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Pollen analysis of a 15.5-m sediment core from Lake Naivasha, central Rift Valley of Kenya, 
reveals that the vegetation from before 20,290 to nearly 12,000 yr B.P. was dominated by open 
grasslands, indicating arid conditions. Within this period a moderately wetter climate existed 
between 17,000 and 15,000 yr B.P., shown by relatively slight increase in both the montane and 
lowland forest vegetation. From approximately 12,000 to 6500 yr B.P., a change toward more trees 
and forests started at lower altitudes around the basin of Lake Naivasha, and later in the higher 
montane regions. After 6000 yr B.P. a decline in forest and lowland trees opened the vegetation into 
more grasslands and by 4000 yr B.P. a vegetation similar to the present was attained and has 
persisted to the present. During this period shallow-water aquatic plants became abundant in Lake 
Naivasha. 0 1991 University of WashinSton. 

INTRODUCTION 

The climate of East Africa for the last 
30,000 yr, includes a prolonged period of 
aridity and low temperatures indicated by 
low lake levels, reduced forests, and wide- 
spread grasslands, until about 13,000 yr 
B.P., possibly interrupted by a moist epi- 
sode around 17,000 yr B.P. (Harvey, 1976; 
Livingstone, 1980). Since 13,000 yr ago, the 
climate became increasingly wet, reaching 
a climax in the ninth millennium B.P. (Bak- 
ker and Coetzee, 1969; Street and Grove, 
1976). Gradual desiccation followed, often 
associated with temperature increases. 
Hamilton (1982) speculates that the glacia- 
tions he designates I and II may date to 
18,000 and shortly before 11,500 yr B.P., 
respectively. From a core at about 3800 m 
in the summit region of Oldoinyo Lesatima 
in the Nyandarua Mountains, Perrott and 
Street-Perrott (1982) infer that glaciation 
occurred shortly before 12,200 yr B.P. 

In the central Rift Valley of Kenya, a 
trend toward warmer and wetter conditions 
at approximately 12,500 yr B.P. coincided 
with deglaciation at higher altitudes (Ham- 
ilton, 1982). A short period of cooler and 

drier conditions occurred about lOJO& 
10,000 yr B.P. (Washbourn, 1975; Richard- 
son, 1966). A return to warm moist condi- 
tions after 10,000 yr B.P. which probably 
lasted until 5600 yr B.P. or later (Butzer, et 
al., 1972; Richardson and Richardson 
1972), is indicated by a rise in lake levels. 
The three Rift Valley lakes in the area of the 
present study (Fig. 1) have been low and 
intermittent since that time; evidence sug- 
gests that maximal Holocene aridity oc- 
curred in these basins between 4000 and 
3000 yr B.P. (Richardson and Richardson, 
1972). 

The evidence for these statements is 
drawn from four main sources: (1) geologi- 
cal and microfossil data on changes in lake 
levels in the Rift Valley (Richardson, 1966; 
Richardson and Dussinger, 1986; Wash- 
bourn, 1975); (2) pollen records largely 
from montane lake sediments of East Af- 
rica (Bakker, 1964; Coetzee, 1964; Living- 
stone, 1967, 1975); (3) documented changes 
in the altitude and distribution of perennial 
ice cover and analysis of glacial deposits in 
montane regions (Hastenrath, 1984; Ma- 
haney, 1988; Osmaston, 1958, 1965); and 
(4) data obtained from the present distribu- 
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FIG. 1. Map showing the central Rift Valley of Kenya. 
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tion of the African flora (primarily forest) 
and fauna. 

While much has been done, some general 
gaps exist. For example, most pollen as- 
semblages come from montane environ- 
ments and little is known about Quaternary 
changes in the woodland or grassland plant 
communities below an altitude of 2100 m, 
or the mixed Olea (olive)-Turchonanthus 
(leleswa)-Acacia (mostly fever tree) com- 
munities of forest savanna ecotone of cen- 
tral Rift Valley between 2000 and 2300 m 
(Ambrose, 1984). 

This paper presents results of a palyno- 
logical analysis of a 15.5-m sediment core 
from Lake Naivasha (Fig. 1) in the central 
Rift Valley of Kenya. The core spans a little 
more than the last 20,000 years. The record 
is long enough to include the last glacial 
maximum in temperate latitudes and the 
switch to interglacial conditions at about 
12,000 yr B.P. (Hamilton, 1982). The rec- 

ord also covers the period of maximum 
rainfall in East Africa at approximately 
9000 to 5000 yr B.P., a time marked by high 
lake levels in lakes Naivasha, Nakuru, and 
Elmenteita. 

STUDY AREA 

The central Rift Valley of Kenya is an 
area of moderate altitude that resulted from 
formation of the rift. The area forms a 
catchment for the drainage from two exten- 
sive forest stands on both margins of the 
rift; the Nyandarua Mountains on the east 
rise to about 3960 m and Mau Escarpment 
on the west to above 3000 m. The catch- 
ment presently includes three lakes: 
Naivasha, Nakuru, and Elmenteita (Fig. 1). 

Lake Naivasha located at 0” 45’S and 36 
20’E has an altitude of 1890 m. It has no 
outlet at present but is thought to have dis- 
charged during the middle Holocene 
through Njorowa Gorge to the south (Rich- 
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ardson and Richardson, 1972). Several riv- 
ers feed the lake from the north, where the 
Malewa River forms the main inlet (Fig. 1). 
The lake has an average depth of about 4 m; 
a maximum depth of 7.6 m was recorded in 
1957. An area of about 120 km2 and a shore- 
line of approximately 50 km were recorded 
in 1968 (Melack, 1979). Lake Naivasha re- 
ceives drainage from higher parts of the val- 
ley floor in the Kinangop Plateau and also 
from the montane regions of the Nyandarua 
Mountains and the valley floor east of the 
lake. To the south, Mt. Longonot, Mt. 
Suswa (Fig. l), and other smaller volcanoes 
form a barrier which is broken by Njorowa 
Gorge. 

CLIMATE AND MODERN VEGETATION 

Lake Naivasha lies within the range of 
the Intertropical Convergence Zone. Pre- 
vailing winds are from the east and north- 
east. Mt. Kenya and Mt. Nyandarua cap- 
ture most of their rainfall from the mon- 
soons and cast a significant rainshadow 
over the central rift, particularly over the 
Naivasha basin, the central part of which 
receives less than 500 mm of precipitation 
per year (Ambrose, 1984). The floor of the 
rift is mildly warm and dry, while the higher 
reaches of the escarpments are increasingly 
cold and wet. Rainfall and temperature, 
which are closely correlated with altitude, 
are altered by the rainshadow cast by the 
mountains east of the rift. In the central rift 
temperature decreases with altitude at a 
rate much faster than precipitation in- 
creases (Ambrose, 1984). 

Where natural vegetation remains, the 
floor and the flanks of the central Rift VaI- 
ley between about 1500 and 1890 m are 
characterized by open to densely wooded 
Acacia savanna grasslands, and annual 
rainfall is less than 600 mm. From 1980 to 
2290 m, a mixed Olea-Tarchonanthus- 
Acacia bush becomes common at the mon- 
tane forest-savanna ecotone, and rainfall is 
over 600 mm. A closed montane sclerophyll 
forest of Juniperus and Podocarpus ex- 

tends from 2290 to 2600 m, with bamboo in 
wet areas above 2400 m; in this zone annual 
rainfall ranges from 800 to 1600 mm. Open 
moorland with stands of forest and bamboo 
occurs above 2600 m, where rainfall is over 
1600 mm (Ambrose, 1984). 

MATERIALS AND METHODS 

Lake sediments analyzed in this study 
were subsamples of a 15.5-m-long core 
raised from the main portion of Lake 
Naivasha by J. L. Richardson and P. 
Waiswa in 1969-1970, using a modified Liv- 
ingstone piston sampler (coring procedures 
described by Wright et al., 1965) and 
shipped to Richardson’s laboratory in 
Pennsylvania. Samples weighing about 0.5 
g each, and collected at 20 cm intervals 
along the core, were processed following 
the procedure described by Faegri and 
Iversen (1975). The procedure involved 
treatment with 10% HCl, 5% KOH, acetol- 
ysis mixture (Erdtman, 1960) and HF (52% 
hydrofluoric acid) to remove carbonates, 
humic acids, cellulose, and silica, respec- 
tively. From every sample processed, three 
pollen slides were prepared for pollen 
count, each consisting of 30 ~1 of pollen 
residue embedded in liquid glycerin and a 
coverslip sealed at the edges with confor- 
ma1 coating. Pollen counts were made at 
400x magnification using a Leitz Ortholux 
microscope with apochromatic objectives. 
Oil immersion at 900x and 950~ magnili- 
cation were used to identify unfamiliar pol- 
len grains. 

Identification of pollen grains was based 
on comparison with modern pollen and 
photographic collections in the laboratory 
of D. A. Livingstone at Duke University, 
reference to published pollen atlas (Bonne- 
fille, 1971; Bonnetille and Riollet, 1980), 
and pollen-type descriptions (Heusser, 
1971; Kingham, 1976; Ferguson and Stra- 
than, 1982). At least 500 pollen grains were 
counted from each sample, except in a few 
samples where preservation was poor. 
Generally samples from levels with much 
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sand and ash had very few or no pollen, 
resulting in gaps in the pollen diagram. Pol- 
len grains were identified at various taxo- 
nomic levels. In most cases identification 
was made at generic level such as Aca- 
lypha, and in one case two pollen types be- 
longing to one genus were identifiable, i.e., 
Olea fine reticulate and Olea wide reticu- 
late. Several pollen types could be identi- 
fied only at family level, e.g., in Composi- 
tae, and in one case pollen could be identi- 
tied belonging to either Chenopodiaceae or 
Amaranthaceae (Cheno/Am.). A total of 87 
pollen types were identified. Pollen counts 
were entered into a Radio Shack TRS-80 
model II microcomputer using CORE- 
PLOT program (Tucker and Tucker, 1985). 
Using the coreplot, separate pollen dia- 

grams were plotted based on terrestrial pol- 
len sum and aquatic pollen sum. 

Pollen deposition rates were calculated 
using the method described by Kendall 
(1968) in which the number of pollen grains 
counted in a known volume of pollen resi- 
due is used to calculate the total pollen con- 
tained in the sample processed and is then 
expressed as number of pollen grains de- 
posited per square centimeter per year. 

CHRONOLOGY 

Five radiocarbon dates (Fig. 2) were ob- 
tained for the core from Teledyne Isotopes, 
Inc. by J. L. Richardson. The rate of sedi- 
ment accumulation, calculated by dividing 
the length of the sediment accumulated by 
the number of years between 14C dates, was 
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FIG. 2. Plot of 14C dates vs depth in the Naivasha core. 
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nearly twice as high between 0 and 1740 yr 
B.P. (0.115 cm/yr) as between 1740 and 
12,270 yr B.P. It was quite constant within 
the later time period. Between 1740 and 
4145 yr B.P. the sedimentation rate was 
0.062 cm/yr; between 4145 and 9670 yr B.P. 
its rate was 0.063 cm/yr and between 9670 
and 12,270 B.P. the rate was over 25% 
higher (0.081 cm/yr). A diagram of the im- 
plied changes in sedimentation rates is 
shown in Figure 2 with the radiocarbon 
chronology. 

POLLEN STRATIGRAPHY 

From the 15.5-m core, 39 stratigraphic 
levels found to contain suffkient pollen 
were analyzed for their pollen taxa counts. 
A plot of relative percentages of 25 major 
terrestrial pollen taxa is presented in Figure 
3. Relative percentages of pollen taxa in the 
aquatic pollen sum and pollen influx calcu- 
lated as number of pollen grains deposited 
per year per cm2 of sediment surface are 
shown in Figures 4 and 5, respectively. 

The diagrams have been divided into two 
distinctive pollen zones (Zone I and Zone 
II); each zone was further divided into sub- 
zones (a, b, and c). Identification of zone 
and subzone boundaries was based entirely 
on pollen assemblages as they appear on 
the diagram. Although zonation was not 
based on the sedimentary stratigraphy, 
there appears to be a relationship between 
the pollen zone boundaries and the nature 
of sediment. At four out of five zone bound- 
aries pollen preservation is poor; gaps in 
the pollen diagram are at levels where sam- 
ples did not contain pollen. The pollen of 
Sesbaniu (Papilionaceae) show no signiti- 
cant stratigraphic changes in the entire 
core. 

Zone I extending from a little before 
20,290 to about 12,270 yr B.P., is charac- 
terized by high percentages of ChenolAm., 
Compositae, and Anthospermum (Rubi- 
aceae). In this zone Olea (Olive) pollen, 
both fine and wide reticulate types, and 
Podocarpus pollen were low. Subzone Ia 
dating from before 20,290 to approximately 

18,000 yr B.P. has an assemblage domi- 
nated by Gramineae, ChenolAm., Cheno- 
podium, Compositae, and Sesbania. This 
assemblage has very low percentages of 
Podocarpus and Olea fine reticulate pollen; 
wide reticulate Olea is completely absent. 
Subzone Ib, from about 18,000 to 14,700 yr 
B.P., has an assemblage showing increase 
in pollen percentages for most taxa. An- 
thospermum, Hagenia (Rosaceae), Ver- 
nonia (Compositae), Acalypha (Euphorbi- 
aceae), Aeschynomene (Papilionaceae), 
and Celtis (Ulmaceae) start to appear in the 
pollen sum, while Podocarpus and wide re- 
ticulate Olea show higher percentages. To- 
ward the end of this period there is a sudden 
drop in both Olea pollen types, Celtis, 
Compositae, Blepharis (Acanthaceae), 
Hagenia, and Anthospermum. Subzone Ic, 
approximately 14,700 to 12,270 yr B.P., 
shows a reverse of the trend in the previous 
subzone Ib. A return to an assemblage 
more similar to that in Ia is observed. 
Podocarpus and Olea pollen fall to trace 
amounts, while Celtis, Blepharis, and An- 
thospermum disappear altogether. 

Zone II representing 12,270 yr B.P. to 
present, is characterized by higher propor- 
tions of both wide and fine reticulate pollen 
types of Olea and Podocarpus. Subzone 
IIa, 12,270 to probably 6500 yr B.P., is 
dominated by fine reticulate Olea pollen, 
with relatively higher percentages of 
Aeschynomene (Ambach), Artemisia, 
Celtis, Rapanea, and the first and the only 
presence of Pygeum pollen. During this pe- 
riod Cyperaceae pollen shows relatively 
lower percentages. Subzone IIb, approxi- 
mately 6500 to 4000 yr B.P., shows much 
higher proportions of Podocarpus, Olea 
fine and wide reticulate, and Liliaceae pol- 
len types. It is within this period that Nym- 
phaea and Alchemilla pollen appear in the 
record, and ChenolAm., Amaranthus, and 
Chenopodium rise to higher proportions af- 
ter being nearly absent in the previous sub- 
zone. Subzone IIc, from 4000 yr B.P. to 
present, also contains abundant Olea and 
Podocarpus, but is distinguished from IIb 
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I- MAJOR TAXA AS PERCENTAGE OF TERRESTRIAL POLLEN SUM 

FIG. 3. Pollen diagram showing major terrestrial taxa of the Lake Naivasha core. 

by higher percentages of ChenolAm., Che- 
nopodium, Amaranthus, Celtis, Phyllan- 
thus, and Nymphaea pollen, by reappear- 
ance of Anthospermum pollen, and by re- 
duced proportions of all other pollen taxa. 

INTERPRETATIONS 

In both terrestrial and aquatic pollen 
sums (Figs. 3 and 4) the high percentages of 
Gramineae and Cyperaceae pollen, respec- 
tively, obscure the importance of other 
types. Unfortunately, both pollen types are 
not distinguishable beyond family level. 
Sesbania pollen show no stratigraphic 
changes in the entire core, probably due to 
river-transport and lake-shore contribu- 
tions, because Sesbaniu species recorded 
in the Rift Valley are components of lake- 
shore, swamp, and riverine vegetation. 

The stratigraphic boundary that sepa- 
rates zones I and II of the pollen diagram 
falls at about 12,270 yr B.P. The higher per- 
centages of Olea and Podocarpus pollen in 
zone II distinguishes it from zone I. Zone II 

could therefore be characterized as an 
Olea-Podocarpus zone. Species of both 
Podocarpus and Olea are wind-pollinated 
and their pollen have a wide dispersal 
range. Podocarpus has such a wide dis- 
persal range that Coetzee (1967) warns 
against interpreting proportions less than 
20% in the pollen sum as an indication of a 
nearby Podocarpus forest. Three species, 
Podocarpus gracilior Pilger, Podocarpus 
milanjianus Rendle, and Podocarpus usam- 
barensis Pilger, are now abundant in the 
highland forests above 2100 m, and have a 
discontinuous distribution below this alti- 
tude. On the other hand, two species of 
Olea (Olea africana Mill. and Olea 
hochstetteri Baker) are widespread in 
woody grasslands and drier upland forests. 
Comparing the proportions of Olea and 
Podocarpus pollen in both zones I and II 
does suggest a source much farther than 
present from before 20,290 to about 12,270 
yr B.P. (zone I), implying a reduction in the 
extent of montane forest through a rise of 
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FIG. 4. Pollen diagram showing aquatic taxa of the Lake Naivasha core. 

its lower margin to considerably higher al- 
titudes. During this period, prominent ter- 
restrial pollen types other than Gramineae 
were ChenolAm., Compositae, Anthosper- 
mum, and Aeschynomene. These taxa, ex- 
cept the Ambach which is a component of 
lake shore vegetation, are indicators of dry 
conditions (Coetzee, 1964, 1967; Kendall, 
1969; Livingstone, 1971). High abundance 
of Ambach pollen, when accompanied by 
other indicators of dry conditions, may in- 
dicate exposed lake flats or shallow waters 

because all the modem species in the study 
area are found in water along lake margins, 
river banks, or in seasonal and permanent 
swamps. The relatively higher percentages 
of Cyperaceae pollen in zone I may have 
been due to local production in exposed 
lake margins and possibly a wider dispersal 
range because of a reduced tree canopy 
cover. 

The prolonged period of aridity in zone I 
appears to have been interrupted by a short 
episode of moderately wet climate between 
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FIG. 5. Pollen deposition in Lake Naivasha. 

approximately 17,000 and 15,000 yr B.P. 
represented in the diagram by subzone Ib. 
The slightly higher percentages of the forest 
taxa Podocarpus, Olea, Celtis, Anthosper- 
mum, and Hagenia compared to other sub- 
zones of zone I indicate a highland forest 
more widespread or closer to the Lake 
Naivasha basin. By comparison, the An- 
thospermum pollen type encountered in 
this study was similar to that of Anthosper- 
mum herbaceum L.f. in the pollen collec- 
tion (Maitima, 1988), which is presently 
found in edgerows and short grass on the 
Nyandarua Mountains (Dale and Green- 

way, 1961). The higher percentages of An- 
thospermum pollen during this period, and 
the presence of Hagenia pollen, the only 
strictly montane type in Naivasha pollen 
record, confirms a moderate expansion of 
montane forest, possibly with its lower 
margin being closer to the floor of central 
Rift Valley. The relatively lower percent- 
ages of ChenolAm. pollen during this wet 
phase could be due to a reduction in local 
production as higher lake levels reoccupied 
formerly exposed flats. 

From 15,000 to 12,270 yr B.P. (subzone 
Ic) the pollen assemblage shows a return to 
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dry conditions similar to those in subzone 
Ia. Pollen stratigraphy in subzone Ia is sim- 
ilar to that of subzone Ic in taxa composi- 
tion except for the additional presence of 
Artemisia pollen in Ic, and lower propor- 
tions of Podocarpus and both fine and wide 
reticulate Olea pollen. Artemisia pollen 
was reported by Hamilton (1982), Kendall 
(1969), and Coetzee (1967) as an indicator 
of dry conditions. In the central Rift Valley 
of Kenya, Artemisia ufia Willd. is found in 
the dry shrubby montane grasslands (Ag- 
new, 1974). The decline of Ambach pollen, 
which increased in proportions during the 
wet phase of subzone Ib, was probably due 
to reduced lake margins, swamps, and riv- 
ers. 

Subzone II begins at approximately 
12,270 yr B.P. and extends to the present. 
This zone can be characterized as an Olea- 
Podocarpus pollen zone due to the abun- 
dance of these types in the stratigraphy. 
This zone starts with a pollen assemblage 
that displays an increase in forest vegeta- 
tion, as shown in subzone IIa (12,270 to 
approximately 6500 yr B.P.) by the pollen 
of Olea (fine reticulate type), Rupanea, 
Celtis, Myrica (Myricaceae), Pygeum (Ro- 
saceae), and Artemisia. The increase in 
Myrica and Artemisia pollen, which are in- 
dicators of dryness in the montane forest 
(Hamilton, 1982; Coetzee, 1967), indicates 
a dry forest in the Nyandarua Mountains. 
The pollen of Rupanea (Myrsinaceae) and 
Pygeum indicate a forest or more closed 
vegetation on the valley floor. Rupanea 
pulchra Gilg and Schellenb., Rapanea 
rhododendroides (Gilg) Mez, and Pygeum 
africanurn Hk.f. are recorded by Dale and 
Greenway (1961) as common tree compo- 
nents in the forest of Nyandarua Moun- 
tains. During this period of subzone IIa, the 
pollen of ChenolAm., Amaranthus, Che- 
nopodium, and Cyperaceae are in relatively 
lower percentages, probably due to a re- 
duction in local production as the exposed 
dry lake flats are covered by water. The 
pollen assemblage in subzone IIa indicates 
wet conditions. 

At about 6500 yr B.P. Podocarpus pollen 
joined that of Olea in dominating the tree 
pollen record while other tree components 
like Rapanea and Pygeum disappear alto- 
gether. For the first time, pollen of Al- 
chemilla (Rosaceae) appears in the record 
during this period. Despite the increase in 
Podocarpus and Olea pollen, this assem- 
blage indicates dry conditions, due to the 
decline of all other tree taxa, especially 
those in the lowlands. Alchemilla pollen 
was reported by Coetzee (1967) to indicate 
warmer conditions at high altitudes when 
the pollen of other indicators of the same 
conditions and open vegetation are present. 
Higher percentages of ChenolAm., Ama- 
ranthus, and Chenopodium indicate a dry 
period. Nymphaea (Nympheaceae) pollen 
which appears to be prominent in the 
aquatic pollen sum during this period, is an 
indication of low lake levels (Kendall, 1969) 
because it is a rooted aquatic plant. Lili- 
aceae, mostly grassland herbs (Agnew, 
1974), made a significant contribution to the 
terrestrial pollen sum during this period and 
could be interpreted as an indication of 
widespread grasslands. These observations 
therefore indicate a dry period between 
6500 and 4000 yr B.P. 

From 4000 yr B.P. to present (subzone 
11~) there is no indication of a lowland for- 
est. The highland forest was dry and much 
less abundant. Higher proportions of Nym- 
phaea pollen and absence of Aeschy- 
nomene indicate reduced lake levels and 
more open lake shore vegetation. This as- 
semblage suggests a dry and hotter climate 
than that of previous subzone IIb. 

DISCUSSION 

The paleoecology of East Africa is now 
broadly understood from the initial palyno- 
logical investigations of Bakker (1964), Co- 
etzee (1964, 1967), Livingstone (1962, 1967, 
1971, 1973, Morrison (1968), and Kendall 
(1969) who have inferred that glacier retreat 
in East Africa was roughly coincident with 
that of Europe and Americas. 

Butzer et al., (1972) and Perrott and 
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Street-Perrott (1982) document changes in 
the levels of East African lakes. Lake Na- 
kuru reached levels much lower than 
present until about 12,500 yr B.P., with a 
slightly higher stand between approxi- 
mately 12,500 and 10,000 yr B.P. Richard- 
son and Richardson (1972) report that Lake 
Naivasha discharged to the south through 
the present Njorowa Gorge prior to 5650 
and 3040 yr B.P. There followed a sudden 
drop in water level to near dryness until 
1000 yr B.P. when the lake attained the 
present level (Richardson and Dussinger, 
1986). These changes in the level of Lake 
Naivasha have been determined by the 
analysis of diatoms and ostracode stratigra- 
phies. Palynological data are useful in aug- 
menting the limnological records in recon- 
structing the paleoecology and climatic 
changes of lake basins. 

The pollen diagram from Lake Naivasha 
is largely dominated by grass pollen, which 
unfortunately cannot be differentiated be- 
yond family level. The only information 
that can be obtained from grass pollen in 
this study is that relatively higher percent- 
ages indicate more open vegetation, and 
lower percentages with higher proportions 
of tree pollen may indicate a more closed 
vegetation. There is a high correlation be- 
tween the vegetation changes reported in 
this study and the climatic patterns of the 
central Rift Valley described by other 
workers. The major vegetational change 
that separates zone I and zone II pollen as- 
semblages falls at a time when lake levels in 
the central Rift Valley, and even Lake Vic- 
toria, rose significantly (Kendall, 1969; 
Richardson and Dussinger, 1986), montane 
vegetation records imply a shift to wetter 
conditions (Bakker, 1964; Coetzee, 1964; 
Livingstone, 1967), and glacial moraines 
were formed in the Nyandarua Mountains 
(Hastenrath, 1984; Hamilton, 1982; Perrott 
and Street-Perrott, 1982). Zone I of the 
Naivasha pollen record, interpreted as a 
dry period and possibly punctuated by a 
short moderately wet episode, corresponds 
to a period of reduced water level in Lake 

Naivasha (Richardson and Dussinger, 
1986). The early to middle Holocene high 
lake levels correspond to the wetter period 
of subzone IIa in the pollen stratigraphy. 
Richardson and Richardson (1972) explain 
the higher altitude replacement of dry mon- 
tane forest by moist tropical forest after 
5600 yr B.P. to be due to temperature in- 
crease being greater than precipitation in- 
crease, leading to an increase in evapo- 
transpiration rates at lower altitudes. Sub- 
zone IIb shows a trend to more open 
lowland vegetation and widespread moist 
highland forest. 

The climatic changes observed by Ken- 
dall (1969) at Pilkington Bay in northern 
Lake Victoria basin correlate for most part 
with those of the central Rift Valley re- 
ported here. The Naivasha pollen diagram 
(Fig. 3), however, gives no evidence of a 
vegetation change about 10,000 yr B.P. that 
Kendall observed for Lake Victoria. There 
also is no evidence of a temperature change 
about this time in the pollen diagram from 
the Ruwenzori (Livingstone, 1967); while 
there were vegetation shifts on the Cheran- 
gani Hills, it is not clear whether they were 
due to fluctuations of temperature or mois- 
ture (Bakker, 1964). A similar correlation of 
the Naivasha pollen record can be made 
with the montane zones of Mount Kenya 
and Cherangani Hills (Coetzee, 1964; Bak- 
ker, 1964). Sediment discontinuity and in- 
consistency of radiocarbon chronology of 
the records from Lake Abiyata in Ethiopia 
(Lezine, 1982; Lezine and Bonnefille, 1982) 
make it difficult to compare the pollen stra- 
tigraphy from that area with the Naivasha 
record. 

The Lake Naivasha pollen record has 
produced evidence of a brief wetter or 
moister period between about 17,000 and 
15,000 yr B.P. (subzone Ib). A pollen dia- 
gram from Sacred Lake at 2440 m on Mt. 
Kenya was interpreted by Coetzee (1967) 
as indicating dry conditions due to a high 
incidence of Artemisia pollen in the corre- 
sponding zone T (Coetzee, 1967). Pollen 
records from Kaisungor Swamp at 2900 m 
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on the Cherangani Hills (Bakker, 1964; 
Hamilton, 1982) and from Laboot Swamp 
at 2880 m on Mt. Elgon (Hamilton, 1982) 
indicate an arid climate during this period, 
whereas interpretations of diatom and os- 
tracode assemblages from Lake Naivasha 
indicate relatively higher lake levels during 
this time. It is difficult to explain the cli- 
matic implications of the Naivasha pollen 
record, especially between 17,000 and 
15,000 yr B.P., due to the lack of sufficient 
paleoecological data from lowland East Af- 
rica. More palynological data are needed 
from middle- and low-altitude localities to 
understand local vegetation shifts in re- 
sponse to climatic change, and to permit 
comparisons with the better-known pat- 
terns from montane areas. 

Pollen influx rates show that more pollen 
was deposited during dry periods, which 
may have been due to a relative increase in 
grasses and more effective wind dispersal 
in the more open vegetation. The pattern of 
changes in pollen deposition are closely re- 
lated to the observed pollen zonation. This 
similarity shows that the changes in pollen 
assemblages are due to changes in the veg- 
etation and not to sedimentation processes. 

In conclusion, the vegetation changes in 
Lake Naivasha basin show a period of arid- 
ity from before 20,290 to approximately 
12,270 yr B.P., possibly interrupted by a 
short wetter interval at about 17,000 yr B.P. 
A wet phase from 12,270 to 6500 yr B.P. 
caused an expansion of forests, creating a 
woody vegetation around Lake Naivasha. 
A dry climate between 6500 and about 4000 
yr B.P. reduced the forest and increased 
grasslands. Between 4000 yr B.P. and the 
present the climate has been hot and dry. 
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