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Chapter 6
Synthesis of palaeoenvironmental 

changes in high and low altitudes of Kenya

The four research papers in this thesis present new palaeoecological 
records from from three sites: Rumuiku Swamp on Mount Kenya, Namelok 
Swamp in the Amboseli Basin and Lake Challa on the border of Kenya and 
Tanzania (Figure 1). The three sites chosen have sediment accumulation 
rates varying from 50 to 1000 years per meter sediment accumulation and 
the vegetation dynamics reflected by the pollen in the sediment records 
sensitive to climate change and anthropogenic impacts on the landscape. 
The results serve to (i) provide a critique of palaeoecological methodologies 
applied in this study; (ii) to reconstruct past environmental changes for 
the Mount Kenya, the Amboseli Basin and Lake Challa catchment area 
in Kenya; (iii) asses the forcing factors (environmental, ecological and 
human impacts) that are likely to account for signals recorded by the 
palaeoecological records; and (iv) using the research results suggest future 
directions for palaeoecological research aiming at a more constrained 
understanding ecosystem dynamics in Kenya, East Africa and broader 
tropical realm.

Research approach

Sediments from Lake Challa were collected using combination of gravity 
core CH05-1G (0-12 cm), a short section of hammer-driven (UWITEC) 
piston core CH05-3P (12-25 cm), and Kullenberg core CH03-2K (25-250 
cm). Sediments from Namelok and Rumuiku Swamps were recovered 
using a Russian corer. The sediments recovered were directly described 
in the field while those from Lake Challa were described by visual point 
to point tracing of individual sediment laminae, occasionally aided by 
high resolution magnetic susceptibility measurements. Pollen preparation 
followed the method of Faegri and Iversen (1975).Charcoal counts were 
done from slides prepared for pollen and we used the Winkler gravimentric 
method (1985). All pollen and charcoal counts were carried at the National
Museums of Kenya, Palynology and Palaeobotany Section. Given the 
paucity of palaeoecological data from the three sites, a multiproxy 
approach was adopted for this research project, so as to explore a range of 
potential proxies within a relatively unstudied environment. A multiproxy 
approach is advantageous in that it allows for the identification of proxy-
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specific weaknesses, with the objective of building on consistencies and 
explaining discrepancies between proxy evidence (Lotter, 2005). The three
sites provided excellent sediment sequences to investigate environmental 
change, in terms of structure and biogeographical position in location that 
are presently ecotonal and hence sensitive to registering past ecosystem 
changes. On Mount Kenya we visited Rumuiku, Rumwe, and Rurie 
swamps and two (Rumuiku and Rumwe) were suitable for coring. In the 
Amboseli Basin, we visited Namelok and Kimana swamps and both were 
suitable for coring. We further explored other sites on the Taita Hills, 
which are part of the East African Arc Mountains. Only Ngulu Swamp on 
the foothill of the Taita Hills was suitable for coring. The core from Lake 
Challa was provided by a team working for the CHALLACEA project and 
ideally provide a contrasting lowland savanna site with which to compare 
the Namelok palaeoecological record.

Chronological and stratigraphic issues - radiocarbon analysis

Since the publication of the principles of radiocarbon dating (Libby et 
al., 1949), this method has developed into the most widely applied and 
accepted means of establishing chronological control for late Quaternary 
sediments (Williams et al., 1998; Walker, 2006). The disadvantages of this 
technique for Quaternary scientists relate to the limited age that can be 
dated (~ 50 ky), the problem of calibration associated with the method as
the production of 14C is not constant, and the danger of contamination 
of sediment samples. As peat has a carbon content of 50% and is entirely 
autogenic, it provides one of the best materials for radiocarbon dating 
(Barber and Charman, 2005). The risk of contamination can be minimized 
through careful sample selection and handling during laboratory 
procedures (Williams et al., 1998). Radiocarbon dating remains the most
widely utilized means of providing chronological control to late 
Quaternary sediments and was therefore applied to all cores analyzed 
within this study.

Following the recovery of undisturbed sediment cores in the field, cores 
were lithologically and stratigraphically described. Samples were picked 
for radiocarbon age determinations on the basis of result from pollen 
analysis and zonation. Radiocarbon samples were placed at either side 
of biostratigraphic boundaries to constrain core chronology, with basal 
dates placed as range finders. Radiocarbon results for all three cores are 
presented as calibrated radiocarbon years before present (cal yr BP).
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Fossil pollen and spore analysis

Pollen analysis is a method for reconstructing former vegetation by means 
of pollen grains produced and preserved within a sediment archive 
(Faegri and Iversen, 1989), and constitutes one of the most widely applied 
Quaternary research tools (Edwards, 1983). The technique assumes that 
the number of pollen grains deposited per unit time, at a given point, 
is directly related to the abundance of the associated species in the 
surrounding vegetation (Davis, 1963). Although pollen analysis is based 
on sound principles, there are a number of limitations associated with the 
technique, as discussed below.

Pollen data are presented as proportions of a pollen sum, rather than as 
discrete numbers (Davis, 1963), resulting in uneven representivity both 
between and within pollen types (Birks and Birks, 2005). A judicious 
approach is therefore required when interpreting pollen spectra, as 
representivity is influenced by differences in pollen productivity, dispersal 
and preservation (Faegri and Iverson, 1989). The limited taxonomic 
resolution of pollen identifications, particularly with regard to certain 
common families such as 115 Poaceae and Cyperaceae (Scott, 1984; 
Sëppa and Bennett, 2003), is a hindrance to interpretation in wetland and 
grassland systems. Nevertheless, progress in pollen analytical precision is 
consistently being made (Vincens et al., 2007) and pollen identification 
guides with keys are available (e.g. Association des Palynologues de 
Langue Francaise, 1974; Bonnefille, 1971; Bonnefille and Riollet, 1980) 
and pollen reference collections such as that found at the National 
Museums of Kenya in Nairobi. The advent of digital photography has 
facilitated the creation of extensive pollen database resources (e.g. African 
Pollen Database, 2004), which provide easy access to reference images 
from collections around the world (Sëppa and Bennett, 2003).

Charcoal analysis

Past fire regimes can be reconstructed through analysis of particulate 
charcoal and other fire proxies preserved in lake and wetland sediments 
(Whitlock and Anderson, 2003). Charcoal analysis is typically performed 
on the same cores as pollen analysis, allowing for the co-investigation 
of past climate, vegetation, fire and human interactions (Whitlock and 
Larsen, 2001). In this study, a chemical assay procedure was applied to 
measure percentage charcoal content (Winkler, 1985), which provides a 
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broad estimate of elemental carbon within the peat sample. The principle 
limitation of this technique is that it does not allow for distinction between 
local and regional sources of sedimentary charcoal, hence limiting its 
interpretive value. Another disadvantage of the method is that carbon 
derived from the burning of fossil fuels may influence results pertaining to
sediments less than 100 years old (Winkler, 1985; MacDonald et al., 
1991). An additional criticism leveled at the Winkler technique is that 
results tend to overestimate percentage charcoal content due to moisture 
loss from some minerals following ignition (MacDonald et al., 1991; 
Bonnefille et al., 1995). A comparative study between various charcoal 
proxies (microscopic charcoal, macroscopic charcoal, percentage charcoal 
(chemical digestion), historical records and fire scar data) in Canadian 
boreal forest found the results of the Winkler technique to be unreliable 
(MacDonald et al., 1991). However, none of the proxies applied produced 
significantly correlated results, nor were any of the indices consistently 
accurate in reconstructing local fires.

Notwithstanding the limitations described, the Winkler (1985) technique 
and modifications thereof have been widely utilized in East African studies 
(e.g. Taylor, 1990; Taylor, 1993; Taylor and Marchant, 1994; Marchant et 
al., 1997; Marchant and Taylor, 1998; Taylor et al., 1999; Rucina et al., 
2009).

Palaeoenvironmental reconstruction

Here the results of the four records presented in the thesis are combined 
to reconstruct the late Quaternary palaeoenvironments of high and low 
altitudinal ecosystems of Kenya. We focus on a series of key intervals of 
time. In this section radiocarbon dates are taken from the literature and 
many values have not been calibrated. Therefore, to avoid a combination 
of uncalibrated and calibrated ages hampering comparisons all dates are
presented as cal yr BP.

Last glacial period

Mount Kenya is sensitive to environmental and climatic change due to its 
proximity to the equator and the steep environmental gradients. Mount 
Kenya has sites with excellent natural sediment archives and a long history 
of palaeoenvironmental research (Rucina, et al., 2009; Barker et al., 2004; 
Olago, 2001; Street-Perrott and Perrott, 1990; Coetzee, 1967) and has 
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been an important place for pollen based studies of vegetation change. 
Results show an apparent discrepancy between high altitudinal sites being 
relatively moist and lower altitudinal sites recording pronounced aridity 
during the last glacial maximum (LGM). Possibly this relates to the net 
effect that land-ocean coupling and associated delivery of moisture to the 
East African interior would have been more important than today at the 
LGM with stratified clouds delivering moisture more effectively to montane 
areas (Rucina et al., 2009). With the expansion of low stature Ericaceous 
Belt vegetation, and C4 grasslands at high altitudes on Mount Kenya 
(Wooller et al., 2003; 2000), there would be a significantly reduced ability 
of the vegetation to strip out moisture from incoming non-precipitating 
clouds. Such reduction of plant available moisture would result in reduced 
river flows and associated lake level declines as the high altitude ‘water 
towers’ become less effective at collecting moisture. The strong impact of 
vegetation change on the montane hydrology, and connection to lowland
drought, can be seen today on numerous East African mountains. For 
example, on Mount Kilimanjaro Ocotea-dominated forest has been 
recently cleared in large areas and is thought to account for more than a 
90% reduction in moisture of the reduced flows and associated regional 
aridity (Hemp, 2006). Developing this understanding on ecosystem 
response to climate change is highly relevant to predict impacts of future 
climate change on African ecosystems, in particular because the LGM 
is a critical period in climate model comparisons (Peyron et al., 2001; 
Braconnot et al., 2007).

At Rumuiku Swamp 2154 m on Mount Kenya, the pollen record indicates 
an arid period from 26,000 to 24,000 cal yr BP with vegetation dominated 
by Artemisia, Stoebe and other taxa from the Ericaceous Belt. However, 
there was not only high altitude taxa shifting to lower altitudes but there 
appears to have been a mixture of taxa currently found at low and high 
altitudes also growing with other Afromontane taxa. Such changes in 
vegetation associations are also observed at Lake Rutundu with increases 
of Artemisia from 24,000 to 14,000 cal yr BP (Wooller et al., 2003). 
LGM vegetation reconstructions from several East African mountains 
indicate open grassland and ericaceous scrubland, with a reduction of 
forest concentrated into isolated patches (Bonnefille and Riollet, 1988; 
Jolly et al., 1997; Street-Perrott et al., 1997; Wooller et al., 2000; Ficken 
et al., 2002). These environmental changes have been attributed to the 
combined effects of reduced rainfall and lower atmospheric pC02 during 
the LGM, conditions which would have favoured C4 grasses and sedges 
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competitively (Cerling et al., 1997; 1998; Ehleringer et al., 1997; Jolly and 
Haxeltine, 1997; Street-Perrott et al., 1997). Many low altitude sites show 
similar trends. For example, results from Lake Rukwa 800 m in southwest 
Tanzania record a distinct reduction in Afromontane forest after the LGM
(Vincens et al., 2005) while results from Lake Naivasha at 1884 m in Kenya 
indicate an open grassland environment (Maitima, 1991).

In spite of generally warm and wet conditions towards the Pleistocene/
Holocene transition, some higher resolution records detect an abrupt arid 
episode probably coeval with the northern hemisphere Younger Dryas 
episode (12,500-11,500 cal yr BP) (Coetzee, 1967; Hamilton, 1982; 
Gasse et al., 1989; Beuning et al., 1997; Johnson et al., 2000; Olago, 
2001; Kiage and Liu, 2006; Ryner et al., 2006; Talbot et al., 2007). In the
case of Lake Masoko in southwestern Tanzania, wetter conditions are 
indicated for the Younger Dryas event (Garcin et al., 2006a; 2006b; 2007).

The Rumuiku Swamp catchment record reflects a notable change in the 
vegetation from 10,000 to 8900 cal yr BP with respect to composition and 
abundance of a mixture of dry and moist montane forest taxa dominated 
by Podocarpus, Polyscias and Schefflera. Afrocrania, associated with moist 
climate, was present throughout this period. The 13C results also suggest 
presence of C3 aquatic vegetation and lower 13C due to dry conditions 
probably interrupted by a humid period lasting for years. The abundance 
of Cyperaceae and Myriophyllum in the shallow swamp indicates the 
C3 plants recorded are from theses taxa. Charcoal records in the same 
period indicate a low frequency to absence of fires in the region and/
or in the catchment. The period also saw absence of Allophylus, Celtis, 
Croton, Lasianthus, Nuxia and increased Cyperaceae, Cyathea (tree fern), 
Myriophyllum, Poaceae and Podocarpus in the catchment reflecting a 
period of aridity.

Early Holocene

The early Holocene in the Rumuiku Swamp records Afromontane taxa 
expanding as the ecosystem composition responded to warmer and wetter 
climatic conditions. Dry Ericaceous taxa became less common until 
they were virtually absent (Street-Perrott and Perrott, 1993). Within this 
general environmental synopsis the Holocene was characterized by rapid 
environmental shifts. The terminal moraine on Teleki Valley in Mount 
Kenya was 200 m lower between 6070 and 4135 cal yr BP indicative of a
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lowering in mean annual temperature of 1.2°C relative to present day 
(Johannessen and Holmgren, 1985). Indications for a wet early-mid 
Holocene are supported by data from Kashiru (Roche and Bikwemu, 
1989), Lake Albert (Ssemmanda and Vincens, 1993), Lake Rukwa (Vincens 
et al., 2005), Lake Victoria (Stager et al., 2003) and Mt. Elgon (Hamilton, 
1987; Barker et al., 2001), Mt. Kenya (Ficken et al., 2002; Rucina et al., 
2009) and Mt. Kilimanjaro (Thompson et al., 2002).

Temperature increase resulted in the expansion of C4 grasses from 4500 
to 4000 cal yr BP on Mount Kenya (Olago, 2001) with the pollen records 
(Coetzee, 1967; 1964) showing a shift to more xeric ecosystems under dry 
climatic conditions. Mount Kilimanjaro also experienced a strong drying 
phase around 4000 cal yr BP with a distinctive layer of dust recorded in 
the ice core (Thompson et al., 2002). This marked and extended period of
drought around 4000 cal yr BP (Street-Perrott and Perrott, 1993; Thompson 
et al. 2002; Marchant and Hooghiemstra, 2004), this is concordant with 
evidence from elsewhere in East Africa (Kiage and Liu, 2006). Variations 
in the pollen spectra at Rumuiku Swamp suggest that the composition of 
moist Afromontane forest throughout the Holocene suggests the ecosystem 
composition responded to warmer and wetter climatic conditions.

Rumuiku swamp reflects a pronounced growth of Hagenia concomitant 
with significant increase in Poaceae and Myriophyllum a change which 
is not comparable with any other site in Mount Kenya. However, the 
charcoal record showed a dramatic increase particularly in the large size 
classes reflecting fires local to the swamp. Associated with this increased 
fire regime the greater abundance of fire-tolerant taxa such as Hagenia 
may explain the observed increase in Hagenia.

Late Holocene

Reconstruction of late Holocene vegetation is complicated by increasing 
numbers of human settlements. The associated impact on ecosystems 
progressed from a relatively minor impact to becoming a major external 
force on ecosystem composition and change. The Lake Challa record 
documents the response of lowland dry forest ecosystems to regional 
climate variability over the last 2700 cal yr BP. Century-scale periods of 
climatic droughts are recorded by local increases in pollen abundances 
of Poaceae and certain dry savanna trees. Low presence of cereals is 
recorded since ~2650 cal yr BP in Lake Challa catchment. Cannabis 
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sativa, cereals, increased charcoal content and Ricinus communis in the 
the nearby Namelok sediment record, also strongly suggest presence of 
late Holocene human settlement and disturbance in the lowland savanna 
ecosystem. Thus, Lake Challa and Namelok Swamp in the savanna 
reveal ecosystem change driven by climate change, anthropogenic and 
herbivore activities over the last 3000 cal yr BP. Assessing potential 
evidence for natural- and/or human-induced changes in the pollen signal 
may be controversial (Hamilton et al., 1986; Perrott, 1987; Taylor et al., 
2000; Marchant and Hooghiemstra, 2004), particularly given the lack of 
unambiguous indicators that occur in East African records (Vincens et al., 
2003). It is therefore advisable to be cautious when interpreting recent 
records and only unequivocal evidence should be used where possible.
During the late Holocene period Rumuiku Swamp sediments record a 
progressive degradation in the arboreal cover, most clearly seen in the 
response of Polyscias coupled with an expansion of grasses and herbaceous 
taxa such as Artemisia possibly related to forest clearance. Increased fires 
in the late Holocene may also be linked to forest clearance that coincides 
with immigration of the Kikuyu tribe and the onset of agriculture in the 
region (Dunda, 1908; Muriuki, 1974). It is interesting to see the steady 
presence of Podocarpus adjacent to the Rumuiku Swamp catchment 
forming mono-specific stands. This situation differs from other areas in 
East Africa where Podocarpus was a particular focus of forest clearance 
(Marchant and Taylor, 1998).

Namelok Swamp and Lake Challa sediment records environmental 
conditions drier than today from 2700 to 2300 cal yr BP, from 1800 to 
1500 cal yr BP, from 1300 to 800 cal yr BP and from ~250 to 70 cal yr 
BP. The wettest period was recorded from ~600 to 300 cal yr BP in Lake 
Challa. Namelok Swamp records a wet period from 680 to 500 cal yr BP.
These ecosystem shifts could be linked to changes in solar activity 
influencing climate variability on decadal to centennial time scales as 
suggested as an explanation of changes observed in Lake Naivasha and 
Baringo (Kiage et al. 2009; Verschuren et al. 2000). Lake Challa records 
higher proportions of cereal pollen from ~150 cal yr BP, which is associated 
with an increase in herbaceous plants indicative of more widespread 
anthropogenic ecosystem disturbance. Uppermost samples of the Lake 
Challa and Namelok Swamp records show a large increase in Acacia and 
herbaceous taxa including Poaceae.
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Review of aims and objectives

The aim of this study was to reconstruct late Quaternary environmental 
changes of lowland and high altitude sites using a multi-proxy and multi-
site approach.

Four palaeoecological records were analysed to reconstruct late Quaternary
palaeoenvironments for the Mount Kenya, Namelok Swamp and Lake 
Challa and results were published in two papers (Rucina et al., 2009, 
2010) with two manuscripts in the process of being published.

Specific research objectives

Environmental change of high and low altitudes has been proposed as a 
mechanism for the accumulation and persistence of species during glacial 
and post-glacial periods resulting in the diverse vegetation observed today.

This hypothesis has been investigated using a single pollen record from 
Rumuiku Swamp on Mount Kenya (Rucina et al., 2009) which showed 
long-term environmental change. Changes in forest composition through 
the last glacial period were demonstrated with the results indicating that 
some individual taxa such as Artemisia, Ericaceae and Stoebe shifted to 
lower altitudes forming a mixture of both ericaceous and Afromontane 
taxa during dry glacial conditions, which does not exist today. Changes 
included presence of Juniperus at relatively high altitude during this cold 
and dry period. Today Juniperus is found at lower altitudes than Rumuiku 
Swamp and on the drier side of Mount Kenya.Thus, the Afromontane forest 
taxa recorded in the Rumuiku Swamp sediment during the last glacial 
maximum record a very different climate regime to that of the present day.

Past anthropogenic impacts on landscape have been widely implicated in 
the origin and expansion of grasslands in East Africa and degradation of 
Afromontane forests. Palaeoecological analysis is used to investigate the 
contributions of long-term natural grassland dynamics associated with late 
Pleistocene human activity at low and high altitudes in order to determine 
whether grasslands are a natural and long-standing component of savanna 
and Afromontane forests.

A 3000 year long pollen record from Namelok Swamp and Lake Challa 
were used to assess late Holocene vegetation dynamics in the savanna 
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ecosystem. Results indicated changes in pollen composition and abundance 
suggesting the taxa record climate change driven variability throughout 
the past 3000 years. The recent appearance of cereals in Lake Challa 
and Namelok Swamp sediment records and other taxa (Amaranthaceae / 
Chenopodiaceae, Commelina, Corchorus, Cissampelos, Justicia, Ricinus, 
Rumex, Urticaceae) associated with land cover changes and burning 
(increased charcoal) all are indicators of anthropogenic activities. These 
records therefore support the hypothesis that grasslands are a natural and 
long-standing component of savanna vegetation with the proportions of 
grass and arboreal cover being highly dynamic . However, during the late
Holocene some expansion of grasslands may have occurred both at low 
and high altitudes as a result of elevated human presence within the 
catchments. Notable changes in these records are the increase of Acacia 
during the last two centuries. The records demonstrate the importance of 
fire regimes, as opposed to human impact, as the key driver of grassland 
dynamics in East Africa.

Archaeological evidence suggests that the low and high altitudes have been 
subject to extensive forest loss and fragmentation as a consequence of 
human activity in the recent past. Multi-proxy palaeoecological evidence 
is applied to explore the nature and timing of long-term human impacts in 
low and high altitudes of Mount Kenya and savanna ecosystem.

There is no strong evidence to show that the Rumuiku Swamp sediments 
record strong past human activity on Mount Kenya. Nevertheless, evidence 
of human activity, including agriculture, during the late Holocene suggests 
that selective logging in high altitude forests occurred frequently during 
the last ~300 cal yr BP.
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Conclusions

In this study three new palaeoecological records were presented from an 
under-studied tropical ecosystems in Kenya. The records were derived from 
three isolated sites, Rumuiku Swamp at 2154 m in the Afromontane forest 
of Mount Kenya, Namelok Swamp at 1146 m in savanna ecosystem and 
a record from Lake Challa located in the savanna at 880 m. Comparison 
between sites was in some cases limited by the varying temporal resolution 
and the different periods reflected by the records. This explains the need 
for further studies to fill in the substantial data gaps which exist both 
spatially and temporally. The three studied sites have provided insights 
into the long-term development of low and high altitude ecosystems 
with wider implications across East Africa. The results have improved our 
understanding of driving mechanisms that change ecosystems, such as 
climate change, changing fire regimes, varying herbivore populations, and
changing intensities of human impact. Such information is vital for 
developing appropriate measurements for future conservation and 
management in a world of climatic uncertainties and anthropogenic 
impacts on the landscape. Traditionally, palaeoecological studies in East 
Africa have been characterised by a highly site-specific approach to past
vegetation change, driven by the limitations of site intercomparability, 
especially with regard to chronological control, pollen identification 
and site characteristics (Jolly et al., 1997). In light of these challenges, a 
number of stratigraphically consistent palaeoecological records from the 
same region are required to develop a useful data synthesis – this study 
being a vital step towards such an integrated study. The lacustrine deposits 
of Central Africa form one area where such a synthesis has been achieved 
(Jolly et al., 1997). This has facilitated the discernment of regional and site-
specific trends in the various records analysed. Incorporation of additional 
records and high-resolution records into future palaeoenvironmental 
syntheses may provide insight in distinguishing regional and site-specific 
trends in the records. High resolution records deserve particular attention, 
not only are such records less problematic chronologically, they could 
also provide the key to differentiating climate and anthropogenic induced 
changes in the past.
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Recommendations for the future research

Ecosystem response to climate change is a global issue that needs a clear 
understanding of how ecosystems respond to climate change and human 
interaction. The most important factors such as changes in precipitation 
and temperature determine vegetation composition and distribution. 
These changes need long-term observations to fuel understanding how 
and why impacts related to climate change will occur in the future. The 
understanding of how climate change affects ecosystems can be achieved 
by understanding and identifying thresholds likely to lead abrupt changes 
in the climate systems. Multidisciplinary research that addresses combined 
scenarios of future climate change, population growth and pathways 
of economic development needs to be encouraged. A global network 
for the researchers involved is important so that they share data and 
develop dialogue to explore adaptation as part of long term sustainable 
development.
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