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Figure 3.1:  Africa indicating position of Uganda; Uganda — land area, lakes &
neighbouring countries and location of study area in Lake Victoria, Uganda
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Figure 3.2:  Uganda topography.
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The Lake Victoria basin covers an area of 263 000 km? of which the lake occupies about
one-fourth. The drainage of the lake is via the Nile River in the north, where it leaves the lake
at Jinja (Kendall 1969). The shoreline of the lake, especially in the north and south, is very
irregular and appears partially drowned. Straighter shorelines can be found in the southwest,
southeast and northeast as a result of fault zones, resistant rocks or emergences (Kendall
1969). East and west of the lake its basin rises to over 1 000 m, forming highlands bordering
the respective Rift Valleys, while locally in the north and south the watershed of the basin
only rises to 25 m above lake level (Kendall 1969).

Volcanic emanations have covered part of the basin's periphery leading to regional uplift and
Rift Valley formation (Kendall 1969). Thus, volcanics now constitute most of the lake’s
gastern watershed. In the northeast Mt Eigon voicano forms the corner of drainage, while in
the west, with a less extensive igneous activity, only the Virunga vulcanos intrude on the
basin (Kendall 1969) (Figure 3.2).

According to Kendall (1969) Lake Victoria's mean surface level prior to 1961 was 1134 m
above sea level. Even though the level has risen since then, all further references will be
made to a presumed mean lake level of 1 134 m (Kendall 1969), a value which is also given
by White (1983).

History

Lake Victoria originated in the middle or late Pleistocene (700 000 to 20 000 years B.P. -
Tulloch 1993, Wahrig-Burfeind 1991) as a tectonically induced backwater through ponding of
westwards flowing rivers (Kendall 1969). The lake was preceded by a west-to-east drainage
system to which it now lies athwart, the earliest Lake Victoria was aiready very large and
extended a considerable way to the west of its present position (Kendall 1969).

The backstopping of water was caused by uplifting of the land to the west of the present
Lake Victoria b asin. This uplifting began in the Miocene (> 700 000 years B.P. - Tulloch
1993, Wahrig-Burfeind 1991) and continued into the Pleistocene. Initially this uplifting was
relatively slow and still allowed the westwards flowing rivers in the basin to maintain their
direction of flow. The rate of uplifting increased and eventually caused river reversal and
back-ponding in the middle to late Pleistocene. Through drowning of the two mature river
systems of the Kagera in the west and the Katonga in the northwest Lake Victoria was

originally formed (Kendall 1969). The remaining water is contributed by a number of smaller
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tributaries and through precipitation following evaporation from the Indian Ocean (Kendall
1969) (Figure 3.2).

Palaeogeology

Lake Victoria had three horizontally raised beaches during the last 12 000 years at 3, 12,
and 18 m above the 1961 mean lake level. From 14 500 B.P. until about 12 000 B.P. the
lake did not have an outlet. It also possessed a higher concentration in chemicals, especially
carbon compounds, than today (Kendall 1969, Butzer et al. 1972).

During the period from 12 000 until 10 000 B.P. Lake Victoria had an outlet, coinciding with a
rise in lake water level starting at around 12 000 B.P. (Kendall 1969, Butzer et al. 1972).
Around 10 000 years ago the lake level dropped once again to about 12 m below the present
level and the lake was closed once more (Kendall 1969, Butzer et al. 1972). After this period
the lake level rose again and from about 9 500 B.P. Lake Victoria has had a constant
drainage northward, forming the source of the White Nile (Kendall 1969, Butzer et al. 1972).
From 9 500 until 6 500 B.P. the lake level was particularly high and it has been decreasing
for the last 7 000 to 6 000 years reaching a particularly low level between 3 000 to 2 000
years ago (Kendall 1969, Butzer et al. 1972).

This fluctuation in mean lake level is typical for a number of East African lakes, such as Lake
Turkana (Lake Rudolf), Lake Nakuru and Lake Naivasha (Lamb 1966, Butzer et al. 1972).

Lake level

The changes in lake levels were mainly induced by changes in climate, with a change in the
precipitation/evaporation ratio being mainly responsible for subsequent changes in the mean
lake level (Lamb 1966, Kendall 1969). Comparing modern rainfall conditions and water
volume in the Victoria basin, Kendall (1969) concludes that from > 14 500 to 12 5000 years
ago the climate must have been more arid than today to support a closed basin. Periods of
higher rainfall are associated with higher lake levels (Kendall 1969).

Kendall (1969) calculates that at present Lake Victoria has a net water gain of 21 x 10" litres
per year. Tributaries deliver about 15 x 10" to 16 x 10'? litres per year while the remaining

volume is made up by rainfall (Kendall 1969). Kendall (1969) estimates that 90% of the
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lake's water income is lost again through evaporation (Kendall 1969). Lamb (1966) states an
amount of 85%, with only the remaining 15% being lost by discharge through the Nile outlet.

Lamb (1966) argues that fluctuations in lake levels have been reported since measurements
started. He concludes that such fluctuations should be expected to continue in the future
with similar spacing as observed so far. Thus, high lake levels with peaks of up to half a

metre above the ten year mean can be e xpected for two or three y ears in e ach d ecade
(Lamb 1966).

Study sites

Ngamba Island is situated in the Ugandan part of Lake Victoria about 23 km southeast of
Entebbe at S 00°06 and E 32°39 and an altitude of 1 160 m above sea level (Figure 3.1 &
6.1). It covers an area of 0.46 km? with a perimeter of 3 375.05 m (Meiklejohn pers. comm.)).
Apart from a small area in the northern part of the island Ngamba Island is completely
covered by moist evergreen secondary rain forest (Langdale-Brown et al. 1964) (Figure 6.1).
The two control plots of the woody vegetation survey were situated in the north eastern part
of neighbouring Nsadzi Island at S 00°05 and E 32°37 and a similar altitude as Ngamba
Island (Figure 6.68).

CLIMATE

"The East African record ... presents a consistent picture of climatic change" (Kendall 1969).

Climate of tropical rain forests

The climate of the tropical rain forest is characterized by a high and very even temperature
and heavy rainfall which is spread over the greater part of the year (Richards 1966).
Throughout the rain forest belt these main features of the climate remain more or less
similar. Even if considerable variations do occur, especially in the seasonal distribution of
rainfall and temperature (Richards 1966).

Since the tropics are no natural climate boundaries, no simple latitudinal boundaries for the

rain forest distribution can be given. Rather, in a climatologically sense, the tropical zone is

' Meiklejohn, I.K. 2001. Department of Geography, University of Pretoria, Pretoria, R.S.A.
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defined by the isotherm of 20 °C mean annual temperature, which ultimately depends on the
uneven distribution of land and sea (Richards 1966).

in general terms it may be said, that the northern and southern climatic boundaries of the
tropical rain forest formation type are mainly determined by precipitation, while its altitudinal
boundaries are mainly determined by temperature (Richards 1939, 1966).

Rainfall

Uganda shows two different rainfall patterns. In the north of the country the rainfall is
monomodal with one rainy season from April to October and a long and severe dry season
for the rest of the year (Langdale-Brown et al. 1964, Hamilton 1974). The southern part of
the country shows a bimodal rainfall pattern with a major rainy season from March to May
and a minor rainy season from October to November (Langdale-Brown et al. 1964, Hamilton
1974). The two rainy seasons are separated by dry seasons up to three months in duration.
However, the dry seasons are interrupted by occasional thunderstorms (Langdale-Brown et
al. 1964).

Langdale-Brown et al. (1964) furthermore state a high variability in the quantity of
precipitation throughout Uganda, with < 381 mm (15 inches) of rainfall in Karamoja, > 2 032
mm (80 inches) of rainfall in the Sese Islands and as much as 2 540 (100 inches) or more on
the Ruwenzori Mountains.

The dividing line between the northern and southern rainfall profile can be roughly drawn
from the northern end of Lake Albert in the west to Mbale in the east. It corresponds
approximately with the northern limit of tropical rain forest as distinguishable from woodland
at medium altitudes (Langdale-Brown et al. 1964, Hamilton 1974).

The mean annual rainfall for the years 1943 to 1959 was 1 549 mm (61 inches) for Entebbe
and 1 245 mm (49 inches) for Jinja (Langdale-Brown et al. 1964). The mean annual rainfall
at Entebbe ranged from 1 501 mm for the years 1901 to 1930, 1 605 mm (or 107% of the
01/30 mean) for the years 1956 to 1960, and 1 877 mm (or 125% of the 01/30 mean) for the
years 1961 to 1964 (Lamb 1966).

Ngamba Island is located between Entebbe and Jinja and for the period between 1920 to
1980 the mean annual rainfall for Ngamba Island (at datum: S 00°06 / E 32°39) was 1 457
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mm (Centre for Resource and Environmental Studies 1996, Erasmus, pers. com. 2). Trends
in rainfall patterns can be attributed to regularly occurring changes in large-scale
atmospheric circulation which exert their effects over wide areas throughout the earth (Lamb
1966). However such drastic climatic changes as in 1960 are probably rare. Lamb (1966)
compares this change in its magnitude and suddenness to the (in most cases opposite)

climatic changes which took place around the 1890.

Figure 3.3 shows the monthly rainfall pattern during the study period. One peak appears in
June and another one in October. The latter coincides with the peak of the second annual
rainy season in the southern part of Uganda (Langdale-Brown et al. 1964). The total
precipitation amounts to 528 mm during the six month study period.

Figure 3.4 shows the mean monthly rainfall pattern for the years 1920 to 1980 for the
location S 00°06 / E 32°39, i.e. Ngamba Island. The bimodal rainfall pattern is clearly visible
in Figure 3.4, with a major rainy season in March-April-May, and a minor one in October-
November-December. This does not exactly coincide with Langdale-Brown et al.’s (1964)
classification of the two annual rainy seasons in March-April and October-November.

2 Erasmus, B. 2002. Conservation Planning Unit, Dept. of Zoology and Entomology, University of Pretoria, R.S.A.
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Temperature

Ngamba Island is located between Entebbe and Jinja and Langdale-Brown et al. (1964) list

the following values for the year 1961:
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Table 3.1: Temperatures for Entebbe and Jinja meteorological stations for the year 1961

Meteorological station
Temperature [°C (°F)] Entebbe Jinja
Mean annual
maximum temperature [°C(°F)] 23.1 (73.5) 24.4 (76.0)
Mean annual
minimum temperature [°C(°F)] 15.2 (69.3) 14.7 (58.4)
Mean annual
temperature [°C(°F)} 19.1 (66.4) 19.6 (67.2)
Highest maximum
temperature [°C(°F)] 26.7 (80.1) 30.1 (87.0)
Lowest minimum
temperature [°C(°F)] 11.9 (53.5) 10.8 (51.5)
21
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For the years from 1920 to 1980 the temperature values are as follows (Centre for Resource

and Environmental Studies 1996, Erasmus pers. comm.?)
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Table 3.2: Temperatures for Ngamba Island (S 00°06 / E 32°39) for the years 1920 to
1980

Ngamba Island (Datum: S 000°06 / E 32°39)

Mean yearly maximum temperature [°C] 26.1
Mean yearly minimum temperature [°C] 16.0
(mean yearly max. + mean yearly min.)/ 2 [°C] 21.1
Mean maximum temperature [°C] 27.2

Mean minimum temperature [°C] 15.0

23




Figure 3.5 shows the mean monthly temperature and standard deviation (STD) on Ngamba
Island during the study period from the middle of May until the middie of November 2000.
During these months the mean temperature was always around 25°C with a maximum
standard deviation of + 3°C (Figure 3.5), indicating a “high and very even temperature”
(Richards 1966) which is characteristic for tropical rain forest habitats.
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Figure 3.5:  Mean monthly temperature during study period — mid-May to mid-November
2000 [Mean °C + STD] for Ngamba Isiand.
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Figure 3.6 shows the mean monthly temperature at 08:00, 14:00 and 18:00 as well as the
mean of the minimum and maximum temperatures during the six month study period. Again,
the temperatures are relatively even throughout the months and the mean maximum (14:00)

and minimum (08:00) temperatures do not differ with more than a maximum of 6.5°C.

26



R

Temperature [°C]
8

15

10 ¥

Mayi2 June July August September October November/2

Figure 3.6:  Monthly temperatures during study period: 08:00, 14:00, 18:00 & mean for

Ngamba Island.
Key: &l 08:00
El 14:00
] 18:00
- Mean

27




Figure 3.7 shows the mean temperature for the years 1920 to 1980 for the location S 00°06
and E 32°39, i.e. Ngamba Island. Like the rainfall data from 1920 to 1980 these data have
been extracted for S 00°06 / E 32°39 from a CD containing digitized c oordinates for the
whole of Africa. The underlying Digital Elevation Model (DEM) has a standard error of
between about 20 to 150 m, depending on the roughness of terrain. Overlaid on the DEM
are monthly and annual mean values of rainfall and daily minimum and maximum
temperatures for the years 1920 to 1980. These climate data have been subjected to
comprehensive error detection and corrective procedures based on ANUDEM and
ANUSPLIN. The standard error for the temperature values is about 0.5°C. The standard

error of the rainfall values is between 5 - 15%.
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Figure 3.7:  Monthly minimum, maximum & mean temperatures at S 00°06 / E 32°39 —
mean of 1920 to 1980 (Centre for Resource and Environmental Studies
1996).
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Even though, the mean temperature for these 61 years is about 5°C lower than for the mean
during the study period, the general pattern, though slightly shifted in time, is still the same
for both periods. The 5°C difference might at least partly be caused by the fact that the 08:00
temperature was taken as representative of the minimum temperature and not the real
minimum (e.g. from a thermograph) which might be underlying the 1920 to 1980 data.

There is a slight decline in mean temperature from May until August, a slight increase of
‘mean temperature from August to October leading into a second slight temperature decline
towards November for the study period. The overall temperature pattern for 1920 to 1980 is
slightly shifted in time with the lowest temperature occurring in July, followed by a slight
increase in temperature until October/November and leading into a slight temperature
decrease towards D ecember. While the mean temperature d uring the study p eriod never
falls below 25°C, the lowest mean temperature for the years of 1920 to 1980 is 20°C in the
month of July.

Relative humidity

For relative humidity Langdale-Brown et al. (1964) give the following values for 1961
(source: East African Meteorological Department):

Entebbe: Mean of monthly means (06:00 am): 85% lowest mean: 72%
Mean of monthly means (12:00 noon): 67% lowest mean: 55%
Jinja: Mean of monthly means (06:00 am): 85% lowest mean: 68%
Mean of monthly means (12:00 noon): 61% lowest mean: 41%.

Figure 3.8 shows the mean monthly relative humidity and standard deviation (STD) on
Ngamba Island during the study period from the middle of May until the middle of November
2000. During these months the mean monthly relative humidity was always between 57 and

64 % with a relatively small maximum standard deviation of about + 6 %.
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Mean monthly relative humidity during study period - mid-May to mid-

November 2000 [Mean % * 8rD] for Ngamba Island.
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