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Figure 1.1. Bathymetric map of Lake Midmar showing Tlocation of
meteorological (M) and sampling station (S) in main basin. Contour
lines at 4m intervals.
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Table 2.1. Morphometric and hydrological characteristics of Lake
Midmar at Full Supply Level (FSL). From: Archibald et al (1980).

Catchment area 928 km2

Volume 117.2 x108 m3
Surface area 15.59 km?
Maximum depth 22.3 m

Mean depth 11.4 m

Mean retention time 0.87 year
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Figure 3.1. Annual variation of daily integrals of global radiation reaching the ground on
clear days in the southern hemisphere. Shaded area corresponds to the latitudinal range

of South Africa. From: Straskraba (1980).
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Figure 3.2. Average annual number of days, a) with no sunshine (overcast days); b) with
c) with 50% or more (sunny days) and d) with 90% or more (bright

10% or less (dull days);
Location of Lakes le Roux and Midmar indicated

days), of the possible sunshine duration.
by L and M respectively. From: Schulze (1965).
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ST = heat storage. From: Dutton & Bryson (1962).
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Figure 3.14. Annual variation in mixing depth (solid Tine) in relation
to lake bottom (dotted line) at main basin station, for the period
November 1980 to October 1981.
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Table 3.1. Selected morphometric and thermal characteristics of some
South African impoundments. From: Allanson et al (1983), Pieterse and
Keulder (1982), Walmsley and Butty (1980) and this study.

Impoundment Maximum| Mean | Nature of | Max. summer | Max. thermal
depth | depth | thermocline| temperature gradient
m m ¢ ¢
Wuras 5.0 1.95 Absent 27.3 4
Tonteldoos 10.5 3.9 Unstable 26.0 10
Bloemhof 18.0 4.5 Absent 24.0 4
Bospoort 14.4 5.3 Absent 28.0 5
Olifantsnek 13.6 5.5 Absent 25.0 3
Rust der Winter | 20.0 5.7 Present 27.5 9
Rietvlei 17.2 6.4 Unstable 24.8 6
Bronkhorstspruitl 19.5 6.8 Absent 27.0 6
Nahoon 18.4 7.2 Absent 26.7 4
Buffelspoort 23.0 7.9 Present 25.4 9
LindTeyspoort 22.2 8.1 Present 24.0 9
HenTey 18.8 8.2 Present 24.0 9
Vernon Hooper 16.2 8.8 Present 27.5 6
Laing 37.5 |10.4 Present 26.9 8
New Doringpoort | 36.0 [10.6 Present 26.0 10
Roodeplaat 43.0 |10.6 Present 28.4 15
Loskop 36.0 [10.7 Present 28.0 11
Hazelmere 30.6 |[10.8 Present 28.6 7
Midmar 22.3 |11.4 Unstable 25.5 6
Albert Falls 24.6 [12.3 Present 29.0 11
Bridle Drift 40.9 [12.3 Present 26.8 8
Nagle 38.1 (15.2 Present 28.5 8
le Roux 73.0 |23.0 Present 22.0 8
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Table 3.2. Heat budget characteristics for a range of lakes from

different latitudes. From: Allanson et al (1983), Coche (1974),
Hutchinson (1957) and this study.
Lake Latitude | Mean | BAHB RH TI |MHC |RH:BAHR Type
depth
m
Victoria 193 40 | 41.9 | 318 | 7.9 {356 7.6 | Tropical
Guija 14913°N | 16.5| 22.6 | 134 1 1156.6| 5.
Kariba
(Basin 2) 17930°S | 24 83.7 | 163 6.8 [246.9] 1.95
Galilee 32950°N | 24 |140.1 | 110.4| 4.6 |250.5| 0.8 |Intermed.
Midmar 29°30°S | 11.4] 67.5 40.4| 3.5 |107.9] O.
le Roux 30°10°S | 29 91.6 68.8| 2.4 |160.4| 0.75
Mead 36°12°N | 59 [193.3 92 1.6 |285.3| 0.48
Mendota 43907°N | 12.1] 98.3 22 1.8 [120.3| 0.22 [Temperate
Greiffen 47°23°N | 17 66.9 8.4/ 0.5 | 75.3| 0.13
Staffel 47%42°N | 10.7]| 63.6 8.8/ 0.8 | 72.4| 0.14
Fureso 55047°N | 12.3]| 71.5 11.3| 0.92| 82.8( 0.16
BAHB = Birgean annual heat budget; RH = Residual Heat;

Tl = Tropicality Index; MHC = Maximum heat content, units 104 kJ/m2

Table 3.3.

radiation,

Annual

the Birgean Annual

range of energy flux values for incident solar
latent heat and heat storage,

Heat

Budget (BAHB) and maximum heat storage in Lakes Mendota and Midmar.
From: Dutton and Bryson (1962) and this study.

Component Mendota Midmar units
Incident solar radiation{ 3.1 - 21.8 11.5 - 21.9 x103 kJ/mZ/d
Latent heat 0 - 11.6 7.4 - 16.5 | x103 kJ/m?/d
Heat storage -13.5 - 11.6 6.1 - 5.1 1 x103 kJ/mé/d
BAHB 98.3 67.5 x10% kJ/m?
Maximum heat storage 11.6 5.1 x103 kJ/mZ/d
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Table 3.4. Mean annual sunshine duration
with no sun, overcast (1-10%), dull (11-49%), sunny (50-89%) or bright

(hours) and number of days

(90-100% of possible sunshine duration) conditions at two
meteorological stations, Fauresmith (F) and Cedara (C). From: Schulze
(1965).

Mean| Daily % of Number of days with

hours | poss. duration| No sun| Overcast | Dull | Sunny |[Bright condns.
F 9.3 77 3.8 5.3 32.7 | 199.6 | 123.8
C 6.6 55 34.8 59.7 40.7 ( 198.4 31.4

Table 3.5. The maximum fetch (km) for winds from

direction at Lake Midmar.

a particular

Direction Compass Bearing Fetch
N-3S 0 - 180 5.06
NNE - SSW 30 - 210 6.18
NEE - SWW 60 - 240 4.58
E-W 90 - 270 4.5
EES - WWN 120 - 300 4.22
ESS - WNN 150 - 330 4.08

Table 3.6. Range of wind speeds used in Weather Bureau and Beaufort
classification schemes. From: Schulze (1965) and Bodin (1978).

Weather Bureau

Light winds 0 - 4.4

Moderate winds 4.5 - 6.7 m/sec

Beaufort Scale

Classl 0 -1.6

Class2 1.7 - 3.3

Class3 3.4 - 5.4 m/sec
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Figure 4.1. Relative size of the major phosphorus pools in a lake
water - sediment system. From: Bostrom et al (1982).
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Figure 4.5. Absorbance scans over the PAR spectral range (400-700nm)

for filtered (dotted 1ine) and unfiltered lake water (solid Tine),
after correction for absorption by distilled water.



14 —
- !

12"—' , V4 '

- ! \ ’

10—

-

Kd 8 —

In units/m _|

6.—

Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept
Month
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indicates sampling day when maximum phytoplankton standing crop was measured.

6t



40

30—
1980-81
20—
Frequency
%
10—
yyi
0 I ]I
0.05 0.15 0.25 0.35 0.45 0.55 >1.0
40—
1982-83
30—
Frequency
% 20—
10—
Iy
° T 77
0.3 0.4 0.6

Ratio Zeu:Zm

Figure 4.7. Histograms to show distribution of Loy:Zy ratio values in
1980-81 and 1982-83.



Total

Phosphorus

x10” kg

4 —

3 —
Water Column

Srezizz.ay

I . -
RFEYEN ..
. '-‘ v ., ..."l.'-
ae et " Te. . T, es"" “rea,
0 e tesraee . @ b s e % 8 s s s s g Be e e s s b s et S e s sasa.gaipgnss gz T ) --..l. NETITREETT I

Nov Dec Jan Feb Mar Apr May June July Aug Sept Oct
Month
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Table 4.1. Mean, range and coefficients of variation (CV %) for the
vertical attenuation coefficient for downwelling irradiance, Kq(PAR),
and depth of the euphotic zone in 1980-81 and 1982-83.

Period Kg(PAR) Tn units/m Euphotic zone depth m

Mean Range CV % | Mean Range CV %

1980 - 81
October-~March 1.69 | 1.11 - 2.33 18 2.72 | 2.07 - 3.83 15
April-September | 2.19 | 1.31 - 4.26 | 31 2.19 | 1.39 - 3.43 | 24

1982 - 83
October-March 1.98 | 1.16
April-September | 3.47 | 1.62

3.17 | 28 2.54 | 1.37 - 3.8 28
5.78 | 38 1.22 | 0.78 - 1.95 | 29

Table 4.2. Regression constants for regression analysis of Kq(PAR)
with phytoplankton standing crop (as B, mg Chl g/m3, and ZB, mg Chl
g/mz), total suspended solids and mean wind speed on the day before
sampling.

Year Variable Variance Significance % variation
: ratio F accounted for
1980-81 B 0.02 n.s -
LB 7.97 < 0.001 : 18
Wind 0.03 n.s -
River TSS 1.33 n.s ; -
1982-83 B 0.5 n.s -
xB 11.61 < 0.001 29
Wind 9.74 < 0.001 25
Lake TSS 20.83 < 0.001 42
Step-wise Regression
1982-83 Lake TSS 20.83 < 0.001 42
Lake TSS+Wind| 22.77 < 0.001 62 (Wind=20%)
Lake TSS+Wind+IB| 16.32 < 0.001 |, 65 (ZB=3%)
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Table 4.3. Mean and range of vertical attenuation coefficients for
downwelling blue, green and red 1ight in 1981-82 and 1982-83.

Colour | Wavelength at Vertical attenuation coefficient
mid-point of In units/m
filter nm 1981 - 82 1982-83
Mean Range Mean Range
Blue 443 2.93 | 1.43 - 6.36 7.59 | 2.53 - 13.95
Green 550 1.67 | 0.78 - 3.12 4.38 | 1.3 - 8.31
Red 670 1.35 | 0.73 - 1.99 2.68 | 1.17 - 6.16

Table 4.4. Planimetrically determined amounts of total phosphorus
exchanged with sediments for the period November 1980 to October 1981.
Determined from sediment flux and net internal load data presented 1n‘
Figure 4.9.

Source Amount of Phosphorus Direction of flow
kg Total P/y

Net internal load 376 To sediment
210 To water column
Sediment flux 350 To sediment

141 To water column
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in 1980-81.
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Table 5.1. Means, ranges and coefficients of variation (CV %) for the
ratio Zg,:Zy and depth of the euphotic zone (Zg,) in 1980-81 and 1982-

83.
Year Loy * In Ly, metres
Mean Range vV % Mean Range vV %
1980-81 0.24 0.1 -1.28( 78 2.47 | 1.39 - 3.83| 22
1982-83 0.24 0.15 - 0.59 | 32 1.81 | 0.78 - 3.55| 42
Table 5.2. Variation in predictive capability of Talling’s model (as

the ratio of predicted value of ZA (ZAy)

actual value determined

planimetrically (ZAp) in relation to Iy value on selected occasions.

Date AT 1 ZAp I pE/mz/s
16.2.83 1.4 40.4
28.6.83 0.9 179.0
14.4.83 1.8 261.5

5.5.83 2.2 141.0
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Table 5.3. Regression constants for regression analysis of IK with Pe,
assimilation number, mean irradiance during incubation (I;y) and one
day (Ipgpy), two (Ipgpgp) or three (Ippp3) days prior to estimation of
I and temperature in 1980-81 and 1982-83.

Simple regression

Year [Variable Variance | Significance % variation
ratio F accounted for.
1980-81] P, 18.2 < 0.05 31
Assimilation number 0.17 n.s 0.4
TN 0.6 n.s
IpRE1 3.3 n.s 8
IpRE2 5.3 < 0.05 12
IpRE3 5.5 < 0.05 12
Temperature 1.2 n.s 3
1982-83| Pg 12.7 < 0.05 25
Assimilation number 5.2 < 0.05 11.8
INHY 5.2 < 0.05 11.8
IpRE1 1.2 n.s 3
IpRE2 3.3 n.s 8
IpRE3 1.9 n.s 5
Temperature 2.1 n.s 5
_ Stepwise Regression
1980-81| P, 18.2 < 0.05 31.3
Po + Ippps 8.1 < 0.05 43.1
1982-83 | P 12.7 < 0.05 24.6
Po + Assimilation
number 89.5 < 0.05 77.5
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Table 5.4. Regression constants for simple regression analysis of P,
with assimilation number, mean irradiance during incubation (Ijy) and
one day (Ippgy), two (Ipgpp) or three (Ipppz) days prior to estimation
of Py, and temperature in 1980-81 and 1982-83.

Simple Regression

Year Variable Variance | Significance % variation
ratio F accounted for.
1980-81 | Assimilation number 8.3 <0.05 17
NNy 3.2 n.s 7.3
IpRE1 0.01 n.s -
IpRE? 0 n.s -
IPRE3 0.2 n.s 0.4
Temperature 0.5 n.s 1
1982-83 | Assimilation number [ 16.2 <0.05 29
Iy 0.2 n.s 0.4
IpRE1 0.3 n.s 0.6
Ipre2 0.4 n.s 0.9
IpRE3 0.3 n.s 0.8
Temperature 4.8 <0.05 11

Table 5.5. Regression constants for stepwise regression analysis of

predicted values of ZA (ZA7) with individual components of Talling’s
model in 1980-81 and 1982-83.

Year Variable Variance | Significance| %variation
ratic F accounted for.
1980-81 Pmax 74.6 < 0.05 65.1
Pmax *
[Tn I’o - 1n 0.5 Ig] 28.0 < 0.05 79.7
Pmax *
[Tn I’o - In 0.5 Ig]l +
1/ Kq(PAR) 71.6 < 0.05 93.0
1982-83 Pmax 109.2 < 0.05 71.8
Pmax *
1/ K4(PAR) 34.5 < 0.05 84.5
Pmax *
1/ Kd(PAR) +
[Tn I’o - 1n 0.05 Ig]l 11.5 < 0.05 87.9
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Table 5.6. Regression constants for stepwise regression analysis of
the Tight saturated rate of production (Pmax) with assimilation number
and phytoplankton standing crop (as B, mean chlorophyll a
concentration in the euphotic zone) in 1980-81 and 1982-83.

Year Variable Variance | Significance| % variation
_ ratio F accounted for.
1980-81 | Assimilation number 36.2 < 0.05 47.5
Assimilation number + B| 85.3 < 0.05 83.5
1982-83 | Assimilation number 43.6 < 0.05 43.6
Assimilation number + B| 85.2 < 0.05 85.2

Table 5.7. Variation in predictive capability of Talling’s model (as
the ratio of predicted value of ZA (ZA7) : actual value determined
planimetrically (ZAp)) in relation to values of assimilation number,
phytoplankton standing crop (as B, mean chlorophyll a concentration
in the euphotic zone), Iy and K4(PAR) on selected occasions.

ZAt @ LAp | Assimilation number B I Kq(PAR)
mg C/mg Chl a/h mg Chl g/m3 pE/mZ/s In units/m

0.6 1.76 8.9 165.5 5.48
2.4 11.1 8.2 92.9 1.8

1.1 6.98 3.86 224.5 1.63
1.1 1.83 6.13 83.2 4.39
1.0 1.74 6.83 103.7 5.27
1.0 2.4 6.31 172.6 3.27
1.0 13.0 6.82 276.1 3.02
1.0 5.0 4.11 89.4 1.9

1.0 7.3 6.14 66.3 2.1
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Table 5.8. Regression constants for simple regression analysis of
assimilation number and mean irradiance at depth where Pp., was
measured (Iopt) with mean irradiance during incubation (Iyy) and one
day (Ippgp)s two (Ipppp) or three days (Ipppz) prior to sampling,
temperature and K4(PAR) in 1980-81 and 1982-83.

Year Variable Variance ratio | Significance %variation
F accounted for.
1980-81 [ Iyy 0.02 n.s -
IpRE1 0.9 n.s 2
IpRE2 4.0 < 0.05 9
IpRE3 2.3 n.s 6
Temperature 3.4 n.s 8
Kq(PAR) 0.4 n.s 1
1982-83 [ Iy 4.7 < 0.05 11
IpRE] 0.2 n.s -
IpRE2 1.4 n.s 3
IpRE3 1.0 n.s 2
Temperature 22.7 < 0.05 37
Kq(PAR) 5.9 < 0.05 13

Table 5.9. Regression constants for simple regression analysis of mean
irradiance at depth where Pnax Was measured (Iopt) with mean
irradiance during incubation (Iy) and one day (Iprpy)» two (Iprg2) or
three days (Ippp3) prior to sampling, in 1980-81 and 1982-83.

Year Variable Variance ratio | Significance %variation
F accounted for.
1980-81 [ Iy 9 < 0.05 18
IpRE1 0.01 n.s -
IpRE2 0.9 n.s 2
IpRE3 0.5 n.s 1
1982-83 | Iy 4.5 n.s 9
IPRE] 0.7 n.s 2
IpRE? 0.3 n.s 1
IpRE3 0.4 n.s 1
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Table 5.10. A comparison of Lake Midmar primary productivity data (as
values of P., and ZA) with a range of African lakes, for which there
are comparable data

Lake Prnax ZA Source
mg C/m3/h mg C/mz/h

Chad (Chad) 66 - 336 61 - 318 Lemoalle(1973)
Crescent Island
Crater (Kenya) 19 - 68 105 - 293 Melack(1979)
Hartbeespoort (S.Africa) | 12 - 5916 46 - 3381 Robarts(1984)
McITwaine (Zimbabwe) 155 - 653 248 - 653 Robarts(1979)
Midmar (S.Africa) 1980-81 2 - 22 3-29 This study

1982-83 1 - 104 3 - 103 This study
Naivasha (Kenya) 56 - 90 128 - 214 Melack(1979)
Oloiden (Kenya) 98 - 281 146 - 420 Melack(1979)
Swartvlei (S.Africa) 5 - 13 13 - 37 Robarts(1962)
Winam Gulf (Kenya) 86 - 240 150 - 341 Melack(1979)
Wuras (S.Africa) 45 - 420 19 - 192 Stegmann(1982)
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Table 5.11. Regression constants for simple regression analysis of
actual values of LA, assimilation number, the photosynthetic
saturation parameter (Ig) and the photosynthetic efficiency (P,) with
Ly, : Ly ratio and water column stability in 1980-81 and 1982-83.

eu
Loy * I
Year Variable Variance | Significance | % variation
ratio F accounted for.
1980-81| ZA 0.7 n.s 2
Assimilation number 0.4 n.s 1
Ix - n.s -
Po 1.0 n.s 2
1982-83| ZA 0.2 n.s -
Assimilation number - n.s -
Ig - n.s -
Po 0.4 n.s 1
Water column stability
1980-81| A 0.6 n.s 1
Assimilation number 5.1 < 0.05 11
Ix 1.0 n.s 3
Po 0.4 n.s 1
1982-83| A 4.5 < 0.05 10
AssimiTation number 1.8 n.s 4
Ig 0.2 n.s 1
Po 0.6 n.s 1
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Figure 6.1. Stylised seasonal progression of change in standing
populations (N) of three species of phytoplankton (w = diatom,
representative of mixed conditions; r = relatively fast-growing, r -
selected species and K = slow-growing, K-selected species) in relation
to the cycle of stratification (shaded area) and destratification of
the water column (Z) in a) a classicical stratified lake and b) a

stratified lake exhibiting atelomixis. Modified from Reynolds et al
(1983).
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Figure 6.3. a) A hypothetical 3-D matrix with axes defined by 1)
mixing /stability, ii) the concentrations of nitrogen (N) and
phosphorus (P) and iii) the N/P ratio which accommodates most
phytoplankton assemblages (indicated by capital letters in matrix).

b) The three directions of periodic progression from one
dominant assemblage to another: from given starting coordinates,
autogenic successional changes are traced in the nutrient
concentration/ratio plane; increased mixing (’perturbation’) at any
time, causes movements in all three planes to new coordinates from
which a new ’shifted’ succession may be initiated or, as the system
becomes less mixed, a ’reversion’ to a previous dominant assemblage
may occur. From Reynolds (1984 b).
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Figure 6.4 Annual average solar irradiance (300 - 2200nm, units x107
J/mz/yr) reaching the earth’s surface. From Geiger (1965, in Larcher
(1975)).
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Figure 6.5. Diagrammatic representation of the three directions of
periodic progression from one dominant phytoplankton assemblage to
another.

a) Starting at a fixed coordinate, autogenic succession
(temporal changes in phytoplankton species composition) proceeds until
interrupted by allogenic perturbation, at the cessation of which the
successional pattern may either: i) return to the original
successional sequence or ii) shift to a new autogenic sequence, as
proposed by Reynolds (1984 b). From: Ashton (1985).

b) Starting at a fixed coordinate, autogenic succession
proceeds until interrupted by i) disturbance, short term modification
of established environmental gradients, at the cessation of which
there 1is reversion to the original successional sequence, or 1ii)
perturbation, longer term (sustained) changes in environmental
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