = impeller direction, b = base,
p = P.V.C. pipe, va = vacuum, f = fleiible comnectblon, pe = petrol
engine,

Figure 9: The counting positions on the field of view for the various counts,
The solid arrows, numbered 1 {o 5, are the replicate count positions
for sample ML7, end the broken arvow (8) is the transect position
for the lake sample counts - the transect length depends on t.e
algal density,

Figuwre 10: Isotherm diagramy for the Mwenda River mouth for August, October
aud December 1971, and February and April 1972, The Mwenda Basin
deep water atation has been included to indinate the thesmal
offect of the open water on that in the drownsd river moutns.

FPigure 1l: Temperature depth profile isvpleth diagram for the Mwenda Basin
deep water station,
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Figure 12: Relationship between surface water and water below the thermocline
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Igotherm diagrams for the Sengwa River mouth for bugust, October
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lines indicate the extent of the floating "sudd" mak.
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The mean maximum and min
for the (MR TR

mum recorded seasona . water temperatures
S8 offshore transeetu at Mujery.

T,

Mean light transparency values for the Mwends River mouth, Vertical

lines are the standard deviation, and the figures adjacent t» the
mean are the sampling stations,

Mean light transparency for the Sengwa River mouth, Vertical lines
are the standard deviations, and the figures adjacent to the mean
veluey are the sampling stations,

The dissolved oxygen (% stauration) isopleth diagrams for the
Mwenda River mouth for the 1971~1972 sampling period. The Mvenda
Basin deep water station has been included to indicate the
relationship between the lake oxycline und the oxygen conditioru
in the river mouth,

Dizsolved oxygen isopleth diagram for the Mwenda Basii. deep water
station,

The dissolved owygen (% saturation) isopleth diamgrams for the

‘ Sengwa River mouth. The horizontal dark line indicates the
i : extent of the "sudd" mat,
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The mean maximum and minimum seasonal dissolved oxygen values
recorded from the Mujery offshore area. The top curve repregents
the uncleared transect, and the bottom curve the cleared transect.
Each point on these graphs represents the mean value of the depth
profile at all four sampling stations for a yarticular month,

Ihe broken line (= - -y indicates the pomeible flux in dissolved
oxygen in June - July,

¢ Total photosynthetic pigment data for the four Mwenda Biver routine

sampling stations, for the five sampling periods, The arrows ( § )
indicate when the river was in flood,

Surface photosynthetic plgment data for the seven routine gsampling
stations (wlation B is the surface sample of the Mwends Basin deep
station) on the Mwenda River mouth, The hatehed colum (B]) is
the station mean for the six sampling periods.,

Photosynthetic pigment data for the Mvenda River wouth through
an annual oyele,
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: Meun geasonal algal denaity (total cell count)'for the Myenda

River mouth. Vertical lines are the standard deviation., Mwenda
Bagin stat’on 1 (B) is included.

¢ Seasonal phytoplankton diversity of ‘the Mwenda River mouth routine

sampling stations, The vertical columns indicate the algal pop=
ulation breakdown: Chmrophyta[:l, Pyrrhophy'ba, Chrysophyta
(minus dia'boms)%, Bacillario hyoeaew Cyanophyta

The generic diversity index (d) for ew.  tation is indicated,
together with the photosynthetic pigment values (Pt) and total
cell counts (Te) for comparison.

: Mean generic divergity indices for the Myonda River mouth, and

the Mvenda Basin surfuce (B), Vertical lines are the standard
deviations of the mean.

Seasonal phytoplankton Aiversity of the Sengwa River nouth.

The vertieal nolumns indicate the algnl populaticn breakiowns
Chlorophytal |, Fyrrhorhyta s Chrysophyta(minus diacoms)
£, Pacillariorhyceacf . d, Cyanorhyta[ij]. The gensric
diversity index(d) for each sbation is indieated, topether
with the photosynthetic plgment values (Pt) and tobal cell
counbs (Te) for comparison. ‘he horuzontal hlack line indlicates
the extent of the "sudd® mabt., Figures below the columns are
the samplins stations.

The mean generic diversity index for .the Sengwa River mouth.
The vertieal lines are the standard deviaticn of the mean-
staticns 1 and 2 were only sampled once.

Seasonal phytoplankton diveraity of the Mujery off'shore transects.
The vertical colupns indiecate the aleal population breakdowns
Chlorophyta] |, PyrekophytalSN, Shryaophyta(mirus diatons )2
Bocdllariophyceael” ¥, Cyanophyts[ . .Cenoric diversiy (a),
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ineluwled for comparison.

Mean seasonal peneric divevgity index values for the twu Mujery
transects. The vertical lines nre the standard deviations.
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The vertical distribution of the phytoplankton diversity for
the Mwenda Bagin for four sampling periods. The horizontal
columns indicate the algal population breakiown: Chlorophyta

| s Pyrrhovhytak\Y, Chrvqonhyta\mmus diatoms) ,
Jac:n.l]amophyceac, 1, Cyanophyba[,""}. Generic diverbl’o (d),
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lean feneric diversity index depth profile for the Mwenda Basin.
The horizontal liras are the standard deviations.

The relationship between frequency class and the nomber of
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Temperature and dissolved oxygen depth profile diaerams for
stations 1, 3 and 6, showing the effact of the Mwenda River
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The distribution of suspenied silt in the surface waters of the

Mwenda River mouth after flocding. The sampling stations are noved
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The effect of suspended silt load on the penetraticn of different
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i 1 INTRODUCTION | !
g i : |
% Lake Kariba was formed when a dam wall was bullt across Kariba Gorge, creating il ‘ j
f ) ‘ | i
% one of .the largest man-made lakes in the world, Inundation of the middle I
Zambezi Valley began in 1958 and was completed in 1963, The lake is geo= | 5 g
; { i !
' , L
g ? graphically located between latitude 16O 30' S and 18c> S, and longitude 270 B [ 1
B | ‘ ?
; 1% and 29° B,  The long axisg is approximately north eagt to south west, forming
: ! i
,f pert of the natural boundary between Rhodesia and Zambia (Figure 1). ,'
: i
a i ' &
, B Lake Kariba has a dendritic shoreline and is characteristically divided into ;,;
i |
; u five main basing, separated by narrows or chains of islands (Coche 1968): ;
: Bl The Sebungwe-Mlibizi Basin, between the Sebuvgwe Narrows snd
; i the Devil's Gorge,
! ; 5
B2 The Biaga Bagin, between the Chele Gorge and the Sebungwe i’
k ‘o Narrows, b
1:] i ] i ¥
¥ b , v I ‘
i» R ‘ B3 The Central Basin, between the Sibilobilo Narrows and the L :
£ i i i3
: 1 |
i il Chete Gorge, i %
i i : , v ‘ ¥
B4 The Kariba Basin, between Xariba township and the Sibilobilo 3 E
i i ‘ L i
- 2
? ' Narrows, and I
; & $
i ! - } R
i o BS ' Tie Sanyati Basin, L
! : | -
: i Some important characteristics of Lake Kariba are: i
1 i f
| Area 4450 Y L
¥ I ?“
3 * b
Length 280,73 ku i
‘ Mexinmum width 64,0 ¥m g
: 1y ¥
i _ v 4
z Mesn width 20,0 X i |
Maximm depth 128,0 m
. i, :
| Mean depth 29,0 m
B Storage capacity 160,0 T’ 52;
!
i Water retention time 3,8 years :
!
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Mean operating level 484,6% m.a.m.s.l,
Vean flow of the Zambezi River 37,6 km3 P.&.
Area of drainage basin 832 200 km2
Thickness of dam wall 24 m
Maximum hydroelectric output - 1500 M.W.

During the early stages of impoundment the lake exhibited typical eutrophic
characteristics, caused by flooding of terrestrial aoils and decay of plants
and animals drowned by rising lake waters. About iwenty per cenf of the
total lake area was cleared of vegetation for fishing grounds prior to
flooding. This material was burned, addirg considerably to the trophic
gtatus of the water. By 1968 the eutrophic charscteristics were far less.
evident;rand br 1972 the lake was oligotrophic, This reverse in trophic
gtatus was becauss the initial nutrients were incorporated into cell mass
(phiytoplankton) and, frllowing the death of the biomass, sedimented into the
bottom mude, Also, the Zambezi River, which auppliés by far the greatest
quantity of water to the lake, is very poor in nubrients and Jow in silt
load (Mitchell 1969). Large quantities of the early nutrient~rich water
wae lost Yo the dam through the sluice-gates and turbines at the daw wall,
Along the shoreline the rise and fall in lake level causes autrients to be
released from grass and dung there (McLaahlaﬁ 19711 and - ear river mouths
flaen floods deposit nutrients and silt into the ‘a3, muinteining possibly
meso-oligotrophy in theae localized areas. The .rophie status of the lake

waters will remain in flux until equilibrium is reached.

The airs of this study were to investigate the physical and chemical
properties of selected areas of Lake Kariba, and bt determine the nature
of the algal population compogition din time and space. It was aldo

intended to investipate the diatom flora of selected samples and to
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Figure 1: Map of Lake Kariba showing the location of the sampling areas (A =

Mwenda River and Mvenda River mouth, B = Myenda Basin, ¢ = Mujery,
D = Sengwa River mouth, B = Mlibizi River mouth).

compile & preliminary species list. The influence of river flooding (Mwenda
River only) on the lake ‘habitat was to be studied for at least cne of

the many floods which occur during the rainy season.

1,1 DESCRIPTION OF THE SAMPLING ARE4S

1.1,1 'The Mwendsn River Svetem

The Mwenda River aydtem hag three separate habitat types:

"1.1.1.1 Mwenda River

The Mvenda River (Figure 2) meanders through Karroo
Sendstones and Grits, The banks of the river are gteeply
ghelving with many cliff feutnres;'wide gsand banks oces

ur on the river bends and in many places the river has
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i Tigure 2: Section of the Mwenda River showing the routine sampling stations, R ]
1 the weir site and the point of river inflow into the sheltered I :
0 region of the Mwenda River mouth, B i
i g j ;
% eroded fairly deeply into the geology. The river bed is ;
I 5 generally saniy with rapids occurring frequently. :r}
,if‘ "v‘:é, )vJ I
! 4 , . . :
Ne H The terrestrial vegetation of the Mwenda River catchment ism } :
B i‘
: mixed dry woodland (Hemning 1971, Pers, obs, 1971, 1972), ’ }
althdugh Wild and Pernandes (1968) have described this area - ‘
as Colophospermum mopane Leon - dominated woodlend, No : !
B | .
1 typical gullery vegetation occurs except in s few isolated e
: : §
: areas, 'The aguatic vegetution is virtually nop-existent | ‘? |
! ! |
. except for some Phrapmited Adans, stands in sheltered areas
away from the main river flow, ' b o
I | &
i P
I ! «
3 ; § ] ;
! : . ;
;; ' a
;
{
& S
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1.1.1.2

During the rainy season (Novem » to April) the river carries
into the lake fajrly high silt and nutvient loads. River
flow doeg, however, depend on localized thunder storms
causing rapid fluctuations in river level (see River Floods=
ing section below). During the dry season (May to October)
the river is reduced t0 e peries ¢t pools, most of which

contain water throughout this dry period,

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

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

is not in flood, Stations 2, % and 4 have fairly steep banks
with associoted sand banks and rocky patches, and are well

exposed. No aquatic macrophytes are present.

Mwenda River Mouth

The Mwenda River mouth (Figure 3) generally has & rocky
coagtline of large blocks of Karroo Sandstones aud Grits
(armoured coastline, Mclachlan 1968). 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 (1968) and MacDonald (197.).

The flosting aguatic vegetation.is dominated by Salvihia

Seguler whish ocours in sheltered bays and between the dead
trees, The presense of "sudd" is very limited, but isolated
mats oceur in sheltered bays where Gyperaceovs elements have

oolonized the Salvinia mats, When the Mwenda River floods,

most of this vegetation is swept out into the open bay water,
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Figure 3: Map of the Mwenda River mouth sno-ing sempling stations along
the drowned river bed (L -~ 7:. It~ gauging weir, point of
river inflow, and the Nuffielé L. Kariba Research Station
(BS) are also shown,

where it is destroyed . + .= . Lison, contribubting large

amounta of detritus *v i wevoa,

The submerged aquatic vegetati » - .oears to be un the ine

cresse {Bowmaker 1970) as large stands of Gerstophylium L,

and Legerosiphon Hawrv, are wxposed when the lake level
rees? * The ecology of these genera in Lake Karida has

yet 16 be properly investigated.

Sampling atations 1, 2 and 3 are in the narrow upper resaches
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of the river moutt.. These areas are shelfered from the north
and east by a steep rocky ridge, and not exposed to the pre=
wailing north easterly wind, The daily period of sunshine

oi. *he 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 (station 6),
TFeat: res of these two stations sre the large number of dead
trees lining thé ghore, and exposure to the yrevailing ele=

mentd.

Station 6 iy in the open Mvends Bay aves, sheltered to some
deg;ee by the two lakeward islands (Christmas and Elephent
Talands), Station 7 lies just beyond the tree line off this
igland chain and is exposed to all the prevailing elements of

the lake,

1.10103 The Mwenda Baﬂin

This station is giltuated 6 km north west off the Nuffield
Lake Kariba Research Station (Figure 1). It is subject 1o
%ypiaal exposed open water conditions, and the water has a

depth of more than 40 m.

1.1.2 The Senewa River Moutn

The drovned river mouth of the Sengwa River ls approximately 16 km
from the point of river inflow at station 1 to the open bay water ab
ptation 7. This systom overlays fine sandstones, which .us resulbed

in hilly topography with wany islands and a dendritic coastline (Pigure 4),
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igure 4: The Sengwe River mouth, showing voutine sampling stations along the
drowned river bed., Note the dendritic nature of the shoreline.
Salvinia molesba "sudd" mats ocour in profusion between stetions 1
and 4; from station 4 to the open water the shoreline and many of

Ye sheltered bays are colonized, The broken line is the drowned
river bed,
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1.1.3

Due to the meandering nature of the old river bed, many shallow
shelving areas occur on which the stumps of dead trees remain., These
act as anchors for the floating aquatic macrophyter. Vost of the

sheltered bays are covered by Salvinia molesta, and from stations 1

to 4 the dvowned river mouth is almost completely columized,

~ These steble Salvinia mats are a suitable substratum for the growth of

other vascular piants, forming “sudd" mats (Mitchell 1969a). The
stoloniferous reproductive nature of these "sudd" plantg aids in
binding the Salvinia into islands of verying size and stability.
Wind action cuuses partial break-up of these mats, and the drowning
of many plants by wave action. ‘'his detrital material sediments to

the bettom muds. Details of the species constituting these floating

i
mecrophytes and their ecology are presented by Mitchell (1960, 1969) %; §
end McLachlan (1968). ;f %
Mujery Area ?i ;
The Mujery srea (Figure 5) has a very shallow sloping topography from y
the coastal plains towards the old Zambezi River course. The coasts g
line varies, due to the’fluctuations in the lake level. Prior to §;
inundation, much of this area was cleared of woody vegetation to ! {
provide a fishing ground when the lake formed. This area wes invests i
iiéétéd to assess the differences between the swampy inshore areas where
no trees had veen cleared (transect 1, shation 13, station 4 is included 4 _?
for comparison with the open water ), and an area cleared of trees |
(tranmect 2, stabion 5-7, with station 8 inecluded for comparison with i? i
the open water ). % j
Both‘stationa 1 and § ore in sheltored bays where wave action is reduced ié
by the rooted macrophytic vegetation. At station 5 a gmall spream ;
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ggg 5: Map of the Mujery coastline showing the offshore transects, with
the routine sampling stations. The shaded area was not cleored
- of the original bush for fishing grounds. w Fishing camps,

enters the lake; As the distance increases from the shoreline along each
transect line (stations 1-4 and 5-8 ) the degree of expogure and wave

getion increases

1.2 GEOTOGY OF THE SOUTHFRN SHORE

Lake Kariba i orientated roughly north-sast 4o south-west, The lake lies
in an aéymetrically folded syncline rurning parallel to its long axis. The
south shore is characterised by scarp slopes of Upper Karroo Sandstone and

Gritae.

The lake is subdivided into four commecting basins by narrows between

romontories or by chains of lulands hetween promontories, There is a
P
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i , s
i . 11 §
, i’ progressive decrease in the size of the basins from the Senyati in the ‘7
} i .
! : north-east to the Sebungwe-Mlibizi basin in the south-west (Bond 1965). :
: | &
[ e
i V Bond (1965) roughly estimated the composition of the shoreline in terms of !
i b
Bl g
! 1 rock types as follows: |
; L [
‘% Molteno Sesies 41% 5
il Porest Sandetone 17% ;'
é )E ' ' 4"
4 r Bagalt and Interbedded Sandstones  15%
I% Barement Gneiss 144 I
: Lower Karroo Sandstones &% L
: o Pebbly Arkose 2% i
| Tine Red Marly Sandstone e I
v :
‘ Sandstone (? Kalahari) 1% :
}
o |
i E The Molteno Grits of the Upper Karroo Series comprise the largest proportion %
i g ‘ ]
i | of the lake shore from Mlibizi to the Sengwa River mouth., TFrom the Sengwa ¥
. ‘ b ?;
3 River mouth to the Sanyati: banin area the important geological features : ;
, j 5 §
g i are the Forest Sandstones in the Bumi area and the Basalts and Interbedded i*
W I 3
¢ g , : ; . : [ i
3 i Sandstones of the Sibilobilo ares, forming the main shoreline and the i !
5 : L
R : islands. The shoreline of the Sanyati Gorge is Greisses of the Lower i
I :,j
i : ‘ . I
j Karroo Series which also oceur in the Noadza River and in the Kariba area, '
{0 5
! 1 The remaining rock types constitute less than 10% of the shoreline (Bond 2
i I
|
:‘ | | !
§ 1,3 CLIMATE OF THE STUDY AREA |
1’ 3 The seasonal climatic pattern for the ventral Leke Kmriba area ig as - |
) i? {: follows? |
h . :
b
EJ a) A cool, dry period from May to August, with a generally etable ’ ’
1 }
1?% synoptie eituation of no rainfall, low cloud incidence and light }
‘ \j,,: B
N [ }
A
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variable winds,

b) A hot, dry period from August to November, with a low incidence of
cloud and rainfall and prevailing north-easterly winds and oce=
agional south-westerly blows (Scudder 1962).

¢) 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 6ccasionally up
to 60 knots) causing surface waves on the lake with an amplitude of

approximately two metres (Law 1965).

Figure 6 illustrates the climate of the study area (see Appendix 1), long-
torm mean values have not been presented due to the variability in climat=
ology of this section of the Zambezi Valley. During the 1971-1972 season
the main raing began in November, reaching‘a maximum in January and decreas=
ing to August, The rainfall for this period amounted %o 778 mm. Frevious
rainfall records indicate a variation from 50C mm to 813 mm over the same

Area,

Alr temperatures were generally high with maximum variation during the '
cool, dry period. Minimum temperatures were in August and waximum
temperatures in October with & mean increase of 30 ¢ per wonth. ¥From
bctober there was a steady decrease in air temperatures to July, initially
48 a result of the onget of the rains (Nuffield Lake Kariba Research

Station records, 1971-1972).

LAKE TEVEL

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

oration (1972) at Xariba township. The dam was completed in December 1958,

e 2 N B

32




T amd v Rwe_sesan

e

e

5

&
§
]
13
E
X
5
i
B

SONSIOY

FENSE ST

1,
1
¥
¥
4
J

13

I

250

35

k]

200

150

(Www) nepurey

Temperature {°C ).

M A
1972.

B

Pigure 6: The seasonal mean, maximum and minimum air temperatures and rain=
fall pattern recorded at the Nuffield Lake Kaciba Research Station
for 1971 - 1972, ’

R IR

with a first year rise in water level of approximately 60 m and from 9 to L : 1

12 m in each of the subsequent years, until the mean operating level of ]
484 m a,m.s.), was reached in April 1963. The lowest draw-down level is ; ;
A75 m a.m,.8,1, and the maximum £lood storage level is 489 m a.m.s.1. ?

! ‘

Iv,: P
The annual cycle of water level fluctuations beging in July when the flood 5‘ |

i
gates are opened (Tigure 7). This reduces the storage water for the next T
poeagonal inflow of the Zambezi River, the major contributor to the lake, ﬁ
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The level increases markedly from December to February but then decreases
until March-April as a result of the flood gate draw-down, This period
(Décember to April) shows large fluctuations in the mean wmonthly water
level values. Thereafter the level gradually rises to the méximum value
for that particular season. FEach season sufficient water is released from

the dam to allow for the maximum possible inflow,
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2 MATERTALS AND METHODS

There were six sampling periods on Lake Kariba during a limnological cycle
hugust, October and December 1971 and February, April and June/Tuly 1972
(Table 1). The areas investigated were chosen because of their accessibility
from the Nuffield Lake Koriba Research Station, and that they would
support algal populations irdicative of most of Lake Kariba.
The routine sampling areas were (Figure 1):
a) Mwenda River system
i) Mwenda River
. ii) Mwenda River mouth
iii) Mwenda besin - deep water station
b) Sergwa River mouth
c) Mujery offshore area,
+he intensive sampling of the Mwenda River £lagh flood on 16th February 1972

is in Table 2.

Table l: Sampling dates for the five routine areas on Leke Karibe during 1971/

1972, Tigures in brackets ave the sampling stabion codes and numbers
e.g: M1l to M7 indicates sev etr ilons in the Mwenda River mouth.
Data from stations 1, 2 and A jin the Sengwa River mouth are incom=
plete due to excessive maty ¢ % ating agquatic macrophytic vege=
tation which prevented acceus to the stations.

— ASanm“ingAPeriods
Dampling Areas 1971 1972
August | October | Desember | Pebruary April | June~July
Mﬁi‘diﬁgi‘ﬁ L. 8.7 | 14,10,70 12 12.7L] 7. 2.72 13, 47215, 6.72
Mwenda River ' ‘ ' ‘ , 6 6.7
Mwenda Basln PR
(Cl +° 08) 23u 8.73. :]7 :l.o ‘71 6»12}71 lc)n Ln? » 25# 4‘472 30. 6-72
Mujery offshore _
rangects G, 8,71L]20,10,70] 15.12,7L | 16, 2,72 |21, 4.72] 8. T.72
JL to J4g
J5 %0 J8) v ‘ — . e
Sengwa River (18, 8,71 23,10.71] 15.12,70 | pd. 2,72 |28, 4,72 5. .72
outh
| P8, o)
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Table 2: Dates that the Mwenda River flash flood wes monitored. Intensive
sampling was carried out at the Mwenda River mouth stations 1, 3
and 6, All seven roubine sampling stations were analysed spectro=
photometrinally for suspended solid material (silt'load) on the
2lst February 1972, The flood spat.. entered the lake water on
16th February 1972,

Sampling Sampling Derlods
1, 3 and 6 7.2.72) 14.2.72 1 17.2.72 | 21.2.72 | 23.2,72 | 26.2.72

Whenever posgible chemical analysis of the water samples was carried out
within 48 hours of collection, The routine stations were sampled for temp=
grature and dissolved oxygen at 1 n intervals, except for 5 m depth ibervals
at the Mwends Bagin gtation, Physico-chemical, photoéynthetic pigment and
phytestoaken . anmples wers taken from the surface (O m); for the Mvends Basin

ryutine stasdon, ¥ m depth interval samples were performed, except during

wopea), atretsification when additional readinge for temperature and dissolved

oxyga:. wis made near the thermo-oxycline,

The four Mwenda River stations were sampled at the surface (0 m) only during
the six sampling periods, as this river is a series of pools durihg the long

'

dry season,

During the Mwende River flash flood (February 1972) temperature and dissolved
oxygen vere recorded from stations 1, 3 and 6 in the Mwanda River mouth at

1 m depth intervals from the surface to the bottom gediments. Photosynthetic
plgment data were obtained from samples collected at 1 m intervals from
gurface down to 5 m depth (at station 8). The tnrbidity (end the effect of
sugpended solid material on the penetration of different wavelengths of

vigible light [340 - 900 mp]) and electrical conductivity memsurementy were
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made on surface water samples,

-
|
!
i
i
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The measurment of water tewpsrature and dissolved oxygen profiles, gecchi trangpgrency

and water depth were aimed at obtaining basic limnological datn, while conductivity,

N calcium, magnesium, nitrite and ortho-phusphate indicated the levels of some plant

: . nutrients, with alkalinity being a measurment of the earbonate and bicarbonate*}eYe}s. ; ;

: - Unfortunately a more comprehensive analysis could not ke carris " out as the facilities

:‘ : at the research station were fairly limited. The phytoplankton , opulation was meagur§d

H by ‘extracting photosynthetic pigments and making a count of aigal cells, and subm%ttlng
certain samples for detailed distom analydis, The inorganic load carried by the river
flood waters was determined by measuring the suspended solids of these samples.

2.1 SANPLE COLIZCTION \ | !

] ‘ ,
2.1,1 Water samples: surface samples were collected directly, and depth ?? ‘ H
samples with a 2,0 1 Friedlinger bottle, ‘These‘samples‘Were then f

placed into 1,0 1 palyethylene bottles after filtration through

[

o e e L e

i 0,47 p Millipore filtsrs (alge on discs kept as phytoplankton

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

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

i i g S

the 1aboratory and placed in a refrigerator at T o° C. The ‘ i )

samples were used for chemical .malysis (electrical conductivity,

total alkalinity, calcium, magnesium, ortho~-phosphate and nitrite;. F

g‘ 4 2,1,2 Phytoriankton samples: the Millipore filters were placed in ;0 ml

Poly Top viale and the algae ramoved by squinrting a light jet of

; G deionized water on to the dises, and then lightly brushing with

a soft camel hair drugh. The discs were raiied from the water % 'l

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

T volume after 0,1 ml Lugol's dodine (Vollemveider 1969) had been ]

sedimes ation (Rodhe et al 1959). The iodine alse acted as a Q

[
i

; |

added as a preservative, This fixed the algae, and improved their I }
|

dye vwhich helped particul..ly in identifying the Chlor~phycese, ;
|

A few drops of 60% glycerine were also added which prevented the : \

organismg from sticking together. These samples were stored in
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: \E a refrigerator until they were micr. scopically examined, E
! f} ‘ Additional phytoplenkton samples were collected by slowly haule L *
5 |
: ing a 60 p net with the samples concentrated by the addition of ;
? Iugol's iodine soluticn, The phytoplanklon were then placed into f
i' ‘ fi vials end stored in a ref.igerator. These samples were used in ; |
; ' the identification of the more abundant orgenisms (diatoms), .
{ ; ;
o i
2 oy river flood and annual bloom algue. i
; i I
: |
K 2,1.3 Buspended solid samples: these were collected directly in 1,0 1 :
‘ it
}% polyethylene bottles, 0,5 ml chloroform added as a preservative. E
t i ) A
i o , ‘ .
; o These samples were stored in a refrigcrator at t° C. !
{ 5 i
i 2.2 THE FILTERING APPARATUS \ i
f? f; : The field vacuum vump wag deeigned to be light and portable for use in o i 2
' A small boat, The construction was kert as simple as possible, yet suf= L b
5 ticiently strong to withstand exiensive field operation, ) :
‘é The pump consisted of a wooden base 120 x 70 x 2,5 em, with sides and % 5
| i 1
% carrying handles fixed in a convenient posi’ion (Figure 8)» A 50 mm 4
: i
} thick foam plastic sheet was glued to the under surface of the bese t¢ 4
reduce vibration noige of the enwine, The power source, & Suffolk lawn- I
1 mower petrol engine model No. 13A, was sscurely fastened to the bage with ; :
l. :[ !
: four bolts. The centrifugal water pump, Lebawco Bellemende Type XB, was L !
) placed in position on wooden Llocks 8o the impeller shaf't alligned onto ? |
8/ y ‘ : |
N+ the crankehaft of the engine, These two shafts were coupled with a sult= B
‘é able flexible connector and the allen screws secured., The waber pump ‘ %
H was gscurely bolted to the base. ;
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Plan View,

Meure 8: Fleld vacuum apparantus - diegram not to scale. vf = water ftow
direction, r = reservoir, v = venturi, owp = ¢ .atrifugal water
pump, vp = rubber vacuum pipe; id = impeller direction, b = base, ‘ |
p = P.V.C, plpe, va = vacuum; f = flexible connection, pe = petrol : : ;
engine, ' S
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A 20 1 metal drum was used as a reservoir by removing one end to facilitate
£illing. A 30 mm hole was cut into the side of the drum 100 mm from the
closed end and a 30 mm pipe nipple braizedinto position. A 25 mm foam
rubber disc was glued to the outside of the viosed end to reduce vibration

noise, The reservoir was placed into position on the bage.

A 20 mm plastic pipe was connected from the ressrvoir nipple to the water
pump intake and secured with screw clamps. The bende in this plastic pipe

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

A standard laboratory water tap vacuum venturi was connected tc 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 plastic tihing.

The air intake connector (vacuum) of the venturi wus connected to the glass
Millipore.filtering apperatus with rubber vacuum tubing., A copper T-piece
was inserted iﬁto this trhing éo filtering could be carried out in dup=
licate. The V&cuﬁm‘was effectively controlled by adjusting the speed nf
the petrol engine. The Miliipore apparatus was secured by laboratory
retort clam.g and a stand to avoid damage while filtering in the boat,

-

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

This vacuun spparatus pogssesses distinct advanlages, nemely:

1) it i8 very cheap and simple to construct; 2) running and maintenance
coats are very low; 3) it gives trouble~free service: 4) all faults are
gimple to diagnose: 5) it is light to transport and simple to use;

) it provides a suitable vacuum for fairly rapid filtration, but not
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enough to rupture phytoplankton cells.

2.3 FIEID ANALYSIS

2.3.1

2:3.2

2.3’3

2.3.4

Water tempsrature

Depth profiles were determined using an B.I.L. Dissolved Oxygen
Thermometer, Readings were generally taken at 1 m depth intervals,
dwwrface water temperatures for ths Mwenda River stations were read
from & -5 %o 100° ¢ mercury thermometer. The E.I.L. Dissolved
Oxygen Thermometer was callibrated against stendard mercury thermo=

meters.

Dissolved oxvzen

Depth profiles were recorded by means of the E,X.L. Dissolved
Oxygen Thermometer and expressed as percentage oxygen saturation,
This instrument was callibrated as often as posgible prior to use.
Where there ig no data for abparticular sampling period the
inotrument was out of order snd beyond immediate repair on the

researcen’ station.

Vater transparency

This was detrrmined with a %0 om diameter Secchi disc, and expressed

in metres helow the surface.

Yater depth

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

with a depth gauge. These data are in metres below ihe surface.
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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 Pebruary 1972 to 1300 mm by 12h00 on the 17th February, with
a flow rate of 640 cumecs. The flood waters contained approximates=
1y 50 mg/1 of suspended 8ilt material, which was measured gravi=

' metrically. The level then subsided to 160 mm by the 2%rd
February and remeined at this level thereafter, (Ministry of Water
Development 1972). Sampling was carried out between 10h30 aud
15h00 at stations 1, 3 and 6 on the 7th, 14th, 17th, 2lst, Ejrd

ani 26th of Pebruary respectively.

2.4 LABORATORY ANALYSIS

Water samples filtered and stabilized with chloroform were used for
chemical analysis which wes carried out in the students' laboratory
(prefabricated) at the Nuffield Lake Kariba Research Station., Colori=
metric analyses were read on a batteby—operated Pye~Unicam SP600
Spectrophotometer. This instrument functhioned very well, except during
the kot wet season when the Ligh humidity affected the electrons -
circuits. This was overcome by placing silica gel bags adjacent to these

cirouits (Philips SA 1971).

Water‘samples stored at = 20 C were allowed to reach room temperature
prior to analysis. A fresh set of reagents and standards was made up

for each of the six sampling periods. Samples were analysed in dupliceate,

Reagents were made in lake water that had been pageed through two 4¢,0

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

e T

B e a. ao Tl
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replaced once the electrical conductivity of the water rose above 04

mS/cm at 250 C. 'his water was used generally in the laboratory.

Glassware was washed in a 4% Teepol soluiion for at least 24 hours, No

detectable contamination resulted from this analysis preparation.

The methods of analysis used are listed below and are set out in

Golterman (1969) and Swingle (1961).

2.4.1 Tiltered Samples

2.4,1,1 EBlectrical conductivity in mS/em at 25° ¢ was measured

uging a Dionic water tester corrected for ambient

temperature.,

2.4.1.,2 Total alkalinity as meq CaCOB/l was determined Ey
titrating O,1 M Hé804 with a mixed indicator‘(methyl red
plus bromocresol green) to an end-point pH 4,2 to Syr .
The exact end-point depends on the amount of CO2 in

s
L]

golution and gives a measure of the OH 003" n H603

2.4,1.% Calecium was determined as mg Ca/l by the formation of a
red colour complex with glyoxalbis - (2 = hydroxanil) =
41 = (o = hydroxyphenylimino) ethane which was read at

520 mu (Kerz 1960),

2.4,1.4 Napnesium was recorded as mg Mg/l by the formation of a

coloured complex with the dye Brilliant Yellow (Tarras

“

1948) which was read at 540 my.

- T B g
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Fay | |
; xi 2.4.1.5 Ortho-phosphate was determined as mg PO4/1 at 882 mp >
;; ! : by the formation of a colour complex in acid solution, 5
: ; and the subsequent formation of a blue colour after ‘
’ reduction with agcorbic acid (Murphy and Riley 1962). ’
i i 8
[ ) 2.4.1.6 Nitrite was recorded as mg N02/1 at 530 my by the form= f
} ‘ ation of a red colour complex with alpha-naphthylumine
‘ [ in acid solution (Swingle 1961). i
2.4.2 Unfiltered Samples ,
F
2,4,2.1 Suspended solid materisl (silt load) carried by the i
: Mvenda River flood waters was determined by placing a ‘(
% 200 ml aliquot (% 1% error) in a centrifuge tube, which E
‘ j had previously been equilibrated in a draft oven at 80° C : %
} for 4 hours., After centrifugation for 30 minutes at ,
; ] ‘ | 3000 rpm, the supernatant was discarded and the tubes 4 :v
1 :;'eplaced into the oven at 100° C for 10 hours. The tubes | g
were then allowed to cool in a desiccator and weighed “'
; snee they had reached room temperature. Bach tube was 6
’ weighed 4 times and the mean calculated. The results are :
% ‘ exﬁresezed in g suspended solid material/l. |
4 2,4.2,2 Lipht penetration: the effect of suspended selid raterial ‘
: i ‘
i (mainly inorganic flood silt load) on the penetration of %
IL | the different wave lenaths of visible light iato "bhe Lake \ |
ﬁ; ' water was determined speatrophotometrically., Unfiltered 1* i
i ! |
L , water ngples (stabilized with chloroform) were sconned 3 {
§§ from 340 to 900 mi. The horizontal distribution of ii |
: 1;
’
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susperided solid material in the Mwenda River mouth was
determined by measuring the scattering properties of

the silt laden water spectrophotometrically at 5%0 Thie

Photogynthetic Pigments

Samples were filtered through Millipore mrefilter discs which
retained the wmallest phytoplankton. The discs were then placed
in 10,0 ml methanol in scintillation vials, deposited in a cold
box and transported to the luboratory where they were lef: in

the refrigerator for 24 hours, This cold extraction method of the
photosynthetic pigments proved more practical than the vapid hot
extraction. After 24 hours the discs were removed and the supers
natant liquid centrifuged at 2500 rpm for 1 minute with a Christ
hand centrifuge., The supernatant was exs. ned at 663 my and

760 my with a 2,0 cm light path on a Pye-Unicam SP600 spectros
photometer. The total photosynthetic pigment was caleulated from
the formula presented by Golbterman (1969),

Pt = uécm x 1000 x Vol. extract (ml) = pg Pt/i

663 K Vol. filtrate (1)

lem L '™
By, = Br60
. Light path (om)

Pt w total pho%osynthe%icvpigment (chlorophyll a and
phaeophytin) ag ug Pt/1

U~ unacldified sample

E663' E760 ~ extinction at 663 mu and 760 my

K » extinetion coefficient.
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1 ' 2.4,4 Phytoplankton Counting :

z f The phytoplankton samples collected were made up to a volume

? (between 20 and 90 ml) according to the concentration of pars

ticulate material in the sample, BRach samplé was well shaken and

2 an aliguot (2,35 ml) placed in & Wild shallow counting chamber

* ( and allowed to sediment for a few hours, The chamber was then g

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

i ]i | area of the coverslip (25,0 mm diameter) scanned to compile a ‘

i ; list of genera present (Figure 9), ALl whole algal cells were

» {j | noted. A quantitative estimation of the population was made by

F ; ‘ counting all cells (and organisms) along a transect 0,21 mm wide ’

L ; : | at 400x magnification from the centre right of the chamber as f

‘ i: shown in Figure 9, The length of each transect depended upon the

k 5 pemple population (it varied between 2,6 mm and 50,0 mm) ,

» ‘ Approzimately 200 organisms were counted, which is considered by /
: Lund et al (1958) to be sufficient. ,
; The density of the phytoplankton was then expressed a8 the total i ‘

, | : number of cells/l or as the total number of algal ocourrences/l, ‘

i | ‘ From the count sheets the percentage of each genus or group of ,

J é genera was caleulated, These caleulations, based either on the ‘

? ) total cell count or total occurrence, produced almost identreal ;

t results, 80 Lt ig acceptable, in the caze of this repo:rf:, to “ |

{ > | pregsent either set of resulis.

ig, P The phytoplankion populations of the arcas studied were in many |

4‘ ‘ aages very diverse, with only a few indlviduals of a species !

}' : pregent (e.p, desmids), _ N

it ~ *

; .

{ 5

i , :

1

;
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Pigure 9: The counting positions on the field of view for the various counts.

The solid arrows, numbered 1 to 5, are the replicate count positions
for sample M17, and the broken arrow (8) is the transect position
for the lake sample counts .. the transect length depends on the
algal density,

The &lgae were srranged according to Prescott's (1962) classific=
ation { ippendix 18/, In the case of the Bacillariophyceae the
only subdivision wag for thé centric and pennate diatoms, which
are congidered separately from the regt of the Chrysophyta.

The percentage of each genug in the population was summed into

their respective major groupings ond then represented as a

percentage of @ach group in the population.

A sample from the Mwenda River mouth (August, station 7, number
ML7) was selected for = detuiled count and statistical anaiysis
to test the acouracy of the method, the randomness of “the samples,

and the variation between counting chambers. An aliquot (2,35 ml)
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of the sample was placed into esch of the six counting chambers

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

Statigtical Methodsg

The phytoplankton counts and the chemical analysis data were
statistically analysed, using an Olivetti Programma 101 computer,

The methods employed are as follows:

2.4.5.1 Stendard deviation:

A ’ 2
N x" -
X \ X)

i

N(N-1)

where x

i

variate value

=
it

number of sanples

2,4.5.2 The gtandard error of the mean:

o

ES

it

S‘E:ll

whers n

i3

number of valuen

2.4,5.% Counting sccuracy:

accuracy = o

e

B U s

e A A e o et e
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2.4.5.4 Chi-squared:

/\- =

where a = counl values

X

it

population mean

n-1

Degress of freedom

(Qounts - l) X (chambers - 1)

2.4.,5.5 The Bravais-Pearson coefficient of linear corvelation:

Wy - (£2)(Ey)

VoS EoAnss - (507

where x, y = variables '

N = number of observations

2.4.5.6 The generic diversity index (d):

8 -1

bt ot mama .

log N

where 8

il

number of penera

N =  number of individuals

Statistical tests 2.4,5.1 and 2,4.5.5 were taken from the Olivetti
Programma 101 Memual (1966), methods 2.4.5.2, 2.4.5.% and 2.4.5.4
from (neraty (1964), and the generic index (2.4,5.6) from

Margalef -(1958). The frequeney of all geners recorded‘from the
lake samples was computed and a Raunkiser "IV shaped fregquency

histogram plotted (sue Raunkiasr 1934 in Kershaw 1964), from
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3 PRYSICAL LIMNOLOGY
o |
g i
}; “yeical properties of the water of selecled arcas were asdessed by recording ﬁ
£ temperature depth profiles and light transparency into the water, at the ;
i z
:i routine sampling situs. §
| | 3,1 THERMAL PROPERTIES OF THE WATER | !
| * 2
[ i ’H
: ii Fluetuations in thermal properties of the water body influence seasonal 5
; ‘ H changes in other physical, chemical euc biol ~ical parameters under ﬁ
» 3 investigation. Changes in water temperature are brought about by the ﬁ
H S 5
b ¥ ) X 5
‘ % local climatic pattern. The heavy convection thundr ~+torms, character= 5
I g L
; u istic of the middle Zambezi Valley, cause the river systems to be flushed i
j ;ﬁ by cool, silt laden waters, the effects of which can be seen when the %
1 i 1}
g {3 Mwenda River floods. These conditions alpo.affect fthe open lske waters 4
:
- to a lesser extent than the drowned river mouths. ¢
i *
; ! 13
B !
i . , ! :
g e The annual cycle of thermal stratification in the open lake (Mwenda I :
i i | ¥ ?
;5 N Basin) was controlled by ambient air temperatures and rainfall pattern 4 %
. ! . | ;
] L (ef. Pigures 6 and 11}, The rapid incresse in mean air temperature k. ~
; i v
* o i
i B from August to October resulis iu & corresponding increase in water L
: % terperature, producing a well developed thermocline by April., The i
;ﬂ g , ' ; «
! ? fairly rapid cooling of the air temperature and subsequent water cooling f
g z
i verult in isothermal corditions from about April - May (turnover) S }
. J i ?
‘ through to July., Similar ernditions prevail for the other basins of .
% . E Lake Kariba (Coche 1958), though isothermal ¢- ..tioms are first recorded L
3 : It
i .
i in bagin 1 and last in hasine 4 and 5. This is mainly due to the wai.r ﬁ
P depth, depth and intensity of the thermocline, and the temperature of i
oy i1 ;
i ij i |
*’ the inflowing Zambeui waters.
Y ;
E {
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3.1.1 The Mwenda River System

3.1.1.1l The Mwende River

The four sampling stations showed & common annual cycle
related to the local climatic pattern for the ared, the
degree of sheltering by adjacent vegetation and presence
of Salyinia at station 1. Salvinia did not occur beyond
station 1 on the Mwenda River, causing the low temperature
at thiy station in August, October and December (Table 3).
In August the temperature at station 1 was 1,3o C lower
than the mean value for stations 2, 3 and 4; in October,

6,8O and in December, 3,50 C lower,

Jabie 3: S.rface water temperatures recorded from the Mvenda River.

Sampling Period ‘
4.8.71|14.10, 711 2.12.71] 7.2.72[13.4.72|15.6,72 Mean,S &.
101,51 23,5 | 24,5 | 30,5 | 27,5 | 17,5 | 25,5 £ 5,2
Sampling 2| 19,0 | 28,4 | 28,0 | 20,9 | 29,4 | 21,7 | 26,1 % 4,7
Station 51 19,1 | 5,0 | 28,1 | 29,8 8,0 18,6 | 25,6% 5,3
41 18,2 29,5 | 28C | 29,0 | 26,5 | 17,8 | 24,8% 5,4
18,4 | 27,8 | 27,1 | 29,8 | 27,8 | .80
Hean fo,m | f2,9 |tir | fo,6 1 ti,e | g

The increase in water temperatures from August to October
wag the result of a mean monthly air temperature increase
from 17,7° ¢ to 29,40 Co Puirly etatic temperatures
were recorded for February (mean 29,8° ¢) for ail four
stations when the Mwenda River was in flood. The high
temperature for station 1 was due to the Salvinis mat

being completely flushied out. The temperatlure at stution
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1 was 27,Ja C in April and 17,50 6 in June, indicating

that the Salvinia mat had re-colonized the area.

Stations 2 and 3 exhibited a similar annual temperature
cyole, except in June, when station 2 was 3,10 C warmer
than station %, due to the expusure of the "pool! at this
pericd, 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-gided

banks,

The Mwenda River Mouth

The temperature profiles of the Mwenda Basin are included in
Pgure 10, The seasopal temperature cycle in the Mwenda
River mouth can be compared with that in the open lake
waters, particularly the development of the lake thermo=
cline (¥ 30 m) and its influence on the drowned river

mouth.

During August, the highest temperature of 24,50 C was

in sheltered waters where the river enters into the lake
(station 1), Here the temperature drdpped from 24,50 ¢
at the surface to 22,80 Cat 3 n, Continuing along the
drovned river transect (statiors 2, 3 and 4) the surface
and bottom temperatures differed by no more than 1° ¢,
At stations %, 6 and 7, and the Mwenda Basin station, a
drop of less than 1° ¢ in temperature from surface to

bottom was recorded.
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! :
}; The October sample showed temperatures of the Mwenda lake i
5 ' | i
;‘ gystem had increased by approximately 4° ¢ (an increase B
:
o of approximately P ¢ per month). The warmest temperatures ;
il :
i ;
5% were again recorded in the sheltered part of the drowned i
1 i'
i o b
; river mouth (28,0 C at station 2). The rest of the
| [
i Mwenda River mouth remained below 27,00 C; tempsratures f
b b
| | © i
i below 26,0 C were at stations 6 and 7. The lake b
" : thermocline bepan to develop as the surface waters i
: ¢
i , of the open lake became warmer (26,3° C at Om and L
? : 23,8° C at 35 m). B
w H |
, L
?
' ; By December the temperatures of the sheltered regions had E
! | ;
Y » O ) N 0 . : . . K . E
i | increased by 2,0° C, with stations 1 and 2 having surface !
i i :
: fé temperatures higher than 30,0o C. Btations 3, 4 and 5 o
i ;»
g L |
£ i all showed. a teuperature decrease of : 1,80 ¢ from sur= L. '
L i% ‘ i} ;
i g face to bottom, At stations 6 and 7 a decrease in | b
i : temperature of 0,90 C was recorded between the surface E ;
- and bottom waters., The surface waters of the open lake P '
1 i ; 3
5 | ‘ :
i 3 continued to increase in temperature (29,4° ¢ at O m), ;
| ‘:
%; f? : while the deep waters lost heat to the upper waters %
3 1 i
y ' B
% 4 (bottom waters were 23,20 ¢ at 40 m). A weak thermocline ;
,{ S T ;
% 3 wag apparent between 20 m and 32 m, 9 '
{ A I
| In TFebruary the sheltered stations showed a marked ine
crease in water temperature., The surface and bottom i
waters for stations 1 and 2 weve 33,4° ¢ and 28,6° G, !

and ‘54,50 ¢ and 28,10 C respectively. This localized yet

temperature pradient was between 1m and 3m at station 1,

I
3
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;‘{ and between 1 m and 3 m at station 2, but did not reach
¢ , station 3. These conditions resulted from the inflow of
% ~ ;i | water from the Mvenda River undercubting the warm burbid i
2 :‘ lake waters (turbid river water first ente‘rs the lake in :
? 7 early December) for a short distance orlly, and then flowing ’
1 out along a favourable density level. ]
: 1 '
% - Apart from the warming of surface waters, mtations 3, 4 ;
Z ; and 5 showed similar characferistics to the December i
’ sample. The surface waters of station 6 increased by g
, g ;  1,5 ¢ to 29,7 C, with the bottom waters cooling slightly %
to 27,1° 6. The surface temperature recofded at station
; { 7 was 29,40 C, with the water column remaining isothermal Zf
i 34 1
i g up to 20 m; thereafter the temperature decreased frqm ; ‘
i = o ' 0 i
s | — 27,7 ¢ at 20 m to 24,6° C at 20 m, 8
| :
i ! *
, ‘The April sample coincided with the beginning of the cool ]’
‘ 15 dry period. The Mwenda River mouth was isothermal, with 1
‘ a mean water temperature of 27,49 ¢ and a maximum y
* , ' fluctuation at all stations between 2'7,1.0 C and 2'7,90 C. ;
i | The surface waters of the open lake cooled o 2’7,'2(7 ¢,
causing the thermocline to intensify to 27,0° ¢ at 30 u
' and 23,77 C at 52 m. This further lowering of the lake
: thermocline caused the cold, dense bottom water to flow } t
out of the Mwenda River mouth. ;1 |
|
T 3.1.1.3 fhe Mwvends Basin i%
b |
Annual thermal conditions prevailing in the mid-Lale ’
Kariba region were determined hy sampling the Mwenda ;
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hesin, This station is considered typical of the open
lake water. The pattern of thermel stratification
showed two distinet phases: a) isothermal conditions
prevailing from May-June to October, when the difference
in surface and bottom water temperatures was less than
1° C, and b) the development of the thermocline beginming
in late October by the warming of surface water frow
25,0 to 29,4o C, and intensifying to March, when it wes
very pronounced. Turnover began in May with a decreases
in surfacé water temperature from 27,2 o 25,00 C and
lasted for about ten days before isothermal conditions
again prevailed (Mitchell, peré. comm,). The isotherm

pattern for the Mwenda Basin is shown in Figure 11.

During the cool dry period the lake remains isothermal
with vertical water wmovements mixing the entire Qaher
profile. When the thermocline starts developing and
intensifying, complete profile mixing does not occur

once the thermocline ‘& fully developed. At this stage
the hypolimnetic waters are completely isolated from the
epilimetic waters, which are mostly confined to the‘old
Zamhezd Valley. The thermocline scts as a barrier between
the epilimnion and hypolimnion, and destrétificatiua only
takes place once the epilimnetic waters cool under the
influence of the local climate. The relationship between
the climatic pattern and stratification development and

breskdown can be seen by comparing Mgures 6 and 11,

SN

Bt s

e T U

e e m e o

o S i

i AT




3 Hige

deep water station. :

| 5’

|

Ty ’

L,i‘g !

Rt 9 |
i 10 : -

: ;
a | .
; % 15 ] *‘
, i '
. '; a f

Pl |
a t 20p g i |
‘ 1 4
‘j | 25F - - |
i v
! 1
& |
5 A ;
30~ ' -
" g ;
; . i
. 35p : - :
i ?
H o4 V
‘ o I :
‘ Ao i
T 40— Q |
“! )
¥ "
) ; t .
? r Figure 11: Temperature depth profile isopleth diagram for the Mwends Basin
‘ A

e S e e s

P

i e i Sk

X
s
; i
:» i
‘ e
i
; A
T
i
i ;
i ’
b ‘
\.




- 40 !
:
l% , ‘ The development of the lake thermocline can be seen in &
ﬁ | P gure 12 (the‘oxygen curves will be discussed below), ;
?% By plotting the surface water (0 m) and deep water (35 i ﬂ
b

m) temperatures for 1971 - 1972, the period of maximum
stratification and the rate of formation and destruction

of the fthermocline can be seen. The epilirnetic water

ghows a typical relationship with the ambient air tenp=
erature. The hypolimnetic water, however, shows lit;le

temperature change throughout the year; therefore the

e e i e o e i

? | breakdown of the lake stratification is controlled by . i

the temperature (and thus density) of the epilimmetic

waters,

A R U A

";7 : '3.1.2 The Sengwa River f |
: E The seasonal temperature depth profile pattern is presented in % i
% jé Figure 13, The data are incomplete for August, October, February ? i
* < , and April as a result of dense infestations of Smlviniu and “sudd® ‘ ,
’ | restricting access to the relevant sampling stations, Z
y LE ‘7 During August the "sudd" mat covered stations 1 and 2, and there %

% E was much loosely packed vegeta' ‘»n at station 3., Prom station 3 S

: ) b

é j | to station 7 the river showed s fairly uniform temperature pattern, é

é f ranging from 23,5° G to 2l,8° ¢, with a maximum temperature differ= ; é
f | ence betwesn surfaco (23,3° ¢) and vottom (21,9° ¢) of 1,4° ¢, iﬁ %
; ] |
% § Y

%é 1i By October the "sudd" mat had moved further down the river mouth so ;

) '

that access to station 3 was preverted., The water temperature by

thig {time had shown an approximate increase of 2 ¢ per month (a
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similar increase in temperature for the seme period was recorded
in the Mwenda River mouth), The surface temperature at station‘4
was 26,70 C and the bottnm 25,9° C. Stations 5 end 6 exhibited
similar temperature profiles with a mean surface temperature of
27,7° ¢ and that at the bottom 25,7° C. Tre highest temperature
(28,30 ) was recorded from the swrface waters at station 7, which
also showed a tempsrature decrease from surface (28,3° 0) to
pottom (25,2° €) of %,1° ¢ (depth 29 m). This high temperature
was probtably due to warming of the lake waters overlying shallow

submerged soils along the Mujery coasiline.

By Dewember, the "sudd" mat partially moved out beyond station 4

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

free-floating Salvinia (Salvinia not in association with the "sudd"),

Thus stations 1 and 2 were visited for the only time during this
study., Station 1 showed a temperaturé decrease of l,uﬂ ¢ from
surface (30,40 ¢) 405 m (?8,8O C). Stations 2 and % showed a mean
profile temperatiy » of 29,l° C. The surface water temperature at
stations 4 and % increased fo 30,20 C, and the largeat decrease in
temperature from surface (30,2° G) to bottom (27,4° C) at station

5 was 2,80 Cs No data are available for stations 6 and 7 due to

strong wind making their recording unsafe.

By February the "sudd" mat had re-established itself, preveuting
access to stations 1 and 2. The temperature profile dats shows no
change from Decewber except that the bottom water temperature at
stetion 5 decreased to 27,30 ¢, Stations 6 and 7 exhibited very
similar temperature profiles, with temperature decreases from

surface to bottom of 3,70 ¢ and 4,4° C respectively (a temperature
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decrease with depth 0f-<:0,lo C/h).
By April the "sudd" mat extended bevond station 3. The trmperatures
had ~tarted dropping, with the maximum surfac- welue rreorded at
station 5 (28,20 C). The bottom waters had cooled 0 a mean

0
temperature of 26,6 C. The surface waters cooled rapidly (Figure

13) and 6t > bottom waters lost heat less slowiy.

Seasonal temperatures of the S-ugwa River mouth showed a similar
pattern to those of the Mwenda River mouth (cf., Figures 10 and 13).
There was a general warming of the water profile from July-August
through to December~January, after which the temperatures dropped
to the minimun in June-July, During the hot period (Deceuber to
February) no temparature stratification was recorded, From these.
figures it is also clear that the rate of cooling of the water

was more rapid than the warming. This pattern is dependent firstly
on the annual ambient air temperature cycle; and secondly on the

rainfall pattern and nature of river flooding into the river mouth.

The Mujery Offshore Ares

The mean water temperatures for the two offghore depth profile
"trungests are show  in figure 14, Both transects shoved 4

ctypical '"bell-~ghaped" seasonal *  perabure pabterns.

During Aupust transects 1 and 2 shered mean

profile temperatures of 23,30 C and 24,10 C respectively, and by
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October 27,5° € and 27,9° € respectively.

%y December‘tha temperature of transect 1 had increased by

1,8%t0 29,3%, and transect 2 by 2,1°C t0 30,0%. .ne

temperature of transect 1 inereased further to 29,9°G in

February, the highest temperature of 32,0 beirg reoorded ad jacent
to the lake shore at O m. Transect 2 showed a decrease in

mwan water temperature of 1° ¢ 1o 29,00 C.

- By July the .ean wat:~ temperature of transect 1 had
_ o
«decreased by 6,9 C from 29,900 and transect 2
temperature by 6,0° ¢ from 29,0° ¢ to 23,8° ¢, completing the

annual cycle,

At no period did either transsct 1 or 2 show therosl
stratification, This is mainly due to the shallow water depth
(less than 10 m deep), and complete vertical mixing throughout the

year,

3.2 WATER TRANSPARENCY

The Secchi disc method to determine the transparency of water has been
extensively used. The light intensity at the limit of visibility of the
disc is about 15% of the subsurface intensity, but varies considerably

due to local conditions,

3s2.1 Mwenda River Svstem

The light transparensy data for the Myvenda River mouth and the

Mwends Basin are presented in Table 4, No data are pregented for
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the Mvenda River, as the Secchi disc readings were always < 0,1 m;

47

this is due to the heavy suspended silt load kept in suspensicn

throughout the year.

Table 4: Water transparency of the Mweuao i'iver system as determined by the

Secchi disc method{m)

Mywenda River Mouth

SEMDILNE| 5, 8.7115.10.7L| 3.12,7L | 7. 2.72[18. 4.72|26. 6.72| leanS.E.
1] 1,2 1,3 1,2 0,3 0,9 1,35 |1,0% 0,4
2 2| L9 2,0 1,58 0,3 1,0 1,7 11,4 % 0,6
T 35| 21 3,5 2,2 1,1 1,4 2,0 |20%0,8
@ 4| 30 4,5 2,8 2,1 1,8 2,7 l2,8% 0,9
£ 5] 40 45 | 44 |28 | 34 |35 (38106
E% 61 4,9 4,5 4,0 4,9 4,6 55 |4,4%0,5
G741 4,5 4,5 4,5 5,8 5,8 5,8 [4,8%0,8

Mwenda Basin

23, 8.71 6.12.71|19. 2.72|24. 4.72|30. 6,72| Mean)S:E'

5,2 - 6,2 7,7 6,2 55 [5,8%1,5

The water transparency of the Mwenda River mouth showed a mean

inerease of %,7 m from stetion 1 to statinn 7 through the year

(Figure 15). Characteristically the lowest water transparency

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

and the highest values at station 7 (5,8 m in February and April

1972).

station 1 and station 7 occurred in February (5,5 m).
to the light-scattering properties of the gilt-luden Mwenda River

flood waters entering the lake at station 1.

The greatest difference between the transparency of

Phytoplanktonic

populations also influence light pemetration dnto the water,

This was due
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Fipure 15: Mean light transparency values for the Mwenda River mouth. Vertical
lines are the standard deviation, and the figures adjacent to the
mean are the sampling stations.

3.2.2

The water transpareney data of the Mwenda Basin showed & mean annual

value of 5,8 m,

The increase in transparency from August to

Pebruary (5,2 m to 7,7 m) was due to a decrease in surface alsal

populations,

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

June-July the Secchi disc value wag 3,5 m,

This relatively poor

water transparency was due to the increase of phytoplankton in the

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

nutrients £rom the hypolimmion during turnover (see Figure 11).

Sengiva River Moulh

The results are presented in Table 5.

The Sengwa River mouth

exhibits a similar pattern to the Mwende River mouth, with the

lowest water trangparency values (1,2 m) being recorded at the
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station closest to the point of river inflow, and the highest
values at the station under the influences of the open lake

(Figure 16). This pattern was, however, not always evident in the
Sengwa River mouth, due to the effect of the floating macrophytic
vegetation. In Qctober the light transparency at stations 5 and 6
was lower than that at both stutions ! and 7 and in December that
at station 6 was lower than that at station 5. This was the result
of wind destruction of the floating macrophyte mats, with the
subgequent increase in suspended detrital material. The poor
phytomass was unlikely to have any effect on light penetration in

the Sengwa River mouth,

Table 5: Water fransparency values recorded for the Sengwa River mouth,

Sampling Sampling Dates |

SAIons |18, .71 23,10.71|15,12. 71| 24, 2.72|28. 4.72| 5. 7.72 Mean,S.£,
1 - - 1,2 - - 2,1 |1,6 X0,
2 - - 3,2 - - | 25 (28105
3 4,5 - 4,5 2,5 - | 28 |3611,1
4 4,5 53 | 5,0 2,7 2,7 2,8 |[38%1,2
5 5,0 4,8 5,6 3,5 2,7 4,2 14,5510
6 5,0 4,3 5,2 | 4,2 4,0 | 45 4505
7 65 | 56 | 59 | 47 | 53 | 57 |56%04

Hoam, ; 5,1 ; 5,0 , 4,4 . 3,5 . 3,7 . 515

SLE. - 0,8 [~0,6 - 1,6 - 0,9 (~L2 |~-1,3
3.2.5 Mujery Offshore Area

Lowest transparency vailues at bobh transect 1 and 2
transects were at the stations closest to the shore (étations 1

and 5), and the highest values at the lakeward stations (4 and 8).
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Table 6: Weter transparency data for the VAN

51
Tha mean waber éransp;}éhcy vilues of bransect 1 stations were
higher than those of bransect 2 stationn (Table 6), this difference
being masked by the fact that Secchi disc transparency was recorded |
down to the sediments more often in transect 2 then transect 1.
The water in the transect 1 area containel more suspended
material originating from destruction of periphyhic commanities
on the dead trees and.rnoﬁed macrophytes for stations 1-3 than did that

in the trangsect 2 area. This is not dpparent from the phytomuss

data (photosynthetic pigments) as the suspended material wag
defrital in nature. This large amount of detrital material wag

recorded from algal count samples.

# offshore trau=

sects in the Mujery area. The figures underlined indicate transparency
to the bottom sediments. s

Sampling

Sampling Datés

Stations | 9. 8.71[20,10.71| 13,12.71| 16. 2.72|21. 4.72| 8. 7.72 Meangma
- 1 L8 L oe | 1,7 | 15 |15 | L5 |L,6%os
8 2| 23 1,5 2,1 4,3 52, | %0 |27%10
E 3 ( 58 | 4,0 4,7 4,6 4,4 4,3 |4,3% 0,3
4| a5 | a7 4,8 4,8 4,6 44 14,60,
| 3,1 2,7 3,3 3,8 3,4 3,5
T [Fle [Tug [*15 |fis [ri [hold
5 | L3 f Ll | .0 | 06 | 08 | 18 (110
*}

S o6 29 |25 | 20 | 27 | ne | a2 laztos
n 2
807 4l | 44 | 22 | 29 | 29 | 29 |s2tos
B8 | 4,6 50 | 5,0 4,5 | 4,9 4,7 |4,8L0,3
Mean | 2,1 3,2 2,5 2,6 2,5 2,9

SEvZ14 [Tae [Tu7 |fis ris [fus
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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 photosymthetic production. The upper layers of eutrophic

waters are usuvally supersaturated with oxygen.(e.g. Hartbeespoort Da).

Scott (1974) has pointed out that the oxygen maxima for Hartbeespoort
Dam show a significunt correlation with maxauum phytomass (total cell
connfs). The vertical and horizontal oxygen supersaturation depends on
the biology of the specific planktonie organism. In oligotrophic Lake
Kariba, the oxygen content is effected by gaseous diffusion across the

air-water interface, algal production, and decomposition of the detritus,

4,1.1 'The Mﬁenda_River Systen

Vo dissolved oxygen values for the Mwenda River sampling stations
were teken due to the difficulties enmcountered in recording in

gitu measurements.

‘4,1.1,1 The Mwenda River Mouth

The dissolved oxygen isopleth dlagrams are presented in

Tigure 17. 'The dissolved oxygen profiles for the Mwenda
Basin have been included so that the relat%onship between
the drowned river mouth and desp water oxycline develop=

mertt and breskdown can be geen.

In August the dissolved oxygen values were near saturation
for the entire ayutem, though the shelbered stations

(stutions 1 to 4) were below 100% saturstion, and the "bay"
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stations showed oxygen > 90% saturstion practically to

the bottom sediments.

By October the river mouth oxycline started to form. The
upper waters of all stations were saturated to slightly
gupergaturated (except stations 1 and 2). The bottom
waters started decreasing in oxygen saturation. The
oxygen dist?ibu,ion with depth in the open water was

similar bto that of the river mouth water:

The December dissolved oxygen isopleths showed an increased
intensity of tho oxycline as a result of a high oxygen

demand in the bottom waters.

The sheltered stations (1, ? and 3) also showed lower
surface values, The oxycline was somewhat diffuse at these
gtations, From station 4 toward the open lake, the
oxycline followed the profile of the old Mwenda River

bed, i.e, establishing at 15 m to 25 m depth with the
bottom waters being less than 30% saturated. The depth

of the open leke oxycline wag approximately tlie same.

By February the Mwenda River mouth was below séturation,
except for the surface waters at stations 6 and 7, and the
open lake. The bottom waters were below 30% saturation,
except at station 2 (> 40%)., Station L showed e intense
decrease in dissolved oxygen with depth (82% at 0 m and
25% at 3 m), with station 2 showing a simslar patbern with

the oxyeline at O m to 2 m. Station % showed the presence

e T T T T L e

ot o e, e e et S P




B T s

o g g i e

e
re

o

oi a double oxyclin;%(the first at 3 m to 4 m and the second
at 9 m to 11 m depth). The oxycline then followed the
river mouth hottom profile with a slight divergence at
station 6 (19 m to 25 m). The oxycline was most intensive
up to 5 m above the bottom sediments ail station 7. The
oxygen isopleths in the open lake corresponded closely

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

bottom waters (<:10%‘saturation below 3% m) in the Mwenda

Bagin extended into the Mwenda River mouth to & point

between station 6 and station 7.

The final stage in the oxycline development can be seen
in the April isopleth diagram. Generally there was an
increase in the dissoived oxygen profile from station 1
to stasious 6 and 7 (these last two stations had 90%
saturation practically down to the bottom sediments).
The bottom waters of station 3 showed increased oxygen
deficiency (< 40% belew 11 m). This was possidbly due to
high respiration of orgamic matter in the bottom water,
The esgtablished lake oxycline was situated at 30 m to

%5 m depth, and did not enter the Mwenda River mouth.

Trom the data pregented above it 1ls apparent that the
oxygen cycla iy the MWeﬁda River mouth is céntrolled
predominantly by respiratovy processes rather than by
photosynthetic activity due to the deficient algal flora,
The oxygen in solution is consumed by the organisms de=

composing the organic material that slowly sediments through
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% The uppor oxycline resulted from on oxygen demand created by.the influent o
river waber flowing along o density gradient, and the lower cne by an oxygen |
demand from thebbottom sediments (this lower oxycline was present along the
entire length of the river mouth prefile in February )e
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the Wafer profile and finally comes to rest on the
bottom sediments where, at the sediment-water interface,
maximim oxygen comsumption takes place, The fairly high
oxygen values which exist in the Mwenda River moutn
throughout the year indicate that a fairly deep photic

zone 18 present.

Once the surface waters of the river mouth have cooled
sufficiently and become slightly more dense then the
bottor waters, oxygen is again replenited to the lower

layers, This is a process of eddy diflusivity rather than

“turnover, for the waters of the river mouth did not

straltify during the 1971 - 1972 period and therefore

theoretical profile rejuvenation did not ocetir.

The Mwenda Basin

The dissolved oxygeﬂ depth isopleth is presented in
Figure 18 {see also Figﬁre 17); The surface waters
remained saturated throughout the year; with supersat=
uration occurring down to 5 m from August to mid-January,
(1217 saturation on 6.12,71). This was the result of
girong northerly winds blowing down ihe long axis of the

lake for loug perieds, producing t 2 w waves,

The Augus* sample showed 90% dissolved oxygen down to
L 47 n (lake isothermal). Oxygen stratification vegen in
October, with the bottom waters becoming increasingly

defieient on oxygen until February (< 5% saturabion at
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X %7 n). From Pebruary to April the oxycline became

established between 50 m and 31 m (94% at 30 m and %

at 32 m).

Once thermal stratification started to break down,
oxygen-rich water again circulated to the bottom waters
with most of the profile (37 m depth) only slightly vnder-
saturated by July. It therefore appears that disuolved
oxygen distribution in the open lake water is mainly dus
%0 wind-induced wave action, and the oxygen regime within
the water was due to the particular temperature pattern
Wﬁich oceurred, The increase in depth of oiygen—saturated
surface water could be enhanced by the post turnover
plankton bloom (>1,5 14 Ft/1 in surface Watér in June).
At present this is pure spéculation, for little is known
about’ the biological effecté of and responses o thermal

and oxy-destratification in Lake Kariba,

The Sengws. River Mouth

The recording of dissolved oxygen at stations 1 4o 3 was affected
by floating aquatic macrophytes ("sudd") which prevented access

to these sampling stations,

Ocoasionally small mats of the floating plante were seen in the
main river sassape, The large amount of ovganic material present
in the water because of these aquatic plants (probably the main
contributor o the partisulate organic matter) has a great in

fluence on the oxygen regime of thn Sengwa River. Large quantities

TR e

T ERRaN

IR T T

e i gt e e o




~ L Een o e e e et e

SR

o

et B B e e

59

- of organic matter were noted from the plankton samples and

bottom sediments. The continuous raining down of this organic
material onto the sediments creates a high oxygen demand as a
result of intensive bacterial decomposition which causes oxygen
stratification all year round, strongesi during the hottest

months,

The dissolved oxygen isopleths for the Sengwa River mouth are
presented iun Figure 19. In August a weak oxycline was present in

the last 9 r of the water profile, being most intense at stations

3 and 4 (S0fuaturation at 6 m and about 55% at the bottom). From

gtation 5 to station 7 the oxycline was somewhat diffuse, although

the isopleths still followed the river bed. The surface water

from just beyond station 5 to station 7 (open bay) was at saturation

point except for a su:1l ares slightly undersaturated at station 6

(90% saturation at 2 m).

In Octolbier the oxyzen isopleths sloped slightly down to the deeper
water. The rest of the profile was similar to the August sample
except that the bottom waters had lost considerable amounts of
oxygen, intensifying the oxycline which had also become shallower.
The bottom waters of station 6 and station 7 contained < 20%

dissolved oxygen,

he hottom waters at station 1 and station 2 showed & very sirong
oxyeline: in the bottom 4 m, with oxygen-deficient conditions
gecurring in the surface walers at the noint of river inflow into

the lake. The labter values (< 40% saturation) were the result
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of reduced light penetration due to a heavy silt load and also
large amounts of organic material. At stations % and 4 the 
oxycline became slightly diffuse but was re—established between

5 mand 13 m (respective dissolved oxygen values were 80% and 20%).
The bottom waters of all stations except station 1 contained

< 10% dissolved oxygen (< 24 saturation at 25 m for station 6).
The surface water from station 5 to the open water contained

100% dissolved oxygen.

The FPebruary vz"ues showed the main cxyeline sloping down towards
the open water (between 4 m and 6 m at station 3, and between
11 m and 14 m at station 7), with a gradient ranging from 40%
saturation to < 107 iv the bobtom 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 thermocline formation,

thus no turnover, so oxygen replenishment to the bottom waters was
probably due to weuk vertical eddy cufrents caused by slight

density differences in the water, A weak Oxyclihe was still

prosent (about 5 m thick) extending horizontally from station 4 to
station 5 (from 5 m to 13 m, 80% to 50% saturation); it then

sloped steeply Jlown towards station 7 (between 21 m and 26 m).

The only eupersaturated water occurred in the open bay at station

7 (119 paturation). This was due to the greater wind action on

the weter surface there than in the sheltered river mouth,
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: ;
The oxygen cycle of the Sengwa River mouth showed a very similar I
ok i
S :
: pattern to that in the Mwenda River mouth, but with three main |
I
¢ differences:
1) the surface waters in the Mwenda River mouth were .
ff generally more oxygen-saturated than in the Sengwa River L
( mouth 3
; |
! 2) the oxycline in the Mvenda River mouth was not as {
2 2
intensive as in the Sengwa River mouth |
: :
, %) the bottom waters were not as oxygeu-deficient in the }
p : i
1 i1 v N
: ‘g Mwenda River mouth as in the Sengwa Rive:s mouth. :
] b ;’
5 u
/ % 4,1,3 Mujery Offshorve Area L
; ‘
;" ’; The dissolved oxygen data for the Mujery oifshore arew are presented 5
! i
5 1
E in Pigure 20 (Appendix 4). The variation in dissolved oxygen ; ‘
¢! & ¥
' : . . i
4 between stations in each transeet is shown by plotting the mean ;
o , )
8 maximun and minimbm recorded values for the particular sampling t
i1 i
] S period. i
:':; gy
I 5
| !
} 1 4 v X . ; :
b B The water profile of transect 1 was saburated with '
i § i ’l N
% ’ oxygen from August to late November. By December the water was :
§ * slightly below saturation, by February just above saturation, and ‘
i i
! o by April the water profile had again become saturated. L
I ; ’ {
L
% 7 Transecs 2 showed a similer patbern. Tue dissolved b
} oxygen values for Augugt to October were hipgher than those in the ; :
4 5 .
’i | fransect 1: this was probably the regult of wind-iniuced wave %
# ; i
s ; ‘ I
i action cauging complete vertical mixing in these shallow parts ;
Fy. . :
f; of Leke Kariba, The lowest dissolved oxygen values were recorded .
| 8
' [
¢ i
| | £
5
% .l
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Trangect 1

Dissolved Oxygen (% sat.).

A S ONUDIJ FMAMJ J
Time. |

1109 \. -
90 | /

Transect 2

Dissolved Oxygen(®ksat.).
w
—
/

A S ONUDIJ F M A M T
Time.,

Pigure 20: The mean maximum and mlnlmum seasonal dlssolved oxygen values

Each p01nt on theae graphs represents bhe mean valug of the depth
profile at all four sampling stations for a particular month.

The broken line (= - -) indicates the possible flux in dissolved
oxygen in June -~ July. :

i R s, e

G ks &




64

for February (mean dissolved oxygen < 80% séturation); thereafter

they increased to saturation by April,

There was an inverse relationship hetween dissolved oxygen and the
temperature pattern in the shallow waters at Mujery. When the
ambient air temperatures started incredsing in August, the water
temperatures followed a similar pattern (see Pigures 6 and 14)

but not so for the dissolved oxygen. The saturated or super=
saturated dissolved oxygen values could be partly due to photo=
gynthesis, 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
result of extremely high light penetration (Table 6) and deficient
photosynthetic raw materials limiting the primery production.

The increase in dissolved oxygen by Apcil was again the result of

oxygen diffusing directly into the water.

4.2 LAKE WATER QUALITY .~ EXCLUDING DISSOLVED OXYGEN

Chemical values in this gection were obtained from chloroform~stabilized

water samples analysed at the Nuffield Lake Kariba Reserrch Stivion.

4,2,1  The Meenda River Syste

The water quality of the Mwenda River system will be described

as a whole, The vater chemistry of the four stations on the
Mwenda River is presented in Table 7, thaﬁ of ‘the seven stations
in the Mwenda River mouth in Teble 8, and the maximum and minimum

values of the Mwenda Basin in Table 9.
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Table 7: Water quality of the Mwenda River.
high suspended matter loads were noied.
be removed by filtration, and thus masked the recording of the

low colour development of the chemical analyses.

Where no data are presented,
This matter could not

Sampling Date

10 |

19

10

44

Chemical ' Moan
~ Parameter | Aug Oct Dec Feb Apr | Tune S\ E,
lostrions L 4,1 44| 5,5 | 4,3 7,0 6,2
conductivity 2 8,512,0 | 20,3 | 4,1, 7,0 | 8,9 10,2
(@%ma%3 12,0 116,8 | 22,7 | 4,5| 6,9 | 82 | & 0,7
4 9,7{239 | 28,7 | 4,5 7,2 91
1| 004 |050| ,75| 0,80] 0,75 | 0,73
ﬁétal 2] 0,9 |1,09] 1,43 0,61 0,70 | 0,76 0,99
slialindty = 5 1 1,50 |1,76 | 2,12 | 0,50 | 0,70 | 0,87 | * 0,6
(meq/1) 4 | 1,00 {1,541 2,89 | 0,59 | 0,73 | 0,97
1| 5,18 {8,25 | 21,36 |12,56 | 7,01 | 7,20
Caleium 2 .| 7,37 Q1,51 |20,56 {11,00 | 6,76 | 7,56 8,97
(mg Ca/1) 5| 3,3 |6,21 10,28 |12,08 | 6,68 | 6,44 | ¥ 4,4
4 0,61 {1,25 | 0,45 | 0,39 | 0,29 | 0,23
1] 0,13 |0,15] 0,31 { 0,3 | 0,14 | 0,11
Magnesium 2 | 0,22 0,51 0,61 | 0,36 | 0,17 | 0,14 0,38
(mg ¥g/1) 31 0,% |1,07| 0,79 | 0,38 | 0,16 | 0,07 | L 0,3
4] 061 |1, 0,45 0,3 | 0,29 | 0,30
| 1| 39,3 {55,0]| 68,8 | 35,9 | 50,1 | 65,4
Caleium ; 2 | 33,5 |22,6 | 33,7 | 32,8 | 50,8 | 54,0 | 35,3
magnesium 3 | 15,4 | 58150 | 3,8]41,8 [920 | a5
ratio 4 7,6 | 4,5 14,6 | 31,6 23,3 | 36,2
1| 10,0 |10,0 | 14,6 | 10,0 | 10,0 | 10,0
Ortho « 2 | 10,0 {10,0 | 37,2 | 10,0 | 10,0 | 10,0 13,0
phosehate 5 | 10,0 |m5,2 | 27,9 | 10,0 | 10,0 | 10,0 | % 7.1
(ng 20,/1) 4 | 10,0 20,0 | 17,0 | 10,0 | 10,0 | 10,0
1 « |10 | 101w 10 |=
Nitrite 2 - |w | 10 | 101 10 | 44 19
(ng ¥O/1) 3 - |3 | 13 |10 {w |70 | %o
4 - 10
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4,2.1,1 The Mwenda River

During the period under investigation the Mvenda River
stations showed a cycle of nutrieﬁt concentrations in
the pools once the river stopped flowing (March) and
then after dilution by the river flood waters (January -
Febiuary). Flood waters contain suspended sediment loads
in excess of 50 mg/1, &0 a large proportion of the plant
nutrients are adsorbed onto the clay colloids, and are
not available for algal growth (Twinech 1974). They may

only be released once the sediment has dropped out.

Then, when the pools are again isolated, and oxygen tension

and pH have decreased, an increase in nutrient concen=

tration oceurs, This, and the lowering of the pool water

level, is the regult of extremely high surface evaporation

- during the dry season, Oniy an insignificant amount of

water was lost from the pools by seepage through the river
bed sands fo the water table, The lake has raised the
local water table sufficiently for saturated sands to

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

bed,; above station 4.

Electrical conductivity (estimate of total ionic concens
tration) of the four river stations increased from August
t6 December (9,7 to 28,7 nl/em at £5° ¢ at station 4).
During the annual flood the pool water was swept into the
lake, and conductivity dropped to 4,1 ~ 4,5 md/em ab

25° ¢, Once the river stopped flowing, the conduetivity

again increased, Station 1 showed very low values
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throughout the year, "n August statvion 4 showed a
conductivity value of 12,08 /cm at 250 C which wag

partly the result of the river bed muds being disturbed

by workmen building the Hughes' Weir, and also the addition

of washing powder to the water.

The total alkalinibty showed a similar reitern to the
electrical conductivity, by inecreasing from August to
December, Dilution tock place with the onget of the
flood, reducing the alkalinity from 2,89 meqg Ca003/1 in
December to 0,39 meq 08003/1 in February at station 4.
This reduction was not the result of primary production,
as the flood waters contained no detectable photowynthetic
pigments or identifiable plankton. The highest value !
reccrded at station 1 was 0,80 meq CaCOS/J in February,
which is similar to that of the lake water. The level of
goluble carbon at this, station appears to be controlled
by the Salvinia mat, rather than hy river flood water.
The meximum colonization (objective estimate) of the
Salvinia coineided with the low alkalinity value of

0,40 meq 0&003/1 in August, By October ageiny Salvinia
plants were present, which sould release soluble carbons
aceous material back into the water, resulting in an

inerease in alkalinity.

The result of the decreass in pool volume due to wurface
svaporation was also evident in the calcium and megnesium

volues. Certain deviations from the aforementioned pattern
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appear in these results, which cannot be satisfactorily
expleined, except that the interaction betwee. the
soluble cations and the suspended clay particles could
be significant, The primary producers utilize thege ions
by incorporating them ini biomess, thus evltering the
equilibria; this causes af'ism-*;:zion/deﬂorption reactions
to take place, and alters the concentration of available
dons in solution,

The maximum anpual fluctuation 2§ calcium was recorded &b
gtation 1, where in August 5,72 ng Ca/l, and in December
21,36 mé Ca/1 were recorded. +:anrally, the lowest
velues were recorded in August -»d the highest in Dee=

ember for all the river static .

The magnesium values also sho s . increase from August
to October, when the highest value  sre recorded (1,25 me

Mg/l at station 4). Thers was . weked decrease in

goluble mégnesium towards the v o livaomber for statilons

% and 4, and a correspondirg ure vease ot stations 1 and
2. Thereafter there was a deccwsr iy Frbruary due to
the effwcty of river flooding, excep' .. rtation 1 whers
an increase from 0,3l to 0,75 mg Mg/l waw wwbed. ‘ihis
was bovause the river waters containsed more maguesium
than this ponl water, Trom February to June all stations

showed a decresse in magnesium dons,

The consistently low mamesium and high caleium values

for the river stations showed that soluble carbon (Cd;
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and HCO%) was derived predominantly from caleium rather
@n magnesium salts. At station 1 the caleium : magnes=
um ratio was lowest during the period of river flow

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

at their lowest ("s : Mg = 68,8). At this site the

magnesium was possibly utilized by the rapidly increasing

Salvinia mat to a greater extent than caleium, It is

unlikely that adsorption onto suspended clay particles

took place in this pool, as the suspended sediment load

dropped out soon after the river had stopped flowing

(Pers, obs).

From August to December there was & general decrease in
the Ca : Mg ratio from stations l-to 4. Stations 2, 3
and 4 showéd a decrease in the Ca : Mg ratio from

Aungust to October, indicating a nett decrease of calcium
with respect to magnesium, This could be due to increased
adgorpbion of caleium onto the clay colloids as the

concentration of suspended and soluble solids increased.

The tlood waters in February showed & mean Ca ¢ Mg ratio’
of %%,0, Prom February to June all stations showed an
inerease in the sation rétio, which coincided with an
increase in total photosynthetic pigment values from
February to April, and then an increase or a mainbenance

of the algal population,
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The orthofphosphate concentration at the four stations
for the siy sampling periods generally remained below
10 pg PO4/1 though & maximum value of 37 ug P04/1 was
ragcded in December at station 2. This was, howeve.,
the re. 't of building operations on the Hughes' Weir.
A defectable amount of phosphorus occurred in the pools
in December, but was not eviden£ once the phosphorus~
deficient flood waters had replaced the pool waters

(Bowmaker 1973).

Nitrite nitrogen (the only species which could be accurately
determined at the research station) generally remained

beiow 70 g Nog/l. Very low levels of nitrite were

recorded during the dry seaeon,‘but were no longer
aceurately detectable once river flooding occurred, 3By
June, values between 5L and 70 ug N02/1 were recorded,

This was probahly due to the breakdown of organic material

after the initial algal growth following river flooding.

The Mwenda River Mouth

The water chemistry of the Mwenda River moubh showed only
slight changes from station 1 through to station 7 for
any particular sampling period (the complete data table

i presented in 4npendix 5).

At no stape during this investigation were the upper

reaches of the river mouth covered by Salvinia, This

was the case during Bowmaker's studies (1973) when

. -
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stations 1 and 2 (Bownaker stations 4 and 5) were covered

by Salvinia, Salvinia was however always present, to

8 greater or lesser extent, as narrow fringing mats
stabilized by rooted aquatic macrophytes and dead trees,
Salvinia did, therefore, play a less important role than
it did at Mwenda River station 1 or during Bowmaker's

stue .es,

The Mvenda River mouth can be classified as oligotrophic,
as low nitrogen and phosphorus values were recorded
throughout. Bowmeker (1973) indicates nitrate vaiues
hetween 0,0 and 0,56 mg/1l, nitrite between 0,0 and 0,17
mg/1, ammonia mitrogen between 0,01 end 0,17 mg/l, and

phosphate phosphorus values between 0,006 abd 0,617 mg/1,

' the maximum values noted from the miver pools in the dry

season. 'The data pregented in Table 7 as well as that

presented by Bowmsker (1973) show plant nutrient levels

typifying an oligotrophic state, with mostly insignificant

variations from river pwols to open lake, and through

water depth rwofiles,

The electrical conductivity showed a maximum fluctuation

between 6,1 and 7,5 md/om at 25° ¢, for all samples,
The total alkalinity showed a very slight seasonal
fluctuation, the highest values being recorded just
prior to the rains (mean of 8,0 meq/l) and the lowest

after the firet heavy thunderstorm (mean 1,7 meq/1).
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Table - 8: Mean water chemistry values for the Mwenda River mouth for the
routine sampling periods,

Chemica™ Sampling Date
Paveweter |5 8.71]15.10.71| 3.12.70 | T. 2.72 |18. 4.72 | 26. 6.72| ¥ |-
Conduetivi . ‘ ‘ 649
(mS/mrs at 2‘5th) 6,9 7,0 7,0 6,6 7,0 153 ¥ 0:03
Total : ‘ 0,76
alkalinity | 0,76 0,80 0,71 0,71 0,78 0,80 |+ .’

f % 0,00

\meq/1)

Calei ' ‘ 8,76
(ng Ga/t) | 3+18 8,11 | 14,90 | 10,02 8,04 8% |+ 3120
Magnesium ~ - . 0,24
(o H/1) 0,47 0,33 0,15 0,17 | 0,20 0,6 |+ '3

Orthophosphate| .0 | 99 | <10 | <10 | <10 | <10 -

(ng P0,/1) |

Nitrite <10 <10 30 <10 50 30 -
(g WO,/1)

The waters of the Mvenda River mouth are relatively low
in mineralization, major cations present being Ca > Mg >
Na > X (Bowmaker 197%). The low cation values recorded
are ma;tnly due to the suspended silt load acting as a
very efficient ion exchanger. This also pla&a an import=
ant role with respect to the anitns, which become ‘adz
gorbed onto the surface of the clay particles, and are
thus unavailable for algal growth. Twinch (i974) hasg
indicated that considerable amounts of nitrogen and
phouphorus became available after digestion of unfiltered

somples from turbid, ol  troyhic Midmar Dam,

e >
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’E Low orthe-pho~nhate values were recorded for all the .

; samples analy:ad (<010 ug PO 4/1)- Similarly, nitrite ; |

g% values were lnw, the maximum value of 50 yg N02/1 ;

;g being recérded in April. %

; Congiderable chemical variation exisis between damples

E from shoreline stationsjwhich may or may not be covered

ii by Salvinia, and the open water (stations over the {

“ drowned river bed;. Bowmaker (1973) has indicated that é

ﬁ t-¢ ~ly region of the Mrenda River mouth which maintains %

g «. ~ich fauna is under the Salvinia mat along the shoreline. ;

% Lake level fluctustions play an important role in plant ?

i nutrient supply to the lake water, for McLachlan {1971) i \
;‘ % | demonstrated that animal dung and vegetated shqrelines é
. % release considerable amodnts of nutrient material into | ? | f
g ! the water when inundated. As most of the shorelir. ‘u ; |
| Q the Mvenda River mouth is "armoured" and steeply 8. put, ?

g i

ﬁv the littoral zone is greatly reducedy therefore it ig ' %1 ‘ :
1 i expected that an insignificant amount of plant nutrients %i

ig released into the lake water., Thus, as most of the ?

5’ §§ : nutrient material wag either adsorbed onto suspended clay %f
% ‘g perticles or bound up into cell masg which finally E

. #
z sediments onto the bottom, and only & small amount of i
é 51 | nutrient material is released into the water or enters i
% via the river, the wabter quality of the Mwenda River %
y ,
Ef inproves and vprimary production decreases. This aspect
ff

was partly wanifest by the reduction of Salvinia colons=

lzation and the poor flora; these nutrient reductions will

in time be detrimental to the entire food chain.
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4,2,1.3 The Mwenda Basin

The chemistry of the Mwenda Basin station showed very little

variation throughout the period under investigation 3

it 2 L e vt Tt e 6 e e

: (Table 9). The concentrations of chemical ilons were |
. not very different from those of the bay and open water %
’é stations of the Mwenda River mouth, No chemical strat= ?
; ification with depth was recorded, though Mitchell (1970)
?% recorded some chemocline formation early in the lake's
fg exigtence, The variation in the concentration of the g{
i% ' chemical species recorded between the sampling periods i
_i was also very small, g?
| i
‘% The June sample was collected shortly after the lake g
{é destratified when the biomass increased rapidly (gost : ;
i ai ‘ turnover algal bloom), and still no flux in water chemistry | %i | j
? ;é ' could be detected (Appendix 6). This suggests trat k |
? 3 A Lake Kariba is tending more and more toward a typlcal ;; §
‘; 45 tropicel type maturebecosystem where plant nutrients ? : %
, ‘ E ,
f : are barely detectable throughout the year; i.e. most %@ \
iﬂ, available nutrient material was bound up in the biomass 'iﬁ
1 ‘. - ’ 5
%1 % ‘ and not readily available for plant growth. y
f; i
g :f The date recorded during 197L and 1972 fall within the g
; | , vange presented by Coche (1968), but the biomass was gf
%1 presumably less than during Coche's investigations - ?%
2% unfortunately no early phytoplankton information is g;
;g available to verify this suggestion. i* |
h ?,
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Table 9Q: Maximum and minimum values for the recorded chemical parameters
at the Mwenda Basin routine sampling station. These ranges are
. taken from data (Appendix 6) for the five sampling periods from
the depth profiles (0 - 35 m).

Chemical Parameter ' Chemical Ranges
Wlectrical condugtivity ,
(nS/em at 25°C) 6,7 = T,4
Total alkalindity 0.70 - 0.80
(meq/1) : T 8
. deiun (mg Ca/1) 7,50 ~ 11,92
Magnesium (mg Mg/1) 0,07 - 0,26
Ortho-phosphate .
<10 - 25
(118 PO4/1)
Nitrite (ng N0/1) <10 - 70

4,2,2 Senpws River Mouth

The mean water chemistry data is presented in Table 10, and the

complete data for all sampling stations in Appendix 7.

The occurrence of Salvinia 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 Salvinis or "sudd" mats., The area from
station 1 to approximately siati'on 4 (see Figure 5) is almost
completely covered, The nutrient material bound up in these
macrophytes generally remaina in the river mouth, only a
negligible amount being lost by water movement and wind blowing
the plants out into the Sengwa Bay. There does not appear to be

an annunl flood which flushes the system out into the open lake,

ag 18 the case in the Mwenda River mouth, The Sengwa River mouth
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Table 9: Maximum and minimum values for the recorded chemical parameters

at the Mwenda Basin routine sampling station. These ranges are

taken from data (Appendix 6) for the five sampling periods from

the depth profiles (0 - 35 m).

Chemical Parameter Chemical Renges
Electrical conductivity
(uS/en at 25°0) 6,7 = Ty4
Total alkalinity ,
(meq/1) 0,70 - 0,80
Caleium (mg Ca/l): 7,50 - 11,92
Magnesium (mg Wg/1) 0,07 ~ 0,26
Ortho~phosphate g
10 . 2
Nitrite (pg NO2/1) <10 - 70

4,2,2 Senmwa River Mouth

The mean water chemistry data is presented in Table 10, and the

complete data for all éampling stations in Appendix 7.

The occﬁrreﬁce of Salvini- .od the established "sudd" mat have
g marked influerice on the energy flow through the food chain
(Béwmaker 1973). Almost the entire margin of the Sengwa River
mouth iz fringed by Salvinia or “"sudd" mats, The area from
station 1 to approximately station 4 (see Figure 5) is &lmost
completely covered. The nutrient material bound up in these

macrophytes generally vemains in the river mouth, only a

negligible amount being lost by water movement and wind blowing

the plants out into the Sengwa Bay. There does not appear to be

an annual f£lood which flughes 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 nutrients, because most of
these nutrients are in the vast biomagss. The water chemistry

is similar to that of the Mwenda River mouth,

The elasctrical conductivity increased from 6,9 oS/~ to 846
mS/em at 25° ¢ in April, and then decreased to 8;3 S /em at 25° C
in June. Stations 1 and 2 were only visited in December (mid~
summer) and June (mid-winter), when conductivity gradients were
re:.rded (Appendix 7). These two stations appear to be more
winersl..«u with respect 0 calcium and magnesium than the rest
of the river mouth, There was very little variation in the
cationic levels fthroughout the year, except for 17,65 mg Ca/1

in December, and 0,48 mg Mg/l in August.

Total alkalinity showed a very similar pattern to t.x electrical
conductivity, with stations 1 and 2 having more available solubie
carbon than the other stations. There appears to be & weak

annusl cyele, for 0,80 meq/L of total alkalinity Was‘recorded in
August; this decreased to 0,75 meg/l in December, then increased

to 0,9% meq/l in April, and decreased slightly in June.

Ortho-phosphate and nitrite became available in the cool dry period
and the hot dry period, but once the rains come in early December,
those chemical species become limiting due to the rapid growth

of the macrophyte plants and dilubtion by precipitation. Phyto=
pianktbn are unlikely to have a marked effect on nutrient concen=
tration in the Sengwa River mouth as light penetration irto the

water is limited by the Floating aquatics. The periphytic algae
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growing on the Salvinia submerged leaves are sparse in number

and. species divérsity if compared to samples from other parts of

the lake,

At stations 5, 6 and 7 the Salvinia mat was restricted

to the margin of the lake; there the phytoplankton were likely

to be the major controlling factor in the levels of available

plant nutrients,

Iable 10: Mean water chemistry data for the Sengwa River mouth (see Appendix 7).

Chemical Sampling Period o s
Parameter | Aug, Oct. Dec. Feb, Apm, Jun, FEERIE
Conductivity | . * 0.07
(uS/cm et 25 c) 649 7,2 7,4 1,2 8,6 8,3 746 e
Total .
a%k31§n§ty 0,80 | 0,78 | 0,55 | 0,78 | 0,935 | 0,91 | 0,827 0,09
_\meq/1)
Caledu’ : " . . +
(ng Ca) |T78 | = | 17,65 | 94 | 10,39 10,19 | 1,15 3,9
Magnesiu . +
(m:ngg;i? 0,48 | - 0,4 | 0,35 | 0,27 | 0,18 | 0,2570,14
Caledum 3
nagnesium 16,2 - 126,2 60,8 38,2 56,6 47,6
ratio N e
Ortho-phosphate; .. - ~ o el
»(1ug‘P04/i) 7,1 82,7 <10 < 10 << 10 16,4 | <10 to 87,3
Nitrite - | 0,04 | <0,01] <0,01| <0,01| 0,00 | <0,01 %0 0,04
(mg Noz/l) ’ ’ § ’ 7y ? ’

4,2,3 Mujery Offshore Area

The chemical analysis dats presented in Table 11 shows that the

concentrations of chemical speciles were very low, and not unlike

those for the Mwenda River mouth and Mwenda Basin stations. Only

glight variations were noted between the four sampling stations

aldng each of the two offghore transects, as well as for the

different sampling perdods.
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-] transects. Plgureq in braakets

are the ranges of the mean,

Sampling Stations

Chemical Parameter

Uncleared area Cleared area
, l~4 Hw8
Blectrical conductivity s 4 , ,
(15 fon) 7,0 (6,4 ~ 7,6) 7,1 (6,4 - 8,0)
Total alkalinity (meq/1) 0,81 (0,75-0,90) | 0,80 (0,72-0,89)

Ortho-phosphate (g P04/1) (< 10,0-14,0) (< 10,0-25,8)

Calcium (mg Ca/1) 9,71 (7,56-14,64) |{10,41 (7,40-17,52)

Magnesium (mg Mg/1) 0,20 (0,04-0,47) | 0,21 (0,00~0,54)

Nitrite (mg NOz/i) 0,045 (0,010-0,450)| 0,021 (0,003-0,035)

4,3 HYDROGEN SULPHIDE

In the early part of the &évelopment of Lake Kariba, hydrogen sulphide
wag recorded (by smell) from hypolimnetic waters. Soon after impounds
ment there was & rapid increase * the biomass as a result of autrients
released frem the oli terrestrial soils, and from the burning of the
vegetation from the cleared areas (e.g., Mujery). The biological de=
composition of this biomass after siratification was established produceQ
vast amounts of hydrogen sulphide (Harding‘1965 and. Coche 1968) below the
thermocline at a station at 10 m depth (in 1959) near the dam wall. As
the lake aged the thermocline at this station deepened and the amoint of
hydrogen sulphide decreased in the hypolimnion, By L7l only a few
isolated samples of bottom water (¥ 45 m depth) produced a faint sulphide
smell (Begg 1971) from‘the dam wall station, In this survey samples
collécted from below thebthermocline in the Mwenda Basin (40 m) in

Tebruary revealed very low oxygen saturations (<< 5% sabturation) 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 hag decreased markedly since the
early days of the reservoir (Coche 1968), and at present, with the
trophic status of the lake waters on the decline, the production of

hydrogen sulphide has almost cessed (Begg 1972).
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PHYTOPLANKTON

The phytoplanktos standing crop of Lake Keriba is almost unknown except for
reports on the net plankton by Thomasson (1965) and Begg (1967). It 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 restricted to the generic level (except
for selected samples submitted for complete diatom analysis), due to the
extreme diversity of the samplea. A complete taxbnomic classification of

the plankton samples was considered out of the scope of this project; howersar,
notes on the algal taxa and their ecoloéy in Lake Kariba are presented in

Appendix 18,

5.1 PHOTOSYN.ARTIC PIGMENTS

5.1.1 Horizontal Variation

The horizontal variation of suxface yi “tosynthetic pigments for
each sampling period along [Le ruspective transects, and for each
sampling station throughout the annual oycle, is presented for

all the sampling areas,

5.1.1.1 Mwenda River

The photosynthetic pigment data for the hwenda River can
be seen in Figure 2L, The lowest photosynthetic pigment
values for the year were recorded at station 1 (maseimum
Pt 2,25 pg Pt/1), which can be directly related to the

Salvinie mat which covered this arem for most of the year.

This effectively prevented light penetration into the
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sanpling stations, for the five sampling periods, The arzows (¢ )

¢ Total photosynthetic pigment data for the four Mwenda River routine
indicate when the river was in flood,
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water, preventing this water body from warming up during
the summer as did stations 2, 3 and 4 (ses “ucle 3).
The highest phytoplankton derities (152,8 e Pt/1,

dominant organisms Pediagtrum clathratum, P, horyanum,

P, simplex and Melosira granulat@)‘were recorded for
gtation 2, which was the result of building operations

on the Hughes' Weir, and the addition of phosphate deter=
gents to this 7« by the workmen, Stations 2 énd 3
showed intermediate phytoplankton densities, and are
probably representative of the many pools of the Mwenda

River.

The seasonsl phe bosynthetic pigment fluctuations for all
stations correlated with changes in their thermal patterm.
From Augurt to December the volume of water in each pool
was reduced by evaporation, and consequently the available
nubrient material wag concentrated, resulting in an in=
creased piytomass, The August values for stations 3 and 4
cannot be explained. With the onset of the rainy season |
the flood waters scoured the river bed, removing all the
=00l algne, and replacing the latter with algae-free
water. Once the river stopped flowing and the pools again

became discrete, the algae recolonized the habitat.

Mwenda River Mouth

The phatosynthetic pigments of the riverine stations 1, 2,
3, and 4 of the Mvenda River mouth transsct generally showed

higher phybomass values than the bay stations (stations
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5 and 5) or the open lake station (station 7 and Mwenda
deep stetion B): Trom the data presented in Figures 22
and 2% the total phytoplankton density does not appear to
be influenced to any great extent by the physical environ=
ment, as no clear seasonal pattern for aﬁy one statior
emerged. There was, howevu., A gradual increase of plant
pigment concentration from station 1 to station 7 and the
open lake station., From August to Octob~r there was a
sherp decline in pigment concentration from station 1 to

station 2; thereafter little fluctuatic:..

Tn December the pigment concentration decreaszd graduslly
from the riverine to the open la'e stations, In February
the riverine stations still meintained their = atively

high algal densities (Scenedesmus sp., Peridinium sp. and

Anabsena 8p.), bus a decrease to station 5 wag appaveut,
with stations 6 and 7 also showing lower valwes, This was
he result of the heavy thunderstorms characteristic of
.8 period, The riverine statious were affected less by
rainwater because of the lake width at the sampling stations;
the river flood water brought mitrients from upsirear -
mainfain these populations. "The bay stations were aifected
by reimwater dilution, perticularly #: the surface, and
ineressed wind-induced versical mixing, By April the
algal density had been markedly reduced v wtations 1 and
2 to 1,12 ng Pt/1. This can be attributed to the poor
light -enetration into the water as a result of the

sugpl.ced silt load, lack of available nutrient materdlal,
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Figure 22: Surface photosy~ thetic piguent data for the seven routine sampling
stations (station 3 is the surface sample of the Mwenda Basin deep
statién) on the Mwenda River mouth, The hatched column () is
the station mean for the six sawpling perdiods.
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. ~ugust 1971,
y \}w-crmwmﬁg_o

Octob%r 1971.

oo™

2 \,_%December 1971,
: T—0)

I
o .

April 1972,

2 | 5 e-June 1972,

1#r‘”@”“”MJk\wr’/.\\\*xxo

12 3 L s 6 7
Sampling Stations.

an annual oyele.

Febru%ry 1972,
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and lower water temperatures, The plant pigments at station
% had increased slightly since February (high diatom
populations) with a gradual decrease to station 7. The
winter sample (June) revealed that the river mouth contained
a wery poor phytoplankton standing crop. This is probably

the result of low water temperatures.

From the data presented for the Mwenda River mouth it is
clear that there were a large number of factors which
controlled and affected the primary production in this

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 ococur at the same ftime each
vear nor with the same irlensity; the effect of river
flooding will therefore not always be identical, Generally,
it can be said that the riverine stations showed a higher
primary production.with regard to photosynthetic plgment,

than did the bay or open water stations,

Senpwa River Mouth

Photosynthetic pigment data for the Sengwa River mouth for
August and December 1971, and February and April 1972 are

pregented in Table 12,

The total phytoplankton density data for this area ave
geanty, as the aresa was only sampled for algae on four

occasions, and then not all the stations could be reached,
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There wag an increase in phytomass from August to December,

which was probably the result of the rains and nutrient

releage from decaying macrophytic vegetation. By February ;
| the photosynthetic pigments had again decreased to <1 ug

Pt/1. This could be the result of reduced available plant

nutrient material. As the water temperstures cooled, the
plen’ pigment level increased to between 1 and 2 ug Pt/1

by April. The interpretation of such low concentrations
P p

is extremely difficult, as the values of photosynthetic

R

pigments recorded are close to the limits of the method i {

uged.

Table 12: Total photosynthetic pigment data for the Sengwa River mouth‘(ug Pt/1).

¥ H Sampling Period

2 : Sampling | _ ol !
‘ Station August December February April L {

2,13 - -
- 1,74 -
0,59 2,08 0,90 - |
0,48 1,08 0,39 1,80 ‘
0,22 2,30 0,28 1,01 |
0,22 2,02 0,67 1,52 :
5,11 1,91 0,67 1,12 e %
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! ; 5.1.1.4 Mudery Offshore Area

The seagonal flux of photosynthetic pigments for the
i % Mujery offshore area ig in Figures 24 and 25. The
August values were below 1 pg Pt/l, probably the result

of the cool winter water temperature., By October the mean

i ; water temperature had inereased by 4° ¢, resulting in an
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Sampling  Stations,
12 3 4 5 6 7

00

1

0,97 August.

o4

0,20 October,

& s

M.._-‘.@

Tpanswet 2

3 Transect 1
2 0,97
’ O

MmWApril.

M ;
o | June,

Figure 25: The aeanonal distribution of photosynthetic pigments along the
o BERALEEETTY transects at Mujery. The correlation
coefficients(r) comparing the photosynthe+ic plgments of the
two bransects sre inoluded,

1+ @/0\0_________@ 0,89 c/ﬂ\a December,
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increase of algal biomass, From December to April all
stations ghowed photosynthetic pigment values ranging

between 1 and 3 pg Pt/Ll. The Juns semples contained a low

phytomass value, similar to the August samples. The annual

photosynthetic pigments fluctuate with the physical
ervironment (temperature rather than light, as Seochi
disc transparehcy depths were mostly very close to ox
recorded to the lake bottom), rather than the chemical
environment, as no snnual cycle in any éf the plant

nutrients recorded was noted,

The sampling statione closer to the shore generally showed
slightly Wigher photosynthetic pigment values than the
open water statior . The winter samples (August to June)
contained a poor phytomass, with slight variation from the
shore (stations 1 and 5) Yo the open water stations (4

and B). By spring (October) the shore stations showed u

 decrease to stations 2 and 5, which then increased to the

open water, During the hot dry period of the summer the
photosynthetic pigment values along the trangsect lines
revealed & slight incréase at statiors 2 and 6, with the
rest of the water remeining at < 1 pg Pt/L. Once the

raine had come (February) and the lake lewel roge, the

calgal growth at the shore gtations increased as a result

of nutrient material being released into the water from

animal dung end ash from bugh fires on the flat £lood plaing

(MeLachlen 1971). There was a noticeable gradient from the

ghore to open water stations during this period.
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A good correlation.(Figure 25) existod betwesn the photo=

gynthetically active phytomasy from the uncleared and cleared

trangects (correlation coefficient between the two transects
through the annual cycle is 0,8799). In spring a poor
correlation was noted between the transecte; this was the
result of a fluxing algal pdpulation from shore to open
water. TFrom February to June the water terperatures
dropped, as did the photosynthetic pigments; whenlcomparing
the two transects a poor correlation coefficient was

recorded (negative correlation in June).

5.1.2 Vertical DNistribution

The distribution of photosynthetic pigments with depth and time was

" recorded at the Mrenda Basin deep water station (Figure 26).

The August samples revealed a water columm fairly uniform in
photosyn;chetic pigment with increased deoth (Y 1,5 ug Pt/1). This
situation resulted from complete vertical mixing after the lake
destratified, 80 thab the bottom waters contained up to 1,0 pg
Pt/1, 'l'he only plahkton maximum (X 45% of the population of all

samples was Scenedspmus bijuga) was recordad in December when the

lake waters warmed and the light cliimate favoﬁrable for algal
growth improved. The maximum oceurred between about 7 m and 23 m
depth, By February the epilimnetic water had probably mixed down
to the inbensifying thermocline, which effectively dispersed thé
algee in the upper layers, and improved the light penetration into
the deeper waters. A gradient of photosynthetic pigments had

develrped by April, when the thermal stratification was at its
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Figure 26: Fuotosynthetic plgment (pg Pt/1) depth profiles for the Mvenda
Bagin deep water statlon; from August 1971 to June 1972. The
dotted line (..L.) represents %he Secchi dige transparency of
the water. 'The broken line (-x--2-) indicates tte position of
the thermocline. ‘ :
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maximun, The surface water contained < 1,0 ug Pt/1 of extractable
plant pigments, which increased to just above 1,5 pg Pt/L between
14 m and 22 m depth; it then decreased to 1,0 pg Pt/1 at the
thermocline at 30 ~ 52 m depth. The plant pigments decreased
further with lepth and at 35 m no extractable pliotosynthetic

pigments could be detected.

Once thermal stratification had broken and the Jurface waters
began warming, the almal growth again concentrated in the upper
layers of the euphotic zone, whiéh effectively cansed the Secchi
disc transparency to decresse, The algal growth between 25 -

30 m depth we ' the result plant rutrients being released from
the bbttom gediments at turnover. A very similar pattern of
photosynthetic pigment flux was recorded by Talling (1966) for &

routine offshore station in Leke Vietoria, The post turnover algal

tloom will be discussed in section 5.2.% below. As the thermal

stra.irication again began to develop, the mixing caused homo=

genedty with respect to photosynthetic pigments in the epilimnion,

5.2 ALGAL POPULATIONS AND DYNAMICS

5.2.1

Counting Precision

Th3|a1gal diversity and the tremendous variation in algal densities

of the lake samples made it impractical to determine the statiss

tical ecourasy of each sample count: sample M17 was therefore selects=

ed tu determine the svuracy ¢f the counting method. The mean

peroentag? of each genus in this sample i@ seen in Table 13,

Normally the lake sémple algal counts were terminated after aboub 200

organisms had been recorded (Iund et al 1958), The results of
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these algal counts are in Appendix 12 and the regults of the
statistical analysis of the counts in Table 14, The accuracy of

the counte was about 94% for hoth total cell counts and total

Table 13%: The mean percentage of each genus recorded in sample M17.

Chlorophyta
. Pedingtrum
Coelastrum
Oocystis
Franceisa
Schroede: ia
Scenedesmus
Crucigina
Staurastrum

Pyrrhophyta
Peridiniva

Chryaophyta
Tety -ella

Baci.. 1 iyceas

Centric distoms

lennate diatoms

Cyanophyta
Merismopedia

Anabaena»

;V\EAN J S‘E'

1,12 0,6
2,3 % 1,4
1,1t 0,7
0,5%0,2
6,6 2,3
42,7 £ 4,0
1,35%0,8
0,6 ¥ 0,2

0,5 10,3

*
398 - loj

7.4 T 2,0
14,0 71,8

2,2
16,4'

2,7
4,0

I+ I+

Talle 14: Results of the statistical analysis of elgal counis of sample ML7.

cell sount

Total Total
oecurre.lces

Standard error
Counting scouracy %
Chi-sguaréd no= 20

0,015%015 0,004819

94,1 9445

0,09772 0,047.8
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these algal counts are in Appendix 12 and the results of the

statistical analysis of tir counts in Table 14, The accuracy of

the counts was about 94% for both total cell counts and total

Table 17%: The mean percentage of each genus recerded in gample ML7,

Talle 14:

Chlorophyta
" Pediastrum

Coelastrum
Qocystis
Franceia
Schroederia
Scenedesmus
Crucigina

Staurastrum

Pyrrhophyta

Peridinium

Chrygophyta
Tetraedriella

Becillariophycede

Cerntric diatoms

Pennate diatoms
Cyanorhyta

Merismopedis

Anabaena

E.

243
1,1
0,3
6,6
42,7
1,3
0,6

0,5

5,8

7,4
14,0

2,2
16,4

1,1 % 0,6
T4

0,7
0,2
2,3
4,0
0,8
0,2

S B R

L+

0,3
.l. ‘
= 193

2,0
1,8

I+

o
- By

T 4,0

gsamysle MLT.

Res *i*a of the statistical analysis of (lgal counts of
i Total Total
| gell count | scourrences
Standard error 0,015015 0,004819
Counting accuracy % 04,1 94,6
(hi-gquared n = 20 0,09772 0,04718
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oceurrence (number of organisms) counts, The Chi .squared analysis
of the data showed that thers was no significant difference between
the siz counting chambers or between the five counting positions

of each counting chamber., The algae were therefore randomly

~distributed on the coverslip surface of the counting chambers.

5.2.2

The standard error of counting was significantly low to justiify

the high counting accuracy.

Alpal Dengity of the Sampling Stations

The algal density of all the sampling areas will be busged on the

total cell count data, rather than number of organisms, because

of the significant correlation'between these two parameters;

the latter would give similar patterns (correlation coefficients

for all the lake samples are presented in Appendix 13).

5.2.2.,1 Horizontal Variation

5.2:2,1.1 Mwenda River
A éuantitative assessment of the algae in the
, Mwenda River was gene»ally not possible,
because of the high suspended silt load and
low algal densifies, Algal growth was almost
entirely inhibited due to insufficient light
perintration into the water. At station 1 the
Salvinia mat impeded light penetration, which

retarded algal gr~ th.

Two algal blocme were recorded at station 2

however, which can be attributed to nutrient
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additiong to the water by the workmen at the
weir site. The first bloom was recorded in
August, where a Schroederia sp, had an algal
density of 89,85 x 10° cells/l. This was by
far the highest plankton count recorded during
thié investigation., The second high count was
recorded in December (17,64 x lO6 Cells,1).
The population was dominated by Pediastrum

clathiatum and P, simplex, and Melosira

granulata with Microcystis sp, and Phormidium

a0, w8 subdominants,

The flood waters contained no identifiable
plankters or plant pigments. Due to the im=
poverishment of the Mwenda River samples, no
seagsonal flux in algal population could bhe
detected, These sampleé do not entirely 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 filtered through
the 0,47 p Millipore filters (between 60 ml

and 300 ml),

Mvenda River Moulh

The standing crop of the Mwenda River mouth is
presented in Table 15, Generall the phytomass

revained below 1,00 x 10° vells/1 for all

G . i - o e e e e £ 5 i et i
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samples, The highest alr." densities were
recorded from the bay and open water gtations
(stations 5, 6 and 7, in Getober and April),
and the lowest values from the riverine stations
(stations 1, 2, 3 and 4); this is probably due
to the degree of shelter each station is
afforded by the land and by the aquatic macro=
phytes, and also‘the amount of light entering

the water.

During ‘ugust a pradual increase in algal cell
number:: from station 1 to station 7 was noticed.
The . ,en water contained large rnumbers of

Scenedesmug bijuga and diatoms ~ this contrib=

uted to the merked increase from station 7 to
the Myenda deep station (0 m). By October the
algal population of the riverine stations,
ineluding station 5, showed a decrease, but
gtations 6 and 7 ghowed marked irereases, as a

result of inoreased numbers of Anabaena, The

December'sample showed a decsrease from station 1

to station B with a corresponding increase in the

Pyrrhophyceae, which then decreased to the open
water., The population from stations 1 to 5

also cdontained large numbers of diatoms, which

g s e
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were absent at stations 6 and 7. In February,
once the flood waters had entered the lake, the
riverine stations showed a gradient L. & poor
algal population at station 1, which increased

to station 4 (increases in Scenedesmus &p, and

Schroederia 8p.). It then decreased to the open.

water at station 7, but increased to the deep

water station, due to a high Anabaena sp.

Table 15: Seasonal‘phgtOplankton standing crop of the Mwenda River mouth

(cells x 10

/1).

:g _ Sampling Perijod T
2 | g | Oct | Dec. | Teb | Apr. senp. L
T | 0,24 | 0,11 | 0,5L | 0,13 | 0,49 | 0,26 % 0,15
> | 0,20 | 0,06 0,14 | 0,26 0,52 | 0,247 0,17
5 | 0,39 | 0,00 0,20 0,42 0,67 | 0,37 0,2
4 0,39 | 0,05{ 0,3 | 0,8 0,72 | 0,487 0,33 ]
5 | 0,52 | 0,19 | 0,55 | 0,3 | 1,99 | 0,73% 0,72
6 1 0,5 | 1,66 | 0,11 | 0,20 | 0,66 | 0,64 %0,62
710,68 | 7,09 | 0,70 | 0,17} 1,59 | 2,07 %200

population at that time. The low algal
populations at stations 1 and 2 were due to
the suapended silt load (and therefore reduced
1ipht penetration into the water); memy of the
algae were mechanically broken by this
suspended materiul (see sechion 6 below). In
April the algal densities of the samples
showed a gimlilar pattern to the February

gamples. These alial densities had, however,
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increased since February but the typical
gradient still remained, with the algal maxima
at station % (increase in the population of

diatoms, Gonatozygon, Anabaena and Tetra=

edriella). The relative percentages of these
plankters in the population remained the same at
station 6, although the densities of the taxa
dec~eased (a slight decrease in the percentage
of diatoms in the population was noted). At
station 7 the densities of the taxa increased,
similar to gstation 6. The plankton population
density at the Mwenda Bagin deep station was
gimilar to that of the open water river samples,
but the plankton was dominated by the diatoms

and Tetraedriella 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 station 1 to station 7 and
the open water, The riverine algal populations
(stations 1, 2, % and 4) were more stable than
the bay stations (stations 5, 6 and 7) as
indicnted by their relatively small standard
deviation values. The algal population at
station 7 showed extreme ingtability throughout
the year, but there wan less variation in the

algal dengities at station B,
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Pigure 27: Mean sessonal algal density (tobal cell count) for the Mvenda

, River mouth, Vertical lines are the gtandard deviation. Mwenda
Basin gtation 1 (B) is tncluded,

i
{
§
v
( -
£
i
! L
3 N
I ¥
i 5
: ;
{

; :
~ §
; !
; |
i [
b !
{ !
i {
g |
[ 1

i i
|
t j
i
}
i
‘
4




e

Bt

H_FEER

LD AN A

5&2021103

101

The large fluctuation in algal density at
station 7 can be attribuied to the fact that
this area is the zone of transition between the
open lake water and water contained within £he
Mwenda River mouth system., A& further factor
which contributed to these al al maxima was the
effect of wind—ihduced wave actioiu (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 entirely covered by Panicum
repens L. which ils extensively grazed by game.
Dead grass and dung together with sand grains
are suspended by the powiding waves, éﬁd the
swell moves this material across the opsning of
the Mvenda River mouth. Nutrient material is
released into the water (MeDachlan 1971),

vhich is consumed by the algal population, and

i8 therefore not easily detecteble,

Sengwa River Mouth

The standing crop data for the Sengwa River
mouth is presentsd in Teble 16. The alasl
density of this area generslly remained below
1,0 x lO6 cells/l. In August the station
sanpled showed density values ranging between
0,25 = 0,56 x 10° colls/l. The October sample

showed gimilar densibty values, but the ulgal




bl

S LB

102

population dominance had shifted from &

green - blue-green population to a green

algae population., In December, when all
gampling stations were visited, the algal
density showed an increase from station 1 to
station 3, remaining just leés than 1,00 x lO6
cells/l at stations 4 and 5, and decreasing

to the open water station. These phytoplankton
maxims at stations 3, 4 and 5 could be the
result of the Sengwa River adding nutrients o
the river mouth, nﬁtrients released when the
macrophyte "sudd! wmat was broken up by wind
action and decayed, and an improved light
climate in the water, The algal population
at station 1"aé dominated by Melosira sp.
and at stations 2 to 7 by Anabaena sp., The
gtanding crop wag low in Pebruary, showing a

s8light increase f tation 3 to otation 7

(0,23 to 0,55 x 10° cells/l). The three stations

visited in April showed elevated algal densitiss

from February, These algal maxima were dus to

Melosira 8p. at stetions 4 and %, and Scenedesnus

sp. 8t station 6,

The alg 1 populations were generally fairly
stable in the Sengwa area as the magnitude of
the population fluctuations were swall hroughs

out the year. This can be seen from the
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