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Introduction
As ecosystems respond rapidly to present and predicted future 
environmental shifts there is a pressing need to understand how 
these ecosystems have responded to past environmental changes. 
Information on past ecosystem dynamics can be retrieved from 
sediment archives analysed for their pollen context to quantify 
ecological change that has been driven by episodes of climate 
change, anthropogenic and herbivore activities. Unfortunately, 
palaeoecological records from savanna ecosystems are scarce 
because of lack of suitable sedimentary basins and, until rela-
tively recently, much palaeoecological work in the tropics was 
traditionally focused in montane areas or on large lakes. Records 
that have been produced from savanna areas demonstrate a highly 
changeable ecosystem responding rapidly to climate change 
(Gillson, 2004; Taylor et al., 2005; Vincens et al., 2003) with a 
long history of human–ecosystem interactions. The late-Holocene 
environment of Kenya experienced marked climate variability, 
particularly rainfall shifts with wide-ranging impacts on ecosys-
tems (Lamb et al., 2003). For example, a continent-wide shift to 
more arid climatic conditions around 4000 cal. yr BP (Marchant 
and Hooghiemstra, 2004) resulted in the savanna biome becom-
ing much more open than previously, with lakes in East Africa 
experiencing very low levels (Bonnefille and Umer, 1994; Cohen 
et al., 1997). Over the past 2000 years water levels in Lake 
Naivasha and Lake Tanganyika fluctuated dramatically with a 
well-defined warmer/drier period recorded between 950 and 650 
cal. yr BP, and further short periods of drought registered from 
560 to 530, 490 to 325 and 190 to 150 cal. yr BP (Alin and Cohen, 
2003; Verschuren et al., 2000).

Climatic shifts make the composition and distribution of 
savanna vegetation adjust quite dramatically (Higgins et al., 
2000; Knoop and Walker, 1985; Scholes and Archer, 1997). 
Combined with fire, high rainfall variability will limit tree recruit-
ment and create a patchy distribution of trees in space and time 
(Higgins et al., 2000; Gillson, 2004). Transitions from woodland 
to grassland-dominated savanna is generally attributed to more 
xeric environmental conditions with disturbance induced by fire, 
humans and/or large herbivores also being a strong control on 
savanna competition (Gillson, 2004; Western and Maitumo, 2004). 
Grassland to woodland transitions are also limited by recruitment 
events, but can be quite rapid possibly because of reduced distur-
bance or an abrupt shift to more favourable growth conditions 
(Bond and Midgley, 2000; Bond et al., 2002, 2005). For example, 
recent postindustrial increases of atmospheric CO

2
 have been shown 

to aid the transition from grass- to tree-dominated savanna (Bond 
et al., 2005). This process is not due to direct CO

2
 fertilization but 
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Abstract
Pollen, microscopic charcoal and radiocarbon data are used to document changes in vegetation dynamics during the late Holocene from Namelok Swamp 
in the Amboseli Basin (Kenya). The data reveal changes in savanna vegetation composition driven by an interaction of climate change, anthropogenic and 
herbivore activities. The abundance of Celtis, Podocarpus and Syzygium reflects a relatively moist climate from around 3000 to 2400 cal. yr BP. Increased 
abundance of Acacia, Amaranthaceae/Chenopodiaceae and Poaceae suggest a drier and/or warmer climate from 2150 to around 1675 cal. yr BP. The 
expansion of Syzygium within the catchment and decrease in Amaranthaceae/Chenopodiaceae reflect a relatively wet phase from around 1675 to about 
550 cal. yr BP – superimposed on this is a large increase in Poaceae from 1400 to 800 cal. yr BP indicative of a drier environment. The dominance of 
Amaranthaceae/Chenopodiaceae and Poaceae with an associated decrease in Syzygium from 550 cal. yr BP is thought to correspond to a drier climate. The 
uppermost samples, dating to the last 150 years, record a large increase in Acacia, Amaranthaceae/Chenopodiaceae and Poaceae with decrease in Syzygium 
and are attributed to recent land-use changes associated with increased sedentary settlement. The increased presence of Cannabis sativa, Cereal and Ricinus 
communis pollen, combined with charcoal in the sediment record, particularly from 2500 but more constantly from 1600 cal. yr BP, indicate a long history of 
human–ecosystem interaction in the Amboseli Basin that has implications for future management of the area.
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2  The Holocene 

to greater water-use efficiency of plants and increased growth 
rates of trees and shrubs so they grow above a height where fire 
regimes are able to maintain an open savanna patchwork (Bond 
et al., 2002). Grassland to woodland transitions may also be 
facilitated by a dramatic reduction in herbivore populations 
brought on by hunting (Dublin, 1995) or diseases such as rinder-
pest. When elephant populations decrease, or are controlled 
(Figure 1a), there is a rapid recovery of woody vegetation 
(Brockington, 2002; Dublin, 1991; Hakansson, 2004; Western 
and Maitumo, 2004).

Against this backdrop of continuous environmental shifts and 
savanna ecosystem response, East African ecosystems also expe-
rienced major human interactions during the late Holocene (Leiju 
et al., 2005; Marchant and Taylor, 1998; Taylor et al., 1999; 
Muiruri et al., unpublished data, 2008). One common signal from 
this increased interaction is of vegetation clearance to support a 
growing population with a combination of new crops and tech-
nologies as hunter-gatherer populations adopted, and/or were 
replaced by, a stock-herding pastoral subsistence economy that 

created open pasture (Marean, 1992). The landscape transforma-
tion process in East Africa was widespread, being recorded from 
montane to lowland savanna ecosystems – as increasing need for 
resources fuelled migration of pastoralists to the central Rift 
Valley between 1850 and 1100 cal. yr BP that led to land clearance 
for pasture (Bower, 1991). Accompanying these population migra-
tions was the development of iron smelting technology from 
around 2000 cal. yr BP as evidenced by finds from the surround-
ing Eastern highlands, the coastal hinterland of Kenya and the 
Usambara and Pare Mountains of Tanzania (Phillipson, 1993). 
Herbaceous taxa became more abundant with the increase in 
large-scale food producing activities and associated management 
practices such as the use of fire. Such an impact is recorded on the 
Laikipia Plateau of central Kenya where burning of the savanna 
intensified from 1620 to 670 cal. yr BP (Taylor et al., 2005). 
Evidence from archaeological sites along the Galana River in 
Tsavo, Kenya suggests that mobility in some Pastoral Neolithic 
communities was restricted as they relied heavily on riverine 
resources (Wright, 2005, 2007). Archaeological evidence, including 

Figure 1. (a) Agriculture encroachment within the Namelok catchment and (b) the impact of elephant enclosures on the growth and extent of 
tree cover, the fence has been in existence for about seven years
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pots and faunal remains, suggest that some populations continued 
to rely on hunting and gathering as their mode of subsistence 
(Childs and Killick, 1993). An increasing focus of research on the 
environmental history of East African ecosystems is to assess the 
timing and magnitude of human and large herbivore impact in 
relation to climate-driven changes in terrestrial ecosystems. 
Human impacts might have started sometime in the middle 
Holocene but large-scale vegetation disturbance is generally con-
sidered much more recent. The Amboseli Basin is a savanna eco-
system located northeast of Mount Kilimanjaro, famous for 
supporting high density and diversity of wildlife, especially the 
big herbivores, with the backdrop of Mount Kilimanjaro. Indeed, 
the hydrology of the Amboseli Basin is closely linked to precipita-
tion and subsequent groundwater channelling to lowland springs 
and their associated swamps. The Amboseli Basin has recently 
been losing tree and shrub cover with expansion of open water and 
the spread of halophytic plants (Altmann et al., 2002; Western and 
van Praet, 1973; Young and Lindsey, 1988). These recent changes 
need to be placed within a long-term context to provide the tem-
poral foundation for understanding the behaviour of this important 
location. We present a 3000 cal. yr BP palaeoenvironmental record 
from Namelok Swamp in the Amboseli Basin ecosystem, Kenya 
(Figure 2). This record is used to unravel the long-term ecology of 
the area and determine the climatic, anthropogenic and ecological 
influences on the ecosystem during the late Holocene.

Environmental setting, land use 
and climate
The Amboseli Basin, extending from the northern slopes of Mount 
Kilimanjaro on the Tanzania border to the savanna rangelands of 
Amboseli National Park, is characterized by strong ecological 
gradients. The surrounding area is described by undulating plains 
and volcanic hills that vary in altitude from about 500 m around 
Lake Magadi to 2500 m in the Ngong Hills; altitudes around 1200 
m are most common. The climate of the area is dominated by a 
combination of the migrating Intertropical Convergence Zone 
(ITCZ) that seasonally moves north and south about the equator, and 
trade winds originating from the Indian Ocean. The diverse topog-
raphy and locally high mountains break up classical circulation 

patterns (Griffiths, 1972; Trewartha, 1961) with moisture-bearing 
winds from the Indian Ocean also strongly influenced by the local 
topography that result in a highly variable local climate, particu-
larly rainfall distribution. Temperatures vary both with altitude and 
season; monthly mean temperatures range from 34°C in February–
March to as low as 12ºC in July (Altmann et al., 2002). The high-
est temperatures are recorded around Lake Magadi while the 
lowest minimum of 10°C is experienced at Loitokitok on the 
northeastern slopes of Mt Kilimanjaro. The district has a bimodal 
rainfall pattern; short rains fall between October and December 
while the long rains fall between March and May. Loitokitok, 
which has a higher elevation than the study site, records average 
rainfall around 1250 mm/yr while Magadi and Lake Amboseli 
(with slightly lower elevations than the study site) have an annual 
average rainfall of about 500 mm/yr. The rainfall pattern on the 
slopes of Mt Kilimanjaro (Loitokitok region) differs in that the 
rainfall from October to December is greater than the period from 
March to May. Heavy rains are largely convective and occur on the 
Ngong Hills, Chyulu Hills and the Nguruman escarpment.

Namelok Swamp

Namelok Swamp (2º54′52.50″S, 37º30′23.28″E; elevation 1146 
m) lies in the Amboseli Basin, in the Kajiado District of southern 
Kenya (Figure 2). The area is dominated by Poaceae, and a tree/
shrub layer of variable densities. Today the area is characterized 
by strong human impact that has converted much of the savanna 
into agricultural land (Figure 1a), being particularly intensive 
where water is available. The vegetation composition in the 
Amboseli Basin is determined by climate, soil type (including 
nutrient availability), plant symbiotic interactions, and distur-
bance by fire and interaction with herbivores (Gillson, 2004; 
Skarpe, 1992; Touber, 1993). The grasslands are dominated by 
Chloris rocksburghiana, Eragrostis tennuifolia, Sporobolus 
homblei, S. robusta and S. spicatus. In the flooded areas, 
Psilolemma jaegeri and common species of Sporobolus occur. 
The woodland and bushlands are composed of Acacia drepanolo-
bium, A. mellifera, A. nubica, A. tortilis, Aristida keniensis, Azima 
tetracantha, Commiphora spp., Eragrostis aspera, Salvadora 
persica and Solanum species. The adjacent riverine areas are 

Figure 2. Map of Kenya (a) showing the study area region within the Amboseli Basin (b) and more details of the Namelok Swamp and environs 
(Source: Google, 2009)
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mostly dominated by Acacia xanthophloea, Ficus thonningii, 
Salvadora persica and two species of Syzygium (S. cordatum and 
S. guineense). Syzygium cordatum are recorded as small trees 
close to the swamp margins. Vegetation on the swamp surface is 
dominated by Cyperus immensus (Papyrus) with tussock species 
of the sedge Carex, principally C. monostachya, also present. The 
large tussock-forming grass Pennisteum mildbraedii is locally 
abundant on the swamp margins.

Local communities and land use

Amboseli National Park, initially called Maasai Amboseli Game 
Reserve and known locally as Empusel (meaning ‘salty, dusty 
place’ in Maa), covers a total of 390 km² just north of the Kenya–
Tanzania border (Figure 2). The Park contains five swamps that 
are remnants of a previously more extensive but dried-up lake. In 
1883, Joseph Thomson, one of the first Europeans to cross through 
the area, was astonished by the beauty of the region and extensive 
wildlife population focused around a lake. The contrast of arid 
land, dry lake beds and swamps astonished him, as it continues to 
astound visitors today. Amboseli was set aside as the ‘Southern 
Reserve’ for Maasai in 1906 but returned to government control as 
a Game Reserve in 1948. Gazetted a National Park in 1974 to 
protect the core of this unique ecosystem, it was declared a 
UNESCO Man and the Biosphere Reserve in 1991. The National 
Park which is famous for the free-ranging elephants; with open 
views towards Mount Kilimanjaro and is one of the cornerstones 
of the Kenyan tourism industry.

The Maasai, considered as the local community, traditionally 
practice semi-nomadic pastoralism on communally owned land. 
However, this lifestyle has undergone rapid recent change because 
of ongoing land tenure changes and subdivision of group ranches 
leading to individual land ownership. These changes have encour-
aged farming communities from other parts of Kenya to migrate 
to the areas of relatively high agricultural potential. Land sold is 
mainly of high and medium potential, thus pushing the local pas-
toralists to drier, more marginal parts of the district. Owing to 
these recent changes in lifestyle, particularly restrictions imposed 
on migration, the Maasai are increasingly turning to subsistence 
farming. Following this shift, many swamps have been exploited 
for irrigation of crops, particularly maize and beans (Figure 1a), 
furthermore, during the dry seasons, livestock are moved around 
the swampy areas for grazing and watering that can lead to local 
hydrological shortages and local tensions over resource use. The 
Kenya Wildlife Services (KWS) have used electric fences to pre-
serve some of the swamps (Figure 1b) and adopted policies to 
reduce human–wildlife conflicts. These policies extend to areas 
adjacent to Amboseli National Park.

Methods and analysis
A 400 cm sediment core was raised from Namelok Swamp in 50 
cm overlapping sections, using a 5 cm diameter Russian corer. 
The recovered sediments were described in the field and trans-
ferred into 50 cm PVC pipes sectioned in half, wrapped in alu-
minium foil and transported to the Palynology Laboratory of the 
National Museums of Kenya and later to the University of York 
for cold storage. The 400 cm core comprises organic sediment 
composed mainly of herbaceous plant material with occasional 
pieces of wood; variable amount of inorganic material is present 

with occasional charcoal fragments. The sediments below 291 cm 
comprise a dark peat with decomposed plant material. 
Radiocarbon dating was performed on four depth intervals of the 
core (78, 170, 270 and 370 cm). Bulk peat sediment samples from 
these depths were dried and packed in aluminium foil and sent to 
the University of Waikato Radiocarbon dating laboratory (New 
Zealand) where they were washed in hot 10% HCl, rinsed and 
treated with hot 0.5% NaOH. The NaOH-insoluble fraction was 
treated with hot 10% HCl, filtered and dried. The results were 
calibrated to calendar ages using CALIB 3.0 (Stuiver and Reimer, 
1993) (Table 1). The dates were used to construct an age–depth 
profile (Figure 3).

A total of 41 samples were subsampled at 10 cm intervals and 
shipped back to the Palynology and Palaeobotany Laboratory, 
National Museums of Kenya (NMK) Nairobi for pollen analysis 
using the standard pollen concentration method (Faegri and 
Iversen, 1975). At least two slides were mounted per processed 
sample, with pollen counts done using a Leitz microscope at ×400 
magnification; critical identifications were made using ×1000 
magnification under oil immersion. A total of 78 terrestrial and 5 
aquatic plant taxa were identified, with spores, unknown and 
undifferentiated taxa also recorded. To assist in identification, 
modern pollen reference slides from the Palynology Laboratory of 
the National Museums of Kenya were used. The percentages of 
total fossil pollen were calculated from the pollen sum with 
aquatic pollen, spores and Poaceae excluded from the pollen sum, 
but unknown and undifferentiated pollen grains included. Poaceae 
was considered as local taxa because of a combination of it domi-
nating the pollen flora and numerous grasses growing on Namelok 
Swamp. The trees and shrubs were grouped together as arboreal 
taxa (AT) while herbaceous taxa were grouped as non-arboreal 
(NAT). Cyperaceae, Hydrocotyle, Nymphaea and Typha were 
grouped together as aquatics. Spores were grouped separately as 
undifferentiated spores. Percentages of the local taxa are calcu-
lated as a percentage of the non-local pollen sum and presented 
using the TILIA program 2.04 (Grimm, 1991) and plotted on an 
age scale using the calibrated age–depth relationship (Figure 4). 
Apart from Cannabis sativa, other pollen types that did not exceed 
2% were excluded from the pollen diagram. CONISS was applied 
using numerical clustering package within the TILIA computer 
programme that identified four stratigraphic clusters of samples 
with similar floristic composition (Figure 4).

Figure 3. Calibrated age–depth plot showing the pollen zones 
from the pollen diagram (Figure 4)
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Charcoal and loss-on-ignition analysis
Charcoal concentrations for each depth where there was pollen 
data were calculated using the Winkler (1985) method. Dried and 
weighed sediment samples (1 g) were digested in concentrated 
nitric acid then dried and re-weighed. A final weight is calculated 
after igniting at 450–500°C for 3 h. The percentage of charcoal is 
calculated as the difference of the dry weight before and after igni-
tion, using Equation (1):

 (NW – IW) × 100 = % charcoal (1)
 DW

where, NW is the dry weight after nitric acid digestion, IW is the 
dry weight after ignition, DW is the dry weight of the sample.

The charcoal results are presented as a curve in the pollen 
diagram (Figure 4) using the TILIA and TILIAGRAPH software. 
The charcoal data are expressed as a percentage of charcoal dry 
weight and are plotted alongside the core stratigraphy and radio-
carbon dates.

Results
Zone Nam I: 3000–2140 cal. yr BP

Acacia is abundant throughout the zone ranging from 10 to 20% 
with a decrease towards the zone boundary around 2140 cal. yr 
BP. Acalypha, Anthocleista, Capparaceae, Celtis, Euphorbia, 
Maerua, Phyllathus, Podocarpus and Rhus are sporadically 
present at percentages of <5%. Salvadora is common throughout 
the zone fluctuating about 5%. Syzygium is also common increas-
ing to 15% around 2900 and 2700 cal. yr BP decreasing to <5% 
around 2800 to 2450 cal. yr BP, with low representation towards 
the pollen zone boundary. Tarchonanthus, Tapinanthus, Tarenna 
and Terminalia are occasionally present in the zone. The non arbo-
real taxa are dominated by Amaranthaceae/Chenopodiaceae which 
is common in zone Nam I; increasing to 25% from 3000 to 2800 
cal. yr BP, further increasing to 30% around 2650 cal. yr BP before 
decreasing to 15% around 2400 cal. yr BP and increasing again to 
25% at the zone boundary. Asteraceae is also common in the zone; 
it increases to 30% around 2900 and 2400 cal. yr BP later decreas-
ing to <10% from 2700 cal. yr BP. This fluctuation corresponds in an 
antiphase manner with changes in Amaranthaceae/Chenopodiaceae 
percentages. The zone contains low cereal percentages around 
2650 cal. yr BP. Cissampelos, Commelina, Cucurbitaceae and Rumex 
record very low percentages. Impatiens is commonly presently 
throughout the pollen zone, fluctuating from 5 to 10%. Other non-
arboreal taxa present include Indigofera, Justicia, Solanum and 
Tribulus. Poaceae is present at constant percentages throughout 
the zone. Cyperaceae and Typha are present in low percentages. 
Ficus is present from 2300 cal. yr BP to the zone boundary. The 
charcoal content of sediment in Zone Nam I is generally low 
(<5%) increasing to 10% around 2600 cal. yr BP before decreas-
ing back to <5% at the zone boundary.

Zone Nam II: 2140–1675 cal. yr BP
Acacia is present throughout the zone reaching a maximum of 
15%, decreasing to about 5% around 1950 cal. yr BP before 
increasing again to 10% towards the zone boundary. Other arboreal 
taxa present in low percentages include Acalypha, Anthocleista, 
Capparaceae, Celtis, Euphorbia, Pimpinella, Podocarpus, 
Tapinanthus, Tarenna and Terminalia. Salvadora and Ficus records 
a low percentage from 2140 to 2050 cal. yr BP and increases to 
15% about 1950 cal. yr BP before being almost unrepresented in 
the rest of the zone. Tarchonanthus was present from 2140 to 1950 
cal. yr BP, but represented by two peaks of about 10% at 2100 
and 1800 cal. yr BP. The non-arboreal taxa are dominated by 
Amaranthaceae/Chenopodiaceae that increase to 50% about 1800 
cal. yr BP before decreasing rapidly towards the pollen zone 
boundary. Asteraceae is constantly present from the zone boundary 
at 2140 to 1800 cal. yr BP with a peak at 1700 towards the zone 
boundary. From 2140 to 1675 cal. yr BP Poaceae records increased 
percentages, with relatively low values at 1950 and 1700 cal. yr BP. 
Cyperaceae, Hydrocotyle and Typha are represented by low con-
stant percentages throughout the pollen zone. Charcoal fluctuates 
between 5 and 10% throughout the pollen zone.

Zone Nam III: 1675–680 cal. yr BP

Acacia is present throughout this zone increasing from 5 to 10% 
with a peak at 1250 and 1000 cal. yr BP before decreasing around 
1150 cal. yr BP and remaining <10% towards the zone boundary. 
Other arboreal taxa represented in sporadic percentages include 
Acalypha, Anthocleista, Capparaceae, Celtis, Commiphora, 
Pimpinella, Podocarpus, Rhus, Salvadora, Tarchonanthus, Tarenna 
and Terminalia with Salvadora attaining up to 10%. Syzygium 
dominates the zone increasing to 50% from 1675 to 1150 cal. yr 
BP, decreasing to 25% from 1150 to 950 cal. yr BP before increas-
ing again to 55% at the zone boundary. In the non-arboreal taxa, 
Amaranthaceae/Chenopodiaceae decreases to 15% coincident 
with the increase in Syzygium. Asteraceae is present throughout 
the zone fluctuating about 15%. Non-arboreal taxa that are spo-
radically present include Commelina, Cucurbitaceae, Hypoestes, 
Indigofera, Justicia, Ricinus, Rumex, Solanum and Tribulus, with 
Ricinus becoming common from 1500 cal. yr BP. Poaceae 
although initially low increases to a peak centred around 1000 cal. 
yr BP. Cyperaceae is present throughout the zone with Hydrocotyle 
and Typha also represented. Charcoal fluctuates between 5 and 
10% throughout the zone, becoming less common towards the 
pollen zone boundary.

Zone Nam IV: 680–0 cal. yr BP

Acacia is present throughout the zone; from 680 to 370 cal. yr BP 
it is almost constant at 10%, increasing to 20% about 300 cal. yr 
BP, decreasing to 10% before increasing to 40% from 50 cal. yr 
BP to present. Low percentages of Acalypha, Anthocleista, 

Table 1. Radiocarbon results showing the sample depth, sample age and the calibrated age

Publication code Sample depth (cm) Sample age (14C yr BP) Calibrated age (cal. yr BP) ad δ13C

WT-18788  78  132±37  140±101 1811±101 −18.5

WT-22555 170  273±30  361±57 1589±57 −21.5

WT-22556 270 1558±30 1461±44  489±44 −19.1

WT-18789 370 2550±30 2650±85  700±85 bc −22.6
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Capparaceae, Celtis, Commiphora, Euphorbia, Maerua, Phyllanthus, 
Pimpinella, Podocarpus, Salvadora, Tarchonanthus and Terminalia 
are present from 400 to 100 cal. yr BP. From about 680 cal. yr BP 
Syzygium dominates the pollen flora at about 55%, the highest 
percentage attained by the taxon in the last 3000 cal. yr BP, before 
decreasing to 10% around 50 cal. yr BP and becoming almost 
absent at the end of the zone. Amaranthaceae/Chenopodiaceae, 
Asteraceae and Poaceae increase from 680 to 500 cal. yr BP. From 
500 cal. yr BP to the end of the zone Amaranthaceae/Cheopodiaceae, 
Asteraceae and Poaceae are highly variable. Cannabis sativa is 
present from 300 to 250 cal. yr BP with 10% cereals from 580 to 
400 cal. yr BP becoming common in low percentages towards the 
core top. The non-arboreal taxa of Commelina, Cucurbitaceae, 
Hypoestes, Indigofera, Justicia, Ricinus, Solanum and Tribulus 
are sporadically present throughout the zone. Cyperaceae, 
Hydrocotyle and Typha are present in variable amounts from 350 
cal. yr BP to the end of the zone. Charcoal is particularly abundant 
from 350 cal. yr BP to present, increasing from <2 to about 10%.

Discussion
The vegetation composition of the Namelok swamp catchment is 
shown to vary over the past 3000 cal. yr BP with the savanna 
mosaic dominated by different amounts of Acacia, Amarathaceae/
Chenopodiaceae, Asteraceae, Cissampelos, Poaceae and Salvadora. 
The late-Holocene period was characterised across Equatorial 
Africa by pronounced ecosystem shifts in response to a variable 
climate (Ngomanda et al., 2007). Changes in the composition of 
the ecosystem reflect a combination of changes in climate, human 
impacts and herbivory. The first major signal recorded by the 
sediments is an increased abundance of Syzygium from 2800 to 
2400 cal. yr BP followed by Podocarpus; these changes are 
thought to be related to increased plant available moisture around 
the swamp. Syzygium is likely to have occupied a niche fringing 
the swamp/riverine habitat; a study on the representivity of the 
pollen from this taxon in surface sediments found percentages of 
the taxon in sediment samples to reflect the concentration in sur-
rounding vegetation, in spite of the local source of the parent 
taxon (Hamilton and Perrot 1980; Marchant and Taylor, 2000). 
Such increase in local hydrology could be attributed to increased 
convectional rainfall on Mount Kilimanjaro that encouraged mon-
tane forest tree growth; indeed the montane forest taxa Celtis and 
Podocarpus are commonly present during this period. A rise in 
these montane trees could also be attributed to an increase in tem-
perature that made the environmental conditions more suitable for 
the establishment of montane taxa. Such a drier period was 
observed around 2500 cal. yr BP in Kashiru area (Roche and 
Bikwemu, 1989). Closer to the Namelok site, increased soil 
erosion, ice advances and forest expansion on Mount Kenya have 
been interpretated as reflecting increased convective rainfall from 
2900 to 1900 cal. yr BP (Barker et al., 2001). A subsequently drier 
climate in the Namelok record, somewhat earlier than on Mount 
Kenya at around 2400 cal. yr BP, is apparent from the low percent-
ages of Syzygium (that become almost absent) as the abundance of 
Acacia, Poaceae, Amaranthaceae/Chenopodiaceae and Salvadora 
increased suggesting that the vegetation around Namelok was 
more open during the proposed desiccation phase. Drier condi-
tions are recorded in the Lake Edward catchment centred around 
2050 cal. yr BP, with the most pervasive drought being detected 
between 2050 and 1850 cal. yr BP (Russell, 2004; Russell and 

Johnson, 2005). This is a period when there is almost no Syzygium 
around the Namelok catchment with decreased presence of Ficus. 
Conversely Amarathaceae/Chenopodiaceae dominates the flora 
combined with an increased abundance in Poaceae from 2000 to 
1675 cal. yr BP that is also likely to result from a drier climate. 
Sediments from Crescent Island Crater Lake and Lake Turkana 
located to the north of Kenya also record this desiccation phase 
(Halfman et al., 1994; Rickets and Johnson, 1996) as does the low 
levels of Lake Tanganyika before it experienced high levels from 
1750 to 1450 cal. yr BP followed by drought (Alin and Cohen, 
2003). Low abundance of wetland taxa such as Typha and 
Cyperaceae suggested that Namelok swamp was also less exten-
sive as similarly recorded in Loboi Swamp (Ashley, 2004). Strong 
changes in ecosystem composition were experienced beginning 
1675 cal. yr BP surrounding Namelok Swamp characterized by a 
high rise in Syzygium with a relative decrease in the presence of 
Acacia, Amaranthaceae/Chenpodiaceae, Salvadora, Tribulus and 
Poaceae. This ecosystem shift suggests the environment within 
Namelok catchment became wetter, similar to that reported from 
Lake Edward (Russel, 2004). Dramatic reduction in tree abun-
dance over the last 1425 cal. yr BP in nearby Tsavo has been 
recorded with a grass phase dominating around 1380 cal. yr BP 
(Gillson, 2004). This change from a tree- to grass-dominated eco-
system is not recorded within Namelok ecosystem.

During the period from 1150 to 950 cal. yr BP 
Syzygium decreased with increases in Acacia, Amaranthaceae/
Chenopodiaceae, Euphorbia and particularly Poaceae. This change 
is slightly earlier than the previously documented timing of the 
‘Mediaeval Warm Period’ (MWP) dated to occur between 950 and 
880 cal. yr BP at other sites in East Africa (Verschuren et al., 
2000). This new record may suggest that the MWP stretched much 
earlier (Brncic et al., 2009). However, a climatic interpretation of 
the changes in the Namelok sediments is complicated as this is a 
period when there was a marked expansion of human activity as 
evidenced by increased overseas trade from 950 to 450 cal. yr BP 
(ad 1000 and 1500), increasing amount of ivory, iron and other 
commodities exported to the oriental and European countries 
(Alpers, 1992; Horton, 1987). Survey and excavations conducted 
in Tsavo East south of Galana River in Kenya reveals trade in 
Ivory between coast and Tsavo hunters in exchange of glass and 
beads by 750 cal. yr BP (Thorbahn, 1979). The vegetation within 
the Namelok Swamp catchment became more open – this could be 
attributed to the climate becoming drier and/or a decline in human 
impact (de Vere, 1993; Barber, 1968; Berntsen, 1976). Evidence 
from Lake Naivasha (Verschuren et al., 2000) and Lake Tanganyika 
(Alin and Cohen, 2003), to the northwest and southwest of 
Namelok Swamp respectively, both record significant low stands 
about this time. Syzygium increases again from 750 to 500 cal. yr BP; 
this ecosystem shift may reflect increased moisture availability 
registered as increased dominance of Syzygium swamp forest. 
Asteraceae, Cissampelos and Syzygium decreased with increases 
in Acacia, Amaranthaceae/Chenopodiaceae, Cyperaceae and par-
ticularly Poaceae from 500 to 250 cal. yr BP that are thought to 
reflect a drier climate. A similarly dry climatic period, coeval with 
the ‘Little Ice Age’, has been identified from western Equatorial 
Africa (Ngomanda et al., 2007). Ostracod assemblages from Lake 
Tanganyika record this period as a lake level fall (Russell, 2004). 
Results from Lake Naivasha also indicate low stands around 560 
to 530 and 390 to 325 cal. yr BP (Verschuren et al., 2000). Further 
decreases of Syzygium around Namelok Swamp, concomitant with 

85



87

8  The Holocene 

increases in Acacia, Amaranthaceae/Chenopodiaceae, Asteraceae, 
Justicia and Poaceae with increased charcoal abundance, are also 
thought to be indicative of a drier climate. This vegetation change 
in the Namelok Swamp catchment is centred from 200 to 150 cal. 
yr BP at a time of regional drought with potential cultural impacts 
(Webster, 1979, 1980). Further changes in vegetation were experi-
enced from 150 cal. yr BP when Acacia, Acalypha, Amaranthaceae/
Chenopodiaceae, Pimpinella and particularly Poaceae increased. 
Historical sources albeit from Malawi indicate a very arid period 
from 150 to 110 cal. yr BP (Nicholson, 1995; Verschuren, 2001) 
although the resolution of the record from Namelok Swamp is not 
fine enough to detect these changes.

It is always difficult to differentiate a climate signal from the 
impact of anthropogenic activities, particularly when there is lack 
of direct archaeological evidence to constrain the interpretation 
(Robertshaw et al., 2003). This is particularly the case in the study 
owing to the limited archaeological research in the Amboseli 
Basin. Within the wider area of the Rift Valley there are an abun-
dance of archaeological sites that date from 2500 cal. yr BP and 
document a transition through Iron Age development with associ-
ated movement of migrants and increases in food production to 
support a growing population (Marshall, 2000; Robertshaw, 1990; 
Sutton, 1993, 1998). The abundance of pasture within the 
Amboseli Basin would have encouraged movement of pastoralists 
into the area and with ensuing exploitation of the swamps, espe-
cially during dry periods when the permanent swamps acted as 
drought refuges. The presence of Cannabis sativa, cereal and 
Ricinus communis pollen grains in the Namelok sediments as 
early as 2650 cal. yr BP is thought to reflect early settlement 
around the swamp. The cultural transformation is thought to be 
part of a regional development stage: ceramic wares and other 
material culture found in the Rift Valley being associated with the 
so called Savanna Pastoral Neolithic (SPN) (Marshall, 2000; 
Robertshaw, 1988; Sutton, 1998). During this time, the pastoral-
ists with cattle moved into Rift Valley grasslands practicing tran-
shumance, moving through many areas from Laikipia to northern 
Tanzania (Sutton, 1998). Evidence of SPN culture is present 
within the study area: the Rombo Iron Age site (H. Kiriama, 
unpublished data, 1992) is situated close to the Amboseli Basin. 
Farther north, remains of cattle and evidence of cereals at 
Deloraine Farm site in the central Rift Valley indicate how pasto-
ralism and agriculture had expanded (Sutton, 1998). Associated 
with the SPN is a significant impact on surrounding ecosystems; 
forest clearance, mainly by burning of forests, to create room for 
new pasture and agriculture would have been widespread in East 
Africa. Interestingly, the pollen record shows that Ricinus com-
munis (Castor oil plant), a native plant to East Africa, is most 
common from 1600 cal. yr BP with cereals becoming dominant 
after 600 cal. yr BP. This transition is likely to be indicative of a 
recent change in subsistence with the growth in cereal production 
focused within the last 500 years, however with intercropping of 
Ricinus communis. Cereal and Ricinus communis pollen grains are 
also recorded in Lake Masoko sediments in southern Tanzania 
from 1550 cal. yr BP onwards with increased Asteraceae indica-
tive of human disturbance of vegetation for agriculture and pasto-
ralism (Vincens et al., 2003). Further evidence for the presence of 
humans are the remains of Ceramic smoking pipes at some sites in 
the Rift Valley used to smoke Cannabis sativa, a custom derived 
from the coast (Sutton, 1998); it is thus likely that agriculturalists 
in the Amboseli Basin were involved in the cultivation of the weed 

and were trading with coastal habitats. A remarkable increase in 
Asteraceae and Amararanthaceae/Chenopodiaceae in the last 130 
years is coincident with greater charcoal percentages that are 
thought to mark a period of increased agricultural activity in the 
Namelok catchment with more permanent settlements leading to a 
localized and profound impact on the vegetation.

Although changes in the savanna ecosystem composition are 
likely to be climatic and more locally human-induced, it should be 
stressed that changes in herbivore densities would have played an 
important role in controlling vegetation change (Figure 1b). The 
outbreak of cattle diseases in the twentieth century had a devastat-
ing impact on the region when a massive decrease in the cattle 
population encouraged the increase of herbaceous taxa and dis-
placement of pastoralists encouraging trade between the Kamba 
and Kikuyu cultures (Jackson, 1976; Turner et al., 1998). 
Elephants, as all large herbivores, play a major role in vegetation 
transformation in East Africa (Hakansson, 2004). This impact can 
be specifically seen within Amboseli National Park recently as the 
elephant population has increased over the past 40 years following 
a ban on ivory export, reduced poaching and intensified regional 
agriculture and sedentarisation (Western and Maitumo, 2004). 
Various studies on the relationship between elephant populations 
and vegetation densities in East Africa show that vegetation is 
open when the population of elephants is high; when the elephant 
population reduces there can be rapid recovery of woody species 
(Brockington, 2002). There have been massive recent historical 
changes in elephant population size, particularly relating to the 
ivory trade. Trade in ivory was widespread in Kenya, especially 
between the coastal ivory traders, exporters and interior communi-
ties such as the Kamba from the end of the 1700s (Lamphear, 
1970, Soper, 1976), where the Kamba people became the domi-
nant ivory traders. The movement of the Kamba people from 
Kilimanjaro to the Chyulu Hills between 510 and 420 cal. yr BP 
(Soper, 1976) might have significantly contributed to hunting of 
elephants with consequent impact on the vegetation. The Maa 
speaking people also became fully involved in trade e.g. beads, 
clothes from the coast in exchange for ivory (Krapf, 1968). At the 
height of the ivory trade in the mid-nineteenth century some 
12 000 animals were removed per year from East Africa (Sheriff, 
1987). The impact of such massive numbers on the ecosystem are 
unknown but it must have been significant, particularly when 
considered that the present population in Amboseli is around 1600 
individuals and these are known to have a key role in controlling 
ecosystem composition and structure (Figure 1a).

In the last 150 years Acacia expanded with increase in 
Amaranthaceae/Chenopodiaceae, Cyperaceae, Poaceae and Typha. 
Charcoal also became abundant with increased anthropogenic 
activities. In addition to climatic and herbivory influences already 
discussed this ecosystem response may also relate to a rise in CO

2 
that has been shown to favour growth rates of plant species, par-
ticularly drought-tolerant trees such as Acacia, as a result of 
greater water use efficiency and subsequent growth rate (Bond and 
Midgley, 2000; Bond et al., 2005; Kimball et al., 1993; Laurence 
et al., 2004; Orchard and Maslin, 2003; Polley, 1997). Conversely, 
these ecosystem changes may result from changes in elephant and 
cattle population; the impact is presently unknown but research, 
particularly focusing on the dung fungi such as Sporormiellai 
spores, is ongoing and could be used to reconstruct past changes 
in herbivore densities, When used in conjunction with pollen 
analysis we should be able to unravel the interaction with the 
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ecosystem composition within the Amboseli Basin. Ecosystem 
impacts of climate change have to be placed in a broader context: 
tropical forests worldwide are threatened by many factors associ-
ated with human population pressure and climate change (Wright 
and Muller-Landau, 2006). Major threats to ecosystems include 
changes in land use and fire (Bayliss et al., 2007; Hemp, 2006); 
selective harvesting, and climate change (Lewis et al., 2004). 
Because of the high human population densities and close asso-
ciation with primary resources from ecosystems (fuel, non-timber 
forest products, game) the long-term future of African savanna 
ecosystems depends on the development of policies which pro-
mote research capacity and the ability for communities to contrib-
ute to, and benefit from their conservation.

Conclusions
Analysis of the Namelok Swamp sediments have shown the 
dynamic nature of the surrounding savanna ecosystem during the 
late Holocene. The changing nature of the savanna ecosystem for 
the past 3000 years demonstrates interaction between climate 
variability, human activity and animal–plant interactions. Vegetation 
transformations resulted from climate variability, particularly fol-
lowing hydrological changes with episodes of droughts and 
increased precipitation. Changes in the density of herbivore popu-
lations and a growing human population are likely to have played 
a role, especially recently, but climate remained a major driver 
behind savanna dynamics. Anthropogenic activities contributed to 
changes in vegetation composition following resource exploita-
tion and usage of the savanna ecosystem, initially for pastoralism 
and more recently for mixed agriculture, particularly from around 
500 cal. yr BP. More recently the impact of ecosystem manage-
ment and environmental change, such as increased atmospheric 
CO

2
,
 
are potentially recorded by recent ecosystem shifts in the 

Namelok Swamp catchment.
The long-term ecological information from the Namelok 

swamp is useful for future management of the surrounding 
savanna under a period of predicted climate change, increasing 
human impacts, human–wildlife conflicts and rising levels of 
atmospheric CO

2
. Because of the high human population densi-

ties and close association between people and the primary 
resources from African savanna ecosystems we need to promote 
the ability for communities to contribute to, and reap maximum 
benefit from their conservation. For example, community-based 
approach for the future management of natural resources with 
balanced equitable distribution of power and economic benefits 
that reduces conflicts, increased consideration of traditional val-
ues and modern environmental knowledge offers the best poten-
tial to protect biological diversity and the sustainable utilization 
of the resource. The successful implementation requires a legal 
and policy framework that will empower local communities and 
grant them responsibility and authority to control natural 
resources in their area. However, such a framework also must 
incorporate knowledge on how these ecosystems have interacted 
with changing climates, human and animal populations over an 
ecologically meaningful time frame – results presented here can 
form part of that knowledge base.
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