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1. Workshop Programme 

 
Pan Africa PAGES Workshop 

on 
African Palaeoperspectives: Linking the Past to the Present and the Future 

 
(START-PAGES-INQUA) 

 
19th to 21st July, 2004 

 
Nairobi Safari Club, Lillian Towers, Nairobi, Kenya 

 
 
 

Monday 19th July 2004 
 
0800-0900 Registration  

 
0900-0910 Introduction and Welcome D. O. Olago 

 
0910-0930 Opening Remarks 

- Chairman, Department of Geology, University of 
Nairobi 

- Principal, College of Biological and Physical 
Sciences, University of Nairobi 

 
0930-0945 Official Opening Speech 

- Vice Chancellor, University of Nairobi 
0945-1030 Keynote Address: Overview of PAGES Research 

Programmes and Highlights 
- J. Brigham-Grette (Chair, PAGES SSC) 

 

E.O. Odada 
 
 

1030-1100 Tea/Coffee Break 
Session 1 

African Palaeoenvironments: Paleoenvironments and paleoclimate using a multiproxy data 
and modeling approach 
Chair : T.C. Johnson 

1100-1120 Modeling the Isotopic Composition of Ethiopian Lakes: A 
tool for understanding Past and Future variations in 
Climate and Water Resources 

S. Kebede 
 

1120-1140 Late Quaternary Vegetation of the Eastern Arc Mountains, 
Tanzania 

C. Mumbi 

1140-1200 A 14,000 year Record of Vegetation Change in the Bale 
Mountains, Ethiopia 

M. Umer 
 

1200-1220 Palaeo-environmental Evolution of the Western Okavango 
System, NW Botswana 

P. Huntsman-
Mapila 

1220-1240 Subfossil Chironomidae (Insecta:Diptera) as Quantitative 
Indicators for past Salinity Variation in African Lakes 

D. Verschuren 

1240-1300 Paleotemperature Reconstruction through the Last Glacial 
Maximum in Lake Malawi, East Africa 

P. Lindsay 

1300-1400 Lunch Break 
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Session 2 

Climate Variability at annual, interannual, decadal and longer time scales 
Chair : M. Umer 

1400-1420 Coeval Southward Migration of the ITCZ over East Africa 
and South America during Little Ice Age 

T.C. Johnson 

1420-1440 Distribution of Airborne Palynomorphs in Tracing 
Human-Environment Induced Vegetation Changes 

C. Agwu 

1440-1500 Uncertainity in the Prediction of Indian Monsoon Rainfall A. Bhattacharyya 
1500-1520 Overview of Climate Change over the Climatic Regions in 

Nigeria. 
E. Okuku 

1520-1540 Climate Variability at Annual and Interannual Scales: 
Signals from Lake Victoria Water Level, Temperature and 
Wind 

H. Njuguna 

1540-1600 Tea/Coffee Break  
1600-1620 An Analysis of Long-Term Rainfall Variability, Trends 

and Groundwater availability in the Mulunguzi River 
Catchment Area, Zomba Mountain, Southern Malawi 

C.S. Ngongondo 

1620-1640 Analysis of the Hydrological Response of a Tropical 
Terminal Lake, Lake Abiyata (Main Ethiopian Rift 
Valley) to Changes in Climate and Human Activities 
during present day and the Holocene 

D. Legesse 

1640-1700 Assessing the Impact of Climate Change on the 
circulation pattern of Lake Malawi using the Modular 
Ocean Model (MOM) and AVHRR images 

G. Chavula 

1700-1720 A Comparative Analysis of the Distribution, Composition 
and Geochemistry of Surface Sediments in the Linthipe 
and Songwe River Deltas if Lake Malawi 

M. Dolozi 

1720-1800 Oral Overview of Posters Poster Presenters  
   
1830-2100 Cocktail and Poster Presentations  
 



 5 

 
 

Tuesday 20th July 2004 
 

Session 1 
Marine Records off the Coast of Africa 

Chair : F. Sirocko 
0830-0850 Marine Pollen Records off NW Africa: Mechanisms at 

Work and Records of Biome Migrations and Climate 
Change 

H. Hooghiemstra 

0850-0910 Late Quaternary  Palae-oceanographic Record in Giant 
Piston Cores off South Africa, Possibly including 
Evidence of Neotectonism 

J. Rogers 

0910-0930 An Assessment of Coastal Changes in the Atlantic 
Western Coast of Nigeria 

M.J. Fasona 

0930-0950 Predictability of Paleogene Climate and Primary 
Productivity of the Eastern Central Atlantic 

A. Ama 

0950-1010 Land-Sea Linkages during deglaciation: High Resoultion 
Records from the eastern Atlantic off the Coast of Nambia 
and Angola 

L. Dupont 

1010-1030 Tea/Coffee Break 
Session 2 

Past Ecosystem Processes and Human-Environment Interactions 
Chair : R. Battarbee 

1030-1050 Environmental Changes and their influence to the Fish 
stocks in Lake Victoria-Tanzanian Waters 

O. Mkumbo 
 

1050-1110 Human Impact on Lake Ecosystems: The Case of Lake 
Naivasha, Kenya 

G. Owiti 
 

1110-1130 Heavy Metal Content in the Fish Oreochromis niloticus 
(Linn.1757) from Mwanza Gulf of Lake Victoria, 
Tanzania 

M. Kishe 

1130-1150 The current Limnological characteristics and the 
Ecosystem Stability in Lake Vcitoria 

Y. Budeba 

1150-1210 Dominance of Toxic Cyanobacteria in Lake Victoria as a 
Response of Increasing Human Activities 

P. Semili 

1210-1230 Impacts of Human Activities on the Wealth of Lake 
Victoria Ecosystems and its Resilience to these introduced 
changes 

M. Semvua 

1230-1400 Lunch 
1400-1530 Plenary Discussions: 

- Increasing “visibility” of African Palaeoscience 
- Networking and Information Exchange 
- Opportunities for joint research projects 

 
 

Chair: 
J. Brigham-Grette 

1530-1600 Tea/Coffee Break 
1600-1700 Wrap Up and Closure E. Odada 

 
1700 - Departures and Optional Field Trips 
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Wednesday 21st July 2003 
 

 
0900 - INQUA SESSION – By Invitation Only 

 
Departures and Optional Field Trips 

 
 
 
 
 
 
 
 

POSTER PRESENTATIONS 
Title of Poster Presenter 
1 Lake Status Variations at 21KA, 11KA, and 6KA Calendar Yr: 

Palaeoclimatic Reconstructions in Northern Hemisphere of Africa 
B. Damnati 

2 Spatial and Temporal Variability in Biogenic Silica accumulation in 
Lake Malawi 

P. Lindsay 

3 The Use of different mesh sizes of gill nets and its consequences on 
fisheries and biodiversity of Lake Victoria fishes 

G. Ngulupa 

4 The Reproductive Biology of Barbus Jacksonii (Gunther, 1889) in the 
Lower River Sondu Miriu Prior to the Construction of the Odino Falls 

B. Kiilu 

5 Human Impacts on Lake Victoria Water Resources: Can Riparian 
States Equitably Share of Costs and Benefits from Management? 

G. Luilo 

6 Impact of Traditional Farming on Climate: A case Study of Northern 
Zambia 

G. Muloshi 

7 Actual Interaction between Man and his Terrestrial and Aquatic 
Environment 

F. Kachuka 

8 Soil Productivity Evaluation in some areas of Zambia A. Bhattacharya 
9 Bad Fishing Gears and Methods: Its impact on the ecosystems 

function of lake victoria, inflowing rivers and streams 
M. Semvua 

10 A geo-information approach to the Assessment of Soil Erosion on 
Mountain Elgon, Eastern Uganda 

B. Yazidhi 
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2. General Information 
 

1.   PAGES SSC MEETING 
Venue and accommodation: 
Lake Naivasha Country Club 
P O Box 15 Naivasha, Kenya 
Tel: +254 50 2030558/2021160 
Email: blocknaivasha@net2000ke.com 
Contact: Caroline Owira 
 
 
PAGES-START-INQUA  
AFRICA WORKSHOP 
Venue and Accommodation: 
Nairobi Safari Club 
Lillian Towers, University Way 
P O Box 43564 Nairobi 
Tel:+ 254 20 251333 
Website: www.nairobi.safariclub.com 
Contact: Lillian Omolo 
 
OTHER CONTACTS: 
 
Prof. Eric O. Odada,  
Programme Director,  
Pan African START Secretariat (PASS) 
University of Nairobi, Department of Geology 
Chiromo Campus, Riverside Drive 
P O Box 30197, Nairobi 
Tel/Fax: +254 020 4447740 
Email: pass@uonbi.ac.ke 
 
Dr. Daniel O. Olago 
PASS, Scientific Officer 
(Address as above) 
Email: dolago@uonbi.ac.ke  
 
Ms. Rosemary Otieno 
Pan African START Secretariat 
(Address as above) 
Email: rotieno@uonbi.ac.ke 
 
AIRPORT TRANSFERS 
 
PAGES SSC MEETING 
Airport transfers from Jomo Kenyatta 
International Airport to Naivasha will be 
arranged by Rosemary once all the flight 
itineraries of the participants have been 
confirmed. 
 
PAGES AFRICA WORKSHOP 
 
Transfers from and to the Airport will be 

provided complimentary of Nairobi Safari 
Club to the participants who will be picked 
and dropped at the airport. Please book your 
airport transfers the day before your scheduled 
departure at the reception desk. 
 
VISA 
Participants should apply for visas in their 
respective countries as early as possible. If 
anyone has a problem please let Rosemary 
know as soon as possible. 
 
CLIMATE IN JULY 
July is the cloudiest and coolest month in 
Kenya. The maximum temperature in Nairobi 
and Naivasha is 180C and the minimum is 
110C. It is coolest during the night and early 
morning with values as low as 80C. 
Occasionally, maximum daily temperature can 
be as low as 100C, so carry warm clothing. It 
tends to be dry during this month. 
 
CREDIT CARDS 
Most international credit cards are accepted in 
Kenya. Travellers’ cheques are also readily 
recognisable and accepted in most places. 
When using credit cards for payment, please 
ensure that the correct currency is filled in the 
slip. If uncertain, check first before 
committing to expense. 
 
CURRENCY 
Kenya’s unit of currency is the shilling (bob). 
There are copper coins of 1/=, 5/=, 10/=, 20/= 
and 40/=. Bank notes are available in 
denomination of 10/=, 20/=, 50/=, 100/=, 
200/=, 500/= and 1000/=. The current 
exchange rate is approximately Kshs. 76 to 
1USD. This rate may change without notice. 
 
FOREIGN EXCHANGE/ BANKING 
There is normally no restriction on the amount 
of foreign currency that may be imported. 
Travellers into and out of Kenya are however, 
advised purely on security grounds, to refrain 
from carrying large values in currency notes. It 
is advisable to carry money in form of 
travellers’ cheques. Banks in Nairobi and other 
large towns open from 0900hrs to 1500hrs, 
Monday to Friday and 0900hrs to 1100hrs on 
the first and last Saturday of every month. 
Some of the banks and foreign exchange 
bureaus at the international airport are open 
around the clock every day. There are also 
Forex bureaus in town. You can exchange 
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money in most of the major hotels and resorts 
throughout the country at a slightly less 
advantageous rate. 
 
 
HEALTH 
Malaria is uncommon in Nairobi, Naivasha 
and Mt. Kenya; however, it is strongly 
recommended that appropriate precaution be 
taken prior to your travel to Kenya. 
Vaccinations for cholera and yellow fever are 
required for persons originating from certain 
countries. As health requirements change from 
time to time, you are advised to consult the 
Kenya Consulate in your country or your 
personal physician on current health 
regulations. Vaccinations should be taken 
seriously. For the unforeseen medical 
emergencies, participants are advised to take 
the usual medical cover while on trips abroad. 
 
 
SECURITY 
Be wise, as in other countries and deposit your 
passport, excess money and valuables with the 
hotel for safekeeping. The Nairobi Safari Club 
has safes with combination locks in each of 
the rooms. Also, as in many other countries, 
do not walk around with cameras or jewellery 
prominently visible. It is recommended to take 
a taxi after dusk, even for short distances. In 
case of any problems, please contact either the 
hotel or contacts given above for help. 
 
 
TIPPING  
Tipping is not mandatory. Any tipping is 
entirely at your own discretion as most hotels 
and restaurants include a 10% service charge 
to the bill. 
 
 
WATER 
Nairobi hotels provide virtually 100% safe 
drinking water, however, if in doubt, bottled 
water in available in most places. 
 



 9 

 
3. Abstracts 
 

Theme 1:  
African Palaeoenvironments and 
palaeoclimate using a 
multiproxy data and modeling 
approach 
 
 
Modeling the isotopic composition of 
Ethiopian Lakes: A tool for understanding 
past and future variations in climate and 
water resources 
 
Kebede, S. 
 
Department of Geology and Geophysics, Addis Ababa 
University, P.O.B: 1176  
Current address:  
University of Avignon, 33 rue Louis Pasteur, Laboratory 
of Hydrogeology, 84000, France. 
Seifu.Kebede@univ-avignon.fr 
 
Stable isotopes of water (d18O, dD) were 
widely used as an alternative method of water 
balance or evaporation studies of the present 
day lakes. This work models the isotopic 
composition (d18O, dD) of selected Ethiopian 
lakes. The modeling involves combination of 
the water budget and the isotope budget 
equations so as to estimate the isotopic 
composition of hypothetical lakes of known 
evaporation to inflow ratio (x). The 
comparison between the estimated and the 
measured isotopic composition (figure 1) of 
the present day lakes provides a useful 
mechanism of understanding their 
hydrological regime.  It is demonstrated that in 
addition of climatic factors such as humidity, 
the isotopic composition of ambient vapour, 
and the air temperature; a variety of non 
climatic factor such as the presence of up 
stream water bodies, the catchment to lake 
area ratio, the salinity of lakes, and the 
hydrological characteristics of the lakes plays 
a significant role in influencing the isotope 
regime of Ethiopian lakes. This provides 
useful information on selecting a suitable lake 
for isotopic paleoclimate study. Modeling the 
isotopic composition of the present day lakes, 
in addition to providing key information on the 
hydrological characteristics of lakes (e.g. 
evaporation/precipitation ratios, lake level 
changes, and catchment characteristics), can be 

used as a means of quantitatively interpreting 
lake sediment records in terms of past hydro-
climatic regime of lakes and their basins. This 
paper presents the modeling work on the 
present day lakes and attempts that were made 
to quantitatively estimate a 100 years 
hydroclimatic variation of Ethiopian highland 
region from lake sediment carbonates. 
  
 
 
Late Quaternary vegetation dynamics of the 
Eastern arc mountains, Tanzania 
 
Mumbi, C*, Hooghiemstra, H*, Marchant, 
R**, Wooller, M***, Mwalyosi, R****. 
 
*IBED, Faculty of Science, University of Amsterdam, 
P.O. Box 94062, 1090 GB Amsterdam, The Netherlands.  
**Department of Botany, Trinity College Dublin, Dublin 
2, Ireland.  
***Department of Geography, University of Alaska, 
Fairbanks, USA.  
**** Institute of Resource Assessment, University of Dar 
es Salaam, P.O. Box 35097, Tanzania 
 
Eastern Arc Mountains of Tanzania is one of 
few areas in the world considered ecologically 
stable. This concept derived from the present 
high levels of species diversity and endemism. 
We focus on the Eastern Arc Mountains of 
Tanzania, one of the few hot spot areas. A 
number of hypotheses have been developed to 
explain the high level of endemism and alpha 
diversity based on extensive botanical work on 
the present vegetation and plant distribution on 
the Eastern Arc Mountains (Fjeldså and 
Lovett, 1997). However, these hypotheses base 
on inference and without direct fossil records. 
Eastern Arc Mountains of Kenya and Tanzania 
remain without any palaeoecological study. 
Vegetation response to environmental change 
can be reconstructed from direct sources (e.g. 
pollen-based records of vegetation change) 
and indirect methods (e.g. vegetation models) 
(Marchant et al., 2002). One surprising 
outcome from the study of Quaternary 
environments has been the responsive nature 
of tropical ecosystems to climate change. We 
aim to combine palaeoecology with vegetation 
models of different design to show how 
tropical vegetation responded to environmental 
change. In particular, we aim to determine if 
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high biodiversity in this area has been buffered 
from climatic change experienced elsewhere in 
tropical Africa. Vegetation history would 
indicate if past environmental stability existed, 
and how this might have driven present 
floristic composition and distribution. Such 
results have implications for present-day land 
management and enable policy to be 
developed that incorporates the long-term 
perspective on the ecological form and 
functioning of vegetation, environment and 
assess the likely impact of predicted 
anthropogenic climatic change scenarios on 
biodiversity distributions. Results from the 
proposed research in Tanzania will be 
contextualised in light of current debates 
regarding the long term ecological functioning 
of the Eastern Arc flora.  
Preliminary results are presented from a multi-
proxy study (pollen, macrofossil and charcoal) 
applied to sediments abstracted from peat 
accumulating sedimentary basins at six 
highland locations along the Eastern Arc 
Mountains of Tanzania augmented with 
vegetation surveys and a program of modern 
pollen trapping.  Using output from our 
research, we will be able to identify what have 
been the major forces influencing the 
ecosystems we see at present and how these 
have interacted with natural environmental 
variability.  For example what evidence does 
the palaeo-record provide for ecosystem 
resilience to change?  By combining the 
bioclimatic model with state and transition 
models, we will be able to investigate 
thresholds, non-linear changes and forcing 
factors behind ecosystem change?  This output 
will be particularly useful for understanding 
long-term ecological dynamics of this highly 
important and increasing fragile area of 
montane rainforest. 
 
Fjeldsa, J. and Lovett, J.C., 1997. Biodiversity and 

environmental stability. Biodiversity and 
Conservation 6, 315-323.  

Marchant, R.A., Boom, A. and Hooghiemstra, H. 2002. 
Pollen-based biome reconstructions for the past 
450,000 years from the Funza-2, core, Colombia: 
comparisons with model-based vegetation 
reconstructions. Palaeogeography, 
Palaeoclimatology Palaeoecology 177, 29-45. 

 
 
 
 
 

A 14,000-year record of vegetation change 
in the Bale Mountains, Ethiopia 
 

Umer, M.1, Tiercelin, J- J.2, Gibert, E.3, 
Hureau, D.2, Lezine, A. M.4, Lamb, H5, and 
Bonnefille, R.6,  
 
(1) Geology and Geophysics, Addis Ababa Univ, 
P.O.Box 1176, Addis Ababa, 117-, Ethiopia, 
mohammed_umer@hotmail.com 
(2) CNRS-UMR “Domaine Océaniques, IUEM, 29 
Plouzané, France,  
(3) RE “ORSAYTERRE” Université Paris-Sud, 91405 
Orsay cedex, France,  
(4) CNRS, INSU, 3 rue Michel Ange, F-75766, Paris 
Cedex 16, France,  
(5) Institute of Geography and Earth Sciences, Univ of 
Wales at Aberystwyth, Aberystwyth, United Kingdom,  
(6) CNRS, CEREGE, Arbois, 13545, Cedex 04, Aix-en-
Provence, 80, France 
 

A 16m sediment core from a small lake at 
4000m altitude in the Bale Mountains of 
Ethiopia provides a 14,000-year record of 
vegetation and climatic change. The site was 
deglaciated by 14000 14C yrs BP. Sediments 
dating between 14000 and 10000 14C yrs BP 
are predominantly clastic silts, with low 
concentrations of herb pollen, indicating a 
sparse vegetation cover in an arid climate.  
Sedimentation rates increased during the 
Younger Dryas interval, and Amaranthaceae/ 
Chenopodiaceae pollen abundances decreased, 
suggesting increased available moisture, 
perhaps due to decreased evaporation rates 
resulting from lower temperature. The early to 
mid-Holocene (10,000 – 4300 14C yrs BP) 
vegetation was dominated by Ericaceous 
shrubs and grasses, similar to the present local 
vegetation. Tree pollen (specially Podocarpus) 
increased at 4300 14C yrs BP, at a time of 
regional change to arid climate, possibly 
indicating that such trees expanded onto 
plateau areas in response to a change to more 
seasonal rainfall distribution. The present-day 
composition and extent of Juniperus-
Podocarpus forest became established about 
2000 years ago. 
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A 22,000-year record of tropical 
paleoclimate and ITCZ variability from 
Lake Malawi, East Africa based on bulk 
and molecular geochemical proxies 
 
Castañeda, I.S., Werne J.P.  and Johnson, T.C. 
 
Large Lakes Observatory, University of Minnesota, 
Duluth, USA 
 
The role of the tropics in global climate 
change is a topic of current debate.  Africa, the 
continent with the largest tropical landmass, 
has been the focus of many studies yet many 
outstanding questions still exist with regard to 
African paleoclimate.  The intertropical 
convergence zone (ITCZ) is a main control on 
modern African climatic variability 
(Nicholson, 1996; deMenocal and Rind, 1996) 
and recent studies have also recognized 
variations in the strength and position of the 
ITCZ (leading to major hydrological 
fluctuations) as a main driver of Holocene 
tropical climatic variability (Fleitmann et al., 
2003; Hailemichael et al., 2002; Johnson et al., 
2002; Haug et al., 2001).   
Lake Malawi, situated at the southernmost 
extent of the ITCZ, offers an excellent 
opportunity to examine both ITCZ variability 
and the response of low-latitude African 
climate to global climate change.  
Hydrological fluctuations, driven by global 
climate events and ITCZ variability, produce 
variations in the delivery of terrestrial organic 
matter to Lake Malawi.  Previous studies of 
Lake Malawi have provided evidence for both 
northward and southward migrations of the 
ITCZ from its present day position during the 
past ~25,000 years (Filippi and Talbot, in 
review; Johnson et al., 2002).   In some cases, 
however, studies of Lake Malawi based on 
bulk geochemical parameters have produced 
ambiguous results from failing to adequately 
distinguish between terrestrially and 
aquatically derived organic matter.  The 
molecular approach being applied in this study 
can resolve this issue as both the terrestrial and 
aquatic components of lake sedimentary 
organic matter can be examined separately, 
allowing for an accurate picture of the 
processes occurring within Lake Malawi and 
its surrounding basin to be obtained. 
Preliminary results of this study indicate 
significant changes in terrestrial to aquatic 
inputs of organic matter to Lake Malawi over 

the past 22,000 years.  A significant increase 
in the terrestrial to aquatic n-alkane ratio is 
noted during the Younger Dryas, which may 
be the result of increased winds over Lake 
Malawi.  A particularly interesting feature of 
the molecular record occurs at ~8000 cal BP 
when the compound diplopterol and a number 
of sterols display maximum abundances.  It 
has been suggested that during the interval 
from 10,000-4500 BP Lake Malawi was 
characterized by long periods of stable 
stratification (Filippi and Talbot, in review), 
and this may be related to the observed trends 
in sterols and diplopterol. 
 
 
 
Palaeo-environmental evolution of the 
Western Okavango system, NW Botswana 
 
Huntsman-Mapila, P.1, Ringrose, S.1, Modisi, 
M.2, Downey, W.3, Coetzee, S.3 and 
Vanderpost, C.1  
 
1Harry Oppenheimer Okavango Research Centre, 
University of Botswana, P/Bag 285, Maun, Botswana  
(E-mail: pmapila@orc.ub.bw) 
2 Geology Department, University of Botswana, 
Gaborone 
3 Physics Department, University of Botswana, 
Gaborone  
 
Data have been gathered on freshwater 
wetlands and their response to past climatic 
change in southern Africa because of water 
shortages in the prevalent semi-arid climatic 
regime with extreme rainfall variability. The 
Okavango River originates in Angola where 
rainfall is seasonal, averaging around 1300 
mm annually.  Input from the headstreams to 
the Okavango Delta is estimated to be 66% 
from stream flow originating in Angola and 
33% from rainfall over the Botswana 
Okavango basin. The Okavango itself is a 
highly dynamic alluvial fan with wetter extents 
varying from 6000 to 12000 km2 in any given 
year.  Because of the absence of long term 
inflow or climatic data in the region (usually 
less than 50 years) a useful approach has been 
to collect literature on multi-proxy 
investigations of surficial sediments which can 
serve as palaeo-environmental and palaeo-
climatic indicators.  This has involved 
acquiring for instance, morphological, fossil, 
pollen, stable and radiogenic isotope data in 
addition to a range of geochemical information 
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including trace element compositions.  Field 
data have also been collected from the 
numerous palaeo-channels and basins 
peripheral to the Delta, which provide 
abundant surficial evidence of former flow 
regimes.  This has led to the identification of at 
least seven periods of extended flow within the 
southern rift, believed to have been 
interspersed with periods of desiccation in the 
MOZ (Makgadikgadi-Okavango-Zambezi) 
basin. 
While providing a summarized overview this 
work mainly concentrates on recent results 
generated from Lake Ngami, a basin on the 
western margin of the present Okavango 
system. Topographic surveys have revealed 
that this basin has a complex suite of 
shorelines ranging from the lake bed at 919m 
up to 945m asl. The 945m Pleistocene lake 
was possibly 200 km in length. The reduced 
3000 km2 Holocene Lake Ngami, was still a 
substantial lake when visited by European 
travellers from 1849 onwards. The decline of 
Lake Ngami, which is presently dry, has been 
considered as evidence for increasing aridity in 
the southern African climate. Two shallow 
(4m) holes have been dug and logging and 
sampling of these holes has revealed 
diatomaceous earths, indicating a lacustrine 
environment, and intermittent layers of lake 
sediments with calcrete, indicating periods 
when the lake was drying. Thermo-
luminescence dating, SEM and geochemical 
analyses are currently ongoing and will 
provide a holistic interpretation of Quaternary 
Okavango environments, including evidence 
for more humid and drier episodes in the Late 
Pleistocene and Holocene. 
 
 
 
Subfossil chironomidae (insecta: diptera) as 
quantitative indicators for past salinity 
variation in African Lakes 
 
Eggermont, H. and Verschuren, D. 
 
Research group Limnology, Department of Biology, 
Ghent University 
Ledeganckstraat 35, B-9000 Gent, Belgium 
tel: +32-9-2645262, fax: +32-9-2645343, e-mail: 
dirk.verschuren@UGent.be 
 
We surveyed subfossil chironomid remains 
preserved in surficial sediments of 73 lakes in 

tropical East Africa (Uganda, Kenya, 
Tanzania, Ethiopia) to develop inference 
models for quantitative paleosalinity 
reconstruction. Using a screened calibration 
data set of 67 lakes with surface-water 
conductivity between 34 and 68,800 µS/cm, 
trial models based on partial least squares 
(PLS), weighted-averaging (WA), weighted-
averaging partial least squares (WA-PLS), 
maximum likelihood (ML), and the modern 
analogue technique (MAT) produced jack-
knifed coefficients of determination (r²) 
between 0.83 and 0.87, and root mean squared 
errors of prediction (RMSEP) between 0.27 
and 0.31 log10 conductivity units. These values 
are comparable to those of diatom-based 
salinity inference models, indicating high 
potential of African chironomids for 
paleosalinity reconstruction. However, all 
models suffer from weak correlation between 
chironomid distribution and salinity within the 
broad freshwater range (<3000 µS/cm), 
limiting usefulness of quantitative 
reconstruction to lakes, which during their 
history repeatedly crossed the freshwater-
saline boundary. Expanding the calibration 
data set with 11 dilute (6 to 61 µS/cm) high-
elevation lakes from Mt Kenya and the 
Ruwenzori did not appreciably improve error 
statistics, but revealed a significant secondary 
gradient which is most likely temperature. 
Expanding the calibration data set with 8 
dilute (15 to 168 µS/cm) lowland crater lakes 
from Cameroon in tropical West Africa 
yielded better estimates of the salinity optima 
of some taxa and increased the probability of 
finding good modern analogues for the fossil 
assemblages. However it still resulted in 
inferior model performance, likely because 
introduction of new taxa required lumping of 
similarly looking morphotypes and hence 
decreased taxonomic resolution. In East 
African lakes which historically have 
remained fresh, chironomid-based 
paleoclimate reconstruction at this time better 
uses a lake-level bio-indicator approach based 
on known habitat preferences of target species. 
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A comparative analysis of the distribution, 
composition and geochemistry of surface 
sediments in the Linthipe and Songwe River 
deltas of Lake Malawi 
 
Dolozi M.B. 1, Kalindekafe L.S.N. 2, 
Ngongondo C.S. 1 
 
1University of Malawi, Chancellor College, P.O. Box 
280, Zomba, Malawi. 
2Geological Survey of Malawi, P.O. Box 27, Zomba, 
Malawi. 
 
In Lake Malawi, the Linthipe and Songwe 
River deltas are to the extreme southern and 
northern part of the Lake respectively.  They 
occur in contrasting tectonic settings of the 
rift-valley half-graben structure. 
The sub-aqueous part of the Songwe delta 
consists of relatively finer grained sediments 
than the Linthipe but is relatively poorly 
sorted.  Grain composition of the Songwe 
shows significant amounts of sedimentary and 
volcanic lithic fragments, which are lacking in 
the Linthipe.  On the other hand, 
Ferromanganese nodules were recovered in the 
Linthipe delta at water depths of 80-100 
meters but were not recovered in Songwe delta 
at similar water depths. 
The finer grained facies of the Songwe suggests 
a more prograded delta than the Linthipe.  
However, its poorly sorted sediments are most 
likely due to the heterogeneous geology of the 
source area and higher and faster depositional 
rates. The lack of Ferromanganese nodules in 
the Songwe delta is probably due to the sand-
mud facies boundary, which occurs at shallower 
depth. 
The proportion of organic matter and CaCO3 is 
higher in the Linthipe but inorganic matter is 
lower than the Songwe delta in contrast to its 
geologically heterogeneous character. Thus the 
geochemistry in these surface lake sediments 
seems to be influenced by other factors most 
likely anthropogenic activities of the hinterland. 
 
 
 
 
 
 
 
 
 
 

Lake status variations at 21 ka, 11 ka, and 6 
ka calendar yr: Palaeoclimatic 
reconstructions in Northern Hemisphere of 
Africa. 
 
Damnati, B. 

Abdelmalek Essaadi University. Faculty of Sciences and 
technology. Department of Earth Sciences. Natural 
Resources and Risks Observatory (ORRNA). B.P. 416. 
Tangier. Morocco. 
 bdamnati@hotmail.com or bdamnati@fstt.ac.ma. 
 
Except in rare cases, lake status fluctuations 
are one of the most important and widely 
distributed sources of palaeohydrological and 
palaeoclimatic information for continental 
areas over the late Quaternary (Street et al, 
1989; Yu and Harrison, 1996, Jolly et al., 
1998, Damnati, 2000). We have compiled old 
and new published lake status data from North 
African basins (Street et al., 1989; Damnati, 
2000), in a simple cartographic form which 
emphasises regional patterns of surface water 
availability over tree periods 21 ka, 11 ka and 
6 ka calendar yr. These maps can be used to 
interpret past climate and essentially the past 
precipitation. 
At 21 ka calendar yr, water status was high 
around the southern of the Mediterranean in 
southern Algeria with two sites Kadda and 
Saoura. Lake evidence of wetter conditions in 
the northwest may reflect problems in the 
interpretation or dating of the two sites 
involved or the fact these lakes are fed by 
runoff from the Atlas Mountains. Low or 
intermediate lake status was registered in the 
Sahara, in west and east Africa north equator. 
The scarcity of data in this period globally 
reflects severe desiccation, deflation and 
erosion in many basins. It’s clear that the late 
glacial maximum was significantly dry in this 
area. 
* At 11 ka calendar yr, many lakes began to 
rise. Some of them receded dramatically after 
11 ka. The majority of lake with this initial 
amelioration was in north-east Africa in 
equatorial zone. The large perturbation is 
occurred in northern Africa. Between 0° and 
22°N, nearly all lakes were high. The water 
status responded first near the equator 
(between 0° and 10°N) and subsequently rose 
progressively in Sahara and Sahel. The main 
period of positive hydrological conditions was 
recorded simultaneously in lacustrine systems 
in interdunal depression and in Sebkhas in 
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Mauritania, Mali, Eastern Niger and Sudan.  
* At 6 ka calendar yr, the lakes show a more 
positive water balance over northern Africa. 
The southern margin of the zone of wetter 
conditions is unchanged relative to 11 ka, but 
evidence from two sites in the Libyan desert 
suggests that the northern boundary may have 
been slightly further north. There is a 
suggestion that conditions became wetter than 
11 ka (and today) in the Maghreb.  
 
Damnati, B., 2000. Holocene lake records in  northern 

Hemisphere of Africa. Journal of African Earth 
Sciences. Vol 31, n°2 : 253-262. 

Jolly, D., Harrison, S.P, Damnati, B., and Bonnefille, R., 
1998 -Simulated climate and biomes of Africa 
during the late quaternary: Comparison with pollen 
and lake status data- Quaternary Science Reviews. 
vol 17 : 629-657. 

Street-Perrott, F.A, Marchand, D.S., Roberts, N. and 
Harrison, S.P., 1989. Global lake-level variations 
from 18,000 to 0 years age. United States 
Department of Energy, Technical Report TRO46, 
213pp. 

Yu, G., Harrison, S.P., 1996. An evaluation of the 
simulated water balance of Eurasia and northern 
Africa at 6000 yr BP using lake status data. Climate 
Dynamics 12, 723-735. 
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Theme 2:  

Climate Variability at annual, 
interannual, decadal and longer 
time scales 
 
Assessing the impact of climate change on 
the circulation pattern of Lake Malawi 
using the Modular Ocean Model (MOM) 
and AVHRR Images 
 
Chavula,G., May, B. and Johnson, T.C.. 
 
Water Resources Center, University of Minnesota, 
Minneapolis, MN 55455,USA  
 
The paper discusses preliminary findings of 
the lake modeling work that is being done on 
Lake Malawi by the University of Minnesota 
and the Large Lakes Observatory using the 
Modular Ocean Model (MOM) and AVHRR 
images. Although the Geophysical Fluid 
Dynamics Laboratories /NOAA principally 
developed the model for the numerical 
simulation of oceans, the model promises 
potential for use in lake studies. Model input 
variables include wind stress, water surface 
temperature, density, and salinity; and most of 
this data is supplied by the NOAA National 
Oceanographic Data Center.  At present we are 
generating a model circulation which will 
cover the period September 10th, 2003 a period 
for which we have an AVHRR image used to 
derive the lake surface temperature pattern in 
order to test the model output.  
Lake Malawi has experienced substantial 
variability in water levels since the 1890s, 
causing increased tension among stakeholders. 
The sources of variability in water levels and 
the dynamics of the lake’s circulation pattern 
are not yet fully known and understood, 
respectively. It is expected that the MOM and 
AVHRR images provide valuable information 
on the causes of the observed variability.  
The study is significant in that it will provide a 
scientifically sound basis for the formulation 
of cooperative sustainable management 
policies and programs that promote sustainable 
use of the lake’s water resources. 
 
 
 
 
 

 
Distribution of airborne Palynomorphs in 
tracing human-environment induced 
vegetation changes 
 
Chiori O.C. A.  and Njokuocha, R.C. 
 
Environment and Palynology Research Unit, Department 
Of Botany, University of Nigeria, Nsukka, Nigeria 
 
Studies of marine pollen deposition have 
shown the relationship between the pollen and 
the source areas. Wind supply is much more 
important than river transport of 
palynomorphs.  Their source area is the 
continental mainland (e.g. West Africa). 
There is direct relationship between the 
vegetation belts of  Nigeria and the pollen 
deposits of its lakes, lagoons and offshore 
Atlantic Ocean. Resolutions of the abundance 
in time and space of airborne pollen reflect 
human-environmental factors on major 
vegetation zones. 
The abundance and distribution of airborne 
palynomorphs between 4o 30’ and 7o 14’ North 
Latitude have been studied over ten years. 
Time slices of 6 – 12 months have been 
considered in the studies. 
It has been possible to obtain Isopolls for the 
characteristic plants of major vegetation zones 
such as: Elaeis guineensis, Alchornea, 
Syzygium/Eugenia, Berlinia, Milicia; Cassia, 
Poaceae, Combretaceae/Melastomataceae, 
Asteraceae; Cyperaceae, Rhizophora, 
Nephrolepsis among others. The characteristic 
plants trace the distribution of the vegetation 
types e.g. Mangrove swamp. The increase or 
decrease of characteristic plants within and 
environment indicates the occurrence of 
human-environmental impact. This 
distribution of pollen in the atmosphere 
reflects the position of major vegetation zones 
(Mangrove swamp, Lowland rainforest, 
Savanna) and can be used in tracing modern 
changes in vegetation. 
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Uncertainty in the prediction of Indian 
Monsoon Rainfall 
 
Bhattacharyya, A.K. 
 
School of Environmental Sciences, Jawaharlal  Nehru  
University, P.O. New Delhi – 110067.  India. 
 
The performance of Indian Monsoon on inter-
annual scales has been linked with different 
parameters and recently Srivastava and Singh 
(1994) have worked out a different form of 
Regression Equation using 16 parameters. 
There are 6 predictors related to the pressure 
field, 5 related to the temperatures and upper 
level winds and finally, 5 related to the snow 
cover and atmospheric oscillations. Earlier 
work on long range rainfall prediction was 
confined to North-west India and the Indian 
Peninsula but in recent years, the long range 
forecasts using the said 16 predictors model 
provides a forecast for the whole of India. The 
northern hemispheric surface temperature is 
one of the parameters. The studies suggest that 
warmer temperature in the northern 
hemisphere during winter led to subsequent 
better performance of Monsoon. 
The rainfall for a country of the size of India is 
region specific. While there could be severe 
drought in some parts of the country , the other 
parts might be experiencing the fury of the 
floods. The present regression equations that 
are used need to be improved upon because 
they have limitations. 
ARIMA i.e. Autoregressive Integrated Moving 
Averages technique  has been tried for the long 
range prediction of Monsoon rainfall in India 
for the last few years. If the trend and seasonal 
variations are removed from a set of rainfall 
data, a sequence of residuals would be left 
with. The main problem in long range 
prediction is to identify what physical 
processes determine the residuals. If a set of 
physical laws could be found to govern the 
residuals, then it is predictable by applying the 
physical laws of atmospheric motion i.e. the 
time series was determinate. If the physical 
laws are not identified, the future behaviour of 
the residuals would be stochastic in nature. 
The question of determinism against the 
stochastic nature of atmospheric motion has 
not been finally resolved. 
Recent research on observations and 
mathematical models of climate suggest that 
there are periods when the climate patterns 

remain nearly constant. Then , all of a sudden,  
there are abrupt changes from one climatic 
regime to another. What causes these changes 
is still unknown . An example of an abrupt 
change in an ENSO event. 
Considerable attention has been focused on the 
increased emissions of “Green House Gases” 
viz. CO2, CH4, CFCs and Nitrous Oxides in 
the atmosphere. The impact of these gases to 
increase the temperature of the earth’s crust by 
approx. 0.3 c per decade ( IPCC, 1992). The 
IPCC report also estimated that as a 
consequence of thermal expansion the sea 
level is likely to rise by 2 to 4 cm per decade, 
if there’s not melting of ice sheets. 
Unfortunately, an analysis of Indian tide-gauge 
records by scientists shows a fall, instead of 
rise in sea level. In view of these uncertainties, 
it is difficult to predict what might be possible 
consequences of global warming on Monsoon. 
 
 
 
Overview of climate change over the 
climatic regions in Nigeria 
                                                                  

                                 Ediang Okuku Archibong 
 
Climate change is overviewed over the climate 
regions in Nigeria using a 32 years (1961-
2002) climatological data of air temperature  
(0600UTC–1400UTC), Minimum and 
Maximum temperatures (°C) and Relative 
humidity (0900UTC) for eight stations. The 
climatic regions are structured as Sahel 
Savannah, Sudan Savannah, Guinea Savannah 
and tropical rainforest. The result generally 
showed increased in temperature over the 
decades and decrease in relative humidity.  
 
  
 
Climate change, Community Water Supply 
and Sanitation in Nigeria 
                                                         

                                 Ediang Okuku Archibong 
 
This paper discussed planning for successful 
water supply and sanitation programs that 
requires a wide range of different skills from 
those responsible for their implementation 
especially in Nigeria. Field works need to 
understand technical, managerial and social 
subjects and should know how to apply this 
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knowledge if they are to make the best use of 
their resources. The paper concludes by the 
need for a basic understanding of how water 
and sanitation related diseases are transmitted 
and to recognized the importance of hygiene 
and health education. 
 
  
  
Climate variability at annual and 
interannual scales; Signals from Lake 
Victoria water level, temperature and wind 
 
 Njuguna, H.M. 
 
 Ministry of Water Resources, P.O Box 1922, Kisumu 
40100 
 
Detection of climate variability at annual and 
interannual scales is important for Lake 
Victoria because of the impact it has on the 
hydraulic conditions in the lake. Historical 
records show the lake’s pelagic to fully mix 
twice per year and severally in the littoral. 
Horizontal mixing in the littoral has been 
associated with shoaling of internal seiches 
generated from convective activity in the 
offshore. Littoral zones are considered the 
most productive biologically in aquatic 
ecosystems.  
In order to characterize diurnal, annual and 
interannual variability of the main processes 
associated with mixing in the littoral, data on 
meteorology and surface water temperature 
and water level measured at 2-hour interval at 
an inshore station in the lake was subjected to 
statistical analysis using method of main 
components (MMC). Results showed that the 
linear trend component at monthly, quarterly, 
annual and biannual scales accounted for 99% 
variance in all signals. Oscillations component 
accounted for 1% variance and less than 
0.01% variance was noise. Siegel’s test for 
confidence of spectral peaks showed no 
significant frequency of occurrence of the 
three processes at annual and longer time 
scale. On annual basis, cross spectrum for 
signals of water level and water temperature, 
water level and wind direction and water and 
wind speed were emphasized at all cycles 
lasting less than 6.7 days. Water level and 
temperature showed recurrence of peak signals 
at two cycles lasting 6 and 12 hours everyday 
and cycles of 6.7 months every year. Linear 
trend and lack of significant periodic signature 

suggest a steady state of hydraulic conditions 
of the lake littoral in the long term. The 
coherence of frequency of occurrence of wind 
speed, wind direction and water level 
demonstrates the importance of southeasterly 
winds as the main component in the lake level 
fluctuation at annual scale, while diurnal 
fluctuation is driven by land-lake breeze 
 
 
 
An analysis of long-term rainfall variability, 
trends and groundwater availability in the 
Mulunguzi river catchment area, Zomba 
Mountain, Southern Malawi 
     
Ngongondo, C.S. 
 
University of Malawi, Chancellor College, Department 
of Geography and Earth Sciences, P.O. Box 280, Zomba, 
Malawi. 
 
Groundwater resources, essentially products of 
climate, are highly sensitive to climatic 
variation and change. Rainfall, being the main 
input to the hydrological cycle, can be used to 
detect the effect of climate variation and 
change on groundwater availability. 
This paper looks at the effect of long-term 
rainfall variability on groundwater availability 
in the Mulunguzi river catchment area in 
Zomba, Southern Malawi. Annual rainfall 
series and annual base flow series (1954 1998) 
derived from the annual river flow series were 
analysed using the non-parametric Mann-
Whitney Pettit and Mann-Whitney-Wilcoxon 
statistics to detect any trends and variability 
patterns. A general decline in the rainfall 
series, with alternating wet and drier years was 
detected since 1954. The variation pattern 
mainly followed the El Niño and Southern 
Oscillation and the La Nina episodes. Two 
rainfall change points were detected at 1965 
and 1979 after which the rainfall declined. 
The rainfall trend and variation pattern was 
also echoed by the base flow series, indicating 
a strong correlation between the rainfall and 
base flow series. This strong correlation means 
that the Zomba mountain aquifer mainly 
depends on rainfall for recharge. Hence all 
water resources development and planning 
activities in the catchment area should also 
take into consideration the effects of climate. 
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Analysis of the hydrological response of a 
tropical terminal lake, Lake Abiyata (main 
Ethiopian Rift Valley) to changes in climate 
and human activities during present day 
and the Holocene 
 
Legesse, D.(1), Vallet-Coulomb, C.(2), Gasse, 
F(2) and Chalié, F(2) 
 
(1) Department of Geology and Geophysics, Addis Ababa 
University, P.O. Box 1176, Addis Ababa, Ethiopia,  
(2) CEREGE, B.P. 80, 13545 Aix-en-Provence cedex 04, 
France 
 
Lake Abiyata is a saline closed-basin lake 
which belongs, with three other lakes, to the 
Ziway-Shala basin (14,120 km2). These four 
lakes, of decreasing elevation and increasing 
salinity, are remnants of a large fresh water 
lake that existed several times during the 
Early-Mid Holocene and the Late Pleistocene 
wet periods, overflowing to the Awash River 
to the North. We use integrated dynamic water 
and chloride balance models with a catchment-
scale hydrological model (PRMS) to analyse 
the response of Lake Abiyata to climate 
variability and land use changes. Lake depth-
area-volume relationships were established (1) 
from lake bathymetries for simulating the 
small recent lake level variations, and (2) from 
the digital elevation model of the catchment 
for simulating the level variations encountered 
during the Holocene. Firstly, hydro-
meteorological data from the last three decades 
is used to calibrate the models. Based on mean 
monthly data, the lake water balance model 
produced a good agreement between the 
simulated and observed levels of Lake Abiyata 
for the period 1968-1983. From 1984 onwards, 
we showed that human water use for irrigation 
and salt exploitation has a great impact on the 
lake level and salinity. A comparison of the 
simulation with and without human 
consumption indicates that climate variability 
controls the interannual fluctuations while the 
human water use affects the equilibrium of the 
system by strongly reducing the lake level. 
Secondly, we use lake water paleo-
conductivity as previously reconstructed for 
the past 13.4 ky from diatoms preserved in a 
sediment core. We investigate the different 
climate and land use change scenarios that 
allow to simulate a lake water conductivity 
compatible with (1) the steady fresh water 
state prevailing around 6ky BP at 400 µS/cm, 

and (2) the abrupt increase from 400 µS/cm to 
10 000 µS/cm between 5500 ky BP and 5000 
ky BP.  
 
 
 
Climate variability in Western Uganda 
during the last 400 years: Evidence from 
pollen records 
 
Ssemmanda, I.1 and Vincens, A.2 
 
(1) Department of Geology, Makerere University, P. O. 
Box 7062 Kampala, Uganda.  
(2) CEREGE, BP 80, 13545, Aix-en Provence,  Cedex 04, 
France.  
 
This paper presents the results obtained by 
pollen analysis of the Hima/Kibale 
sedimentary sequence recovered from 
Namugayo Swamp (0o 53’ 0” N, 30o 22’ 40” E, 
1480 m), Western Uganda. The site, located at 
the northern part of Kibale Forest National 
Park receives moderately high bi-modal 
rainfall ranging between 1250 and 1500 
mm/year. The vegetation changes inferred 
from the pollen sequence and the lithological 
succession (sandy and silty levels, peat and 
silty peat) of the studied core evidence, for 
Western Uganda, three climatic episodes 
during the last 400 years. 
A dry climate prior to 260 yr. B.P., is mirrored 
in Namugayo swamp by a low water table, 
degraded forest vegetation, erosion in the 
swamp water catchment and sand deposits on 
the site. During the humid period from about 
260 yr. B.P. to around 140 yr. B.P., on the site 
and in its surroundings developed a dense 
vegetation cover. Kibale Forest was well 
developed and in it, Olea constituted a more 
important arboreal component than is the case 
today. The water table of the swamp rose, 
erosion decreased in the catchment and peat 
deposits accumulated on the site. At about 140 
yr. B.P., a sub-humid climate was established 
in the region. Celtis increased in abundance to 
constitute a more important arboreal 
component of Kibale Forest than Olea. On the 
swamp, the Urticaceae rapidly replaced much 
of the aquatic plants. The peat deposits 
acquired a sandy nature reflecting erosion and 
forest degradation in the catchment.  During 
the last two hundred years, humans have lived 
in this region. The sedimentary sequences of 
the Lakes Wandakara and Kasenda to the East 
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of Kibale Forest and Nyakimya Swamp to the 
north near Fort Portal town provide indirect 
and direct evidence respectively, for human 
activities in the area. These anthropogenic 
activities were superimposed on naturally 
(climate) induced vegetation changes and in 
the authors' view, they amplified the effects of 
climate change in the region. 
Kibale is today classified as upper lowland or 
moist lower montane forest. Many of its 
arboreal components are entomophilous 
(insect pollinated) or poor pollen producers. 
The nature of pollen dispersal and the low 
pollen productivity of such trees explain the 
rarity of the pollen types originating from 
these trees in the pollen diagram. They are also 
the reason why a rare pollen type, Parinari is a 
better indicator of vegetation and environment 
near the Hima/Kibale site than the pollen types 
that are abundant in the pollen sequence. 
 
 
 
Coeval Southward migration of the ITCZ 
over East Africa and South America during 
the little ice age 
 
Johnson, T.C.  and Brown, E.T. 
 
Large Lakes Observatory, University of Minnesota 
Duluth, Duluth, MN 55812, USA 
 
Lake Malawi, the second largest lake in 
Africa, is about 650 km long, 40 km wide, and 
700 m deep.  The abundance of diatoms 
(biogenic silica) has been found to be one of 
the most useful indicators of paleoclimate in 
Lake Malawi sediments.  High resolution 
records of past conditions have been extracted 
from varved deposits accumulating in the 
north basin of the lake, near 10º South latitude.  
Here we compare profiles of biogenic silica 
and Nb/Ti ratios spanning the past 900 years in 
Lake Malawi with the Cariaco Basin (tropical 
South America) high-resolution record of 
Haug et al. (2001) that is based primarily on 
profiles of Fe and Ti in a Cariaco ODP site.  
The Nb/Ti profile in the Malawi sediments 
tracks the biogenic silica profile and has been 
interpreted to reflect the intensity or frequency 
of north winds over the basin, carrying Nb-rich 
volcaniclastic sediments into the lake and 
promoting upwelling, favorable to diatom 
productivity.  Johnson et al. (2002) attributed 
the more frequent north winds over the 

Malawi basin to a southward shift in the 
Intertropical Convergence Zone (ITCZ).  Haug 
et al. (2001) also called upon southward 
migration of the ITCZ over South America to 
cause decreased rainfall and delivery of 
terrigenous clastics rich in Fe and Ti to the 
Cariaco basin. While the accuracy of dates 
assigned to the Cariaco Basin sediments 
deposited in the last millennium is limited by 
the uncertainties associated with radiocarbon 
dating of foraminifera, the trends in the 
African and South American records are 
remarkably similar.  Both show evidence for 
the ITCZ being positioned more to the north 
during the Medieval Warm Period and more to 
the south during the Little Ice Age.  Both 
records also exhibit much higher amplitude 
swings during the Little Ice Age than in the 
previous 500 years, with the three distinct sub-
minima in the Ti record from the Cariaco 
Basin record matched by three distinct maxima 
in the biogenic silica record from Malawi. The 
cause of the apparent simultaneous shifts of 
the ITCZ on both the African and South 
American continents during the past thousand 
years is yet to be explained.  While meridional 
temperature gradients in the Atlantic may 
perhaps explain climate variability over 
northern South America (Haug et al., 2001), it 
is difficult to imagine this impacting the 
climate of southern East Africa as well. 
 
 
 
An independent paleotemperature 
reconstruction through the last glacial 
maximum in Lake Malawi, East Africa 
 
Powers L.A*., Werne, J.P.*, Johnson, T.C.*, 
Castaneda, I.S*. and Hopmans, E.C.** 
 
*Large Lakes Observatory, University of Minnesota, 10 
University Drive, Duluth, Minnesota 55812, USA 
**Netherlands Institute for Sea Research, Department of 
Marine Biogeochemistry and Toxicology, P.O. Box 59, 
1790 AB Den Burg, The Netherlands 
* also at Utrecht University, Faculty of Geosciences, PO 
Box 80.021, Utrecht, the Netherlands 
 
The recent development of a new organic 
geochemical paleotemperature proxy has 
provided a tool for temperature reconstruction 
through the Last Glacial Maximum (LGM) in 
Lake Malawi, East Africa. Previous estimates 
of temperatures during the LGM in East Africa 
ranged from 2-8oC cooler than modern, with 
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great variability among proxies. The TEX86 
temperature proxy uses ubiquitous, 
diagenetically resistant, sedimentary archaeal 
membrane lipids, which have a specific 
structural response to growth temperature, to 
reconstruct past lake temperatures. TEX86 is an 
independent temperature proxy, as it is not 
affected by hydrologic balance or salinity. We 
have applied this proxy to a piston core 
collected from the North Basin of Lake 
Malawi (M98-1P). The core was dated using 
radiocarbon techniques.  Our results indicate a 
3.4oC warming since the LGM in East Africa, 
with the coldest temperatures at 19,012 y BP. 
The Younger Dryas shows a discrete 2.4oC 
temperature reversal toward cooler 
temperatures. The TEX86 proxy shows great 
promise for continental paleoclimate 
reconstruction, and will provide great insight 
into the role of the tropics and continents in 
global climate change.  
 
 
 
Spatial and temporal variability in biogenic 
silica accumulation in Lake Malawi, East 
Africa 
 
Powers, L.*, Johnson, T.C.*, Hecky, R.E.** 
and Wilkinson, P.*** 
 
*Large Lakes Observatory, University of Minnesota 
Duluth, Duluth, MN 55812 
** Department of Biology, University of Waterloo, 
Waterloo, Ontario, Canada 
*** Department of Fisheries and Oceans, Winnipeg, 
Manitoba R3T 2N6, Canada 
 
We have examined modern (<200 years) 
sediments in Lake Malawi, East Africa to 
determine patterns and extent of biogenic 
silica (BSi) preservation. Biogenic silica 
accumulation in sediments is considered by 
some to be a useful indicator of past changes 
in primary production. These changes can be 
attributed to changes in climate (e.g. wind 
patterns and intensity, precipitation), which 
can cause increased nutrient availability 
through upwelling or runoff. Land use changes 
within the watershed may also accelerate 
nutrient and sediment delivery to the lake. 
Changes in physical characteristics of the lake 
can also cause changes in BSi accumulation in 
sediments. For example, increased internal 
wave activity may cause resuspension of 
sediments allowing dissolution of biogenic 

silica in the epilimnion, or remobilization and 
transport of BSi rich sediments into deeper 
water. Biogenic silica percent and mass 
accumulation rates were determined for nine 
multi-cores from four basins in Lake Malawi. 
Lead-210 was used to date the multi-cores. 
Cores from the south-central and southern 
basins show a dramatic rise in biogenic silica 
mass accumulation rates in the 1960’s, 
peaking in the late 1970’s and decreasing 
towards present. Biogenic silica mass 
accumulation rates are as high as 144 g/m2/yr 
(2.4 mol/m2/yr) in the south-central basin, 
compared to an average of about 23 g/m2/y in 
the first half of the twentieth century. This rise 
in BSi MAR results primarily from a rise in 
the total sediment mass accumulation rate 
accompanied not by a rise in %BSi, but 
relatively steady relative proportion of BSi to 
total sediment.  Sedimentation rates range 
from 0.14 cm/yr in the north basin, to 1.18 
cm/yr in the south basin, and have increased 7 
fold since the early 1900’s.  These significant 
changes in sediment mass accumulation rate 
and apparent increase in diatom productivity 
are attributed to agricultural development in 
the lake basin.  Results of a whole-lake silica 
burial model will be presented.  
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Theme 3:  

Marine Records off the Coast of 
Africa 
 
Marine pollen records off NW Africa: 
Mechanisms at work and records of biome 
migrations and climate change 
 
Hooghiemstra, H. 
 
Institute for Biodiversity and Ecosystem Dynamics, 
University of Amsterdam (Netherlands) & Institute for 
Palynology, University Gottingen (Germany) 
 
Pollen analysis of marine sediments off NW 
Africa in a transect from Portugal (34°N) to 
the Gulf of Guinea (9°N) was used to 
understand mechanisms operating in ‘marine 
palynology’ and to reconstruct environmental 
change. Distribution of main vegetation belts 
(main source areas of specific pollen types) 
show a strong relationship with pollen 
distribution patterns in offshore marine 
sediments, the 3 wind systems (trade winds, 
monsoon winds, AEJ) being the connecting 
intermediate. Pollen transport by water 
currents is mainly restricted to the Canary 
Current; fern spores are transported by rivers 
in the West African rainforest. We 
demonstrated that the African Easterly Jet 
(AEJ) had a stable position since the Last 
Glacial Maximum. The belt with trade winds 
also had a stable geographical position 
(contradicting hypothesis accepting a 
southward migration of the trade wind belt) 
but changed in intensity (1). Even seasonal 
wind patterns can be recognised from pollen 
distribution patterns. Recent pollen rain 
samples from terrestrial sites and marine sites 
between 12° and 21°N showed clearly that the 
southern border of the Sahara (now at 18-
19°N) is reflected by the 
Poaceae/Chenopodiaceae-Amaranthaceae ratio 
(4). Applying this ratio to core ODP 658 
showed a 600-kyr record of migrations  over 9 
degrees of latitude of Sahara’s southern limit 
(3). Sahara’s northern limit migrated over 4 
degrees of latitude (5). Northern and southern 
limits respond to westerlies and the monsoon 
system respectively, occasionally resulting in 
very asymmetric desert expansions. 
The vegetation history of NW Africa during 
the last 140,000-yr is discussed on the basis of  
 

 
6 marine pollen records. The record of 
mangrove vegetation show very dry conditions 
during the LGM (Ogolian) and first water 
supply by the Senegal River to the Atlantic 
Ocean is recorded at 14,000 BP (2). The 
savanna belt (Sahel) and the west equatorial 
wet forest were squeezed several times 
between the Sahara and the Gulf of Guinea (5) 
explaining lower floral diversity as compared 
to savanna south of the rainforest area and wet 
forest in central Africa. 
 
(1) Hooghiemstra, H, et al. (1987). Isopollen maps for 18,000 

BP of the Atlantic offshore NW Africa: evidence for 
paleowind circulation. Paleoceanography 2, 561-582;  

(2) Hooghiemstra, H. (1988). Changes of major wind belts and 
vegetation zones in NW Africa 20,000-5000 BP. Rev. 
Palaeobot. Palynol. 55, 101-140;  

(3) Dupont, L.M. & Hooghiemstra, H. (1989). The Sahara-
Sahelian boundary during the Brunhes chron. Acta 
Botanica Neerlandica 38, 405-415. 

(4) Lezine, A.M. & Hooghiemstra, H.. (1990). Land-sea 
comparisons during the last glacial-interglacial transition: 
pollen records from West Tropical Africa. Palaeogeogr. 
Palaeoclim. Paleoecol. 79, 313-331;  

(5) Hooghiemstra, H. et. al. (1992). Vegetational and climatic 
changes at the northern fringe of the Sahara 250,000-5000 
BP. Rev. Palaeobot. Palynol. 74, 1-53. 

(6) Hooghiemstra, H. et al. (in prep.) Marine palynology; 
terrstrial, atmospheric and oceanic actors at work - a 
review of mechanisms in the Eastern Atlantic and 
Northwest Africa. 

 
 
 
Late Quaternary palaeoceanographic 
record in giant piston cores off South 
Africa, possibly including evidence of 
Neotectonism  
 
Rogers, J. 
 
Department of Geological Sciences, University of Cape 
Town, Private Bag 
Rondebosch H 7701, South Africa 
 
The Quaternary record in marine sediments off 
southern Africa has been studied in recent 
years via long cores from the continental slope 
and rise.  The longest cores were recovered 
from the French research vessel, the MARION 
DUFRESNE, using the CALYPSO corer, that 
recovered cores up to 45m in length during 
two major research cruises, one in 1996 
(IMAGES II) and a second in 2002.  Three of 
the IMAGES II cores have been studied at the 
University of Cape Town, MD962084 NW of 
Cape Town, MD962080, SSW of Cape Town 
and MD962077 east of East London in the 
Natal Valley.  MD962084 (35.28m) contains a 
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detailed record of the Quaternary variability of 
the Southern Benguela off the west coast of 
South Africa (Rau, 2002), whereas MD962080 
(22.23m) is well positioned to monitor 
latitudinal variations in the position of the 
Subtropical Convergence immediately 
poleward of the African continent (Rau et al., 
2002).   Detailed micropalaeontology of both 
benthic and planktonic foraminifera, as well as 
studies of their oxygen and carbon isotopes 
were used in the latter studies, complemented 
by work on the acid-insoluble sand-fraction.  
Sediments of hypothermal (glacial) periods are 
characterised by colder-water assemblages of 
planktonic foraminifera, dominated by 
Neogloboquadrina pachyderma (right-coiling) 
and higher proportions of very fine quartz 
sand, washed of the continental shelf during 
lowstands.  In contrast, sediments of 
hyperthermal (interglacial) periods are 
characterised by warmer-water assemblages of 
planktonic foraminifera, dominated by 
Globorotalia inflata, associated with minor 
amounts of Globorotalia menardii.  The latter 
persists in trace amounts in the hypothermal 
periods, showing that the Cape Valve is never 
completely switched off, even during 
equatorward excursions of the Subtropical 
Convergence.  Turbidites of quartz sand are a 
distinctive feature of the Natal Valley core, 
MD962077 (35.54m) and these are possibly 
related to episodic major intraplate 
neotectonism  of the African Plate with an 
average interval of 150 000 years. 
 
Rau, A.J., Rogers, J. Lutjeharms, J.R.E., Giraudeau, J., Lee-

Thorp, J.A., Chen, M.-T and Waelbroeck, C.  2002.  A 
450-kyr record of hydrological conditions on the western 
Agulhas Bank Slope, south of Africa.  Marine Geology, 
180: 183-201. 

Rau, A.J.  2002.  A Late Quaternary History of Agulhas-
Benguela Interactions from Two Sediment Cores on the 
Western Continental Slope of South Africa.  Unpublished 
PhD Thesis, Department of Geological Sciences, 
University of Cape Town, 203pp. 

 
 
 
An assessment of coastal changes in the 
Atlantic Western Coast of Nigeria 
 
Fasona, M.J, Omojola, A.S, Odunuga, S.S, and 
Akintuyi, A.O 
 
Department of Geography, University of Lagos, Lagos, 
Nigeria 
 
One of the evidences of palaeoclimate and 

climate change is change in the coastal 
environment especially the coastline. The 
general paradigm now is that climate change 
and variability is seriously altering the ecology 
of the coastal environment and configuration 
of the coastline. This study utilizes remote 
sensing and GIS to assess the dynamics of land 
ocean interactions in a portion of the Atlantic 
western coast of Nigeria. Past data and 
information about the coastline and coastal 
environment in the study area were collated 
from existing base maps produced in the early 
1960s. Landsat TM satellite imagery acquired 
in 2002 provided data about the current status 
of the coastal environment. The datasets were 
analyzed within a GIS. The magnitude and 
direction of coastal and coastline changes and 
their major causes (climatic and 
anthropogenic) are discussed in the paper. 
 
 
 
Predictability of Paleogene climate and 
primary productivity of the Eastern Central 
Atlantic 
 
Arkaah, A.B.a , Kaminski, M.b, Ogle, N.c , 
Apaalse, C.d , Atta-Petters, D.a,  
Wiafe, G.a, Armah, A.K.a 

 
a University of Ghana, Legon, Ghana 
bUniversity College, London 
cQueen’s University of Belfast, Northern Ireland 
dGhana National Petroleum Cooperation, Ghana 
                                  
Benthic foraminiferal samples were obtained 
from 1620 ft to 3270 ft from unwashed 
cuttings obtained from the South Tano field, 
offshore Ghana, and were used to predict 
Paleogene climate and primary productivity of 
the Eastern Central Atlantic using the 
Analytical Precision 2003 mass spectrometer. 
Samples of epifaunal benthic foraminifera of 
and Lenticulina spp and Eponides spp for the 
Upper Paleocene and Lower to Middle Eocene 
respectively, served as principal sources of 
biogenic carbonate for the determination of 
δ18O and δ13C of their host water. Average 
δ18O values of -1.55 ‰-, -3.01 ‰ and -1.77 
‰,  were recorded for the Upper Paleocene, 
Lower Eocene and Middle Eocene respectively 
while average paleoprimary productivity levels 
inferred from δ13C values of -2.30 ‰, -8.71 ‰ 
and -6.42 ‰,  were recorded for the Upper 
Paleocene, Lower Eocene and Middle Eocene 
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respectively. Average paleotemperatures 
inferred from δ18O of 23.20 ˚C, 29.17 ˚C and 
24.10 ˚C were obtained for the Upper 
Paleocene, Lower Eocene and Middle Eocene 
respectively. The highest paleotemperature of 
36.69˚C was recorded at 2310ft in the Lower 
Eocene while the lowest paleotemperature of 
15.64˚C at 1860ft was recorded in the Middle 
Eocene. The highest paleoprimary productivity 
level of -1.13 ‰ was recorded at 3270 ft in the 
Upper Paleocene and the lowest paleoprimary 
productivity level of -11.83 ‰ was recorded at 
1830 ft in the Middle Eocene . The studies 
indicate that the Lower Eocene was the 
warmest, least productive and least oxygenated 
epoch. However, paleoclimate and 
paleoprimary productivity of the Eastern 
Central Atlantic during the Paleogene were 
poorly correlated. 
 
 
Land-Sea linkages during deglaciation: 
High resolution records from the eastern 
Atlantic off the Coast of Namibia and 
Angola 
 
Dupont, L. and Behling, H. 
 
Dept. Geosciences, University of Bremen 
 
The distribution of pollen in marine sediments 
is used to record vegetation change on the 
continent. Generally, a good latitudinal 
correspondence exists between the distribution 
patterns of pollen in the marine surface 
sediments and the occurrence of the source 
plants on the adjacent continent. To investigate 
land-sea interactions during deglaciation, we 
compare proxies for continental (pollen 
percentages and accumulation rates) and 
marine conditions (dinoflagellate cyst 
percentages and alkenone derived sea surface 
temperatures). The proxies are from two high-
resolution AMS-radiocarbon dated 
sedimentary records encompassing the past 
25ka, ODP 1078 at 11°55'S 13°24'E in 426 m 
water depth and GeoB 1023 at 17°09'S 
11°01'E in 1978 m water depth. 
The southern site is located just North of the 
Walvis Ridge and in the vicinity of the Cunene 
River mouth. The pollen record of GeoB 1023 
shows that a vegetation associated with 
elements of the Cape Flora and indicating a 
temperate winter rain climate grew far north of 
the present winter rainfall area, but retreated 

southwards after the Last Glacial Maximum1 
(Shi et al., 2000). Between 20 and 15 ka, a 
gradual rise in the relative abundance of grass 
pollen grains probably indicates the migration 
of savanna and woodland southwards (into the 
northern Kalahari). Until 15 ka (end of 
Heinrich Event 1), the variation in the relative 
abundances of grass pollen closely followed 
the sea surface temperature (SST) fluctuations, 
as recorded on the same core by the alkenone 
method2. Around 14,5 ka, corresponding to the 
beginning of the Antarctic Cold Reversal 
period, the grass pollen record declined and 
the record of desert and semi-desert vegetation 
increased. The inferred changes in the 
vegetation indicate drier conditions parallel to 
the slightly reduced SSTs. However, the grass 
pollen rose and the pollen from Tribulus (a 
typical desert plant) fell again around 12,6 ka 
(at the end of the ACR) indicating the return of 
more humid conditions, when the SSTs 
declined further to a minimum during the 
Younger Dryas period3. 
The northern site is located to the west of the 
Huambe mountains of Angola. Preliminary 
results indicate dry and cold conditions during 
the Last Glacial Maximum, cool and wet 
conditions during Heinrich Event 1 are a 
gradual rise in temperature after 14,5 ka. 
Terrestrial and oceanic climate developments4 
seem largely running parallel. The 
fundamental differences between the two 
marine cores, located ca 5° of latitude apart, 
and its meaning for climate reconstruction will 
be discussed. 
 
Shi, N., Dupont, L.M., Beug, H.J., Schneider, R.R., 2000. 
Correlation between vegetation in southwestern Africa and 
oceanic upwelling in the past 21,000 years. Quaternary 
Research 54, 72-80. 
Kim, J.-H., Schneider, R.R., 2003. Low-latitude control of 
interhemispheric sea-surface temperature contrast in the tropical 
Atlantic over the past 21 kyr: the possible role of SE trade 
winds. Climate Dynamics 21: 337-347. 
Dupont, L.M., Kim, J.-H, Schneider, R.R., Shi N., in press. 
Southwest African climate independent of Atlantic sea surface 
temperatures during the Younger Dryas. Quaternary Research. 
Kim, H.-J., Schneider, R.R., Mulitza, S., Müller, P.J., 2003. 
Reconstruction of SE trade-wind intensity based on sea-surface 
temperature gradients in the Southeast Atlantic over the last 25 
kyr. Geophysical Research Letters 30: 2144-2147. 
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Theme 4:  
Past Ecosystem Processes and 
Human-Environment 
Interactions 
 
Environmental changes and their influence 
to the fish stocks in Lake Victoria- 
Tanzanian waters 
 
Mkumbo, O.C.1, Ezekiel, C.1 and Cowx, I.G.2 
  
1Tanzania Fisheries Research Institute, Mwanza 
Tanzania 
2University of Hull, Hull U.K. 
 
Marked changes have occurred in Lake 
Victoria ecosystem, both in the abiotic and 
biotic parameters. Changes in rainfall patterns, 
and the physical-chemical parameters have 
also resulted to profound changes in the fish 
stocks – their diversity and abundances and 
consequently to the stability of the ecosystem. 
Data on rainfall wind speed and temperature 
recorded by the meteorological stations in 
Mara, Mwanza and Kagera were accessed 
from their zonal office in Mwanza. Monthly 
mean rainfall data (mm) plus maximum and 
minimum atmospheric temperature (ºC) 
records were available from January 1980 to 
July 2001. These data were used to show 
seasonal patterns in the three regions (Mara, 
Mwanza and Kagera). The seasonal patterns in 
the lake are influenced by the dry and wet 
seasons, which in turn have a profound 
influence on the spawning and recruitment 
patterns of the fish species, as well as the 
abundance and distribution of fish stocks. 
Wind speed and direction both influence 
surface temperatures as well as the mixing of 
the water column. These meteorological 
characters directly influence the limnological 
characters. 
Monitoring of fish stocks and environmental 
parameters in Lake Victoria is ongoing from 
1999 to provide scientific information for 
management of the resources. Bottom trawl 
surveys were conducted to assess the stocks 
while SEABIRD profiler and a Secchi disk 
(30-cm diameter) were used for limnological 
parameters and transparency measurements 
respectively. Mean water temperature (ºC), 
mean oxygen concentrations (mg L-1), mean 
water conductivity (µS cm-1) and mean 
chlorophyll concentration (µg L-1) with 95% 

confidence limits were calculated at 10 m 
depth intervals for the stations sampled in 
three zones stratified in the Tanzanian waters 
of Lake Victoria. Trends with depth and 
season for temperatures, oxygen, conductivity 
and chlorophyll; and changes in mean 
temperature and oxygen concentrations with 
depth are illustrated. Offshore profiles are 
compared for the wet and dry seasons 
sampled. Secchi disk mean readings gave an 
indication of a possible recovery from 
eutrophication when compared to previous 
reports. 
The current hydrographical characteristics in 
the lake slightly differ to those observed 
during the Nile perch boom. Concurrently a 
decrease in Nile perch with increase in 
Rastrineobola, haplochromines and some of 
the endemic species, such as Brycinus, Clarias 
and Synodontis, were observed. The changes 
in the fish stocks are related to the 
environmental factors while attempting to 
address the current state of overfishing in the 
Nile perch fishery as a contributor to the 
recovery of the other species. The 
sustainability of the recovered endemic species 
and how will it affect the productivity and 
stability in the ecosystem is also discussed. 
 
 
 
The use of different mesh sizes of gill nets 
and its consequences on fisheries and 
biodiversity of Lake Victoria Fishes 
    
Ngupula, G.W. 
 
Tanzania Fisheries Research institute, P. 0 Box 475, 
Mwanza, Tanzania. 
 
The aim of the study was the determination of 
the consequences of the use of different mesh 
sizes of gill net on the fisheries and 
biodiversity of the Lake Victoria fishes. The 
gill net fishery in the Lake Victoria has 
undergone several characteristic changes from 
the turn of 20th century to the present time. 
These changes have been reviewed under three 
categories of major events as follows. 
Turn of 20th century to the 1950s. A period of 
multispecies fishery with species estimated to 
be over 500. In this period the characteristic in 
gillnet fishery, the fabric for the gill nets 
changed from the gill net Irish linen to the use 
of nylon and small mesh size was used. 
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Nile Perch era (1980s- 1990). The period of 
Nile perch increase. Is the period of stock 
increase. There was change from gill net 
multispecies fisheries to two species fishery (i) 
Nile perch (Lates niloticus) and (ii) Nile tilapia 
(Oreochromis niloticus). Large meshed gill net 
ranged from 6- 12 inches were developed. 
Post Nile perch era. Stock over exploitation 
(1991- to date). The gill net mesh size changed 
from:  12"meshes –1980- 1986, 8"mesh- 1987-
1988, 7" mesh 1992, 6" mesh – 1999, and 5" 
mesh to date. (Legal). The legal preferred 
mesh sizes were 5", 6" and 7". But fishermen 
still posses and deploy under meshed gill nets 
(4½"and below) despite a ban of such gears, as 
a result there has been overexploitation of 
some fish species, growth over fishing and etc. 
 

 
 

Human impact on lake ecosystems: The 
case of Lake Naivasha, Kenya  
 
 Otiang’a-Owiti, G.E.  and Oswe, I.A. 
 
Kenya Wildlife Service Training Institute 
P. O. Box 842 Naivasha, KENYA. 
 
Lake Naivasha is a wetland of national and 
international importance, however, it is under 
constant anthropogenic pressures, which 
include the quest for socio-economic 
development within the lake ecosystem itself 
as well as other upstream activities that are the 
main causes of human impact on the Lake 
Naivasha. The lake is an important source of 
fresh water in an otherwise water deficient 
zone.  It supports a thriving fishery, flower 
growing, and geothermal power generation. 
The lake is home to a wide range of floral and 
faunal biodiversity, including papyrus reeds, 
birds and mammals.  The adjacent area is ideal 
for horticulture, and plays a crucial role in the 
development of both the local and national 
economy. The horticulture industry provides 
employment to some 30,000 people. The Lake 
Naivasha area produces up to 70% of the total 
horticultural out put in the country, 
significantly contributing the much-needed 
foreign exchange to the national economy.  
The lake and the surrounding area are however 
fragile ecosystems under growing threats 
posed mainly by irrigated agriculture, water 
abstraction, the fast growing Naivasha 
Township and the human population growth.  

Agricultural and livestock farming activities 
within the 3,200 km2 catchment area are also a 
threat to the lake ecosystem. This paper 
reviews some of the adverse socio-economic 
degrading activities that are putting pressure 
on the lake as well as bio-indicators data that 
may useful in assessing the overall wetland 
ecosystem quality. 
 
 
 
Heavy metal content in the fish Oreochromis 
niloticus (linn. 1757) from Mwanza Gulf of 
Lake Victoria, Tanzania  
 
Kishe, M.A.1 and Machiwa, J.F.2 

 
1Tanzania Fisheries Research Institute, P.O.Box 475, 
Mwanza, Tanzania 
 2Department of Zoology and Marine Biology, University 
of Dar es Salaam, 
 P.O.Box 35064, Dar es Salaam, Tanzania 
  
The concentrations of heavy metal in fish 
(Oreochromis niloticus) tissues from Mwanza 
Gulf of Lake Victoria, Tanzania were 
investigated. Fish organs (gills, muscle and 
scales) were analyzed for cadmium (Cd), 
chromium (Cr), copper (Cu), mercury (Hg) 
and zinc (Zn) content. With the exception of 
Hg and Cd, low levels of heavy metal were 
found in muscle as compared to levels that 
were recorded in gills and scales. The mean 
concentrations of Cd (0.2 ± 0.1 ppm) and Hg 
(0.03 ± 0.01 ppm) in muscles were detected 
while in gills and scales were below their 
detection limits. The analysis of muscles of 
fish of different body sizes showed that small 
fish (< 20 cm, TL) had lower content of all the 
analysed metals than the big fish (> 20 cm, 
TL). Generally, the concentrations of the 
analyzed metals in fish muscle were within the 
FAO/WHO permissible levels. Cadmium and 
mercury contents were lower; they are highly 
toxic metals in the aquatic environment due to 
their persistence and bioaccumulation. 
Consequently, special attention should be paid 
upon them.  
 
Keywords: Heavy metals, Oreochromis 
niloticus, Mwanza Gulf, Lake Victoria, 
Tanzania. 
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The current limnological characteristics 
and the ecosystem stability in Lake Victoria 
 
Budeba, Y.L.1, Ezekiel, C.N1. and Cowx, I.G.2 

 
1Tanzania Fisheries Research Institute, P.O. Box 475, 
Mwanza, Tanzania. 
2Hull International Fisheries Institute, University of Hull, 
HU6 7RX, England 
 
Key limnological parameters recorded by a 
Seabird-profiler in July and November 2000, 
February and August 2000 and February and 
August 2001 in the Tanzanian waters of Lake 
Victoria were investigated. The results 
exhibited a number of features, which indicate 
thermal and oxygen stratification, 
eutrophication and high primary production 
characteristics. The thermal structure of the 
lake showed seasonal variations, with a strong 
thermocline during the rainy season (October – 
May) especially in deep waters. In the dry 
seasons, the thermocline broke down to give 
almost a uniform (<10C difference between 
surface water and bottom water) temperature 
from the surface to the bottom. In deep water 
stations dissolved oxygen declined with depth, 
and it was more remarkable during the rainy 
seasons. For example in February 2000, deep-
water station showed oxy-clines up to 30 m 
deep and the dissolved oxygen concentration 
at the lake bottom was less than 0.5 mg L-1 and 
it decreased further down up to 0.18 mg L-1 at 
67 m deep. In the dry season, dissolved 
oxygen was well distributed from the surface 
to the bottom probably due to complete mixing 
of the water. The highest surface chlorophyll-a 
concentrations were generally in the wet 
seasons in all zones and the lowest in the dry 
seasons in zones. Longitudinal variations in 
the water transparency by increasing from the 
inshore shallow to offshore deep-water 
stations were observed. The highest water 
transparency was generally in the dry seasons 
in all zones and the lowest in the wet seasons 
in zones. Phosphorus concentrations have risen 
up. Macro-invertebrates are more abundant 
especially the detritivorous Caridina nilotica 
which has become a keystone species in the 
greatly simplified Lake Victoria food web. 
The current ecosystem supports remarkable 
levels of secondary production including fish 
production as well as primary production. The 
lake is polluted and becoming increasingly 

eutrophic. As the result of increased nutrient 
inputs from agricultural, domestic and 
industrial effluents, the biological productivity 
of Lake Victoria has doubled during the last 30 
years. 
 
 
 
Dominance of Toxic Cyanobacteria in Lake 
Victoria as a Response of Increasing 
Human Activities 
P 
Semili, P. 
 
Lake Victoria Environmental Management Project 
(LVEMP), P.O. Box 211, Mwanza, Tanzania 
 
Cyanobacteria or blue green algae provide 
extraordinary wide-ranging contribution to 
human affairs in everyday life and are of 
economic importance. They are important 
primary producers and their general nutritive 
value is high. The nitrogen fixing species 
contribute globally to soil and water fertility. 
The use of Cyanobacteria in food production 
and in solar energy conversion holds 
promising potential for the future. On contrary, 
excess abundance (blooming) of 
Cyanobacteria especially of toxin producing 
species cause unwanted water quality effects 
such as fish kills, and can poison drinking 
water, thus increasing costs of water treatment. 
Deaths of animals (wild and livestock), birds 
and fish as well as adverse effects on human 
health caused by Cyanophyte poisoning have 
been reported from many geographical 
regions. Although toxic Cyanobacteria occur 
in a large number of lakes, reservoirs and 
rivers in the world, studies on the abundance, 
distribution and potential impact on fisheries 
and water supply are limited in the tropics. 
The main objective of this investigation, 
conducted for one year (2002) was to assess 
the recent status of toxin producing 
Cyanobacteria species in the southern part of 
Lake Victoria (Tanzania). The environmental 
factors linked to the dominance of toxic 
Cyanobacteria from the published information 
are discussed. Long-term conservation efforts 
for rehabilitation and sustainable management 
of Lake Victoria are presented. A general 
pattern of dominance of toxic Cyanobacteria 
species (Microcystis and Anabaena) was 
apparent in qualitative algal examination in 
near-shore waters. This study and earlier 
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published information show that average 
phytoplankton biomass evaluated as bio-
volume was approximately 5 times higher than 
in the 1960s. The observed changes of increase 
in phytoplankton biomass and the shift in 
composition towards domination by blue-
green algae have been attributed to increasing 
anthropogenic activities due to population 
increase. Of importance are the intensification 
of land use and increased agricultural run-off 
of nutrients (N and P) into the lake, municipal 
and industrial pollution, biomass burning, 
deforestation and introduction of exotic 
species (Nile perch), which altered the food 
web. Persistence of toxic Cyanobacteria 
species year round in Lake Victoria continues 
to make these species a primary focus of water 
and fisheries managers as well as public health 
officers.  
Key words: Human activities, fish kills, Lake 
Victoria, toxic cyanobacteria.  
 
 
 
The reproductive biology of Barbus 
jacksonii (Gunther, 1889) in the lower River 
Sondu Miriu prior to the construction of the 
Odino falls dam 
 
Kiilu, B. 
 
Kenya Marine and Fisheries, Fisheries Department, P O 
Box 125, Mbita 
 
The reproduction biology of Barbus jacksonii 
(Gunther, 1889) (Cyprinidae) is described for 
both sexes using macroscopic criteria. Barbus 
jacksonii (which is among the fishes with a 
high economic value) in the lower Sondu 
Miriu river exhibits two peak breeding 
seasons; February to May and August to 
October. These peaks apparently coincide with 
the mean monthly rainfall of the area and 
consequently the mean monthly discharge of 
the river. Thus the trigger mechanism for 
breeding in these fish appears to be the 
flooding regime, which may change following 
the construction of the Odino falls Dam. 
 
 
 
 
 
 
 

 
Human impacts on Lake Victoria water 
resources: Can riparian states equitably 
share of costs and benefits from 
management? 

Luilo, G.B. 
 
C/o Department of Chemistry, University of Dar es 
Salaam, PO Box 35061, Dar es Salaam, Tanzania 
 
Lake Victoria is the largest shared 
international water and is shared among 
Kenya, Tanzania and Uganda. Nonetheless, 
the Lake Victoria basin catchment area covers 
Rwanda, Burundi and Democratic Republic of 
Congo as upper riparian states and Sudan and 
Egypt as lower riparian states Exploitation and 
utilization the lake water resources (water, 
fish, etc) must be governed by international 
laws so as to ensure none of the benefits most. 
But majority of the agreements in place are 
century old or so and are narrowing down the 
concept of water resources to water. Articles 
of the agreements dwelt only on ensuring the 
lowest riparian states get sufficient water 
through out a year. Nonetheless, they are silent 
on sharing benefits accrued from water use 
with the upper riparian states that are bound 
not to obstruct or delay the water flow. But it 
should be borne in mind that the population in 
Lake Victoria catchments has grown 
drastically in the last 50 years to about 
30,000,000. This implies that the demand for 
land for cultivation and settlement is higher. 
Consequently, deforestation around the lake is 
faster and erosion from the cleared land brings 
sediment and nutrients to the lake. Waste 
generated from industries and households also 
change the characteristics of the lake waters. 
Eutrophication has become a menace. Drought 
conditions prevailing in some parts of Kenya 
and Tanzania force the farmer to think of using 
Lake Victoria waters for irrigation and 
domestic water supply. What help have the 
lower riparian states given to upper riparian 
states in managing the catchments for these 
years? Probably nothing. The Nile Basin 
Initiative has, so far, stipulated a shared vision 
of equitable utilization of, and benefit from, 
the common Nile Basin water resources. But 
that cannot be achieved without reforming the 
agreements signed to put in shared 
responsibilities between upper and lower 
riparian states. While the upper riparian states 
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are calling for review of the treaties the lower 
riparian states hold for status quo and that 
stand has made the upper riparian states lose 
patience. The lake Victoria is shared unevenly 
between Tanzania and Kenya and Uganda and 
therefore that created tension in terms of 
access to fishing grounds. High demand for 
fish in Kenya forces them to cross border for 
fishing but that has brought some political 
tensions and some fishermen from Tanzania 
and Uganda smuggle fish to Kenya. How do 
we share power generated at Owen Falls 
among East African riparian states and 
Burundi, Rwanda? I believe that now it is a 
high time to rethink the concept of water 
resources and shared responsibilities so as to 
answer the questions above. Otherwise Lake 
Victoria may become a hydro-political 
battleground. Let us acts now and no later for 
the betterment of generation to come. 
 
 
 
Impact of traditional farming on climate: 
A case study of Northern Zambia 
 
Muloshi, G. 
 
Zambian Meteorological Department, 
P.O. Box 30200, 10101 Lusaka 
 
It has become clear in the recent years that the 
increase in greenhouse gases and alteration of 
vegetation cover, both of which result from 
human activities, can significantly modify 
climate. The alteration of vegetation over a 
small area have only local impacts while that 
of a large area may result in major changes in 
the general circulation which may impinge 
upon remote continental rainfall. Vegetation 
cover strongly controls the amount of solar 
radiation flux on the land surface, in addition 
to heating the soil, provides energy for 
evaporation and atmosphere heating (sensible 
heat) and so influences the hydrological circles 
and atmosphere circulation. 
The unplanned and uncontrolled land use in 
Northern Zambia by the peasant farmers 
through traditional farming (slashing and 
burning of trees) locally known as 
“Chitemene’ interfere with physical and 
chemical properties of soil. This is a common 
traditional practice of shifting cultivation 
which lay bare the topsoil when exposed to 
strong season winds which blow over Zambia 

between May and September. For many years, 
there has been a vigorous campaign by the 
Zambia Government against some of the 
agricultural methods that have destructive 
effects on the environment. Although the 
practice is slowly dying out as the campaign 
for modern farming methods intensifies, the 
destruction made to the natural forest over the 
decades has had a significant contribution to 
large –scale deforestation and global warming. 
 In the this present study, changes of climate 
have been analyzed and studied on the basis of 
annual temperature and rainfall records at five 
weather stations which gave a fairly good 
coverage of Northern province. The selected 
stations were those that have long-term records 
(in most cases 40 to 60 years). Annual 
departures from normal were used to 
determine if there was any evidence of long-
term trend during the entire records from 1940 
spanning to 2000. The relevant analyses for 
both rainfall and temperature records showed 
regular fluctuations with varying but 
significant periods with no definite trend in 
respect of rainfall. The temperature values 
however indicate of a clear trend of warming 
(by about 1 degrees Celsius) during the period 
while the pattern of change seems to point to 
human influence on climate.  
 
 
 
Human impacts on terrestrial ecosystems 
 
Kachuka, F-X. 
 
Technician Research, South-Kivu, Bukavu 
DR Congo, P.O.BOX 2 Cyangugu (Rwanda), Petit 
Séminaire  
 
 
There is an actual interaction between man and 
his terrestrial and aquatic environment. 
Through farming, building and hunting 
activities, he modifies the ecosystems. The 
environmental alteration harms in turn, the 
natural health of individuals. The demographic 
parameters modify the environment and cause 
a timber harvesting in favour of energy needs, 
fields and buildings places. As a consequence, 
there is then clip and decrease of fresh water. 
We also notice the rising of the sea levels, 
heavy sedimentation, climate changes, 
atmosphere pollution and watercourse All 
these effects threaten the men, plants and 



 29 

animal’s life. The use of chemical fertiliser to 
increase the farming production changes the 
grounds and therefore, it may involve cancer 
risks and other problems. With the bushfire 
men destroy ecosystems and also produce 
carbon dioxide. It is imperative for humans to 
conserve terrestrial and aquatic ecosystems in 
order to protect their life using recommended 
methods. 
  
 
 
Soil productivity evaluation in some areas 
of Zambia 
 
Bhattacharyya, A.K. 
 
School of Environmental  Sciences, 
Jawaharlal Nehru University, New Delhi-110067, India. 
 
Soil Productivity is a function of many factors 
viz. Climate, Soil, Plant type, Management 
and Time. From the data of all the possible 
variables, the soil potential productivity may 
be predicted. It is important to know in 
quantitative term the productivity of soil for a 
particular crop along the changes it undergoes 
with time under certain management 
conditions. The Zambian soil scientists 
initiated the investigation at Luapula and 
Copperbelt Regional Research Stations in 
1973. There are three well-described soil 
series, one being common at both the stations: 
Konkola and Mufulira I (Luapula) and 
Mufulira II and Misamfu series (Copperbelt). 
The objective is to find out their productivity 
using Maize (Zea mays) and Soya  (Glycine 
max) as indicator crops. The changes in soil 
characteristics as influenced by the crops and 
management practices have been recorded. 
The areas are upland having slope of around 
1%. Both Konkola red and Mufulira I reddish 
brown, series are sandy clay loam in the 
surface layer and are clay in the sub-soil 
layers. Other two soils are higher in texture 
dark brown sandy loam in surface and become 
strong brown sandy clay loam in sub-soil. All 
the soils are acidic (pH- 4.6 to 5.2), having low 
base saturation specially soils at Copperbelt. 
Organic carbon in the surface layer is high 
(1.7%). It decreases with depth but more 
rapidly at Luapula. The soil moisture contents, 
exchange cations, P and clay contents are 
higher in the soils at Luapula; conversely fine 
sand fraction is substantially higher at 

Copperbelt. The cropping schedules were: 1) 
Maize plants grown continuously  (2) Maize 
followed by Soya  (3) Soya followed by Maize  
&  (4) Soya grown continuously. The results 
of this experiment are summarised below: 
Maize invariably yielded higher in rotation 
with Soya as compared to its yields when 
grown in monoculture on the same soil. The 
influence of Maize on the yield of Soya when 
grown in rotation is negligible. The yield 
differences among four series of soil so far are 
non-conclusive. However, Konkola series 
tends to maintain higher yields than the other 
three series. The field capacity, available 
moisture and moisture saturation have been 
adversely affected by Maize monoculture. 
Soya does help to improve these 
characteristics to some extent. The wilting 
point is unaffected by the treatments. The 
Coefficient of Aggregation of the surface layer 
was reduced by 10% in Misamfu series, which 
gave the lowest yield of Maize in monoculture. 
There are some favourable effects of the 
legume Soya on core bulk-density and total 
porosity of the soils. Organic C, Total N and 
pH have declined after 4 years of cultivation of 
Maize and Soya but the P content of surface 
soils has increased. The C:N ratio (20) of the 
original surface soil has decrease (17). The 
exchangeable Ca which is mostly in the 
surface layer doubled in some cases due to 
liming at the initial stage but increased Ca 
could not be detected by pH value. The above 
findings have certainly thrown sufficient light 
to draw the future planning of the Cropping 
Schedule in those specific areas of Zambia for 
sustainable soil productivity against the 
background of Global warming / Climate 
change. 
 
 
 
Bad fishing gears and methods: Its impact 
on the ecosystems function of Lake Victoria, 
inflowing rivers and streams 
 
Mzighani, S. 
 
Tanzania Fisheries Research Institute (TAFIRI), P.O.Box 
46, Shirati, Mara,Tanzania 
 
Lake Victoria is the second largest freshwater 
lake in the world after Lake Superior in North 
America. Three countries of Tanzania, Uganda 
and Kenya share this lake. The lake is an 
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important source of food for the people living 
on its banks. Also the lake is very useful in 
social and economic activities. Hundreds of 
rivers and streams fed the lake. 
The ecosystems of Lake Victoria have been 
keep on changing due to bad fishing gears and 
methods like beach seine nets, pulse seine 
nets, monofilament gillnets, small mesh sizes 
gill nets, tycoons, fence/barrier fishing and 
poisonous fishing. These bad fishing methods 
led to overexploitation of fish resources, 
destruction of breeding and nursery grounds of 
different species of fish, juveniles fishing, 
disappearance of some fish species and 
mortality of fish species. Some native species 
like Oreochromis esculentus and O.variabilis 
have disappeared from Lake Victoria due to 
some of these bad fishing gears and methods. 
Anadromous species like Labeo victoriunus 
decreased in number due to barrier fishing in 
rivers and streams flowing inside the lake at 
the time of rain when they go upstream for 
spawning. 
The introduction, availability and cheap proper 
fishing gears and education to all the 
stakeholders of Lake Victoria will enhance the 
conservation of this lake for rapid resilience 
for the benefit of current and future 
generations. People should be educated to be 
aware on the environmental issues and left 
them to conserve the environment without a 
big force from the governments. 
Key words: Lake Victoria, fishing gears, 
fishing methods, ecosystem, anadromous, 
resilience. 
 
 
 
 
 
 
 
 
 

A geo-information approach to the 
assessment of soil erosion on Mountain 
Elgon, Eastern Uganda 
 
Yazidhi, B.1  and Tenywa M.M.2  
 
1Department of Geography, Makerere University, PO 
Box 7062, Kampala, Uganda 
2Department of Soil Science, Makerere University, PO 
Box 7062, Kampala 
 

Soil erosion is the most serious form of 
environmental degradation in Uganda. Two 
areas i.e. mountainous and dry land areas have 
been recognized as being highly vulnerable to 
erosion. One of the regions experiencing 
severe rates of soil erosion is mountain Elgon. 
Controlling erosion requires quantitative data 
to assist in identifying critical areas and 
formulating sound soil conservation measures. 
A study using Remote Sensing (RS), 
Geographical Information Systems (GIS) and 
runoff plots was initiated to assess the 
magnitude of soil loss across varied land use 
practices on Mountain Elgon. The GIS-
Revised Universal Soil Loss model (RUSLE) 
was used to obtain the soil loss hazard map for 
Mt. Elgon. The model was run in GIS using 
ILWIS 3.1. Four (4) GIS layers i.e. surface 
cover (C), soil erodibility (K), rainfall 
erosivity (R), and slope length (LS) were 
generated and overlaid to produce a soil 
erosion hazard map for Mt. Elgon. Results 
show that average annual soil loss rate in the 
Mt. Elgon catchment was 20 t ha-1 yr-1, with 
rates varying from 0 to 496 t ha-1 yr-1. In terms 
of land use, the highest (33.6 t ha-1 yr-1) and 
lowest (0.04 t ha-1 yr-1) soil loss rates were 
estimated under annual and woodland land 
uses respectively, with a significant difference 
(P<0.05).    
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