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At the 1994 meeting of the Society for American Archaeology in Anaheim, 
California, Fred Wendorf and I developed the idea of starting a commission to study 
Middle Paleolithic and Middle Stone Age settlement. We recognized several deficits 
in the discourse in Middle Paleolithic research. Too much attention was being paid 
to sites in caves and rockshelters while more attention needed to be directed to the 
systematic study of open-air settings and the use of the landscape by late pre-mod- 
em people. Far too often the information available on the Middle Paleolithic and 
Middle Stone Age served the purpose of building "straw man" arguments by which 
to highlight or in some case deny these hominids the cultural and behavioral "revo- 
lution" that many colleagues believe characterized the rise of fully modem human 
behavior with the advent of the Upper Paleolithic. We both were of the opinion that 
the study of the Middle Paleolithic and Middle Stone Age must be directed toward 
broader goals than simply serving to contrast and help define what followed this 
period. 

The Middle Paleolithic and Middle Stone Age, which lasted several hundred 
thousand years, must be worthy of study in its own right as a source of information 
on the course of human evolution and as a means of documenting and seeking to 
understand the diverse patterns of behavior in the period immediately preceding and 
during the rise of anatomically and culturally modem people. Researchers need a 
stronger focus on patterns of settlement to bring existing data on technology, subsis- 
tence, mobility, social organization and other areas into clearer view. During the 
early 1990s many publications on these and other topics appeared, but few studies 
were published that focused directly on settlement and other broader issues of 
Middle Paleolithic and Middle Stone Age behavior. Both Prof. Wendorf and I agreed 
that the study of early systems of settlement provided a difficult and important chal- 
lenge and that an attempt to address this question on a local, regional and global 
scale would help to advance the discourse in Paleolithic archaeology and improve 
our understanding of the course of human evolution. 

With these goals in mind we proposed the founding of Commission of the 
International Union of Prehistoric and Protohistoric Sciences (UISPP) to study 
Middle Paleolithic and Middle Stone Age Settlement at a meeting of the UISPP in 
Tulcea, Romania in 1995. This proposal met a favorable response, and the first meet- 
ing of the newly defined Commisson 27 took place at the XI11 Congress of the 
UISPP in Forli, Italy in September 1996. Two years later twelve of the papers pre- 
sented at the symposium appeared in the proceedings of the congress in Forli. In 
January 1999 the Department of Early Prehistory and Quaternary Ecology of the 
University of Tubingen, Germany hosted the second meeting of Commission 27 on 
Middle Paleolithic and Middle Stone Age Settlement Systems. Here researchers 
delivered 30 papers and engaged in lively debate and discussion on issues of settle- 
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Abstract. In the central Rift Valley of Kenya, Middle Stone Age (MSA) sites with extremely 
high artifact densities are concentrated at an altitude of 2.100-2.200 m. Based on 
ethnographic analogy with local hunter-gatherers, Isaac proposed a model of MSA 
settlement preference for the forest/savanna ecotone. This ecotone is currently located at an 
elevation of 2,300-2.400 m. The ecotonal settlement preference model has also been applied 
to the Holocene Later Stone Age (LSA). Archaeological and paleosol (fossil soil) stable 
carbon isotope evidence shows that the ecotone and the focus of human settlement rose from 
1,940 to at least 2,400 m between the early Holocene wet phase and the middle Holocene dr?/ 
phase. LSA and MSA settlement patterns during the driestperiod of the Holocene and during 
the Last Glacial cannot yet be securely characterized. During these times of decreased 
resource density and predictability the ecotonal settlement preference may have been 
abandoned, mobility and home range size increased, and regional intergroup interaction and 
exchange intensified. This change in socioterritorial organization should be reflected by a 
greater diversity of settlement locations and greater amounts of stone tool raw materials 
from distant sources. The limited evidence available,for the MSA and LSA is consistent with 
this scenario but more research on environmental reconstruction, geochrono1og)z and lithic 
source use is needed. 

Risumd Dans la zone centrule de la Vallee du Rifi, aa Kenya, les sites du Middle Stone Age 
(MSA) montrant une densite artefhctuelle tres forte sont concentres a nine altitude de 2.100- 
2,200 m. Par artalogie ethnographique avec les chasseurs-cueilleur locaux, Isaac a propose 
pour le MSA un modele d'etublissement preferentiel dans les ecotones de fort?t/savanne. Cet 
ecotone est gdneralement sit& a une altitude de 2.300-2,400 m. Le modile de preference 
d'htablissement a Pte egalement applique au Later Stone .4ge (LSA) du Holocene. Les 
temoins archPologiques, d'une part, et les teneurs en isotopes stables du carbone des 
~aleosols  (sols jossiles), d'autre part, indiquent que l'ecotone et la concentration des 
etablissements humains se sont diplac& de 1,940 m a au moins 2,400 m entre la phase 
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htrrnide du Holocene urrcien et la phase sPche du milieu du Holocene moyen. Les modes 
d'6tublissement.s LSA et MSA ne peuvent encore Ptre caructirisb d e f a ~ o n  certaine pour la 
periode la plus sPche du Holoc3ne et durant le glaciaire derniec Durant ces periodes de 
densite et de prkdictabiliti des ressources decroissant, la prefirence d'btablissement ne 
pourmitplus avoir ire dictie par 1 'Pcotone, la mobiliti et la taille du territoirepourrait avoir 
ougmenti et les ichanges et interactions intergroupes ci I'ichelle regionale s 'est intensifii 
Ce chungernent dans I'organisation societerritoriale devrait se traduirepar une plus grande 
diversiti des liera d'itublissements etpar une quantiti plus importante d'outils lithiques de 
mutiere premiere de provenance lointaine. Les timoiizs, peu nombreux, disponibles strr les 
sites MSA et LSA confortent cette hvpothbe, dont la confirmotion nicessite rrianmoins la 
poursuite des recherches dans les domarnes de la reconstltutron envrronnen~entale, de la 
geochronologre et de I'ttude de I'approvzsronnement lrthrque 

INTRODUCTION 
The objective of this paper is to review the existing evidence for settlement patterns 

~o locene  Later Stone Age (LSA). One objective of this comparison will be to eval- 
uate the degree to which MSA and LSA social and territorial systems differed in their 
adaptations to similar resource structures and their responses to climate change 
(Ambrose and Lorenz 1990). and the aotential imalications of differences for the 
evolution of modem human behaviors. Future directions for research to test models 
of settlement and social and territorial organization will be proposed. 

The degree to which MSA and Middle Paleolithic humans differed from behav- 
iorally modem LSA and Upper Paleolithic humans in their ability to plan their use 
of the landscape and the effectiveness of resource exploitation remains an open ques- 
tion (Ambrose and Lorenz 1990; Ambrose 1998~ ;  Bar-Yosef 1994; Binford 1989; 
Liebemlan and Shea 1994; Marks and Freidel 1977; Roebrooks et al. 1988; Klein 
1989, 1998). Strategic positioning of settlements to maximize efficiency of resource 
exploitation may have been perfected during or at the end of the MSA. 

Settlement systems in the Middle Stone Age throughout East Africa are poorly 
understood for several simale reasons. Few systematic surveys have been conduct- 
ed, few sltes have been excavated, and most have not yet been reported. MSA slte 
surveys and excavations In the central Rift Valley of Kenya have been conducted by 
Leakey (1931), Isaac (1972, Isaac et a1 1972), Merrrck (1975), Anthony (1967, 
1972, 1978), Bower et a1 (1977), and Ambrose (1984, 1986, 19986). In comparison 
to the LSA, MSA sltes are rare The rarlty of MSA sltes may be due partly to their 
poor exposure and poor vls~bihty The floor of the Rift has witnessed rap~d alluvial 
and lacustrme sedimentation and has few deeply incised watercourses Many MSA 
sites may thus be deeply burled and others may have been destroyed through ero- 
sron 

Behavioral and demographic factors may also account for the relative scarcity of 
MSA sites. First, a more restricted range of habitats may have been used during the 
MSA. MSA occurrences are clustered in a restricted range of elevations in the cen- 
tral Rift, suggesting a microhabitat preference for the ancient forestlsavanna ecotone 
(Isaac 1972; Bower et al. 1977). Most known MSA sites are concentrated in areas 
that are highly susceptible to erosion, including the lower slopes of the escarpments 
bounding, and volcanic mountains within, the central Rift. Erosional bias does not, 
however, explain this apparent settlement preference because MSA sites are clus- 
tered within a very narrow range of this broad erosional zone (Isaac 1972). 
Moreover, LSA sites are concentrated within a different elevation range in this zone 
(Ambrose 1986). Second, in comparison to the LSA, MSA peoples may have had 
higher residential mobility, resulting in less intensive occupation of sites (Barut 
1994) and lower site visibility. Third, population densities may have been lower dur- 
ing glacial periods (Butzer 1988; Klein 1998; Ambrose 19986, 1998c), which would 
result in decreased densities of archaeological sites. All of these factors may have 
contributed to the relative scarcity of MSA occurrences. 

The archaeological record of the central Rift appears to differ qualitatively from 
that of other regions: MSA occurrences are extremely common at elevations 
between 2,000 and 2,200 m (Isaac 1972; Bower et al. 1977). However, despite ade- 
quate exposure, few MSA sites occur below or above these altitudes (figs. 1 and 2). 
Isaac used ethnographic analogy with the Okiek (Dorobo) hunter-gatherers 
(Blackburn 1982) to propose a model of preference for settlement on the montane 
forestlsavanna ecotone. A similar pattern of site distributions at 1,940-2,000 m in the 
central Rift was observed for the Holocene LSA (Ambrose 1984, 1986) and was also 
explained by ethnographic analogy with the Okiek. This ecotone is currently locat- 
ed at 2,300-2,400 m. If this ecotonal settlement preference was maintained through- 
out the Late Quaternary, then during dry periods this ecotone should have shifted to 
higher elevations, and during wetter periods it should have shifted to lower eleva- 
tions. 

The ecotonal settlement preference may have been abandoned during the most 
arid periods due to decreased resource density and predictability during the MSA 
and LSA. Mobility and home range size may have increased, and regional intergroup 
interaction and exchange intensified. This change in social and territorial organiza- 
tion should be reflected by a greater diversity of settlement locations and greater 
amounts of stone tool raw materials from distant sources. Detailed explanation of 
this model of change in social and territorial organization in response to environ- 
mental change and application of the model to the MSA of southern Africa has been 
presented by Ambrose and Lorenz (1990). This explanatory framework has also 
been used to examine changes in socioterritorial organization between the 
Pleistocene and early and middle Holocene in highland East Africa (Ambrose n.d.). 

In this paper the ecotonal settlement preference model (Ambrose 1986; Isaac 
1972) will be explored in more detail. New evidence for ecotonal settlement prefer- 
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Fig. I. Map ofthe central Rift Valley ofKen,va, showing vegetation 
zones and the distribution of archaeological sites on an east-west 
elevation transect, locations of MSA and LSA sites, and locations of' 
obsidian sources. Excavated archaeological sites are indicated b~ 
jilled symbols. See tables l a  and l b  for the nanles of numbered sites. 

ence during the Holocene LSA will be described. Archaeological evidence includes 
faunal habitat preferences, densities of bones and flaked stones within archaeologi- 
cal sequences and across the landscape, and presence of features such as hearths and 
bedding. Carbon and nitrogen isotope ratios of mammal bones and teeth provide 
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Fig. 2. Elevation frequency distributions of MSA and LSA 
sites in the central Rift Valley of Kenya. 

direct evidence of microhabitats in which prey species lived (Ambrose and DeNiro 
1989), and carbon isotope ratios of soil profiles provide direct evidence for the past 
position of forests and grasslands (Ambrose and Sikes 1991). Tests of the ecotonal 
settlement preference model for the MSA will be proposed using stable carbon iso- 
tope ratio analysis of paleosols to determine microhabitat contexts of sites (Cerling 
1984; Cerling et al. 1989, 1991, 1997; Ambrose and Sikes 1991). Single Crystal 
Laser Fusion 4 0 ~ r / 3 9 ~ r  dating (SCLF) (Hu et al. 1994; Renne et al. 1997; Deino et 
al. 1998) of volcanic tephra interstratified with archaeological occurrences could be 
used to provide accurate dates of archaeological occurrences, permitting correlation 
with global paleoclimates. Lithic raw material source use patterns (Merrick et al. 
1994) provide additional useful information for reconstructing social and territorial 
systems (Ambrose and Lorenz 1990). 

MODERN ENVIRONMENTS AND LATE QUATERNARY CLIMATES IN THE 
CENTRAL RIFT VALLEY 
The floor of the central Rift Valley contains two major closed lake basins with shal- 
low lakes, separated by Mt. Eburu (fig. l) .  This volcanically active region contains 
the majority of obsidian sources used during the Stone Age in Kenya and northern 
Tanzania (Merrick and Brown 1984). The current altitudes of the Naivasha and 
Nakuru-~lmenteita basins are 1,890 and 1,760 m, respectively. The western margin 
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Table la.  Holocene LSA (Eburran) archaeological sites in the central 
Rift Valley q fKe/va shown in figure I .  

Map Key Eburran Site Kame Elevation (m) Eburran phase 
26 Prospect Farm Loc. 2 2150 2 

4 Nderit Drift (GsJi2) 1840 l , 2 *  

6 Gamble's Cave (GaJil) 1934 3 ,4  

+ Hyrax Hill (Gdi25) 1860 5 

+ Lion Hill Cave 1934 4 

27 Ebum Station Cave (GsJi55) 1915 5 

18 Naivasha Railway RS 1940 4, 5 

29 Mamla RS (GsJj24) 1940 3 

30 Masai Gorge RS (GsJj25) 2010 2, 5 

8 Enkapune ya Muto (Gtli 12) 2400 4, 5 * 
31 01 Tepesi RS (GsJi53) 2180 213, 5 " 
32 Ngomut Ngai (Gtli31) 1950 213 * 
33 GsJj 14 1940 4 

34 GsJjl6 1940 4 

35 GsJj29 1960 314 

36 GsJj42 1915 314 

37 GtJj6 1920 213 

38 GtJi28 2190 213 

(Key to symbols: * = sites with volcanic tephra; + = sites not shown in figure I because 
they are located outside of the map. 

of the Rift, called the Mau Escarpment, rises to 3,100 m. Rainfall ranges from 600 
mm on the Rift floor to over 900 mm on the top of the Mau Escarpment. Elevation- 
stratified floral zones grade from riparian acacia forests and woodlands around the 
lakes, to open and wooded savanna grassland on the plains. Above 2,200-2,300 m, 
denser bushland and woodland grade to montane forest above 2,400 m. Bamboo and 
montane moorland grasslands occur above 2,500 m. 

This region witnessed dramatic environmental changes over relatively short 
periods of time in response to global climate change. High lake stands are widely 
reported prior to -22 ka and low lake levels and dry basins are recorded from 20 to 
12 ka (Hamilton 1984; Butzer et al. 1972; Richardson 1972). High lake stands 
occurred several times prior to 40,000 BP, contemporary with the MSA. These lake 
stands have not been dated, but probably occurred during the Last Interglacial 
(Marine Oxygen Isotope Stage 5) and warm interstadials during the Last Glacial 
(Stage 3) (Isaac et al. 1972). During the early Holocene wet phase, Lake Naivasha 
reached overflow at 2,000 m, downcutting to a stable shoreline at 1,940 m. Lakes 

Table 1b. MSA archaeologrcal szteJ rn the central Rift Vallep of Kenva shown 
zn figure 1 

Map key MSA Site Name Elevation Comments 
I Prospect Farm Loc 1 2130 5 MSA honzons * 
7 Prolonged Drlfl (GrJll I) 1805 1 ~n-sltu MSA horizon * 
3 Uruu East (GtJ132) 2540 Sparse surface scatter 
4 Nderlt Dnft (GsJ12) 1860 1 MSA horlzon * 
5 Karrandusl (GrJ12 1) 1895 Surface scatter 

6 Gamble's Cave (GsJ132) 1936 Surface scatter 

7 Mannonet Drift (GU115 ) 2080 5 MSA horlzons * 
8 Enkapune ya Muto (Gtll 12) 2400 Sparse occupation * 
9 Marula Valley 1 (GsJj53) 2180 2 MSA hor~zons * 
10 Mamla Valley 2 (GsJj54) 2070 3 MSA horlzons * 
11 Mamla Valley 3 (GsJj79) 2020 MSA w ~ t h  handaxes * 
12 Mamla Valley 4 (GsJj8 I) 2 180 MSA wlth handaxes * 
13 GsJj2 2210 MSA wlth handaxes 
14 Masal Gorge Camp (GsJj56) 2010 I MSA hor~zon * 
15 01 Tepesl R~dge (GsJ116) 2060 2 MSA hor~zons * 
16 Klteko R~dge  2060 2 MSA honzons * 
17 Wetherall's slte 2400 Surface rcatter * 
17 GsJj5N 2075 Surface scatter 

19 GsJj7 2020 Surtace scatter 
20 GsJj21 2014 Surface scatter 

2 1 GsJj22 2050 Surface scatter 

22 GsJj28 2020 Surface scatter 

23 GsJj38 2035 Surface scatter 
24 GsJj39 2030 Surface scatter 

* = sltes w ~ t h  >olcan~c tephra, + = sltes not shown In figure 1 

Nakuru and Elmenteita also coalesced and overflowed at 1,940 m (Butzer et al. 
1972). Montane forests undoubtedly expanded to lower elevations at this time 
(Maitima 1994). The habitat preferences of archaeological faunal species suggest the 
ecotone may have descended possibly as low as 1,940 m (Ambrose 1984, 1986). 
During the middle Holocene dry phase, lakes became smaller than at present, briefly 
drying by 3,000-3,400 BP (Richardson 1972). Soil carbon isotope analysis shows the 
savanndforest ecotone rose to above 2,600 m (Ambrose and Sikes 1991). The mod- 
em climatic regime, with weakly bimodal seasonal rainfall, was established by 2,500 
BP (Richardson 1972). 
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Similar environmental changes probably occurred during each glacial and inter- 
glacial period. The savannalforest ecotone was probably lower during marine oxy- 
gen isotope stages 7 (penultimate interglacial), 5A, 5C, 5E (warm substages of the 
Last Interglacial) and 1 (early Holocene), and generally higher than at present dur- 
ing stages 6 (penultimate glacial), 5B, 5D (cold periods in the Last Interglacial), and 
2-4 (Last Glacial). The millennium scale fluctuations in forest elevation and lake 
levels described above for the Holocene may have occurred during the Late 
Pleistocene and may be related to global climatic variations known as Dansgaard- 
Oeschger events (Dansgaard et al. 1993). These quasi-cyclic rapid shifts between 
glacial and near-interglacial temperatures, which have an average duration of 1,500- 
3,000 years, are now known to persist with lower amplitude through the Holocene 
(Bond et al. 1997). High climatic variance at the millennium scale places limitations 
on our ability to generalize about the environment within an isotope stage or sub- 
stage. This also raises questions about our ability to correlate accurately human 
occupations with environmental regimes based upon assignment to a marine oxygen 
isotope stage. When dating is based on less accurate and precise techniques such as 
U-series, ESR and TL, for which standard deviations are much larger than the dura- 
tion of Dansgaard-Oeschger events, then errors in correlation with paleoenviron- 
ments can occur. 

MODERN AND LATE QUATERNARY SETTLEMENT SYSTEMS IN THE 
CENTRAL RIFT VALLEY 

MODERN HUNTER-GATHERER SETTLEMENT PATTERNS 
The Okiek are semi-sedentary hunter-gatherers who maintain defended territories in 
montane forests on the Mau Escarpment and other montane forest areas of central 
and western Kenya. Their territories comprise a series of long parallel ridges bound- 
ed by streams rising from the forestisavanna ecotone to the top of the Mau 
Escarpment. They maintain traps and beehives, hunt large and small mammals in the 
montane forest, and collect wild honey and hunt large mammals in the savanna. The 
forest is divided into named, defended territories for the purpose of maintaining 
exclusive access to hives and traps, but not for hunting. Their diet is predominantly 
meat and honey, with insignificant amounts of wild plant foods and small amounts 
of domestic grains obtained by trade with surrounding farmers. A broader plant- 
based subsistence prior to food production seems unlikely because (1) plant pro- 
cessing tools (grindstones) are extremely rare in Holocene LSA sites, and (2) 
archaeological horizons with abundant uncarbonized and carbonized plants contain 
no plant foods (Ambrose 1986; Slikkerveer and Lange 1991). 

The Okiek are effectively sedentary, largely due to the stability of their resource 
base. They now prefer to settle in the lower montane forest near the savanna ecotone. 
This settlement location permits easy access to both forest and savanna environ- 
ments, is warmer and drier than the high montane forests, and keeps them out of con- 

flict with the politically superior herder and farmer populations (Maasai, Kalenjin, 
Kikuyu, Kisii). They establish temporary camps at high altitudes when mass flow- 
enng of nettles occurs. Temporary beehlves and traplines are set, but the cold, wet 
environment 1s uncomfortable and beehlves and traps rot qu~ckly. Archaeological 
ev~dence discussed below suggests that before the advent of food production they 
may have preferred the savanna slde of the forestlsavanna ecotone (Ambrose 1986, 
19986) 

LATER STONE AGE SETTLEMENT PATTERNS 
Elevation distributions of MSA and Holocene LSA sites are shown in figures 1 
and 2, and tables la  and lb  provide a list of site names, the key to sites plotted in fig- 
ure 1, elevations and other information about the archaeological sites. Figure 1 also 
shows obsidian source locations. 

The archaeological record of the Late Pleistocene LSA in the central Rift is 
known from only five sites. Four different stone tool industries are represented, but 
only two industries may be represented at more than one site. Some industries may 
be up to 50,000 years old (Ambrose 1998b); no occurrences are demonstrably syn- 
chronous. Lithic raw material source use patterns are poorly known. Hypotheses 
about LSA subsistence and settlement patterns between 50,000 and 12,000 BP can- 
not be tested with such scant evidence. 

The Holocene record is better documented. From 12,000 to - 3,000 BP, all sites 
can be assigned to the Eburran (Kenya Capsian) lithic industry (Ambrose et al. 
1980). Phases 1-3 of the Eburran, dated to between 12,000 and 7,000 BP, are distin- 
guished by large backed blades (mean length 50 to 35 mm). Phases 4-5 have small- 
er backed tools (mean length approximately 21-25 mm); phase 5 occurrences are 
defined by the presence of ceramics, which first appear by 4,900 BP, andlor domes- 
tic stock, which first appears by 4,000 BP (Ambrose 1984, 19983). 

Sites of phases 1-3 and early phase 4 of the Eburran Industry are found predom- 
inantly at elevations of 1,940-2,000 m around the perimeters of the Naivasha and 
Nakuru basins (Ambrose 1986). The most important sites are Gamble's Cave and 
Lion Hill Cave (Leakey 1931), Naivasha Railway, Marula and Maasai Gorge rock- 
shelters (Ambrose 1984, 1985, 1986; Gifford-Gonzalez 1985; Onyango-Abuje 
1977). They all have extremely high densities of fauna and artifacts, suggesting high 
intensity occupations. Although they are located close to the paleo-shorelines of the 
expanded early Holocene lakes, their locations do not appear to be linked to, or 
restricted by them. The faunal assemblages contain either predominantly forest and 
bush-dwelling mammals, or an extremely diverse mix of species with forest, bush 
and savanna habitat preferences, and they have virtually no fish hones (Ambrose 
1984, 1986; Gifford-Gonzalez 1985; Onyango-Abuje 1977). 

Only one archaeological site at higher elevations is known to contain an early 
Holocene wet phase Eburran occupation. 01 Tepesi Rockshelter, located at 2,180 m 
within the montane forest on Mt. Eburu, contains an occurrence of phase 2 or 3 of 



the Eburran dated to 9760 * 100 BP (ISGS 2317). Only 252 flaked stone artifacts 
were recovered (less than 1 per 0.01 m3). Neither identifiable faunal remains nor 
hearths were encountered in this ephemeral occupation. The overlying Eburran 
phase 5 and underlying Pleistocene LSA occurrences have much higher flaked stone 
artifact densities (40-137 and 196-302 artifacts per 0.01 m3, respectively), reflecting 
high intensity occupations. 

Prospect Farm Locality 2, on the north slopes of Mt. Eburu at 2,150 m, is the 
only known high elevation early Eburran site with very high artifact densities 

10,560 * 1650 BP, which places it within the Younger Dryas, when a drier climate 
prevailed and the forest/savanna ecotone may have been higher. 

During the middle Holocene, gradual drying began after 7000 BP, and the focus 
of settlement appears to have shifted gradually to higher altitudes. At Gamble's Cave 
(GrJiI), artifact and faunal densities begin to decline in phase 4 of the Eburran, and 
faunal habitat preferences reflect more bush and grassland species. Bushbuck 
(Tragelaphus scriptus) predominated in phase 3 but reedbuck (Redunca cfi 
fulvorofula) predominated in phase 4 (Ambrose 1984, 1986). 

No sites on the Rift floor below 1,940 m are known to have Eburran occupations 
that date to between 6000 and 3500 BP. All have sterile horizons or erosional uncon- 
formities (Ambrose 1984, 1986). However, two sites at higher elevations have 
occurrences dating to the middle Holocene dry phase. 

Enkapune Ya Muto Rockshelter (GtJilZ), located at 2,400 m on the Mau 
Escarpment, contains a long stratified sequence of deposits that clearly documents 
changes in the past position of the ecotone and the focus of human settlement 
(Ambrose 1984, 1986). The earliest Eburran occupation levels date to 6350 BP 
(Ambrose 19983). Low densities of artifacts and high frequencies of less fragmen- 
tary faunal remains suggest low intensity occupation (5-22 flaked stone artifacts and 
9-41 g of bone per 0.01 m3). The micro- and macrofaunal species habitat preferences 
(Ambrose 1984; Marean 1992; Marean et al. 1994) indicate the site was surrounded 
by montane forest at this time. Stable carbon and nitrogen isotope analysis of colla- 
gen from the teeth of the herbivores (Ambrose and DeNiro 1989) shows that some 
prey had lived in deeper forests than exist at present anywhere in the central Rift, fur- 
ther indicating close proximity of the montane forest to the site at 6350 BP. In 
younger Eburran phase 4 and early phase 5 horizons, dated between 6000 and 4000 
BP, the extremely rich and diverse faunal assemblages include increasing propor- 
tions of bush and open habitat species. Densities of faunal remains, lithic artifacts, 
and hearths increase dramatically (59-100 flaked stone artifacts and 17-1 16 g of 
bone per 0.01 m3). Peak occupation intensities occur at around 5000 BP, associated 
with large hearths surrounded bv uncarbonized and vartlv carbonized grass bedding. 
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Lithic Raw Material Frequencies at 
Enkapune Ya Muto Rockshelter N 

0 Chert 

Quartz 

97.5 98.0 98.5 99.0 99.5 100.0 

Flaked Stone % 

Fig. 3. Percentages of flaked obsidian, chert and quartz in Holoce~~e 
and Pleistocene LSA and MSA archaeological occurrences at 
Enkapune Ya Muto Rockshelter: See Ambrose (19983) for a 
description of this stratigraphic sequence. 

and 12.7 g of bone per 0.01 m') and proportions of non-local lithics (chert and 
quartz) increase (fig. 3). Aeolian sandy silts of these beds suggest open arid condi- 
tions predominated between 3900 and 2800 BP when the site was peripheral to the 
Eburran settlement system (Ambrose 1986, 19983). 

01 Tepesi Rockshelter (GsJi53) provides additional evidence for intensive occu- 
pation of higher altitudes during the middle Holocene dry phase. It contains inten- 
sive Eburran phase 5 occupations dating to between 4560 * 80 and 3120 i 70 BP 
(ISGS 23 18 and 2389). The mix of forest and grassland species (Ambrose and Mbae 
n.d.) associated with high artifact and faunal densities, large hearths and ash beds. 
suggests an ecotonal context during peak occupation. 

During the peak of the middle Holocene dry phase (3000-3500 BP) the focus of 
Eburran settlement may have moved to even higher altitudes, but no sites above 
2,400 m have been found to contain early and middle Holocene occurrences. 
Enkapune ya Sauli Rockshelter (GtJilO), located in montane forest and bamboo at 
2,540 m was regularly occupied by recent Dorobo (Okiek) hunter-gatherers. The 
shallow deposits contained only Elmenteitan Neolithic, Iron Age, and protohistoric 
occupations (Ambrose 1984). 
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erosional unconformities, sterile aeolian silts and sands, or extremely low artifact 
and faunal densities (Ambrose 1986). Eburu Station Lava Tube Cave (GsJi55), 
located at 1,910 m in the Nakuru Basin (Ambrose and Mbae n.d.), contains a very 
ephemeral phase 5 Eburran occupation dated to between 3570 + 70 and 3000 It 70 
BP (ISGS 2967 and 2322). Flaked stone artifact densities are relatively low com- 
pared to the overlying Elmenteitan Neolithic (14 versus 23 artifacts per 0.01 m3) and 
bone densities are extremely low (2.12 versus 223-1,405 g per 0.01 m3). 

SOIL CARBON ISOTOPE EVIDENCE FOR THE HOLOCENE ECOTONE SHIFT 
Stable carbon isotope analysis of soils has become a useful tool for environmental 
reconstruction in tropical environments. Soils, by definition, reflect the environment 
of the immediate location in which they are formed, unlike macrofaunal and pollen 
assemblages, which may reflect environmental conditions over larger catchment 
areas. The stable carbon isotope ratios ('3CI'2C) of tropical plants are bimodal: trop- 
ical grasses with the C4 mode of photosynthesis have high ai3C values (-12 + ~Yw), 
and trees shrubs and most other broad-leaved plants (C3 plants) have low values 
(-26 * 3%0) (Ambrose and Sikes 1991). Soil organic carbon is derived from the 
plants that grow and decompose on them. Its stable carbon isotope ratio accurately 
reflects the proportions of trees to grass in tropical environments (Cerling 1984; 
Cerling et al. 1991, 1997; Ambrose and Sikes 1991). 

The utility of this technique can be illustrated with our research in the central 
Rift Valley. Natural soil profiles were sampled along an altitude transect from the 
floor of the Rift to the top of the Mau Escarpment and their carbon isotope ratios ana- 
lyzed at depths of 0-5, 10-15, 30-35, and 50-55 cm below the surface. The surface 
soils accurately reflect the proportions of trees to grass in the modern environment. 
Soil profiles in open habitats at lower elevations showed small and non-systematic 
changes with depth below surface. However, four sites that are presently located in 
montane forests below 2,700 m had carbon isotope compositions at depths of 30-55 
cm that demonstrate up to 75-80% C4 (grass) biomass grew on these sites during the 
peak of the middle Holocene dry phase. Only one site, located at 2,990 m at the top 
of the Mau Escarpment, did not show a change to grassland. The evidence from this 
transect suggests that the forestkavanna ecotone rose to above 2,600 m but did not 
reach 3,000 m during the middle Holocene dry phase. 

CHANCES IN HOLOCENE LSA SETTLEMENT AND SOCIOTERRITORIAL 
ORGANIZATION 
The combined evidence from nine rockshelters located at different altitudes in the 
central R ~ f t  md~cates peak occupation lntensltles were assoc~ated w ~ t h  the 
foresdsavanna ecotone and that t h ~ s  ecotone rose from below 1,940 m d u n g  the 
early Holocene wet phase to at least 2,400 m during the m~ddle Holocene dry phase. 
Isotop~c evidence presented above suggests the ecotone rose to above 2,600 m dur- 

ing the peak of this dry phase. Persistence of the ecotonal settlement preference dur- 
ing the peak of the middle Holocene dry phase cannot yet be discounted because no 
deeply stratified sites that contain Eburran occupation horizons of this age have been 
found above 2,400 m. High altitude sites of this era must still be excavated to test 
this hypothesis. However, territory size probably expanded as resource density 
declined to its lowest levels during the peak of the dry phase. Compared to the aver- 
age size of tropical hunter-gatherer territories (Kelly 1995) the land area above 
2,600 m in the central Rift is relatively small (fig. I) and may have supported only a 
few small band territories. The absence of intensive occupation of all sites at lower 
elevations during the peak of the dry phase suggests population size declined, the 
ecotonal settlement preference was abandoned, and settlement mobility increased 
due to decreasing abundance and predictability of food resources. Regional evidence 
for change in socioterritorial organization during the Holocene supports this hypoth- 
esis. The frequency of non-local lithic raw materials in artifact assemblages 
increased during the middle Holocene dry phase at Enkapune Ya Muto (fig. 3) and 
throughout highland Kenya and Tanzania, indicating higher mobility, more open ter- 
ritorial boundaries, and greater intergroup information exchange (Ambrose n.d.). 

MIDDLE STONE AGE SETTLEMENT PATTERNS 
MSA sites in the central Rift Valley are predominantly located at 2,000-2,200 m 
(fig. 2, table Ib). Uruu East (GtJi32), located at 2,540 m in montane forest on the 
Mau Escarpment, is the highest known MSA site. It is a very low density surface 
scatter of artifacts. Open sites have virtually no preserved faunal remains and none 
have been dated, so habitat reconstructions must be based on other lines of evidence. 
Glynn Isaac (1972; Isaac et al. 1972) conducted a systematic survey of artifact den- 
sities in surface exposures along an altitude transect from the floor of the Nakuru 
Basin to the north slopes of Mt. Ebum. Median artifact densities on four ridge crests 
on Mt. Eburu reached a peak of 44 per m2 at 2,140 * 60 m. Artifact densities on the 
Rift floor were never more than 10% of this value and much lower on the exposed 
slopes of Mt. Eburu up to 2,400 m (Isaac 1972). This restricted distribution led Isaac 
to propose the ecotone settlement preference model. 

Multiple occupation horizons with interstratified volcanics are common around 
2,100 m but are unknown at higher elevations (table Ib). Prospect Farm Locality 1, 
which lies within the zone of highest artifact densities in Isaac's survey, exemplifies 
this kind of site (Anthony 1967, 1972, 1978; Merrick 1975). Four high density MSA 
occurrences were encountered in a 15 m deep excavation. Several volcanic pumice 
and ash horizons are interstratified in this sequence. The youngest MSA horizon has 
been dated by obsidian hydration (Michels et al. 1983) to approximately 50,000 BP 
and the earlier ones to the Last Interglacial. 

Prolonged Drift (GrJi1 I), located on the floor of the southern Nakuru Basin, is 
the only known low altitude excavated MSA occurrence in the central Rift (Merrick 
1975). A volcanic ash dated to approximately 30,000 BP (the Makalia Ash) discon- 
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fonnably overlies an in situ MSA occurrence in a weakly developed paleosol cap- During the MSA small numbers of obsidian artifacts occur up to 305 km from their 
ping a series of sands and silts of an aggrading stream channel (Merrick 1975). This sources, far beyond the range of direct procurement, so intergroup exchange seems 
occurrence is considered to be late MSA, older than 40,000 BP. The occurrence com- likely. Site-to-source distances also increase from earlier to later horizons at two 
prises patches of flaked stone artifacts associated with well-preserved bone. No fau- sites in Kenya (Prospect Farm and GvJml6 at Lukenya Hill). This increase in use of 
nal analysis has been published. In comparison to the Prospect Farm Locality 1 MSA distant sources may reflect differences in home range size, mobility, and inter-group 
occurrences, artifact densities are considered by the excavator to be relatively low exchange networks between stable interglacial and unstable glacial environments. 
(less than 50 flaked artifacts per 0.01 m3). Merrick (1975; Merrick et al. 1994) sug- Obsidian source use patterns in three MSA horizons at Prospect Farm Locality 1 
gests the site may be a specialized short-term hunting and butchery site. and the main occupation horizon at Prolonged Drift may provide important insights 

In the Naivasha Basin, one late MSA occurrence was found at the base of the into settlement systems (fig. 4). At Prospect Farm, obsidian from 75 km away com- 
sequence at Enkapune Ya Muto Rockshelter (Ambrose 19986). The absence of an prises less than 2% of the artifacts in each assemblage. In the earliest horizon, 9 1% 
unconformity with the overlying early LSA, as well as the presence of a few small of the artifacts from known sources are from within 10-15 km of the site. In the sec- 
backed microliths, suggests it is close to the MSAILSA transition. This horizon prob- ond horizon, 57% of the assemblage comes from sources 10-1 5 km away, and 19% 
ably dates to early Stage 3, between 50,000 and 59,000 BP. Artifact and faunal den- comes from a source 40 km away in the southem Naivasha Basin (Njorowa Gorge). 
sities (5.92 flaked stone artifacts and 3.24 g of bone per 0.01 m3) are significantly In the youngest MSA horizon, 37% comes from sources 10-15 km from the site, one 
lower than those of the Eburran in this sequence (as noted above), suggesting very source 30 km away in the west Naivasha Basin (Sonanchi) comprises 60%, but the 
low occupation intensities and infrequent use of this high elevation rockshelter dur- southern Naivasha source, only 40 km away, comprises only 1% of the analyzed 
ing the late MSA. The small faunal assemblage contains both forest and grassland sample. 
species, including one equid, one tragelaphine, and one cercopithecine monkey At Prolonged Drift, over 95% of the obsidian identifiable to its source comes 
(Marean 1992). This faunal assemblage is too small for reliable environmental froni Sonanchi (46%) and 01  Njorowa (50%) in the Naivasha Basin, located 40 and 
reconstruction. 50 km, respectively, from this site (fig. 1). The remaining 4% comes from Masai 

At Marmonet Drift (GtJilS), located in the northwest comer of the Naivasha Gorge, 30 km away (fig. 4). Strong preference for these comparatively distant 
Basin at an elevation of about 2,040 m, an approximately 30-m deep exposed sec- sources is remarkable because the closer high quality sources of Mt. Eburu and 
tion contains five MSA occurrences and eleven interstratified volcanic layers. The Masai Gorge, which were intensively used before and after this time, lie between 
nearby site of Ngomut Ngai (GtJi3 I), a fault-controlled sinkhole located at about Prolonged Drift and the Naivasha Basin sources (Merrick et al. 1994). 
1.960 m, has a 21 m vertical exposure with multiple paleosols, tephra, and diatomite Unlike western Europe (Geneste 1988, 1989), lithic reduction sequences do not 
layers. It contains one early .Holocene Eburran occurrence, but no MSA horizons. seem to differ for tools made on near versus far sources, and proportions of shaped 
The abundance of MSA horizons at Marmonet Drift provides a dramatic contrast tools and intensity of reduction do not appear to differ significantly between close 
with the conlplete absence of MSA artifacts at Ngomut Ngai. However. this differ- and more distant sources at Prolonged Drift and Prospect Farm (Merrick et al. 1994). 
ence is consistent with the apparent focus of MSA activities at higher altitudes. Only one possible MSA quany site has been identified, but it has not been excavat- 

ed. Differences in reduction sequences and patterns of lithic source use economy in 
EVIDENCE OF LITHIC RAW.WATER1AL SOURCE USE FOR MSA SETTLEMENT different site types in this region are not yet apparent, but more research is definite- 
SYSTEhfS ly needed. 
The lithic raw material distribution at Enkapune ya Muto Rockshelter differs signif- 
icantly from that of the LSA (fig. 3). Quartz and chert are more abundant in the MSA DIVERSITY AND CHANGE IN MSA SETTLEMENT AND SOCIOTERRITORIAL 
than in the LSA. The closest source of quartz is approximately 65 km; chert sources ORGANIZAT~ON 
are unknown but may be equally distant. Does Prolonged Drift represent a specialized activity location associated with poten- 

Merrick and Brown (1984; Merrick et al. 1994) have made important contribu- tial base camps at the hypothesized forestlsavanna ecotone, or could it represent a 
tions to our understanding of lithic raw material source use patterns in East African component of a more mobile settlement system? Patterns of lithic raw material 
prehistory through their program of chemical analysis of obsidian sources. As noted source use, combined with the scant evidence for its age, may help evaluate these 
above, most major sources of obsidian are located within the central Rift Valley alternatives. Prolonged Drift was probably occupied during the Last Glacial period 
(fig. I). During the Acheulian, obsidian is rarely found more than 30 km from its (Stage 3 or 4), when resource density and predictability would have been compara- 
source, probably within the range of direct procurement (Memck and Brown 1984). tively low. High mobility, large territories with undefended boundaries, opportunis- 
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Distances of Obsidian Sources from MSA Sites territories, and little intergroup interaction. LOW frequencies of lithic materials from 

in the Central Rift Valley of Kenya distant sources are expected. These occurrences are thus likely to reflect an ecotone- 
based settlement system. The latest MSA occurrence appears to date to the Last 
Interglacial, when resource density and predictability may have been lower. The 

Prospect Frum Lowcr (82) presence of higher frequencies of comparatively more distant sources from the 
0 Prospect Farm Middlc ( 1  19) Naivasha Basin suggests a larger home range, higher residential mobility, and pos- 
A Prospect Farm Uppcl. (93) sibly more frequent regional exchange and interaction between bands. However, its 

Prolonged Drili (901 lithic source use pattern is more similar to earlier horizons at Prospect Farm than to 
Prolonged Drift, so it may still represent an ecotonal settlement preference. 

FUTURE TESTS O F  MSA ECOTONAL SETTLEMENT PREFERENCES 
This review of the scant evidence for MSA settlement systems and socioterritorial 
organization demonstrates that far more research is needed. Many MSA and early 
LSA sites in the Naivasha and Nakuru basins have multiple archaeological occur- 
rences and interstratified volcanic tephra (tables la, lb). Advances in technology of 
SCLF 40Ar/39Ar dating (Hu et al. 1994; Chen et al. 1996; Renne et al. 1997; Deino 
et al. 1998) now make it possible to date sites as young as 2000 calendar years with 
precision equal to and accuracy greater than radiocarbon dating. With an accurate 

0 10 20 30 40 50 60 70 80 chronology it should be possible to make refined correlations with paleoclimates 

documented in deep sea and ice cores, and thus to infer the probable environmental 
Source Distance (km) contexts of MSA sites. We could then begin to test adequately the hypothesis that 

MSA sites were located on a paleoecotone and that their locations shifted elevation 
Fig. 4. Percentage of obsidian from sources at in response to climatic change. Sites located at higher altitudes should date to cool- 
dijferent distances from MSA sites in the central Riji er, drier stadia1 periods or drier parts of interstadials, and sites at lower altitudes 
Valley ofKenya. Data are from Merrick et al. 1994: should date to warm, humid phases of interglacial and interstadial periods, when the 
table 2. Assetnblage size is indicated in parentheses in ecotone shifted to lower altitudes than at present. 
theJgure legend. Specimens from unknown sources The rarity of significant faunal assemblages and the poor prospects for recover- 
have been excludedfrom these sums andpercentages. ing pollen present significant challenges for environmental reconstruction. Stable 

carbon isotope analysis of paleosols seems to provide the most direct evidence for 
the past position of the forestisavanna ecotone. Volcanic tephra that can be traced 

tic and frequent site relocation and high frequencies of lithic raw materials from dis- across the landscape provides isochronous markers for paleosols that contain MSA 
tant sources are expected (Ambrose and Lorenz 1990; Ambrose n.d.). Prolonged occurrences. Paleosols occurring at altitudes above an archaeological occurrence 
Drift has a lithic raw material source composition completely unlike that of Prospect should have the lowest 83C values, reflecting more closed habitats, those in the 
Farm, located only 10 km away, and is thus unlikely to be a component of that pre- vicinity of the occurrences should have intermediate ones, and those at lower eleva- 
sumably ecotone-focused stable territorial system. It may reflect an opportunistic tions should have the highest 813C values, reflecting open grassland habitats. 
settlement system in risky ice age environments. Other lines of evidence may indicate changes in settlement systems and adapta- 

To what extent do the three occurrences at Prospect Farm represent an ecotonal tions during drier and wetter periods (Ambrose and Lorenz 1990; Ambrose n.d.). 
settlement location preference? The two oldest occurrences may date to the Last When the ecotonal settlement pattern was in place, contemporary occurrences above 
Interglacial (Michels et al. 1983), when resource density and predictability were and below the ecotone should have been small, reflecting short-term, specialized, 
probably high. In terms of the relationship between resource structure and socio-ter- task-specific, seasonal occupations. Lithic raw material source use should resemble 
ritorial organization (Ambrose and Lorenz 1990; Ambrose n.d.) this resource struc- that at the main ecotonal sites. When resources were abundant and predictable, dur- 
ture may have favored infrequent and scheduled residential mobility, small closed ing warm, humid interglacial and interstadial periods, lower frequencies of non-local 
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l~thics should be found and sltes should be larger. Conversely, during dr~er penods, 

mented, chemically characterized obsidian sources (Merrick and Brown 1984; 
Merrick et al. 1994), so this hypothesis can also be tested. It should then be possible 
to compare the responses of MSA and LSA hominids in similar ecological condi- 

The ~ c i l e u l i a d ~ s ~  transition may date to asearly as 250,000 BP in the Kenya 
Rift Valley (McBrearty et al. 1996). Some central Rift MSA sites may thus span the 
penultimate interglacial-glacial cycle (isotope stages 7 and 6), including those with 
significant numbers of handaxes in Marula Valley (table Ib). It should be possible to 
use obsidian source use patterns at such sites to determine if there are significant 

DISCUSSION AND CONCLUSIONS 
MSA occurrences in the central Rift Valley that probably date to the Last 
Interglacial, exemplified by the early horizons at Prospect Farm, appear to reflect an 
ecotonal settlement pattern with low residential mobility, small territories, and little 
regional interaction. MSA occurrences that probably date to the early Last Glacial at 

I preference durmg the Last lnterglac~al versus ~ncreased dlspers~on m response to 
env~ronmental change durlng the Last Glacial appears to be s ~ m ~ l a r  to that observed 
between the early Holocene wet phase and the m~ddle Holocene dry phase In the 
central R~f t  Valley In the Eburran (Ambrose 1986), as well as throughout h~ghland 

We have previously argued that adaptive responses to changes in resource struc- 
ture in southern Africa and elsewhere during the MSA. as reflected by lithic source 
use patterns and faunal exploitation patterns, were less pronounced because resource 

local raw materials were more common in MSA than in LSA occurrences in north- 
ern Tanzania excavated by Mehlman (1989). Non-local lithics were interpreted as 
evidence for high residential mobility due to ineffective exploitation of local food 
resources. This model may account for high frequencies of non-local lithics in the 
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MSA at Enkapune ya Muto during the Last Glacial. However, his model cannot be 
fully evaluated without accurate reconstruction of resource structures. 

Data for existing lithic source use in the central Rift provide evidence for differ- 
ences in social and territorial organization between climatic regimes within the MSA 
and within the LSA. However, obsidian source use patterns during the LSA in the 
central Rift Valley have not yet been systematically analyzed in the same way as the 
MSA (Merrick et al. 1994), so they cannot yet be directly compared. Much more 
research on MSA site structure, function, environmental context, and lithic and fau- 
nal resource exploitation is needed to determine if differences in capacity for adap- 
tive responses to changes in resource structure existed between the MSA and LSA in 
this region. 
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