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ABSTRACT

Plio-Pleistocene mammalian faunal evolution has been causally linked to global climate 

change. This study investigates the extent to which climate afifected the faunal 

representation of large mammals in the fossil assemblages from the Turkana Basin, in 

East Africa during the Plio-Pleistocene. The research project involved the collection 

and study of both modem and fossil specimens

Relative abundances of fossil mammalian families and the Bovidae are explored. To 

interpret climatically driven 6unal change, comparisons are made with fossil faunas 

from the Nachukui, Shungura and Koobi Fora Formations. The combined relative 

abundances of bovid tribes through time are used to infer changes in habitat 

representation. The reduncines, wet habitats indicators, are abundant around 2.5 ma in 

contrast to the Shungura Formation represented by closed-dry habitats. This suggests 

that local rather than global scale climatic influences are affecting habitat 

representation. At 1.7 ma the inferred habitat in the Nachukui Formation shows 

similarity with more distant localities, namely the Olduvai Basin in Tanzania, where 

more arid and open environments become increasingly dominant.

In a second part of this study, data were collected from modem antelope remains to 

develop new body weight estimation equations, essential for the estimation of body 

weights of fossil antelopes from the Nachukui Formation assemblage. Dental remains 

are less accurate estimators of body weight than are postcranial remains. The body 

weight estimation equations developed in this study are more accurate than published 

estimation equations when compared. The body weights of Nachukui Formation fossil 

bovids were estimated using the equations developed in this study. Variation in body 

weight representation of bovid tribes through time, in the context of changing habitats, 

and the use of bovid body weights in taxonomic identification of isolated teeth are 

explored for the Nachukui Formation.
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Chapter 1 

INTRODUCTION

Global climate change has been proposed as a main influence on evolution, and in 

particular has been implicated in triggering pulses of evolutionary turnover during the 

Pliocene and Pleistocene. The onset of northern hemisphere glaciation, some 2.8 million 

years ago (Shackleton et ah 1984; deMenocal 1995) is marked by general temperature 

decline and the episodic intensification of cooler and drier climates. A particularly 

marked shift is thought to have occurred between 2.5 and 2.3 ma, especially at higher 

latitudes (Kennet 1995). These changes had a dramatic impact on terrestrial fauna and 

flora worldwide. Although the effect of global climate on the timing of terrestrial 

mammalian faunal change on the African continent has been the focus of investigation in 

recent years (Vrba 1985a, 1988; Behrensmeyer et al. 1997; Bobe & Eck 2001), it remains 

poorly understood. East African environments are understood to have become 

increasingly arid and open after 2.0 ma (Feibel et a l 1991, Bonnefille 1995) especially at

1.7 ma (deMenocal 1995). Rapid species turnover in terrestrial mammals, and in 

particular within the Bovidae, was identified by Vrba (1985a, 1995) between 2.8 ma and

2.5 ma, and formed the basis of her ‘turnover pulse hypothesis’. In contrast, gradual 

turnover in terrestrial mammals from the Turkana Basin was identified between 3.0 ma 

and 2.0 ma by Behrensmeyer et al. (1997).

In this study, the responses of the mammalian feuna to Plio-Pleistocene climate change 

are explored using fossil assemblages from the Turkana Basin of East Afiica. The Omo 

Group Deposits of the Turkana Basin represent a continuous sequence of fluviatile and 

lacustrine, Plio-Pleistocene fossiliferous sediments with good time control. This sequence
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therefore provides a unique opportunity to closely examine the effects of climate change 

on large mammalian faunas. To ensure that the stratigraphie sequence with the highest 

representation of specimens does not bias the interpretation of the whole basin, the three 

main successions are examined independently. The Omo Group Deposits are represented 

by three geological formations that are distributed around the northern part of the modem 

Lake Turkana. The stratigraphy and depositional environment of the Omo Group deposits 

are described in Chapter 2, but particular attention is paid to the Nachukui Formation for 

which new data were collected as part of this study. The detailed methodology for the 

procedures used in all aspects of this research project is provided in Chapter 3.

As conditions in the Plio-Pleistocene became increasingly drier and cooler, faunas would 

have adapted to changing habitats. This study aims to investigate the extent to which the 

habitat and fauna of the Turkana Basin was affected by global climate change during the 

Plio-Pleistocene through two main approaches. Firstly, through the relative abundances of 

mammalian families represented in the fossil faunal assemblages, and with particular 

emphasis on the tribal representation of the fossil antelopes, which are known to be 

highly specific to certain habitats. Secondly, through the collection of new data fi-om 

extant antelopes, body weight prediction equations are developed to estimate the body 

weights o f bovids fi*om the Nachukui Formation. Body size is shown to be related to 

temperature and habitat and thus should have been affected by changes in these 

parameters. The estimated bovid body weights are used to identify changes in body size 

and relative biomass representation, which might indicate climatic and environmental 

change.
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Several main issues are investigated in Chapters 4 and 5, which primarily focus on the 

Nachukui Formation. The proportional representation of mammalian families and bovid 

tribes, and evidence for faunal and inferred habitat change in the Nachukui Formation, are 

investigated. The timings of any such changes are viewed in the context of the global 

climatic record as well as in the context of observed changes within the Turkana Basin. 

Thus, comparisons are made with the Shungura and Koobi Fora Formations, to identify 

the incidence of concurrent change in the relative proportions of main families, which 

might indicate that global-scale phenomena are the main influence on faunal and habitat 

representation in the Turkana Basin during the Plio-Pleistocene. On the other hand if 

concurrent variation is not identifiable, then local-scale phenomena such as tectonic 

influences, volcanic activity, or lake presence and absence may be more important in 

influencing local faunas and habitats. In Chapters 6 and 7, the body weights of modem 

and fossil bovids are estimated. To interpret the body size of fossil antelopes, new data 

were collected from the skeletal remains of an extant population of antelopes for which 

live body mass data were available. These data provide an essential and valuable 

resource, and the formulation of new body weight prediction equations, with associated 

enabled prediction errors, allow an assessment of the reliability of different 

measurements, as well as comparisons with available published body weight prediction 

equations. Mean body weights are analysed for tribes of bovids through time to identify 

variation that might be linked to changing climate. In addition, the representation of 

habitat-specific bovids is explored in terms of biomass to infer palaeohabitats. The use of 

predicted body weights as a technique for suggesting taxonomic identifications of isolated 

bovid teeth is explored. Finally, in Chapter 8, the results firom the entire study are 

discussed and concluded and a section is devoted to suggesting areas for further study. 

The potential for future research and data collection are discussed.
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Chapter 2 

BACKGROUND TO RESEARCH PROJECT

2.1 Introduction

This chapter is divided into three main sections to provide the background relevant to the 

research project. Firstly, the current topical discussion regarding climatic change in the 

Plio-Pleistocene and the intact it may or may not have had on terrestrial faunal change is 

discussed. Secondly, the background to the study and estimation of body weight as a tool 

for interpreting fossil mammal assemblages is covered. Finally, the background to the 

stratigraphy and correlation of the three geological formations of the Turkana Basin is 

provided. Particular attention is paid to the geological members of the Nachukui 

Formation, from which the sample of fossil fauna was collected and that is analysed in 

this research project.

2.2 Climate change and evolutionary hypotheses

There has been much recent debate about the influence of changing climate on 

environments and evolution (Hill 1987; Andrews 1992; Axelrod 1992; Behrensmeyer et 

al. 1995, 1996, 1997; Rightmire 1993; Partridge et al. 1995; Vrba 1995; Foley 1993, 

1996; Potts & Deino 1996; Feibel 1997; Potts 1998a & b; Agusti et al. 1999). Shifts in 

climate have significant consequences for habitats and ecosystems and may result in the 

extinction and appearances of new species (Brain 1981; Laporte & Zihlman 1983; Stanley 

1988; Potts 1996a & b; Denton 1999; Owen-Smith 1999). In Plio-Pleistocene Africa,
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species turnover in ungulates, Proboscidea, Cercopithecidae and Homininae have all been 

cited as evidence for environmentally directed change (Turner & Wood 1993a; Turner & 

Anton 1998; Turner 1999).

2.2.1 Evidence for climate change during the Plio-Pleistocene

There is good evidence to show marked climatic change during the last five million years 

(Shackleton & Opdyke 1976; Thomson & Flemming 1996; Prentice & Denton 1988; 

Shackleton et a l 1995; Potts 1998a & b; Raymo & Ruddiman 1992; Dupont & Leroy 

1995; Kennett 1995). Mean global temperatures, prior to the onset of northern hemisphere 

glaciation may have been as much as 3.5 degrees warmer than present, based on the 

stable oxygen and carbon isotopic evidence fi*om marine records (Raymo et al 1996; 

Lagoe & Zellers 1996). Detailed study of cores off the west and east coasts of Africa have 

shown that the continents climate and vegetation cover was highly variable fi*om the early 

Pliocene to the present (deMenocal & Bloemendal 1995; deMenocal 1995; Thomson & 

Flemming 1996; Potts 1998a & b). Decreasing temperature oscillations are observed 

throughout the Plio-Pleistocene. This oscillatory cooling is the result of orbitally induced 

cyclical phases causing the growth and retreat of polar and high altitude ice caps 

(Shackleton & Opdyke 1976; Shackleton et a l  1984; Prentice & Denton 1988, 1999). 

DeMenocal (1995) shows convincingly that dramatic oscillations driven by orbital 

periodicities were felt in low latitude Afiica. Climatic responses to orbital insolation can 

be rapid and have significant impact on vegetation (Rossigno-Strick 1983). Evidence 

fi’om dust and oxygen isotopes in marine sediment cores provides a detailed record of the 

firequency and amplitude of climatic oscillations (Figure 2.1). Changes in the dominance 

of regular global climatic cycles, the so called astronomical or Milankovitch cycles, can 

be identified during the Plio-Pleistocene. These cycles coincide with major variations
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found in the marine records and are a main cause of African climate variabliliy (Figure

2.1). However, it is important to appreciate that the Plio-Pleistocene ice ages were also 

affected by other large-scale phenomena and not solely by orbital factors. These factors 

include changes in ocean circulation and major tectonic events such as the uplift of the 

Tibetan Plateau and the closing of the Isthmus of Panama (Traverse 1982; Stanley 1995, 

1996; Stanley & Ruddiman 1995).

Marked increases in aridity have been identified at 2.8 ma, 1.7 ma and 1.0 ma in East 

Africa. These dates primarily indicate substantial increases in the overall amplitude of 

fluctuation in climate, rather than permanent shifts towards drier more open environments 

(deMenocal & Bloemendal 1995; deMenocal 1995; Dupont & Leroy 1995; Potts 1998a & 

b).

The first major glaciation event of the Plio-Pleistocene has been identified at around 2.5 

ma (Shackleton et al. 1984) and palaeoenvironmental and evolutionary changes at this 

time have been linked to this. Some of the evidence for palaeoenvironmental change 

associated with this event include loess deposition in China (Kukla 1987, 1989; Kukla & 

Zhiseng 1989), significant cooling in the Andes (Hooghiemstra 1986), palynological 

indicators (deJong 1988), the beginning of the Mediterranean seasonal pattern (Zagwijn 

& Sue 1984) and the opening up of the East African landscape where open and arid 

habitats became increasingly prevalent (Wesselman 1984, 1985; Bonnefille 1985, 1983, 

1984, 1995; van Zinderen Bakker & Mercer 1986; Bonnefille et al. 1987; Janeck & 

Ruddiman 1987).
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Figure 2.1 Summary of the evidence for Plio-Pleistocene climate change.
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African climate variability is represented by the dominant astronomic cycles, at 100 kyr, 41 kyr & 23-19 
kyr. The hominin phylogenetic interpretation is based on Wood (1991) and Lieberman (2001) but adapted 
to include Kenyanthropus platyops and shows hominin diversity that extends back to 3.5 ma. The East 
African soil carbonate ô'^C level reflects variation in represented vegetation from woodland to grassland 
(from Cerling 1992, Cerling & Hay 1988). Oxygen isotope curve 5 0  is based on benthic foraminifera. 
The two shaded bands represent times o f glacial onset (2.6-3.0 ma) and increased aridity (1.6-1.7 ma). 
(Figure has been adapted from deMenocal & Bloemendal 1995).
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Evidence for mammalian faunal turnover and a vegetational response, for both Africa and 

Europe, around 2.5 ma has been put forward (Vrba 1980a, 1985a & b, 1988, 1995a & b; 

Turner 1995; Bobe et al. in review). In particular, the dramatic radiation of bovid species 

that is seen in the Neogene has been cited as a response to increasingly open 

environments (Vrba 1985, 1995). Rapid faunal change has been identified between 2.9 

ma and 2.8 ma followed by marked faunal variability after 2.5 ma in the Omo fauna 

(Bobe et al in review). In addition, the increase in hominin diversity with the appearance 

of Homo and of stone tools at 2.5 ma has been examined in relation to the climate shift 

identified by Shackleton (1984) (Brain 1981; Hill 1987; Vrba 1988; Stanley 1992; Turner 

& Wood 1993a & b; Schrenk et al. 1993; Kimbel 1995; Vrba 1995b). However, with 

hominin diversity now firmly established as far back as 3.5 ma (Leakey et al. 2001), the 

significance of the appearance of Homo will need to be readdressed in the context of 

climate change (Figure 2.1).

Other evidence for Plio-Pleistocene environmental change has been cited in East Africa, 

especially around 1.8 ma (Cerling et al. 1988; Sikes 1994, 1998). Fossil pollen analyses 

in the upper Olduvai Gorge Bed 1 deposits, near 1.75 ma, show a decrease in forest 

pollen samples, reflecting increasing aridity. Environmental conditions were more arid 

than are found there today (Bonnefille 1984, 1995) and a marked decrease in rainfeU at 

this time has been shown to occur through the analysis of d**0 in pedogenic and ground 

water carbonates (Cerling et a l 1977; Cerling & Hay 1988). Stable isotope signatures can 

provide detailed insight into palaeohabitat, vegetation and climatic variation (Cerling et 

al 1988; Ambrose & Sikes 1991; Cerling 1992; Cerling et al in press). Analyses of the 

micromammalian (Fernandez-Jalvo 1998) and macromammalian faunas in East Africa, 

especially the Bovidae (Gentry 1978a & b; Kappelmann 1984; Shipman & Harris et al



- 9 -

1988), support the palaeoenvironmental interpretation that there was a drying and opening 

up of environments at this time in East Africa. Prior to this the palaeoenvironment was 

considered to have been wetter than present and supporting a savannah mosaic with tracts 

of grassland, woodland and bushland with intermittent swamps (Plummer & Bishop

1994). Additional evidence for global response to climate change at around 1.9 ma to 1.6 

ma, is presented by Turner & Anton (1998) and Wynn & Feibel (1995). Turner & Anton 

(1998) cite the extinction of machairodont cats at 1.7 ma as coinciding with records of 

increased aridity. The widespread nature of fossil vertisols within the Koobi Fora 

Formation is indicative of continuous seasonal semiarid climate but at 1.65 ma a period of 

increased aridity is recorded by the presence of a highly calcareous vertisol (Wynn & 

Feibel 1995).

2.2.2 Environmental hypotheses of mammalian evolution

Several theories have been suggested to explain how climatic transitions affecting habitat 

may have influenced mammalian evolution and especially of the Homininae (Foley 1994, 

1996). The different environmental hypotheses for human evolution are summarised 

clearly by Potts (1998a) and Feibel (1997).

These hypotheses include i) the savannah hypothesis, in which a shift from more forested 

to open habitats, namely grasslands, is caused by changes in global temperature from 

warmer wetter to cooler drier conditions (Potts 1998a); ii) the variability selection 

hypothesis (Potts 1996a & b) which focuses on the repetitive nature of climatic and 

environmental oscillations as being the driving force for spéciation. This focuses on the 

environmental parameters of repeated shifts rather than concentrating on any single event;
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iii) the turnover pulse hypothesis (Vrba 1985b, 1988, 1999), a broad faunal approach that 

links clusters of spéciation and extinction events in the fossil record to climatic events. 

The turnover pulse hypothesis states that physical environmental change is required to 

initiate most spéciations, extinctions and distribution drift. Thus most lineage turnover 

has occurred in pulses, near synchronous across diverse groups of organisms and is 

associated with physical changes (Vrba 1988). The widely cited 2.5 ma event associated 

with the onset of northern hemisphere glaciation (Shackleton et al. 1984), has been linked 

to the appearance of Homo and of stone tools (Stanley 1992; Schrenk et al. 1993; Kimbel 

et al. 1996; Semaw et al. 1997; Semaw 2000), as well as a sudden ‘pulse’ in the turnover 

of mammalian lineages (Vrba 1988, Vrba 2000).

The first and last appearance datums of African terrestrial mammals and in particular the 

Bovidae were considered in terms of this change in global climate (Vrba 1985a & b, 

1988, 2000). The Plio-Pleistocene fauna examined by Vrba did not include the West 

Turkana material, as it was unpublished at the time of study (Vrba 1988). Vrba’s analysis 

of bovid fauna fi*om East and South Afiica (Vrba 1985c) shows a ‘turnover pulse’ 

between 2.4 ma and 2.6 ma, particularly in the appearance of species of grazing Bovidae. 

These findings support the interpretation of grassland expansion and habitat opening at 

this time. Appearance of Eurasian immigrants and locally evolved species that show more 

open habitat preferences, must have been initiated by physical change at this time. Vrba 

cites the increasing abundance of Alcelaphini after 2.5 ma accompanied by morphological 

adaptations as a response to changing habitats. For example, there is a trend of premolar 

reduction and emphasis on the molar tooth row development. The loss of second 

premolars in some genera of Bovidae is particularly obvious in the Alcelaphini, namely in 

species such as Megalotragus, Beatragus, Connochaetes, and Parmularius (Vrba 1984;
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Harris 1991; Turner 1995) and may be indicative of increasing adaptation to coping with 

a diet comprising coarse, often dry, grass. However, Vrba (1988) suggests that the 

stability in the relative abundances of dominant resident bovid tribes in the Omo Group 

Deposits as identified by Shipman & Harris et al 1988, would be expected as the 

Turkana Basin represents a fluvio-deltaic refiigium in the midst of vddespread climatic 

change. Whereas at the species level, first and last appearances, as well as from biomes 

peripheral to the main fluvial/deltaic system, occur as a result of climate and habitat 

change. (Bobe et a l  in review) show that climatic forcing in the late Pliocene is more 

clearly indicated by population shifts rather than by turnover at the species level, for the 

Omo mammal community.

2.2.3 Alternative evidence from the Plio-Pleistocene

The validity of the turnover pulse hypothesis, that synchronous change in multiple groups 

was caused by a marked shift in warm moist conditions to cooler, drier and more open 

habitats, has not been supported by several studies (White 1995; Prothero 1995; Kerr 

1996; McKee 1995, 1996, 1997, 1999; Behrensmeyer et al 1997). Behrensmeyer et a l

(1997) found that the turnover of mammalian lineages was prolonged between 2.5 and 1.8 

ma, with no significant identifiable pulses of evolutionary change. White (1995) shows 

that the evidence from the suid and hominin records argues strongly against the turnover 

hypothesis. Prothero (1995) does not support the turnover hypothesis, arguing that it is 

too generalised. Van Valkenberg shows that East Afiican carnivore diversity did not 

changed significantly for some 2.0 ma but remained stable (Van Valkenberg 1985, 1988). 

Cerling (1992) and Cerling & Hay (1988) present data from stable carbon isotopes in soil 

carbonates through the Plio-Pleistocene that reflect marked variation in the vegetation, 

with wide and frequent fluctuations between woodland to grassland around 2.5 ma. The
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values from pedogenic carbonates suggest that C4 grasses did not become well 

established until about 1.8 ma (Cerling et al. 1988), although their initial emergence 

between about 8 ma — 6 ma was accompanied by a worldwide faunal change (Retallack 

1992; Ducas & Retallack 1993; Cerling et al. 1998; Cerling in press). Cerling et al.

(1998) show how declining atmospheric CO2 levels affect plants and favour the expansion 

of tropical C4 biomass once a threshold in CO2 atmospheric concentration is reached. On 

a global scale, this would have had fer reaching consequences on both flora and faunas. 

Mammalian evolution in the late Neogene may be closely related to CO2 starvation of C3 

ecosystems as a result of changes in aridity. In addition, the role of tectonics, rather than 

climate, is increasingly being viewed as the dominant factor in shaping habitat within the 

Turkana Basin (Brown 1994, 1995; Feibel 1997). This is discussed in more detail in a 

later section. With fiirther investigation it may be possible to show how volcanism in the 

south eastern part of the Turkana Basin affected or even controlled sedimentation in the 

north of the Basin (Brown 1994).

2.2.4 Axial versus marginal depositional systems of the Turkana Basin during the 
Plio-Pleistocene

The palaeontological and geological record from the Turkana Basin, dominated by fluvial 

settings for most o f its history, offers an ideal scenario with which to assess 

environmental change, especially when the three geological formations are considered in 

isolation. Taphonomic variation as a result of different depositional systems must be 

considered when fossil assemblages are analysed (Dechant-Boaz 1994). Brown (1995) 

provides a clear overview of the palaeoenvironmental fectors operating in the Turkana 

Basin during the Plio-Pleistocene. Both local climate and the headwater climate will 

influence habitats within the basin and these in turn may be influenced by different
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factors. Two systems are recognised in the Turkana Basin, the axial perennial river 

system (the ancestral Omo) and that of the marginal seasonal rivers. The analysis of fauna 

from the Nachukui Formation is therefore highly relevant because habitats from the basin 

margin, rather than the main fluvio-deltaic axial system of the Shungura Formation, can 

be sampled. The analysis o f fauna from the Nachukui Formation may therefore shed light 

on climatically induced habitat change.

The development of lacustrine systems would have displaced fauna and flora to the basin 

margins. The subsequent infilling of the basins would have been accompanied by 

community succession across the landscapes. However, throughout most of the 

Pleistocene the basin was dominated by a fluvial system, which allowed the development 

of extensive flood plains. The sinuosity of the meandering river would have controlled the 

volume of vegetation, habitats and fauna associated with it. The abundance of forest- 

adapted species would depend on the presence of gallery forest. Grassland animals would 

be displaced at times of peak flooding but would take advantage of floodplain grasslands 

when waters receded (Feibel 1995).

2.2.5 Summary

In this project, the pursuit of evidence for Plio-Pleistocene faunal change in the Turkana 

Basin and its relationship with known changes in the climatic record is approached from 

several different angles. Relative abundances of mammalian femilies, especially Bovidae, 

provide a general characterisation of habitat type (Vrba 1975; Potts 1988; Shipman & 

Harris et al. 1988). This assumes that certain taxonomic groups correlate with habitat in 

both the past and the present. The relative faunal and bovid abundances are assessed and 

compared in detail with those of the Koobi Fora and Shungura Formations in Chapter’s 4
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and 5. A second approach is to identify shifts in the body size of fossil Bovidae and to 

investigate the validity of body size as a paleobiological indicator. Body size is a

parameter that can be readily estimated for fossils using prediction equations and has

been used in palaeontology (Andrews et al 1979; Andrews & Evans 1979; Scott 1983, 

1985; Legrendre 1986, 1991; Janis 1990; Ruff 1991; Aiello & Wood 1994; Andrews 

1995; Jablonski 1996; Delson et al 2000). In this study, body size is used to explore and 

interpret the bovid sample from the Nachukui Formation. In the following section the 

background to the relevance of body size is addressed, including the physiological

significance of size, the impact on population density, the mechanical constraints and the

application of body size interpretation to the fossil record.

2.3 Body size

There are numerous studies on scaling and body size in mammals (Smith & Ledger 1964; 

Gould 1975; Western 1979; Dechow 1983; McHenry 1984; Jungers 1994, 1985a & b; 

Gingerich & Smith 1985; LaBarbera 1989; Maiorana 1990; Illius & Gordon 1992; Martin 

1996; Silva 1998; Ruff 2000; Delson et al 2000). The estimated body masses of fossil 

mammals, particularly Bovidae, can provide some insight into their life histories, habitat 

preferences, and diet. Body size changes in mammalian evolution have been well 

documented for example, in deer (Scott 1987; Perdue 1989), reindeer (Skogland 1983; 

Guthrie 1984; Weinstock 1997), hyaena (Klein & Scott 1989), carnivores (Klein 1986; 

Anyonge 1993), bovids (Scott 1983, 1985, 1990), hominins (Ruff 1991; Aiello & Wood 

1994; Kappelman 1996; Hens et al 2000) and primates (Aiello 1981, 1992; Dagosto & 

Terranova 1992; Smith & Jungers 1997; Delson et al 2000). Isolated populations of 

>, due to dispersal to new habitats or as a result of changing environments, are
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exposed to different predation pressures and resource availability and therefore the 

selection on body size changes (Koehl 2000). For example, island races are often larger or 

smaller than mainland counterparts as a result of natural selection for size (Lister 1996; 

Marquet 1998). Current research on finches on the Galapagos Island, reported in Weiner 

(1995) illustrates how in a relatively short time fi-ame (several generations), there is 

dietary-driven morphological change in beak size, depending on the abundance of certain 

food types influenced by weather patterns. This is a response to the opening of certain 

niches for exploitation where there is no competition.

In the following section the main physiological aspects of mammalian body size are 

covered to provide an understanding of the significance of body size, especially in the 

interpretation of fossil mammals.

2.3.1 Physiological significance of body size of modern animals

Size-related relationships with physiology that are identified in modem mammals can be 

applied to ecologically similar species fî om the fossil record. However, size-related 

patterns and body size proportions of living species are complex (Prothero 1992) and 

must be applied with care when inferences are made about the physiology of animals in 

the fossil record. Physiology is not solely affected by body size, although a correlation 

has been demonstrated in a number of studies (Peters 1983; Schmidt-Nilsen 1984; Calder 

1984; Damuth & Macfedden 1990; Steudel et al. 1994; Brown et al. 2000). The 

physiological fimctions that are most likely to have an effect on the ecology, distribution 

and evolution of mammals include metabolism, ten^erature regulation, locomotion.
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ingestion, respiration, water balance, reproduction and growth. Their consequences are 

summarised briefly below. However, these factors are often correlated with one another. 

Larger animals show increased variability in their relative size than do smaller animals 

(Hallgrimsson 2000).

2,3,L I Metabolism and temperature regulation

The metabolic rate is the rate at which organisms transform energy and body materials to 

release metabolites (Brown et al. 2000). These transformations are the result o f a 

common set of biochemical reactions because organisms are made up of similar elements 

and compounds. Therefore the uptake and release of metabolites are characterised by 

similar scaling exponents throughout a range of different organisms (Melton 1993). It is 

suggested that a common mechanism links the scaling of most anatomical, physiological 

and ecological characteristics of organisms so that their allometric exponents are 

predicted to be simple multiples of % (Brown et al. 2000). Thus the metabolic rate of 

mammals, ranging in size from mice to elephants, scales as the % power of body mass 

(Hemmingsen 1960; Peters 1983). Scaling relationships and explanations for them, 

specifically the quarter-power scaling relationships of body size, have been discussed in 

considerable detail in three major works: McMahon & Bonner (1983), Calder (1984), and 

Schmidt-Nilsen (1984).

Metabolism provides the physical power to build all biological structures and to run 

biological systems. Thus the metabolic rate limits all biological processes fi-om the 

cellular level through to that of populations. The rate of metabolism of an animal as a 

fiinction of body size is complex and is dependent on a variety of factors, including.
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ambient temperature, activity level, climate and temperature regulation (Phillips & Heath

1995). In general, large mammals have higher total rates of metabolism than small 

species but lower relative rates of metabolism because metabolism increases with % 

power. Therefore an increase in body size requires an increase in the rate of expenditure 

of energy and availability of food in the environment (MacNab 1990). Hemmingsen 

(1960) explores metabolic rates of various organisms in relation to their body weight in 

detail and divides organisms into three metabolic classes determined by size similarity 

(Schmidt-Nilsen 1972). Within these groups the cost of maintaining a given biomass of 

large animals is less than that required to maintain the same biomass in small animals 

(Peters 1983). The basal rate of metabolism represents the minimal energy expenditure 

and rate of metabolism that is compatible with temperature regulation. In addition, 

diverse dietary groups have different basal metabolic rates.

2.3.L2 Locomotion

Every animal moves in one way or other and movement is costly in terms of energy 

consumption. The interrelations between body size, velocity, distance and mode of 

locomotion are used to explain the metabolic rate of moving animals (Peter 1983; Steudel 

& Beattie 1993). In general, smaller Bovidae have energetically costly locomotor 

behaviours for their body size (Biewener 1989, 1990; Stein & Casinos 1997). Some of the 

direct implications of size on locomotion are explored for swimming, flying and running 

(Bonner 1965). Further relationships between terrestrial locomotion and body mass are 

summarised in Taylor et al. (1982). Relationships between locomotion and body mass in 

terrestrial mammals have been explored (Garland 1983; van Valkenberg 1987, 1988, 

1990; Bertram & Biewener 1990; Preuschoft et a l 1996). Garland (1983) and Garland &
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Janis (1993) show that the metatarsal/femur proportion can be used to predict locomotor 

performance in several mammalian species. For example, significant relationships exist in 

both ungulates and carnivores, although ungulates have larger metatarsal/femur ratios 

than carnivores although they are generally slower. Van Valkenberg (1987, 1988, 1990) 

provides body weight estimation equations for Carnivores and discusses the range of 

body shapes and the relationships to behaviour. For example, felids are generally robust 

and heavier than canids, reflecting their climbing and prey killing behaviours, while the 

canids are more cursorially adapted. Similarly, the small size and locomotion in 

prosimians and the body mass and body shape of primates are influenced by their arboreal 

habits (Preuschoft et al 1996, 1998).

2.3.1.3 Ingestion

Foraging and food processing capacity are the two characteristics of an organism that are 

size limiting in relation to feeding (Lundberg & Persson 1993). The body size of 

herbivores has implications for the feeding niche of a species due to the minimum quality 

of food necessary for survival. The Bell-Jarman principle (Bell 1971; Jarman 1974) 

argues that small antelope require high quality (low fibre) food as they have relatively 

high metabolic rates. This assumes however that all antelopes digest similar quantities of 

food relative to body mass. Larger animals are found to have a greater capacity to process 

lower quality forage and ruminants (foregut fermenters) are less tolerant than non- 

ruminants (hindgut fermenters) to poor quality diets (Demment & van Soest 1985). The 

relationships between diet quality, energy requirement and body size are modelled and 

explored further by Illius & Gordon (1992) and Lundberg & Persson 1993). If the 

assimilation efficiency is known then food intake can be estimated fi*om the energy and
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nutrient requirements of a species. In fossils this can only be presumed to be comparable 

to modem day species of similar body mass and climate regimes. Equations for 

estimating food intake are summarised by Nagy (1987) and are proportional to body mass 

raised to the power 0.73 for herbivorous animals (MacNab 1990). Assimilation efiBciency 

of herbivores is about 50 percent of food intake, which is equivalent to four times the 

basal metabolic rate (MacNab 1990). The relationship between body mass and basal rate 

of metabolism has been widely explored (MacNab 1980, 1983, 1988) and much of the 

variation is related to food habits. Grazers tend to have basal rates that are two or more 

times those of fiugivores, browsers or insectivores of the same body mass. As energy and 

nutrient requirements increase with mass, so larger animals are more greatly affected by 

availability of nutrients and the influence of seasonal availability, digestibility and 

toxicity in the environment. The use of a basal rate function to estimate rates of energy 

expenditure in fossil mammals is complicated by the fact that mammals spend little time 

in a standard state. This is therefore a more useful indicator when examined in 

conjunction with other physiological variables (MacNab 1980,1988, 1990).

Janis (1976) suggested that over evolutionaiy time, perissodactyls (hindgut fermenters or 

non-ruminants) were able to survive competition from the ruminant herbivores due to 

their ability to digest and tolerate a more fibrous and less nutritious diet. The lower 

tolerance of ruminants to a poor quality diet acts as a constraint to larger body size and 

this may explain the predominance of non-ruminants among the largest herbivores 

(Demment & Van Zoest 1985; Illius & Gordon 1992). The upper limit to body size is 

determined by the ability to extract nutrients from feeding niches during the hardest times 

in a seasonal cycle (Illius & Gordon 1992).
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The relationship between body sizes and feeding is summarised by Jarman (1974) in 

which a scatter of bovid body weights representing five feeding styles, shows 

considerable overlap between the weight ranges in adjacent feeding styles, however, there 

is a general progression from small to large species. Selective feeders tend to be small 

whereas wide-ranging unselective feeders tend to be large (Jarman 1974).

2.3,1,4 Respiration and water balance

The correlation of respiration with body mass has not been widely used in palaeontology. 

Large mammals require more water than small species but small species need more water 

on a mass specific basis (MacNab 1990; Calder & Braun 1983). Small mammal diversity 

is strongly correlated with rainfall whereas large mammal diversity is not (Andrews & 

O’Brien 2000) suggesting that distribution of small sized species is determined by 

availability o f minimum moisture requirements, as their ranges are restricted due to body 

size. Alternatively smaller species must be adapted to tolerate lower moisture availability. 

Many of the smaller Bovidae, such as the dik dik {Madoqua kirkii) show specialised 

physiological adaptations such as concentrating urine and nasal panting to reduce water 

loss. Some larger species are also able to exploit habitat extremes, such as the oryx {Oryx 

beisa), through adaptations such as light colouration and nasal panting to tolerate heat.

2,3,1,5 Behaviour and reproduction

Several examples of behavioural scaling have been explored (Peters 1983, Gerard & 

Loisel 1995; Mooring et al. 2000). These include cognitive ability, social dominance and
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sociality. Peters (1983) states that relationships exist between body size, ecology, social 

behaviour and spatial organisation, especially for the Bovidae (Jarman 1974; Leuthhold 

1977). Group size generally increased with habitat openness in large herbivores both 

within a species and across a given taxonomic family (Gerard & Loisel 1995). Larger 

brain size, learning ability, life span, and behavioural complexity all show relationships 

with body size but this has been shown to vary between taxa (Peters 1983). Predator-prey 

body size ratios are related to the stability of food chains (Jonsson & Ebenman 1998) 

social dominance (Morse 1974) and group behaviour is also found to increase in larger 

mammals such as antelopes (Jarman 1974) and primates (Clutton-Brock & Harvey 1977).

Reproduction and growth vary with body mass and have been examined by a number of 

authors who have drawn up relationships regarding neonatal mass, gestation period, and 

growth. The various relationships between body mass and reproduction have been 

explored (Millar 1977; Case 1978; Lindstedt & Calder 1981; Zullinger et al 1984). 

Gestation period and the time from birth to sexual maturity increases with body mass and 

a positive relationship exists between neonate mass and that of the mother (Lindstedt & 

Calder 1981). However, in general a negative correlation is seen with body mass and litter 

size (Lindstedt & Calder 1981). Case (1978) and Millar (1977) explore the complex 

nature and relationships of growth rate with body size.

2.3.2 Body shape and size and mechanical constraints

Terrestrial animals span a large size range and are all constructed of similar organic 

materials. Evolutionary and ontogenetic changes in body size result in constraints in the 

design and function of skeletal support systems. In order to meet the requirements of
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skeletal support systems, large organisms must either scale with strong allometry or 

evolve a means to reduce the strain on tissues (Biewener 2000). Terrestrial animals are 

not geometrically similar but become progressively stockier with body size increase as a 

necessity to support higher body masses (McMahon 1973, 1975, 1980). McMahon (1980) 

deduces a number of allometric relationships between body mass and basal metabolic 

rate, limb or trunk diameter and muscle power with muscle cross-sectional area, 

especially for Bovidae and primates. Different constraints, as a result of scaling 

relationships, apply to terrestrial mammals above and below 20 kg (Economos 1983). 

Similarly, at body masses above 300 kg, positive changes in skeletal shape and 

behavioural constraints, specifically locomotory behaviours, are needed to support these 

higher masses and prevent structural damage (Economos 1983).

There may be a selective advantage to large size, which may result in size increases in 

phylogenetic lineages (Alroy 1998). Taxa that show such trends include the 

proboscideans and equids. There are of course exceptions to this rule and many of the 

largest species of many groups, including birds, insects, amphibians and reptiles are now 

extinct (Stanley 1973). Similarly, for taxa showing phyletic size increase, Stanley (1973) 

found that maximum size increases with time but that the minimum and median sizes are 

little affected. This is likely to be because most presumed ancestors were small.

Fewer predators, wider geographical ranges, less heat loss, mobility and increased 

morphological specialisation are all cited as advantages of increased body size. But there 

are also advantages in being small, such as finding shelter and the ability to be 

camouflaged, having smaller territories to defend, lower nutritional demands and energy 

requirements. Interspecific conqjetition may also play a significant role in influencing
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body size and structuring ecological communities (Dayan et al. 1991). The continued 

existence of both large and small species shows that both are viable strategies that are 

adopted by modem day taxa (Gould 1966) although there are far more small species than 

large and the average size of all mammalian species is extremely low.

2.3.3 Relative biomass representation for the interpretation of habitat

Population densities and body mass often calculated in modem ecological studies such as 

for primates (Clutton-Brock & Harvey 1977) and herbivorous mammals (Eisenberg & 

Seidensticker 1976; Eisenberg 1980; Damuth 1987). Population densities generally 

decline with increasing body size (Damuth 1982a; Peters 1983). It is suggested that over a 

large range of body sizes, the average population density decreases exponentially with 

increasing species body size and that individual energy requirements ultimately limit the 

maximum population densities in nature (Cyr 2000). The implications o f the body size 

and population density relationship are numerous and con^lex. For example, the 

population density of a herbivorous mammal might be be considerably affected by 

predator abundance and vice versa, or by migrations in or out of a defined area, and so 

these densities are not necessarily fixed (McNauhgton & Georgiadis 1986).

However, body size relations to species abundance, do provide some of the most general 

tools for the prediction of population densities and generally exhibit highly significant 

trends (Peters 1983). Larger animals share home ranges with more animals and thus 

require social behaviours, which become increasingly con^lex with increased body size 

(Peters 1983).
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2.3.4 Application of body size to the fossil record

The body masses and size of fossil species can obviously never be calculated precisely 

but bave to be estimated using equations derived from living examples with known body 

masses and measurements of tbeir skeletal remains. Body size changes within lineages 

have been observed in the fossil record in many instances, including examples of 

dwarfism and gigantisism when populations become isolated in islands (Lister 1996; 

Maiorana 1990; Martin 1990; Roth 1990). Extinctions have been shown in certain 

instances to be size selective, affecting larger terrestrial vertebrates above smaller ones. 

This is particularly true for the Pleistocene and Cretaceous extinction events (Martin & 

Klein 1984; Padian & Clemens 1985). Over evolutionary time, diversity and size 

directional changes have been observed in some clades of Bovidae that can be correlated 

with changes in climate (Janis 1989; Vrba 1992). Body proportions, scaling relationships 

and fimctional implications are important areas of research in palaeobiology (Gould 1975; 

Fortelius 1985; Scott 1985). Taphonomic processes can operate on vertebrate remains in 

a size-dependent way and thus body size can be a useful tool when interpreting fossil 

assemblages (Behrensmeyer 1975; Behrensmeyer et al 1979; Behrensmeyer & Hill 1980; 

Damuth 1982b; Badgley 1986). Widely discussed issues include; Cope’s Rule, that size 

trends increase within lineages (Gould 1988), the rate of change of body size in evolution 

(Gould & Eldredge 1977; MacFadden 1987) and Bergmann’s Rule, that animals in cold 

climates are usually larger than conspecific populations from warmer climates, in order to 

reduce relative external surface area from which to lose heat (McNab 1971; Schmidt- 

Nielsen 1972; Steudel et a l 1994). These are all relevant palaeoecological phenomena.
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Estimated body weights for fossil herbivores can help to make inferences relevant to 

palaeoecology and can provide some information on the physiology and behaviour of an 

animal especially if combined with additional information that can be gleaned from the 

numerous correlations drawn between different aspects of physiology and body size 

among living mammals (MacNab 1990). Body size range and distribution have been used 

in numerous studies to interpret climate, ancient vegetation, and community structure and 

evolution (Fallow 1976; Fleagle 1978; Andrews, et al 1979; Janis 1982, 1984; van 

Couvering 1980; Legrendre 1986; van Valkenberg 1985, 1988; Jungers 1988a & b; Ruff 

1991, 1994; Kappelman et a l 1997; Gagnon 1997; Andrews & O’Brien 2000). More 

specificaUy body size has been used to interpret habitat preference (Jarman 1974), 

locomotion (Kappelman 1988), diet (Sinclair 1983; Demment & van Soest 1985; Janis 

1988; Sponheimer et al 1999;) and life history strategies (Blueweiss et a l 1978; Calder 

1984; Martin & Mac Lamon 1990).

The Bovidae exhibit a wide range in body mass, habitat preference and behaviours, 

including locomotory, feeding and social adaptations (Gordon & Illius 1994, 1996; Perez- 

Barberia & Gordon 1998, 1999). Thus, the Bovidae provide an ideal opportunity to 

determine the influence of body size on ecological strategies. Relative biomass 

representation can be used in a similar way to the comparisons made with relative 

abundances, to determine the likely habitat representation. For exanq)le, if the relative 

Alcelaphini biomass is high, then it can be assumed that grasses must have been abundant 

in order to support this trophic requirement. The Alcelaphini are generally recognised as 

grazers (Jarman 1974; Kingdon 1982, 1997). When larger Alcelaphini appear, they 

represent an increase in the absolute biomass and this would suggest that that habitat must 

have changed in such a way to accommodate this.
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Increasingly, the results from studies show that body size cannot be used as the sole 

measure with which to define ecological strategies (Strier 1992; Ford & Davis 1992; 

Grand 1997) and this becomes even more relevant where fossils are concerned. When 

used in conjunction with additional information such as diet, behaviour, population size 

and ecomorphology, then body size becomes a more meaningfiil tool for the 

interpretation of palaeoecology.

2.3.5 Ecomorphological interpretation of fossils

Ecomorphological characters of limb bones, especially the proportions and morphology 

of the articular surfeces, have provided information about habitat specificity (Andrews 

1989; Plummer & Bishop 1994; Kappelman et al. 1997; Reed 1997a & b; Scott et al. 

1999) and in some cases have shown good correlation with body size (Scott 1983, 1985). 

Limb proportions are also shown to be habitat specific. Highly cursorial mammals have a 

high femur/metatarsal length ratio, lengthened distal elements and restricted lateral 

movement in the joints (Garland & Janis 1993). In addition the more cursorial an animal 

is, the longer the limbs. Christiansen (1999) recognises relationships between ulna/tibia 

length and body mass. Joint morphology is possibly correlated with substrate type but 

recent studies have shown this to be less defined than previously assumed (Kohler 1993; 

Kappelman et al. 1997; Sponheimer et al. 1999). Likewise in may be incorrect to assume 

that bovid habitat specificity will correspond directly to the physical habitat in which they 

are found at a particular time. For example, the bongo {Taurotragus euryceros) is found 

in closed habitats but ecomorphologically corresponds to more open bushland. The bongo
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ls likely to represent a bushland species trapped in its present location by increasing 

rainfall and forest spread during the last 20,000 years. Some Bovidae are also known to 

inhabit broader habitat ranges, such as the waterbuck (Kobus ellipsiprymnus). This is 

thought of as an open country form, but it also relies on woodlands and must also be able 

to manoeuvre through this complex substrate. Variations in limb bone morphologies 

depend on design advantages for particular environments. For example, bovids inhabiting 

closed environments demand increased manoeuvrability and propulsion for escape 

(Garland 1993; Kohler 1993; Pollock & Shad wick 1994) and their limb morphologies are 

adapted accordingly. Closed habitat bovids have a nearly spherical femoral head shape 

that produces a highly mobile hip joint improving manoeuvrability. In contrast, open 

habitat bovids, have more cylindrical femur head shapes which facilitate more cursorial 

locomotion across a less complex substrate (Kappelman 1988; Kappelman et al. 1997). 

The Bovidae in forested environments generally tend to be small-sized relative to open 

habitat Bovidae. Smaller bovids also exhibit specific diet and water requirements. 

Taxonomic, trophic and body size categories have been used to produce models of 

ecological diversity in a modem context and can be used to interpret fossil assemblages 

(Gagnon 1997).

2.4 Basin History

In this section a brief geological history of the Turkana Basin is provided. The geology, 

palaeoecology and chronology of the formations of the Omo Group Deposits are 

discussed. The Plio-Pleistocene members fi-om the Nachukui Formation, dated between

3.3 ma and 1.6 ma, are described and correlated with members of the Shungura 

Formation in the Omo Valley, and the Koobi Fora Formation of East Turkana. The
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history of sedimentation is explored so as to provide an understanding of the context in 

which the fauna and sediments were preserved.

The dynamic nature of the Great Rift Valley, stretching fi*om Aden in the north of Afiica, 

to Malawi in the south (Figure 2.2), has influenced the sedimentary and volcanic systems 

within it. Water draining fi*om the highlands either side, flows into the basin and 

accumulates as large rivers or lakes on the valley floor. The modem Lake Turkana is fed 

mainly by the large Omo River originating in the Ethiopian highlands. The Turkana Basin 

preserves a detailed record of past life in the region. The sedimentary deposits fi*om the 

north, east and west of the present day lake, indicate that a fluvial system dominated the 

region for the last four million years, flowing fi-om north to south through the basin as the 

ancestral Omo River.
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Figure 2.2 Map to show the extent of the Great Rift Valley
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The Great Rift Valley comprises three main rift systems. Western Rift System (WRS), Eastern Rift System 
(ERS) and Southern Rift System (SRS) It extends from the Red Sea to as far south as Malawi. (Adapted 
from Katoh et al. 2000).
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2.4.1 Omo Group Deposits

The sedimentary deposits of the Turkana Basin of northern Kenya and southern Ethiopia 

are made up of lacustrine and fluviatile sediments, which comprise sediments from the 

Late Miocene, Pliocene and Pleistocene. The Pliocene and Pleistocene sediments are 

collectively known as the Omo Group Deposits. The stratigraphy and palaeoenvironments 

have been described in detail (Arambourg 1947; Harris et al. 1988a & b; de Heinzelin & 

Haesaerts 1983a, b, & c; Harris 1983, 1991; Haileab 1988; Feibel 1983; Haileab & 

Brown 1992; Brown & Feibel 1986; Brown 1994; Feibel 1999). Extensive interpretation 

and analyses of the chronostratigraphy of the Omo Group Deposits have been 

documented (Cerling & Brown 1982; Brown 1983; Brown et al. 1985a & b; HiUhouse et 

al. 1986; Brown & Feibel 1986; Brown et al. 1988) and provides well-established 

correlations between Plio-Pleistocene localities. The Turkana Basin lies within the 

Eastern Rift System of the Great Rift Valley (Behrensmeyer 1975; Morley et al. 1992) 

(Figure 2.2). The considerable volcanic activity in the region throughout the Plio- 

Pleistocene has presented an accurate chronology for dating and correlation of localities 

both within the basin and as fer a field as the Gulf of Aden (Brown et ah 1992, Haileab & 

Feibel 1993; Haileab & Brown 1994). This record also provides a comprehensive insight 

into past environments and the ecological diversity of the palaeofauna of the Turkana 

Basin and can be extensively used in the interpretation of palaeohabitats through time. 

The history of the development of the Turkana Basin Plio-Pleistocene chronology is 

covered in detail by Brown (1994). Numerous important discoveries, especially of 

hominins, have been recovered from many of the localities throughout the Turkana Basin.
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The Omo Group Deposits exposed around the northern half of the modem Lake Turkana 

and in the lower Omo Valley, constitute a major part of Plio-Pleistocene sediments in 

East Africa (Figure 2.3, 2.4 & Table 2.1). The strata are exposed discontinuously around 

the northern end of the modem Lake Turkana and represent the following formations; the 

Shungura, Mursi and Usno Formations (de Heinzelin & Haesaerts 1983a, b & c) to the 

north o f the lake, the Nachukui Formation to the west and the Koobi Fora Formation to 

the east of the lake (Figure 2.3). However the Mursi and Usno Formations in Ethiopia are 

not considered in this project. The Turkana Group deposits are a group of more recent 

sediments, which include the Kibish Formation (de Heinzelin 1983a) and the Galana Boi 

Formations (Owen & Renault 1986). Certain ages are better represented in different 

formations. However, the combination of three formations, the Shungura, Koobi Fora and 

Nachukui, provide nearly 800 metres of strata and represent the most complete 

lithostratigraphic record in East Africa for the time 4.2 ma to 1.0 ma. This is particularly 

useful when making regional comparisons between fossil feunas. The Shungura 

Formation, ranging 3.6 ma to 1.0 ma, is the most continuous of the Omo Group Deposits. 

These sediments are largely fluviatile deposits laid down by the permanent Omo River 

flowing into the basin throughout this time. The sediments of the Nachukui Formation are 

not as fossiliferous or as extensive as the Shungura or Koobi Fora Formations, but they 

yield important remains from a time span 4.2 ma to 1.2 ma that allow us to sample the 

basin margin habitats. Although less continuous, they include the time from 2.0 ma 

through to 2.5 ma, which is not represented in the Koobi Fora Formation. The geographic 

relationships between the sediments of the Nachukui, Koobi Fora and Shungura 

Formations are depicted in Figure 2.3.
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Figure2.3. The distribution of the Plio-Pleistocene sediments of the Turkana 
Basin. (Figure adapted from Harris et al. 1988a and Feibel et al. 1989).
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Figure 2.4 The stratigraphie correlation of the Nachukui, Koobi Fora and 
Shungura Formations. (Figure adapted from Harris et al. 1988a).
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Table 2.1 The dates and names of the main volcanic tuff horizons of the Omo 
Group Deposits. (Dales were taken from Harris et a i  1988a: Bobe 1997 and Leakey 
et al. 2000).

NACHUKUI KOOBI FORA SHUNGURA AGE (ma)

g
p.Nariokotom e

%D)
o

M urotot o

R
r
o

Kalochoro

5̂
Lokalalei

Tulu Bor

M oiti
T opernawi 2.

Silbo
Chari

1Lower Okote

Malbe
KBS

r
S3.

Upper Burgi

Burgi
Ingumwai

?
c
ad
2

Hasuma

Ninikaa

Toroto
Tulu Bor
Lokochot

1
M oiti
Topernawi

r*
Tuff L
Tuff K
TuffJ-4
Tuff J
H-7
Tuff H-4
Tuff H-2
tuff H
G-27

oG12- to G-14
G-4 to G-9
Tuff G
Tuff F
Tuff E m
Tuff D O
C-9

n
Tuff C-4
Tuff C
Tuff B-10

adB-3

Tuff B = U-10
Tuff A = U-6 >
Bas- 1

2=(Z)
SL

Mursi basalt
U- basalt

0.74 + 0.01
1.33 + 0.03
1.39 + 0.02
1.53 + 0.03
1.65 + 0.03
1.74 + 0.03

1.76
1.87 + 0.02
1.89 + 0.02
1.90 + 0.03

1.95
2.15 to 2.11
2.27 to 2.19
2.32 + 0.04
2.34 + 0.04

2.4
2.52 + 0.05

2.6
2.68 + 0.06
2.74 + 0.08
2.85 + 0.08
2.95 + 0.05
3.06 + 0.03

3.1
3.32 + 0.02
3.4 + 0.02
3.57 + 0.1

>3.6
3.94 + 0.03
3.96 + 0.03
3.99 + 0.04
4.10 + 0.6

Sate: Names of the main tuflaceous horizons are prov ided for each geological formation. Shaded columns 
represent the geological members and their duration.
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AU three formations can be reliably correlated through the presence of the widely 

distributed and well-dated volcanic tephra (Table 2,1) which have distinct chemical 

compositions and are thus reliably identified (Feibel et al 1989; deMenocal & Brown 

1991) (Figure 2.4). The potassium-argon dates of numerous tuffs within the basin (Table

2.1), provide a firm stratigraphie fi*amework on which to base palaeoecological and other 

studies (McDougall 1985; McDougall et al 1980, 1992)

2.4AA Shungura Formation

The Shungura Formation covers an area of some 180 square kilometres either side of the 

Omo River, but with the majority of the fossiliferous sediments to the west. The Omo 

River is the main inflow into the lake basin, carrying water draining fi*om the Ethiopian 

highlands to the north. The Shungura Formation is considered unique in that it is one of 

the few relatively continuous Plio-Pleistocene sedimentary deposits and is one of the 

richest in Afiica (Howell et al 1987). The sediments are predominantly fluvial and 

deltaic deposits o f the ancient and perennial Omo River and make up 765 metres of 

exposed section (Butzer 1976; Brown 1981, 1995). The volcanic tuffs of the Shungura 

Formation have been divided by an alphanumeric system (de Heinzelin 1983). The 

Shungura Formation is divided into 12 members according to their stratigraphie position 

in relation to the major tuffaceous horizons (de Heinzelin & Haesearts 1983a). The 

members are given alphabetic assignments starting with the Basal Member, followed by 

Members A through H, and Member J to L (in ascending order). Each member has been 

further subdivided into sub-members according to its lithology. The ancestral Omo River 

was dominant in the basin through most of the Late Pliocene. However, braided river
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deposition is observed in Member F and G (in units F-1 and G-3 to G-5) and a major lake 

transgression in Upper Member G (in units G-14 to G-27) (Bobe et a l 1997). There are 

numerous volcanic ash horizons in the Shungura Formation, however only some of these 

are used to define the formations (Table 2.1 & Figure 2.4).

2.4,L2 Koobi Fora Formation

The fossiliferous exposures of the Koobi Fora Formation cover an area of some 1200 

square kilometres to the east of Lake Turkana. The lithostratigraphic nomenclature of the 

region has been revised several times but the most current interpretation is to be found in 

Brown & Feibel (1986). The area has been worked extensively for the last three decades 

and a wealth of information has accumulated on the geology (Brown & Feibel 1986, 

McDougall 1981), palaeontology (Leakey & Leakey 1978; Harris 1983, 1991; Feibel et 

al 1991; Wood 1991) and archaeology (Isaac 1997). The exposures are discontinuous, 

isolated from one another by tracts of alluvial cover with bushland. This has somewhat 

impaired the reconstruction of the stratigraphy (Brown 1995). The region has been 

divided into discrete localities or collection areas. The Koobi Fora Formation is divided 

into eight members that are defined to include a basal tuff and those overlying sediments 

beneath the next basal tuff of the overlying member. Unlike the Shungura or Nachukui 

Formations, there is a large hiatus of 0.5 ma in the sequence fi"om 2.5 ma -  2.0 ma 

(Brown 1995). The members of the Koobi Fora Formation, in ascending order of ancient 

to recent, are the Lonyumun, Moiti, Lokochot, Tulu Bor, Burgi, KBS, Okote, and Chari. 

The sediments are represented by lacustrine, deltaic and fluvial facies, which make up 

565 metres of section (Brown 1995).
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2,4.1.3 Nachukui Formation

The Nachukui Formation is made up largely of lacustrine, fluviatile and deltaic 

sediments. The sediments outcrop over about 500 square kilometres on the west side of 

Lake Turkana. As with the Koobi Fora Formation, the exposures are separated by large 

areas of alluvium and vegetation. Approximately 715 metres of section are exposed, 

representing over 4.0 ma -  0.7 ma, which extends to both younger and older than the 

sediments of the Shungura Formation. The Nachukui Formation is the main focus of this 

research project. Fossiliferous localities were extensively surveyed between 1983 and 

1986, and again in 1998 and 1999. However, fieldwork conducted over the latter two 

years as part of this study, yielded further specimens, which almost doubled the size of 

the existing collection and provided new data on faunal occurrences.

The sediments of the Nachukui Formation comprise poorly consolidated sandstones, 

siltstones, claystones and conglomerates. The fossiliferous sediments rest unconformably 

on basement Miocene volcanic basalts and sediments or on Precambrian gneisses (Harris 

et a l 1988a; Bereket 1995). The stratigraphie members are based on the boundaries 

between distinctive volcanic ash horizons. Forty-three volcanic tuflfe are present within 

the Nachukui Formation. A number of these correlate with other tuflfs in the Lake 

Turkana Basin, and these major tuf&ceous layers are depicted in Figure 2.4. The 

localities are distributed either side of seasonal watercourses after which they are named 

(Figure 2.5). The western lake basin deposits are dipped to varying degrees as a result of 

tectonic activity in the region.
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Table 2.2 Full names of localities of the Nachukui Formation depicted in Figure
2.5.

Locality Name Locality Name

KBl Kataboi I KL6 Kalochoro VI
LKl Loruth Kaado I KSl Kokiselei I
L06 Lomekwi VI KS2 Kokiselei II
NSl Nasechebim I LK4 Loruth Kaado IV
L 0 4 E Lomekwi IV east NYl Naiyena Engol I
L 04W Lomekwi IV west NY2 Naiyena Engol II
L05 Lomekwi V NY3 Naiyena Engol III
LOlO Lomekwi X KI2 Kaitio II
L09 Lomekwi IX KLl Kalochoro I
KUl Kangatukuseo I KL2 Kalochoro II
KU2 Kangatukuseo II KL5 Kalochoro V
KU3 Kangatukuseo III LK3 Loruth Kaado III
LOI Lomekwi I LPl Lokapetamoi I
L02 Lomekwi II NN Nanyangakipi
KI3 Kaitio III NK2 Nariokotome II
KL4 Kalochoro IV NK3 Nariokotome III
L03 Lomekwi III N i l Natoo I
KGl Kangaki II NY4 Naiyena Engol IV
KG2 Kangaki II K Il Kaitio I
KK Kalakodo NCI Nachukui I
LAI Lokalalei I NC2 Nachukui II
L07 Lomekwi VII NC4 Nachukui IV
LOS Lomekwi VIII NKl Nariokotome I
KL3 Kalochoro III
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Figure 2.5 Seasonal watercourses and the distribution o f localities o f the 
Nachukui Formation. (Figure adapted from Harris et al. 1988a).
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The black shaded areas denote fossiliferous localities. The names o f the seasonal watercourses are 
indicated, which flow seasonally from the basin margin to the west, into Lake Turkana. The full names of 
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Major faults displace the sediments and the ages of the localities either side of faults are 

affected as a result (Brownpers. comm.). The Lomekwi drainage can be considered to 

demarcate the boundary between the sediments and faulting relationships to the north and 

the south. In general, to the north of the Lomekwi drainage the faults down-throw to the 

west and the sediments dip westward, whereas to the south, the faults down-throw to the 

east and the sediments dip eastwards.

The Nachukui Formation is divided into eight members: Lonyumun, Kataboi, Lomekwi, 

Lokalalei, Kalochoro, Kaitio, Natoo and Nariokotome in ascending stratigraphie order. 

Some of the members of greater thickness, such as the Lomekwi Member, have been 

further subdivided into lower, middle and upper member units, for the purpose of this 

study. These fossiliferous units are not continuous and can thus be separated.

2.5 The members of the Nachukui Formation

In the following section, descriptions of the members of the Nachukui Formation are 

detailed, including the approximate ages of the localities within the geological members. 

The ages of the members of the Nachukui Formation are related to those of the Shungura 

and Koobi Fora Formations. The geological descriptions of these members are taken from 

Bereket (1995) and Harris et al. (1988a & b), but have been confirmed through field 

observations and discussions with Professor Frank Brown. The detailed faunal 

compositions of these localities and geological members are discussed in Chapters 4  and 

5.
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2,5.1 Kataboi Member (4.10 ±  0.07 ma ta 3.36 ±  0.04 ma)

The Kataboi Member includes the strata that lie between the Moiti Tuff (3.94 ± 0.03 ma) 

(Leakey et al. 2001) and the Tulu Bor Tuff (3.4 ± 0.02 ma). The Moiti Tufif is exposed as 

far north as the Gulf of Aden in the Red Sea (Bereket 1995; Brown 1999). The other 

major tuffs o f the Kataboi Member include the Topernawi Tuff (3.96 ± 0.03 ma) and the 

Lokochot Tuff (equivalent to Tuff A of the Shungura Formation and dated to 3.6 ma). 

With this new date for the Topernawi Tuff (Leakey et al. 2001), it is now the oldest dated 

volcanic ash layer of the Omo Group Deposits. The Lokochot Tuff is distributed as far 

south as Lake Baringo, some 300 kilometres away, and is significant as it lies at the 

Gilbert Gauss Magnetic transition.

The Kataboi Member is equivalent to the Basal Member and Member A of the Shungura 

Formation and to the Moiti and the Lokochot Members of the Koobi Fora Formation. The 

localities o f the Kataboi Member include L06, KBl, LKl and NSl. This member is not 

richly fossiliferous. However, Williamson (1985) suggested that between 3.3 ma and 3.4 

ma there is evidence for rain forest expansion, due to the occurrence of fossil seeds 

(Antriocaryon) and rain forest gastropods {Potadoma) fi*om this member. However, this 

view is not widely accepted and Brown (pers. comm.) notes that these species are also 

associated with gallery forest and therefore these occurrences are not unexpected.

2.5.2 Lomekwi Member (3.3 ma to 2.52 ± 0.07 ma)

The Lomekwi Member spans the interval in time fi-om the base of the Tulu Bor (3.6 ma) 

to the basal contact of the Lokalalei Tuff (2.52 ± 0.05 ma) equivalent to Tuff D of the 

Shungura Formation. This member has been further divided into the lower, middle and
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upper Lomekwi Member for the purpose of this study. The tuffaceous horizons that are 

associated with this member are the Tulu Bor Tufif (or Tufif B of the Shungura Formation 

(3.36 ± 0.04 ma)). Warn Tufif (or Tufif B-3 of the Shungura Formation (<3.22 ± 0.02 ma)) 

and the Emekwi Tufif (or Tufif C-9 (>2.552 ± 0.05 ma)). The Lokalalei Tufif is a tufif 

complex and interbedded with siltstones and soils into which fluvial channels incise. 

Etheria oyster reefe are commonly associated with the bottoms of these channels and can 

easily be recognised in the field.

The localities of the lower Lomekwi Member include L05 and L04. The middle and 

upper Lomekwi Member localities include LOlO, L09, and LOI, L02, KUl, KU2, KU3 

respectively. All these localities are richly fossiliferous and account for the majority of 

the specimens in the collection. The Lomekwi Member is equivalent in age to Member B 

and C of the Shungura Formation and the Tulu Bor Member of the Koobi Fora 

Formation.

2,5,3 Lokalalei Member (2,53 ± 0,05 ma to 2,34 ma)

The Lokalalei Member is confined between the Lokalalei Tufif (equivalent to Tufif D o f 

the Shungura Formation (2.53 ± 0.05 ma) and the Kalochoro Tufif complex (Tufif F and F- 

1 of the Shungura Formation). An additional major tufif of this member is the Kokiselei 

Tufif or Tufif E of the Shungura Formation. This is a distinctive grey colour and contains 

glass shards which facilitates its identification in the field.

The fossiliferous localities of the Lokalalei Member include L03, KL4 and KI3. These 

are important localities due to the paucity of sites of this age in the Koobi Fora
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Formation. The Lokalalei Member is equivalent to Members D and E of the Shungura 

Formation and to the Lower Burgi of the Koobi Fora Formation.

2,5,4 Kalochoro Member (2,35 ±  0,05 nut to 1,88 ± 0,02 ma)

The Kalochoro Member includes the strata that lie between the base of the Kalochoro 

Tuff (Tuff F of Shungura Formation (2.35 ± 0.05 ma)) and the base of the KBS Tufif 

(Tufif H-2 of the Shungura Formation (1.88 ± 0.02 ma)).

The Ekalalei Tufif (equivalent to Tufif F-1 a) and the Upper Ekalalei Tufif (or Tufif F-lb of 

the Shungura Formation) are also exposed in this Member. The sites of the Kalochoro 

Member include the fossiliferous localities L08, L07, KK, LAI, KGl and KG2. The 

Kalochoro Member is equivalent in age to Member F to G of the Shungura Formation and 

to the Upper Burgi Member of the Koobi Fora Formation.

2,5,5 Kaitio Member (1,88 ± 0,02 to 1,6 ma)

The Kaitio Member lies between the KBS Tufif (equivalent to Tufif H-2 (1.88 ± 0.02)) and 

the Lower Koobi Fora Tufif (equivalent to Tufif J- 6  of the Shungura Formation (1.6 ma)). 

The Lower Koobi Fora Tufi  ̂is a tufif complex. The correlation between the numerous tufif 

horizons within this complex is still insecure. It is of similar age to the Okote Tufif 

Complex of the Koobi Fora Formation, where some fifty discrete tufifaceous horizons 

have been preliminarily identified. The Malbe Tufif (1.86 ± 0.02) is another major tufif of 

the Kaitio Member, equivalent to Tufif H-4 o f the Shungura Formation.
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There are fossiliferous localities within this member and these include KSl, KS2, LK4, 

NYl, NY2, NY3, KL3 and KL6 . The Kaitio Member is equivalent in age to the upper 

Member H and lower Member J of the Shungura Formation, and to the KBS Member of 

the Koobi Fora Formation.

2,5.6 Natoo Member (1,6 to 1,3 ±  0,05 ma)

The Natoo Member lies between the basal contact of the Koobi Fora Tufif and the basal 

contact of the Lower Nariokotome Tufif (1.33 ± 0.05 ma), a distinctive grey tufif con^lex, 

which is the main correlative unit of the upper part of the Nachukui Formation. The base 

of this tufif is 12 meters above the Chari Tufif. The member also includes the securely 

dated Chari Tufif (1.33 ± 0.05 ma) (equivalent to Tufif L of the Shungura Formation) and 

the Lokapetamoi Tufif (equivalent to Tufif J-7 of the Shungura Formation), which is a 

distinctive pinkish grey colour in the Nachukui Formation.

The fossiliferous localities of the Natoo Member include KI2, KL2, KL5, KLl, LK3, 

LPl, NK2, NK3, NY4, NN, and NTl. Detailed palaeoenvironmental reconstruction of 

this member is provided by Feibel & Brown (1993). The Natoo Member is equivalent in 

age to the upper Member J and Member K of the Shungura Formation and to the Okote 

Member of the Koobi Fora Formation.

2,5,7Nariokotome Member (1,33 ± 0,05 to 0,7 ma)

The Nariokotome Member includes strata that lie above the basal contact of the Lower 

Nariokotome Tufif (1.33 ± 0.05 ma) and the discontinuous unconfoimable and richly
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fossiliferous Holocene strata (or Galana Boi Formation). Well-developed stromatolite 

beds occur throughout the member and provide useful marker horizons. The main 

tuffaceous horizons of the Nariokotome Complex are the middle and upper Nariokotome 

TufiFs.

The fossiliferous localities of the Nariokotome Member include NCI, NC2, NC4 and 

KIl. The Nariokotome Member is equivalent in age to Member L of the Shungura 

Formation and to the Chari Member of the Koobi Fora Formation.

2.6 Depositional environments of the Lake Turkana Basin during the Plio- 
Pleistocene

The transitional nature of the ancestral Lake Turkana during the Plio-Pleistocene may be 

due to a number of different factors. Early interpretations of sedimentation in the Turkana 

Basin (Vondra & Bowen 1978) attributed deposition to fluctuations in levels of the large 

stable Lake Turkana. The fluctuations were believed to be the result of changing climatic 

conditions and of periods of heightened tectonic activity (Brown 1995). More recently 

however, the accepted view is that the sedimentation in the Turkana Basin is largely 

controlled by tectonic movements and volcanic activity, with climate change playing a 

less dominant role in lake fluctuations (Brown 1995; Feibel 1997; Feibel 1999). With this 

in mind, inferences regarding climatically forced faunal and habitat change must be made 

with caution as tectonic activity evidently plays a significant role in shaping local 

habitats.
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The expansion of the lake at about 2.0 ma was previously related to climatic change. 

However, with the volcanic history of the basin better understood, it appears that partial 

closing of the lake basin as a result of volcanics, is reflected in the presence and absence 

of lakes at different times. In the past either a lake occupied the central part of the basin 

or a fluvial system occupied the entire basin and the transition between the two states is 

now understood to have been rapid (Brown 1995).

The differences in water volume coming into and out o f the basin, as a result of climatic 

changes and varying precipitation levels in the volcanic highlands and surrounding 

regions would certainly have played a role in the depositional system (Feibel 1995). 

However, the extent of this phenomenon remains subject to discussion. Much of the 

water-dependent terrestrial fauna was probably restricted in range as a result of 

availability of drinking water and vegetation. Seasonal drainages would have carried 

water into the lake from the western margin during wet seasons, depositing sediment and 

burying skeletal remains from faunal communities peripheral to the main lake or river 

system.

2.5 Major lake phases of the Turkana Basin as identified in the Nachukui Formation

The fluvial phases represent some 85 percent of the overall geological section of the 

Nachukui Formation (Harris 1991). The remainder comprise lacustrine sediments and 

volcanics. During the lacustrine phases the lake varied dramatically in size and longevity. 

It is important to consider that a lake was only intermittently present in the basin and 

presence or absence of a lake, as well as its size, would be expected to have had a
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considerable impact on the palaeoecology and palaeogeography of the region. The 

occurrence of lake sediments in the stratigraphie sequence is illustrated in Figure 2.6.

The Lokochot Lake, at around 3.5 ma, was one of the most long standing lakes in the 

basin. Significant thicknesses of diatomaceous sediments dominate the Lokochot 

Member, capped by the Tulu Bor Tufif (3.4 ± 0.02 ma). Deposits of the Lokochot Lake 

are found both in exposures on the west and east sides of modem day Lake Turkana. The 

Tulu Bor Tufif, as exposed in the middle of the three Lomekwi tributaries is typically 

deposited above lake sediments of silty sands, which contain numerous blue porcelain- 

coloured fish teeth, including Barbus, Syndacharax, Tetradon, Gymnarchus and 

Cyanodontis.

In the Kalochoro Member, around 2.0 ma, evidence of the lake is present as shallow lake 

margin deposits in which are preserved the trace fossil, Picnictus (Feibel 1987). These 

trace fossils are the large inverted cone-shaped nests of endemic cichlid fishes, similar to 

those found in sheltered bays of Lake Turkana today. Some of these nests are 1.0 to 1.5 

meters in diameter. The 2.1 ma -  1.6 ma lake in the basin is thought to have been 

initiated by volcanic and tectonic movements at the southern end of the modem day lake 

(Brown 1995).
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F igure2.6 Representation o f the fluvial and lake phases o f  the Turkana Basin
(Adapted from Brown 1995).
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The Nariokotome Member lake at 0.7 ma, is represented by lacustriune sediments and 

some seven stromatolite horizons which indicate cycles of lake transgression and 

recession through time. Stromatolites grow only in shallow calm lake margin pools or 

lagoons of high salinity and temperature that is not conducive to inhabitation by 

gastropods. The presence of stromatiolites is therefore indicative of very specific 

environmental conditions.

The largest lake ever to fill the basin was during the Holocene, some 10,000 through to 

6,000 years ago. The sediments are typically pale and contain an abundance of white 

gastropods, some fossil remains of mammals, fish and artefacts such as small worked 

flakes and bone harpoon tips.

2,6,1 Modern Lake Turkana and surrounding habitats

Temperature and moisture availability in East Afiica are strongly influenced by elevation. 

The Turkana Basin presently lies at about 36 ± 5 meters above mean sea level and has a 

mean annual temperature of 29° C with an average of 31 cm of rainfall a year. In contrast, 

the headwaters of the Omo River in the Ethiopian Highlands, at Saja, is 2100 meters in 

elevation and receives 1,875 cm of precipitation (Feibel 1995). Seasonality has a strong 

influence in the rainfall patterns of East Africa, and is controlled by the Inter Tropical 

Convergence Zone, seasonal monsoonal circulation, latitudal position and regional 

physiogeography. Thus the inflow of water into the basin is influenced by both headwater 

climate and local climate regimes and would have been so in the past (Feibel 1995).
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The main input of water into the modem day Lake Turkana is primarily via the Omo 

River as well as via two less dominant seasonal rivers, the Turkwell and Kerio Rivers. In 

addition, a number of seasonal watercourses drain into the lake along the western 

shoreline, but flow very infrequently with a catchment of surface runoff from surrounding 

hills. There is no outlet of water from the modem day Turkana Basin. Only 200,000 years 

ago, volcanic emptions that form the southem extent of the modem lake blocked and 

prevented outlet through the Suguta Valley. The modem Lake Turkana is a total length of 

257 km, 44 km at its widest and 13 km at its narrowest. It has an average depth of 13.4 

meters (maximum 114 meters) and represents an area of 7560 km  ̂(Hopson 1982). The 

lake level generally rises during times of higher seasonal precipitation in the Ethiopian 

Highlands, from August to September. Thereafter it gradually falls due to high 

evaporation rates. In the last 20 years the lake level has fluctuated about a maximum 

range of twenty meters. It is an alkaline lake with high carbonate content. Animals are 

dependent on the lake water for most of the year, as are the increasing numbers of people 

and livestock that inhabit the westem and eastem shores of the lake. Increased human 

population and livestock in the area have had considerable impact on the fauna and flora 

and much of the original habitat has been destroyed. Sibiloit National Park, on the eastem 

side of the lake was created to preserve the habitat and fossiliferous exposures. Here 

remains the opportunity to sample the representative ecosystem for the region. To the 

north, the Omo River runs through a national park and a similar diversity of fauna and 

flora is preserved (Baba et al. 1982). The habitat of Koobi Fora and surrounding regions 

can be described as semi-arid, open woodland with abundant thomy Commifora. The 

westem side of the lake has significantly less vegetation, as it has been over-exploited by 

livestock and people. The Omo Valley in contrast, is well vegetated, with an abundance 

of dense woodland and humid riverine forest.
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2.7 Chapter Summary

This chapter covers the background relating to Plio-Pleistocene climatic change and its 

influence on palaeohabitat and faunal assemblages, the application of body weights as a 

tool to interpreting the fossil record, and finally an introduction to the stratigraphy of the 

Omo Group Deposits and the distribution of sediments and localities within the Lake 

Turkana Basin.

The Plio-Pleistocene is recognised as a time during which significant shifts in global 

climate occurred. These climate shifts had considerable impact on regional 

palaeoecology. Studies and interpretation of fossil mammalian body size and 

palaeoecology are summarised. The physiological and structural implications of body 

size of modem mammals are briefly discussed.

The extensive collection of geological, palaeontological and archaeological data firom this 

region provides important insight into its fauna and palaeoecology during the Plio- 

Pleistocene. The correlation of three of the main formations of the Turkana Basin 

facilitates the assessment of faunal change during the Plio-Pleistocene for this region. In 

the following chapters the faunal collection fi-om the Nachukui Formation is used to 

identify changes in habitat using faunal relative abundances, relative bovid abundances 

and body weight estimations of fossil Bovidae. The relevant methodology is covered in 

the following chapter.
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Chapter 3

METHODOLOGY AND DESCRIPTION OF MATERIALS

3.1 Introduction

This chapter covers the procedures used in the collection of data for all the components of 

this study. This includes the identification and measurement of specimens, the calculation 

of equations and other analytical procedures. The techniques are described for the 

collection of data for both modem and fossil material. For the modem material, 

measurement methods were devised for data to be collected fi’om a sample of extant 

Bovidae that were cropped on a game ranch in Kenya. Live body weights were obtainable 

for the individuals fi-om which cranial and postcranial measurements were made. 

Additional measurement data were collected fi-om the Osteology Department of the 

National Museums of Kenya. Regression methodology was established for the estimation 

of body weights of the fossil Bovidae collection fi-om the Nachukui Formation of West 

Turkana. The fossil collection housed in the National Museums of Kenya, Department of 

Palaeontology, provided the main fossil sample fi-om which measurements and data were 

collected. These data were used to analyses the overall composition of the Nachukui 

Formation fossil assemblage, especially the Bovidae.

Thus this chapter is divided into four sections for the purposes of describing the 

methodology:

i. The collection of fossil fauna and faunal identification (Section 3.2)

ii. The collection of data fi-om modem Bovidae (Section 3.3)
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iii. Line fitting techniques and Ordinary Least Square Regressions (Section 3.4)

iv. The collection of data fi*om fossil Bovidae (Section 3.5).

3.2 The collection of fossil fauna and faunal identification

The fossil collection recovered fi*om the Nachukui Formation on the west side of Lake 

Turkana, is housed in the Department of Palaeontology in the National Museums of 

Kenya. More than half of this total sample was collected as part of the present project, 

during two months of fieldwork conducted during field expeditions in 1998 and 1999, co

led by Meave Leakey and myself (Leakey, M. & Leakey, L., 1998, 1999). The field 

research was fimded by the National Geographic Society (Grant numbers 6198-98 and 

6504-99). The majority of this new collection so far remains unpublished but the pre- 

1986 collection has been described in detail (Harris et al. 1988a & b).

During the last two field seasons, specimens were recovered by careful survey and 

prospecting for surface finds and fi*agments by a field survey team. Specimens were 

collected by Meave Leakey in L04, L05 and L06 and by myself for all other localities. 

When a specimen was foimd in situ, carefiil excavation and screening of the sediment was 

conducted to ensure the recovery of all fi*agments. Every specimen collected was 

allocated a field number. Standard field techniques were employed for the purpose of 

excavation and collection of new material. The collection of fossil specimens in the field 

was conducted with careful reference to the stratigraphy (Feibel et al. 1989; Harris et al. 

1988a & b), noting substrate type and provenance of specimens above and below 

identified tufiFaceous horizons. The geological survey continued during these two months 

under Frank Brown. Field collection techniques include the infusion of delicate



- 54 -

specimens with a hardening resin, numbering individual bones with field numbers, 

wrapping of specimens in tissue and packing them into polyethylene bags or in the case 

of larger specimens coating of them in Plaster of Paris jackets for protection during 

transportation. Specimens were transported by light aircraft back to the National 

Museums in Nairobi for further preparation. This included the cleaning of specimens with 

air scribes, often under microscopes, further infusion with resins, identification, 

accessioning and storage. Global Positioning System (GPS) waypoint coordinates were 

taken for all the important specimens, especially the Homininae. In addition, a specimen’s 

position is marked on an aerial photograph with a pinprick and its field number noted on 

the rear of the photograph.

Certain collection criteria were met so that collections were comparable. Surfece finds 

were collected of mammalian fauna that included complete or partial crania, mandibles, 

jaw fi-agments and complete isolated teeth, except for the Homininae, for which any 

remains were collected. The inclusion of isolated bovid teeth into the collection provided 

better sample sizes for several localities. However, where one individual is represented by 

multiple elements, only a single record is used in the analysis. Bovid horn cores, 

including basal horn core fi’agments and postcranial remains especially for the Carnivora, 

Cercopithecidae, Bovidae and Suidae were collected. Postcranial remains of ungulates are 

increasingly used in ecological and ecomorphological interpretations as well as for body 

weight estimation, but so far remain poorly represented in the fossil collections fi-om the 

Turkana Basin.

Once preparation of the new Nachukui Formation collection was complete, identifications 

were made with reference to faunal descriptions in Harris et al. (1988a), Harris (1983)
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and Harris (1991). When possible the identifications were confirmed by specialists, 

including Rene Bobe, John Harris, Nina Jablonski, Meave Leakey, Fred Spoor, Eleanor 

Weston and Lars Werdelin. The existing collections fi’om the Koobi Fora and the 

Nachukui Formations were extensively referred to, to facilitate the identification of the 

new material fi*om West Turkana.

3.2.1 Temporal assignment of localities

Details of the stratigraphie assignment o f localities of the Nachukui Formation are 

provided in Chapter 2, section 2.5. However, the temporal assignment of several localities 

of the Nachukui Formation has been recently been revised as a result of further geological 

investigation during the fieldwork of 1998 and 1999. The new dating and identification of 

additional tufl&ceous exposures in some localities by geologists Professor Frank Brown, 

Professor Ian McDougaU and Patrick Gathogo, resulted in these alterations. The 

stratigraphie placement of localities L03, L07, LOS, KL4 and NY4 have been moved 

from their original allocations described in Harris et al. 1988a & b (Table 3.1). The 

revised placements are indicated in bold fece in the table. Also of significance is the new 

^^Ar - ^^Ar date and revision of the provenance of the Moiti and Topemawi Tuffs, 

stratigraphically below the Lokochot Tuff.
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Table 3.1. Stratigraphie assignment of localities of the Nachukui Formation.

Locality Name Member Age (ma)
Comments about stratigraphy- Frank Brown 

peis. Comm.)

K B l Kataboi I Kataboi 3.8-3.58
LK l Loruth Kaado I Kataboi ~3.4-3.58
L 0 6 Lomekwi VI Kataboi -3 .95
N Sl Nasechebun I Kataboi 3.8-3.38 Ju st below Tulu Bor Tuff, nearer 3.38 ma.
L 0 4 E Lomekwi IV east L. Lomekwi ~3.3-3.38
L 0 4 W Lomekwi IV west L. Lomekwi ~3.4-3.6
L 0 5 Lomekwi V L. Lomekwi ~3.2-3.38
LOlO Lomekwi X M. Lomekwi (3.8)-3.1-2.8 Some fossils below the Tulu Bor T uff in western 

part, most from —3 ma in central part; some 
possibly higher.

L 0 9 Lomekwi IX M. Lomekwi ~2.6-2.8
K U l Kangatukuseo I U. Lomekwi 2.52-~2.6
KU2 Kangatukuseo II U. Lomekwi 2.52+- 0.05 Very near Lokalalei Tuff in age.
KU3 Kangatukuseo III U. Lomekwi 2.52-2.6
LOI Lomekwi I U. Lomekwi -2 .52+-0.05 .
L 0 2 Lomekwi II U. Lomekwi -2.52-2.7
KI3 Kaitio III Lokalalei 2.43-2.32
KL4 Kalochoro IV Lokalalei -2 .4 Exposures directly below the Kokiselei Tuff- 

2.43 ma.

L 03 Lomekwi III Lokalalei -2 3 -  2.53 N ew  artefact site.
K G l Kangaki II Kalochoro -2 .1 Estimate- Tuff currently under analysis.
KG2 Kangaki II Kalochoro -1 .9 Estimate.

Indet but believed to be below KBS T uff -
KK Kalakodo Kalochoro Kalochoro
LAI Lokalalei I Kalochoro -2 .3 Artefact site
L 07 Lomekwi VII Kalochoro -2.3-2.0 Indet, believed to be above Lokalalei Tuff.
L 08 Lomekwi VIII Kalochoro -2.3-2.1 Indet. Believed to be above Kokiselei T uff 2.43

KL3 Kalochoro III Kaitio 1.53- -1 .7 5
KL6 Kalochoro VI Kaitio 1.53- -1 .7 5
K Sl Kokiselei I Kaitio 1 .5 3 -1 .8 9 N earer 1.8 than 1.6 ma.
KS2 Kokiselei II Kaitio 1.53--1.75
LK4 Loruth Kaado IV Kaitio 1.53--1.89 Nearer 1.6 than 1.8 ma.

M ost probably between 1.6 and 1.8 ma (East o f
N Y l Naiyena Engol I Kaitio 1.53-1.89 fault and south o f  Kalochoro River).
NY2 Naiyena Engol II Kaitio 1.53-1.89 M ost probably between 1.6 and 1.8 ma.
NY3 Naiyena Engol III Kaitio 1.53-1.89 M ost probably between 1.6 and 1.8 ma.
KI2 Kaitio II Natoo 1.33-1.53
K Ll Kalochoro I Natoo 1.33-1.53
KL2 Kalochoro II Natoo 1.33-1.53
KL5 Kalochoro V Natoo 1.33-1.4
LK3 Loruth Kaado III Natoo 1.33-1.53
LPl Lokapetamoi I Natoo 1.33-1.53
N N Nanyangakipi Natoo 1.33-1.53
N K 2 Nariokotome II Natoo 1.39-1.5
NK3 Nariokotome III Natoo 1.5 W T 15000 site. Well dated.

Fossils not far above the Murotot tuff. Nearer 1.5
N T l Natoo I Natoo 1.33-1.53 than 1.3 ma.
NY4 Naiyena Engol IV Natoo 1.53-1.89 M ost probably between L6 and L8 ma.
K Il Kaitio I Nariokotome 1-1.33

Weil above the Nariokotome Tuff- hominid tibia
NCI Nachukui I Nariokotome 0.9 (0.74-1.33) and elephant site.

N eeds re-examination, but certainly above the
NC2 Nachukui II Nariokotome 0.9 (0.74-1.33) Nariokotome tuff.
NC4 Nachukui IV Nariokotome 1.3-0.6
N K l Nariokotome I Galana Boi 0.01 Probably site o f Galana Boi shoreline.

Note: Localities in bold fiice have been reassigned to new stratigraphie positions.
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These dates have been refined by McDougall and Brown (Leakey et al. 2001) and new 

results yield a mean age for the Tulu Bor Tuff of 3.96 ± 0.03 ma, placing it just above the 

Moiti TuflF (3.94 ± 0.03 ma), whereas previously it was considered marginally older. A 

photo mosaic of the aerial photographs for the Nachukui Formation was constructed fi-om 

small prints of the aerial photographs (Figure 3.1) to facilitate navigation to localities in 

the field. The photograph numbers and the distribution of localities, as well as the GPS 

waypoints collected during the course of field study, are indicated on the mosaic. The 

coordinates of marked waypoints are listed in Table 3.2. The aerial photographs were 

taken in the early 1980’s by KREMU, a Nairobi based remote sensing agency and are 

currently stored with PhotoMap and can be enlarged and printed when required.
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Figure 3.1. Photo mosaic of aerial photographs of the Nachukui Formation.

Page 59 represents the northern section Photo Run 12 to 16 and 

page 60 represents Photo Run 7 to 11. The localities are shaded, 

seasonal watercourses marked with dashed lines, and GPS 

waypoints are indicated with * on the overlay. Refer to Table 3.2 

for details of waypoint coordinates.
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Table 3.2. The co-ordinates of waypoints marked on Figure 3.1

Legend Specimen Photo ref Northings Eastings

*1 KOKARC 04' 00.840' 035' 46.302'

♦2 KS1007 04'01.051' 035' 46.276'

♦3 WT 40000 WT4961 03' 54.034' 035' 44.401'

*4 60 03' 54.356' 035' 48.286'

*5 62 03' 54.356’ 035’ 48.286'

*6 63 03' 54.179' 036' 49.164'

*7 64 03' 53.546Î 035’ 50.060'

♦8 65 03' 53.381' 035' 49.544'

♦9 KG1006 03' 59.273' 035' 47.474'

*10 NYl 04' 04.467' 035' 47.111'

♦11 WT15000 NKBOY 04' 07.878' 035' 52.636'

*12 KIl 04' 07.096' 035' 51.134'

*13 KI004 04' 06.817' 035' 52.249'

*14 73 04' 05.232' 035' 47.582'

*15 72 04' 04.034' 035' 49.434'

*16 KL3 04' 04.480' 035' 48.416'

*17 KL2 04'04.177' 035' 50.013'

*18 KL3 04' 04.391' 035' 48.489'

*19 NC003 04' 06.425' 035' 50.730'

* Refer to Figure 3.1
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3.3 The collection of data from modern Bovidae

A sample of modem bovid specimens was collected by myself, from Athi River Game 

Ranch, 40 km to the east of Nairobi, Latitude S 01® 30’ 65 & Longitude E 037® 02’ 28. 

The antelopes were being killed as part of a commercial game culling operation. The 

culled bovid species include Grant’s gazelle (Gazella granti), Thomson’s gazelle 

{Gazella thomsoni\ impala {Aepyceros melampus), hartebeest (Alcelaphus buselaphus 

cokei), wildebeest (Comochaetes taurinus) and oryx {Oryx gazella). Animals were shot 

at night by an operator and were loaded into a vehicle for transport to the abattoir. The 

technician at the abattoir completed a data sheet for each animal at my instruction. Dead 

animals were tagged and weighed on a hanging spring balance scale (500 kg or 100 kg 

limit), which was found to be accurate to the nearest 10 or 2 kilograms respectively. This 

weight is termed the live weight Minimal loss of body fluid occurred before the animal 

was first weighed. The animals were subsequently gutted and dressed; the head, skin, foot 

bones and internal organs were removed. The feet were removed distal to the radioulna of 

the forelimb and distal to the astragalus of the hind limb. The carcasses were then 

reweighed and this weight is termed dressed weight.

(Dressed weight = original weight -  internal organs, skin, head, feet, body fluids)

The data collection for this study was restricted to Athi Game Ranch as it was found that 

other culling operators do not collect live weight data. However, data for dressed weight 

data are more readily obtainable from other game ranches. More often shot animals are 

skinned and gutted in the field before being transported back to the butchery to be
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weighed and hung. If carcasses of animals are butchered and prepared in a standard way, 

then using dressed body weight in the formulation of predictive equations could be of 

relevance for fixture studies. Thus dressed weight data were also collected for the Athi 

River Game Ranch bovids, to test the viability o f this method for body weight prediction.

The mandibles, crania, and metapodials were kept in cold storage and collected by the 

author on a weekly basis for further preparation and measurement. When possible, the 

tagged limb elements, the tibia, radioulna, humerus and femur, were also collected or 

recovered from restaurant kitchens after sale. These skeletal elements were prepared and 

cleaned in large tanks by boiling in a solution of potassium carbonate (K2CO3), followed 

by soaking, scrubbing and drying of the tagged individual elements. Each cleaned 

element was then ready for measurement. The collection has been donated to the 

Osteology Department at the National Museum of Kenya.

The skeletal elements fi-om a total of 437 individuals were collected. These comprise four 

bovid tribes; Alcelaphini, Aepycerotini, Antilopini and Hippotragini. A total of 1527 

individual elements were measured. Table 3.3 is a breakdown of the total sample.
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Table 3.3 Summary of the total bovid sample collected from Athi River Game 
Ranch from which measurements were taken.

Adult Juvenile

Adult Juv.
Species Female Male Total Female Male Total

Wildebeest 41 19 60 23 32 55
Hartebeest 51 38 89 24 39 63
Impala 8 7 15 2 2
Grant's gazelle 35 37 72 10 17 27
Thomson's gazelle 7 4 11 2 2 4
Oryx 14 15 29 4 6 10
TOTAL 156 120 276 65 96 161

437

Numbers of Skeletal 
Elements 1 i Î

Î
QD

1
1
QD

1 1 1
Skull 110 148 15 92 15 36 416
Mandible 105 144 11 83 11 37 391
Metacarpus 90 116 10 83 8 37 344
Metatarsus 94 115 11 85 8 38 351
Femur 25 38 3 21 0 26 113
Humerus 13 33 2 16 0 3 67
Astragalus 19 27 1 15 0 26 88
Tibia 18 28 1 13 0 28 88
Ulna 7 22 1 12 0 1 43
Radius 8 25 1 13 0 2 49
TOTAL 489 696 56 433 42 234 1950
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3.3.1 Variables and measurements

Measurements were taken using a pair of Mitutoyo digital calipers with a foot pedal for 

data transfer. Data were collected and inputted directly into an Excel Data sheet, using the 

free software CALEXCEL 2.0 downloaded from the Internet (available at 

Http/:www.usd.edu/esci/programs/#vb). The measurements are in millimetres except 

where indicated otherwise, and are accurate to within ± 0.2 mm.

Isolated bovid teeth of were measured at the occlusal surface rather than at the tooth 

cervix. This was to enable the data to be better conq^ared with those measurements taken 

by Janis (1990), Harris (1983, 1991) and Harris et al. (1988a). Measurements for the 

postcranial elements were based on a variety of sources including Von den Driesh (1976), 

Scott (1983), Kappebnan (1988), Plummer & Bishop (1994) and several new 

measurements that were included for this study.

The following descriptions and illustrations detail the measurements taken on the skull, 

teeth and mandible (Figure 3.2, Table 3.4), metacarpus (Figure 3.3, Table 3.5), metatarsus 

(Figure 3.4, Table 3.6), femur (Figure 3.5, Table 3.7), humerus (Figure 3.6, Table 3.8), 

astragalus (Figure 3.7, Table 3.9), tibia (Figure 3.8, Table 3.10) and radioulna (Figure 3.9, 

Table 3.11) of a generalised bovid.

http://www.usd.edu/esci/programs/%23vb
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Table 3.4 Variables and measurements of skull and mandible (See Figure 3.2).

Legend Variable Description

A UTRL Upper tooth row maximum length (P2 or P3 to M3) at occlusal surface

B UMRL Upper molar row maximum length (Ml to M3) at occlusal surface

C ÜM2W Upper second molar maximum width of posterior lobe at occlusal surface

D UM2L Upper second molar maximum length at occlusal surface

E UM3W Upper third molar maximum width of posterior lobe at occlusal surface

F UM3L Upper third molar maximum length at occlusal surface

G LM2L Lower second molar maximum width at occlusal surface

H LM2W Lower second molar maximum width of anterior lobe at occlusal surface

I LM3L Lower third molar maximum length at occlusal surfece

J LM3W Lower third molar maximum width of posterior lobe at occlusal sur&ce

K LTRL Lower tooth row maximum length (P2 or P3 to M3) at occlusal surface

L LMRL Lower molar row maximum length (Ml to M3) at occlusal surface

LMIL* Lower first molar maximum length at occlusal surfece

LMIW* Lower first molar width of posterior lobe at occlusal surface

* measvrements are not illustrated
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Figure 3.2 Measurements of skull and mandible, upper and lower second molars
(Refer to Table 3.4 for legend).
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Table 3.5 Measurements of the metacarpus (See Figure 3.3).

Legend Variable Description

1 MCMGAP Anteroposterior breadth of the magnum fecet of the proximal metacarpus

2  MCMGML Mediolateral breadth of the magnum facet of the proximal metacarpus

3 MCPAP Anteroposterior breadth of the articular surface of the proximal metacarpus

4  MCPML Mediolateral breadth of the articular surface of the proximal metacarpus

5  MCL Functional length of the metacarpus

6  MCMXLENG Maximum length of the metacarpus

7  MCMAP Anteroposterior diameter of the metacarpus shaft at the midpoint *

8  MCMML Mediolateral diameter of of the metacarpus shaft at the midpoint *

9  MCDAP Maximum anteroposterior breadth of articular of surface distal metacarpus

7 0  MCDML Maximum mediolateral breadth of articular surface of distal metacarpus

7 7 MCTMLMIN Minimum breadth of the medial trochlea of the metacarpus

7 2  MCTMLMAX Maximum mediolateral breadth of metacarpus medial trochlea

7 3 MCTAPSM Minimum anteroposterior breadth of the metacarpus medial trochlea

7 4 MCTAPSLARG Maximum anteroposterior breadth of the metacarpsus medial trochlea

Note *midpomt o f  the metacarpus is calculated from the functional length divided by 2, measured and marked.
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Figure 3.3 Measurements of the metacarpus (Refer to Table 3.5 for legend).
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Table 3.6 Measurements of the metatarsus (See Figure 3.4).

Legend Variable Description

15  MTPRONGAP Anteroposterior breadth of naviculocuboid facet of proximal metatarsus 

/ 6  MTPRONGML Mediolateral breadth of naviculocuboid facet of proximal metatarsus 

7 7  MTPAP Anteroposterior breadth of articular surface of the proximal metatarsus

/ 8  MTPML Mediolateral breadth of the articular surface of the proximal metatarsus

7 9  M IL Functional length of the metatarsus

2 0  MTMXLENG Maximum length of the metatarsus

2  7 MTMAP Anteroposterior diameter of the metatarsus shaft at midpoint*

2 2  MTMML Mediolateral diameter of the metatarsus shaft at midpoint*

2 3  MTDAP Maximum anteroposterior breadth of articular surface of distal metatarsus

2 4  MTDML Maximum mediolateral breadth of articular surface of distal metatarsus

2 5  MTTMLMEV Minimum breadth of the medial trochlea articular surface of the metatarsus

2 6  MTTMLMAX Maximum mediolateral breadth of the medial trochlea of the metatarsus

2 7  MTTAPSM Minimum anteroposterior breadth of the medial trochlea of the metatarsus

2 8  MTTAPSLARG Maximum anteroposterior breadth of the medial trochlea of the metatarsus

Note ^midpoint o f  the metatarsus is calculated from die functional length divided by 2, measured and marked.
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Figure 3.4 Measurements of the metatarsus (Refer to Table 3.6 for legend).
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Table 3.7 Measurements of the femur (See Figure 3.5).

Legend Variable Description

2 9 FPMLMAX Maximum mediolateral breadth of the proximal femur

3 0 FFL Functional length of the femur

31 FLMAX Maximum length of the femur

32 FMAP Anteroposterior diameter of femur shaft at midpoint*

33 FMML Mediolateral diameter of femur shaft at midpoint*

34 ICFOSPAT Anteroposterior measurement of patellar articular surface

3 5 DFAP Maximum anteroposterior breadth of the distal femur

3 6 DFML Maximum mediolateral breadth of the distal femur
Measurement between most lateral point of articular sur&ce of proximal

3 7 F2 femur to the lesser trochanter

3 8 F3 Measurement between lesser trochanter and greater trochanter

39 F4 Minimum mediolateral breadth of the distal femur patellar condyle

4 0 F5 Mediolateral breadth of the distal femur femoral condyles

Note *midpoint o f  the femur is calculated from the functional length divided by 2, measured and marked.



- 73-

Figure 3.5 Measurements of the femur (Refer to Table 3.7 for legend).
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Table 3.8 Measurements of the humerus (See Figure 3.6).

Legend Variable Description

41 HPMLMAX Maximum mediolateral breadth of the proximal humerus

4 2 HPAPMAX Maximum anteroposterior breadth of the proximal humerus

4 3 HFL Functional length of the humerus

4 4 HMAP Anteroposterior diameter of humeral shaft at midpoint*

4 5 HMML Mediolateral diameter of humeral shaft at midpoint*

4 6 HDOSPAT Minimum anteroposterior breadth of articular surface of distal humerus

4 7 DHAP Maximum anteropostertior breadth of the distal humerus

4 8 DHML Maximum mediolateral breadth of articular surfece of the distal humerus

4 9 H2 Maximum length of humerus

5 0 H3 Maximum mediolateral breadth of articular surface of proximal humerus

Note ^midpoint o f the humerus is calculated from the functional length divided by 2, measured and marked.



- 7 5 -

Figure 3.6 Measurements of the humerus (Refer to Table 3.8 for legend).
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Table 3.9 Measurements of the astragalus (See Figure 3.7).

Legend Variable Description

51 ALL Lateral length of the astragalus

5 2 AFL Functional length of the astragalus

5 3 AML Medial length of the astragalus

54 ALD Anteroposterior lateral depth of the astragalus

5 5 AMD Anteroposterior medial depth of the astragalus

5 6 ADW Mediolateral breadth of the distal astragalus
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Figure 3.7 Measurements of the astragalus (Refer to Table 3.9 for legend).
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Table 3.10 Measurements of the tibia (See Figure 3.8).

Legend Variable Description

5 7 TFL Functional length of the tibia

5 8 TPML Maximum mediolateral breadth of the articular surface of the proximal tibia

5 9 TPAP Minimum anteroposterior breadth of lateral condyle of proximal tibia

6 0 T3 Maximum anteroposterior breadth of lateral condyle of proximal tibia

61 TDML Maximum mediolateral breadth of the distal tibia

6 2 TDAP Maximum anteroposterior breadth of the distal tibia



-79

Figure 3.8 Measurements of the tibia (Refer to Table 3.10 for legend).

5 7

5 9

6 0

5 8

6 1

6 2



-80-

Table 3.11 Measurements of the radioulna (See Figure 3.9).

Legend Variable Description

6 3 RFL Functional length of the radius

6 4 ULENGTH Maximum length of the ulna

6 5 U2 Length of olecranon

6 6 RPML Greatest breadth of the mediolateral articular surface of the proximal radius

6 7 R4 Greatest breadth of the proximal radius

6 8 RPAP Maximum anteroposterior breadth of articular surface of proximal radius

6 9 RDML Maximum mediolateral breadth of the distal radius

7 0 RDAP Maximum anteroposterior breadth of the distal radius
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Figure 3.9 Measurements of the radioulna (Refer to Table 3.11 for legend).
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3.3.2 Description of wear classes to identify ages of adults and juveniles

To separate adults from juveniles for the purpose of this study, individual animals were 

assigned to an age class based on the eruption and wear stage of mandibular tooth rows. 

Ages of bovids can also be calculated from dental crown heights and used in the 

interpretation of isolated teeth (Klein & Cruz-Uribe 1983; Kurten 1983) however crown 

heights were not measured for this study. Approximate ages of individuals were 

calculated based on other tooth eruption studies. These studies include the hartebeest 

(Mitchell 1965), impala (Kerr 1965; Rottcher & Hofihnan 1970; Spinage 1971), 

Thomson’s gazelle (Spinage 1976), and Grant’s gazelle (Robinette & Archer 1971). 

Where eruption age data were unavailable, adult individuals were considered to be those 

with fully erupted and occluded molar and premolar rows. In other studies, tooth eruption 

sequences have also been described for kudu (Simpson 1966; Simpson & Elder 1969), 

springbok (Rautenbach 1971), buffalo (Grimsdell 1973), red deer (Lowe 1967; Spinage 

1973), bushbuck (Sin^son 1973), and waterbuck (Spinage 1967).

Postcrania bones do not scale isometrically with age, therefore it was important to be able 

to separate adults and juveniles. Juvenile limb elements, incomplete in their development, 

could introduce significant error into body weight prediction equations due to the varied 

ontogenetic development in different species. However, the sample of juvenile 

individuals collected during this study will be usefiil in future studies of modem 

antelopes, such as in the examination of the age and order o f epiphyseal fusion of the 

bovid postcrania. Only adult data are ultimately usefiil in the formulation of body weight 

prediction equations.
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3.4 Line fitting techniques: Ordinary Least Squares Regressions versus Reduced 
Major Axis and Major Axis Regressions.

There has been considerable discussion in the literature about which line fitting technique 

to use in body mass predictions (Seim & Saether 1983; Smith 1984; Martin & Barbour 

1989; Riska 1991; AieUo 1992; Aiello & Wood 1994; Hens et a l 2000). Smith (1994) 

provides a list of authors and their preferred techniques for regression analyses. Model II 

regressions (Sokal & Rohlf, 1995) include Reduced Major Axis (RMA) and Major Axis 

(MA) regressions. These are claimed by some authors to be better suited for body weight 

prediction as they allow the variables on both axes to be sampled with error and provide a 

reflection of the central tendency of the bivariate relationship (Aiello & Wood 1994). On 

the other hand Ordinary Least Square Regressions (OLSR) assumes that the independent 

variable is measured without error (Sokal & Rohlf 1995). Smith (1994) fevours the 

OLSR model as an estimation generating technique especially when applying calculated 

correction factors to condensate for introduced biases. Correction factors cannot be 

calculated for either RMA or MA models. It is suggested that both RMA and MA 

regressions are useful when equations are to be generated for the estimation of body mass 

for specimens whose independent variable (x value) measurements lie outside the range 

of data used to generate the equation (lungers 1988; Aiello & Wood 1994).

For the purpose of this study, I assume that the measurement error is minimal and as 

calculated correction factors are an important consideration in final estimates, I felt it 

appropriate to use the OLSR model. In addition, the prediction equations on bovids 

generated by Scott (1983) and Janis (1990), were calculated using the OLSR technique. 

Therefore, to accurately con^are prediction equations and associated errors, the OLSR
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model was found to be more appropriate than either RMA or MA regression and is 

followed for this study.

The data were analysed using Statistical Package for the Social Sciences 8.0. (SPSS® Inc. 

1990). The variables were assigned to columns and the cases to rows. Measurement data 

were checked for errors by plotting individual variables and identifying and checking 

outliers. These errors were corrected where possible by referring back to the original 

specimens and data sheets. Standard procedures for testing normality and frequency 

distributions were carried out. Several subsets of data were used to determine the most 

appropriate regressions; tribal based regressions, single species regressions and combined 

adult and juvenile regressions.

3.4.1 Subsets of data used for regression analysis

The total sample from Athi River Game Ranch included males, females, adults and 

juveniles of six species from four tribes o f Bovidae (Table 3.3). The sample for 

postcranial measurements, other than the metapodials, is considerably smaller due to the 

public demand for meat on the bone and difiSculty of recovering material from its final 

destination. Regressions were run on the following subsets of data to determine which 

predictive equations would be strongest for use in subsequent analyses:

Live body weights, adults only- wildebeest 
Teeth and postcranial, certain variables

Live body weights, adults only- Alcelaphini (hartebeest and wildebeest). 
Teeth and postcranial, certain variables

Live body weights, adults and juveniles- all species.
Teeth only, aU variables
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Dressed body weights, adults only, all species. 
Teeth and postcranial, all variables

Live body weights, adults only- all species. 
Teeth and postcranial, all variables

Dressed body weight regressions are calculated using log transformed dressed body 

weights and have a calculated average percentage discarded weight added to the final 

predicted body mass figures. The average percentage discarded weight was calculated for 

each species. The variation in original body mass, such as may be the result of dietary 

variation, water, blood loss, body conditions or pregnancy, can be eliminated. This may in 

turn provide a stronger correlation and prediction equation for the estimation of live 

antelope body mass. These equations provide some new insight into the accuracy of using 

dressed weights in the prediction of body weights and raise options for future studies. The 

predictive equations fi"om the live weight ‘adults only, all species ' regressions were used 

in all the final analyses as these were found to be most accurate. These prediction 

equations were the most suitable for application to fossil samples.

The following equation is used to formulate prediction equations

log body weight (kg) = (log predictor variable (mm) x slope) + constant

Live body weights, measured in kilograms, were used to formulate body weight 

prediction equations using variables of the limb and cranial elements (Section 3.3.1) The 

dependent or outcome variable is log original body mass (kg). The Ordinary Least 

Squares Regression of log lo transformed data is used to formulate equations for body 

weight predictions as described by van Valkenberg (1990). In every case correlation
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coefficicient (r^). Percent Error (% PE) and the percent Standard Error of the Estimate (% 

SEE) are calculated (Smith 1984, 1991; van Valkenberg 1990) to determine the accuracy 

of the range of body weight prediction equations. In the following sections the 

methodology behind these calculations is detailed.

3.4.2 Calculation of percent prediction error (% PE)

The percent prediction error (% PE) indicates by what percentage the observed body mass 

is larger (positive PE) or smaller (negative PE) than the predicted body mass. In other 

words % PE indicates the percent diSference between the actual weight and that predicted 

by the regression. A reliable predictor variable should have a small percent prediction 

error. This is determined by examining the differences between predicted and observed 

(actual) body masses for particular variables (Smith 1980, 1984; van Valkenberg 1990; 

Dagosto & Terranova 1992; Aiello & Wood 1994).

The % PE is calculated as follows:

% Prediction Error (PE) = Actual mass — Estimated mass * 100
Estimated mass

3.4.3 Calculation of mean prediction error (MPE)

The mean prediction error (MPE) is an average of the absolute values of the prediction 

errors (% PE) of all the individuals and is calculated by taking the root mean square of the 

percentage error values. The mean of the absolute values of the prediction errors (MPE) 

for a given regression provides a comparative index of predictive accuracy among
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regressions (van Valkenberg 1990). Reliable estimators should yield low mean prediction 

errors.

3.4.4 Calculation of the percentage of the points that fall within 20% and 30 % of 

the observed body mass

Calculating the percentage of points that fall within 20% and 30% of the actual body 

weights provides a further useful indication of predictive accuracy. The 20% margin is 

used in Aiello & Wood (1994). It provides an indication of the consistency of a particular 

variable as a body mass predictor across the range of points used in the analysis (Aiello & 

Wood 1994). This value is influenced by sample size. Dental variables rarely fell within 

the 20% bracket, as they are so much less accurate than postcrania. Therefore, a 30% 

margin was designed by the author for this study to facilitate the interpretation of dental 

data.

3.4.5 Calculation of percent standard error of the estimate (% SEE)

The percent standard error of the estimate (% SEE) reflects the overall ability of the 

independent variable to predict the dependent variable. % SEE is calculated as described 

by Smith (1980, 1984). The number 2 is added to the (log) SEE and the antilog is taken. 

The result is equal to 100 plus % SEE. The % SEE can be interpreted as the ± percent 

deviation fi-om the predicted value within which 68% (± 1 SD) of cases would be 

expected to fall (Smith 1984; Ruff 1990). In other words the standard error of the estimate 

assumes that in a normal distribution then 68% of the actual values would be ejq)ected to 

fall within the value of + and -  the % SEE. The higher the value of the % SEE, the 

poorer the predictive power of the independent variable.
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% SEE = (antilog ((log) standard error of the estimate + 2))

The predictive equations were sorted according to predictability indicated by the value of 

the % SEE and % PE. The correlation coefiBcient (r^) is not a good indicator of 

usefulness of the equation although it may indicate good correlation between the variable 

and body weight. In this way the most suitable equation to use to estimate original body 

weight was determined for each skeletal element. These equations are then used to predict 

body weights of both modem and fossil Bovidae.

3.4.6 Calculation of correction factors

When predictive equations are used to estimate body masses, they must be detransformed 

to return the log mass values to kilograms. This detransformation introduces biases to the 

final values. However correction fectors can be calculated to correct the biases of the 

detransformed mass values. The bias is a constant proportion of the predicted value 

rather than an arithmetic constant and therefore correction fectors are only applied to the 

detransformed estimates and not the logarithmic value (Snowdon 1991; Smith 1993a & b; 

Aiello & Wood 1994). The resulting body mass estimate is then termed the corrected 

least-square regression mass (CLSR) (Aiello & Wood 1994). The magnitude of the bias 

may range fi*om very small for some equations to considerable larger (20% -  30%) in 

others.
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A typical correction factor would be 1.065, which would indicate that a body mass 

estimate underestimates the arithmetic mean mass for any value of the independent 

variable by 6.5%. The corrected body weight (CBW) is therefore:

CBW -  (biased estimate from regression equation) * (correction factor)

3,4,6,1 Quazi-Maximum Likelihood Estimator (QMLE)

The Quazi-Maximum Likelihood Estimator (QMLE) is the correction factor that is most 

widely used in mammalian studies; McAlpine (1985) for whales; Swartz (1989) and 

Dagosto & Terranova (1992) for primates. This correction factor described by Smith 

(1993a & b) and Sprugel (1983), assumes that the arithmetic data is log normally 

distributed and is calculated from data with natural logarithims. The correction factor is

QMLE = exp (s^2)

where ŝ  is the error variance or residual mean square (RMS) of the regression equation 

or mean square error. This is commonly reported in the output of a one-way analysis of 

variance as part of a regression analysis. Dividing ŝ  by two and exponentiating the 

resulting value gives the correction factor.

Calculation of the exp (s^/2) correction factor is straightforward for allometric equations 

using natural logarithms. However, if the data are log base 10 transformed (log 10) as can 

be the case in some body mass studies and for this study, then adjustments need to be



-90-

made to either the residual mean square (RMS) or to the standard error of the estimate 

(SEE) (Smith 1993a & b). In this case the correction factor is RMS * 2.651, or ((SEE * 

2.3026) * (SEE * 2.3026)) 2 and the detransformation applied to the correction factor is

base e. Further details for the manipulation of logarithms and procedures for calculating 

correction fectors from base e and base 10 data are described by Smith (1993a & b).

The calculation of the QMLE is highly sensitive to the assunq)tion that logarithmic 

residuals are normally distributed. It has a general tendency to over-correct the estimates 

and so any violations from the assunption of a normal distribution only contribute further 

to the over correction of the QMLE (Smith 1993a & b).

3,4.6.2 The Smearing Estimate -̂ (SB)

The Smearing Esitmate (SE) correction fector was first developed by Duan (1983) and 

was named after the tendency of the correction factor to “distribute (smear) excess in one 

observation proportionally to other observations” (Duan 1983). It is a non-parametric 

correction fector that does not require assumptions about the log normal distribution of 

the original data (Smith 1993a & b) and is calculated as the mean of de-transformed 

residuals.

SE = 1/n X exp (log n)

n = number of cases and log n is the residual of each data point in log units. Each residual 

is de-transformed and the mean of these values is determined to give the SE. Unlike the 

QMLE, no adjustment is required for the type of log used.
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If the residuals are normally distributed then the smearing estimate is often similar to the 

QMLE. However, bias becomes considerable as ŝ  enters the range of 0.75 -  1.0. 

Selection between these two correction factor therefore is dependent on the distribution of 

residuals fi’om normality and secondly on the magnitude of ŝ . At low ŝ  values (less than 

0.75) the correction factors between QMLE and SE are fairly similar and the SE becomes 

relatively ineflScient. Used in conjunction with the QMLE, the SE can be used to reject 

estimation equations when there is considerable diflFerence between the two correction 

factors.

3,4,6.3 The Ratio Estimator (RE)

The Ratio Estimator (RE) was developed by Snowdon (1991) and has the important 

property that it allows for correction factors that decrease predicted values, whereas the 

QMLE and SE result in correction factors that increase the predicted values (QMLE and 

SE always have a correction factor of >1.0). The ratio estimator will be less than 1 when 

the mean of the original y values is less than the mean of the predicted values (Smith 

1993a & b). The RE is calculated as described in Duan (1983) and summarised in Smith 

(1993a & b). It is the mean of the observed values of y divided by the mean of the 

exponentiated (detransformed) predicted values:

Ratio Estimator (RE) = mean y / mean z
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Where y, = observed value of the dependent variable Y for the fth observation on the 

original measurement scale without correction and Zj = the predicted value for the ith 

observation, detransformed back to the original measurement scale without correction.

3,4,6,4. Summary

As outlined by Smith (1993a & b), log transformed variables and resulting body weight 

estimates are not accurate when detransformed unless correction factors are applied to the 

final estimate. To calculate correction fectors original body weight data must be used 

which explains why for most published studies the correction fectors are not provided, as 

the original body weight data are unavailable.

The correction factors are also considered in determining the accuracy or strength of the 

prediction equations. The three correction factors are calculated for each variable and can 

be readily applied to any predicted body weights. Différent authors have varying 

preferences as to which is the more appropriate correction factor to use. Where correction 

fectors are applied to the results each is listed separately to facilitate comparison. The 

smaUer the correction fectors the better the predictive equation.

3.5 The collection of data from fossil Bovidae 

3,5.1. Taxonomic identification

The bovid specimens fi*om the Nachukui Formation are mostly assigned to the tribal level 

but when more complete material, namely horn cores, are available then species 

identifications are sometimes possible. Isolated bovid teeth can usually be readily 

identified to tribe and were also included in the analyses. The main diagnostic features of
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the different bovid tribes are tabulated (Table 3.12) and some horn core shapes and teeth 

are illustrated in Figures 3.10, 3.11, 3.12 and 3.13. Other diagnostic features and detailed 

descriptions of the Bovidae are recorded in Harris et al. (1988a), Gentry (1978a & b, 

1985, 1990, 1992) and Harris (1983, 1991). If there was any uncertainty in the 

identification of an isolated tooth or horn core, a specimen was classified as Bovidae 

genus and species indet. Postcrania could rarely be identified to tribal level unless they 

were associated with dental material or were of extreme size. However, ecomorphological 

studies of Bovid postcrania may eventually be used to assign specimens to tribal level and 

in future studies could be used to improve the species identifications of the Nachukui 

Formation postcranial material.

3.5.2 Measurements o f fossil Bovidae

The bovid specimens were measured using a pair of Mitutoyo digital calipers. 

Measurements of Bovidae cranial and postcranial material were the same as those for the 

modem Bovidae described in section 3.3.1. These are illustrated in Figures 3.2 to 3.10. 

Dental dimensions of isolated teeth are plotted with dimensions of known species to 

provide possible identifications. Tooth size does vary within and between species of 

mammals (Gingerich 1974, Pilbeam & Gould 1975) and within the Bovidae. Similarly 

tooth dimensions were plotted to draw attention to misidentified specimens, both in the 

published literature and unpublished specimens of the Nachukui Formation.
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Table 3.12 The diagnostic features of the main tribes of African Bovidae.
(Summarised from Gentry 1978).

ALCELAPHINI
Medium to large sized antelopes which are strongly adapted to living in open country. Long skull, 
with horns in both sexes often with transverse ridges and generally not keeled. Extensive internal 
sinuses in the frontal and hom pedicels. Braincase is short and strongly angled on the facial axis. 
Cheek teeth are strongly hypsodont without basal pillars and have complicated central cavities. The 
medial upper lobes and lateral lower lobes are distinctively rounded. Upper molars have widely 
outbowed ribs. N o  goat folds. Premolar rows are short with p2's often absent Lower p4 with fused 
paraconid and metaconid and mandible has deep horizontal rami. Limb bones o f Alcelaphini are 
strongly adapted for cursorial lifestyle.________________________________________________________

ANTILOPINI Small to medium sized antelopes, generally adapted to arid and open habitats. Brain case is not
strongly bent downward on the facial axis. The teeth are hypsodont and do not have basal pillars. 
Central cavities have a simple outline. Lower p4's lack paraconid and metaconid fusion. H om  cores 

____________________ vary widely in morphology between species.

REDUNCINI Moderate to large sized antelopes which are commonly found near water. Males have horns which 
are not spiralled but have marked transverse ridges. Horns are inserted at a low angle when viewed 
from the side. The frontals exhibit some internal hollowing, prominent maxiUary tuberosity. Cheek 
teeth are relatively small in relation to the skull and mandible size, are hypsodont and have basal 
pillars on both the upper and lower teeth. Constricted medial upper and lateral lower lobes. Upper 
molars have protruding ribs between the styles. Lower molars have prominent goat folds. Small 
upper and lower premolars. Lower premolars appear to be anteroposteriorly compressed. Lower p4 
has strongly projecting hypoconid.____________________________________________________________

mPPOTRAGINI Medium to large stockily built antelope. Species cover a wide range o f  habitats, but generally dry 
bushland and sometimes desert. Both sexes have long, not divergent horns. Horns have no keels or 
transverse ridges. There are hollow hom  pedicels. Teeth are hypsodont Limited premolar reduction. 
Molars have basal pillars, lower molars often with anterior goat folds. Lower p4's without fusion o f  
paraconid and metaconid.

TRAGELAPHINI Medium to large browsing antelope with preference for closed woodland habitats. H om s are spiralled 
clockwise on the right side, with 2-3 keels. Intemal sinuses are absent on the frontals or hom  
pedicels. Brain case not very angled on the facial axis. Teeth generally brachydont, basal pillars on the 
molars are small or absent, simple outline to central cavities o f the occlusal surface. Upper molars 
lack prominent ribs between the styles. Lower molars display narrowly pointed lateral lobes without 
goat folds. Premolar row length is long with large anterior premolars. The lower p4 often with 
paraconid-metaconid fusion that closes the anterior part o f the medial wall. Mandibles with shallow 
horizontal rami.

CEPHALOPHINI The duikers and dikdiks are small to moderate sized antelopes. The duikers genarlly live in more 
& NEOTRAGINI forested dense habitats and display considerable range in size. They are heavily built. The dik diks are 

better adapted to arid habitats and more lightly built. Both are uncommon as fossils due to their small 
size. Upright small pointed homs that are straight or curved slightly forward. Large preorbital fossae. 
No basal pillars to the molars. Teeth have sharlpy pointed corners to lobes.

BOVINI Large size descendants of the boselaphines, with low and wide skulls. H om  cores present in both 
sexes which emerge transversally from the skulls. Intemal sinuses in both the frontals and homcores. 
Short braincase and triangular basioccipital. Molars have basal pillars with complicated central cavities 
on the occlusal surface. Upper molars have prominent outbowed ribs between styles. Lower molars 
do not have large goatfolds.

AEPYCEROTINI Small/medium sized antelope and often found in dry woodland. Both A . melampus and A . shunÿtrae 
have hypsodont teeth without basal pillars on the molars. Males have long, lyrate hom  cores, inserted 
uprightly above the orbits and inserted on prdicels that have extensive basal sinuses. Limb bones o f  
A  shun^urae are shorter and thicker, are smaller in body size size and have frontals at lower level 
between hom  core bases than Aepyceros melampus.
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Figure 3.10 Upper and lower second molars and lower fourth premolars of 
representative tribes of Bovidae (Adapted from Gentry 1978).
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Figure 3.11 Horn core shapes of some representatives of Plio-Pleistocene
Hippotragini, Aepycerotini and Reduncini, including the genera 
Menelikia, Hippotragus, and Aepyceros. (Adapted from photographs in Harris 
1991).
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Figure 3.12 Horn core shapes of representatives of Plio-Pleistocene Tragelaphini 
of the genus Tragelaphus (Adapted from photographs in Harris 1991).

ùontai
■ ■ ■
frontal

Tn

■ ■ ■
lateral frontal

/

Tn

lateral

frontai



-98-

Figure 3.13 Horn core shapes of representatives of Plio-Pleistocene Reduncini, 
including the genus Kobus (Adapted jfrom photographs in Harris 1991).
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Figure 3.14 Horn core shapes of representatives of some Plio-Pleistocene 
Alcelaphini and Bovin: including the genera Connochaetes, 
ParmulariuSf Beatragus, and Pelorovis (Adapted from photographs in Harris 
1991).
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3.5.3 The estimation o f fossil bovid body weights

The prediction equations described in section 3.4 are applied to log (base 10) transformed 

measurements of the fossil Bovidae teeth and postcrania using SPSS and Microsoft Excel. 

The most accurate predictive equation available for an individual tooth or body part is 

used in the estimation of the body weight. The alternative would be to estimate all 

possible body weights using as many of the available prediction equations for that 

specimen, and fi*om these estimates calculate the average estimated body weight. For 

instance, if a complete astragalus of an antelope is to be used to predict the original body 

weight, then all the eight available prediction equations would be used to provide eight 

body weight estimates and averaged to give a final estimated body weight. Both these 

methods are applied to a control sample of fossil postcrania to investigate the range in 

predicted weights fi-om multiple variables.

Finally, tooth measurements of fossil bovid species were compiled fi’om the published 

literature for the Bovidae of the Koobi Fora and Shungura Formations and the resulting 

estimated body weights were tabulated to aid in the interpretation of the body weight 

distributions of the Bovidae firom the Nachukui Formation.
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Chapter 4

THE FOSSIL FAUNA FROM NACHUKUI FORMATION AND 

RELATIVE SPECIES ABUNDANCES

4.1 Introduction

As part of Chapter 2, the background to the stratigraphy of the Omo Group Deposits was 

discussed. The detailed stratigraphie correlation that is presently understood for the 

geological formations of the Turkana Basin, allow accurate comparisons of the faunal 

assemblages to be made between the Nachukui Formation and the Shungura and Koobi 

Fora Formations. In this chapter an overview of the macro-mammalian feunal collection 

from the Nachukui Formation is detailed. This includes both the published material 

(Harris et al 1988a) and the unpublished collection that forms a significant component of 

this research project. New material was collected from almost all of the localities of the 

Nachukui Formation during 1998 and 1999. This has considerably improved the sample 

size of large mammals from this formation. For each mammalian femily, the numbers of 

individual specimens and their stratigraphie assignment are tabulated.

In another section of this chapter, the faunal composition of fossil mammals of the 

Nachukui Formation is conq)ared with that of the Shungura and Koobi Fora Formations. 

These con^arisons provide an introduction to the Turkana Basin Plio-Pleistocene faunal 

diversity. The numbers of specimens, numbers of localities, minimum numbers of 

species, numbers of first and last appearance datums, the relative feunal abundances and 

the proportions of the main mammalian families (Suidae, Bovidae and Cercopithecidae)
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are compared and illustrated for each formation. Finally, palaeoenvironments and habitats 

are interpreted from the relative faunal abundances.

4.2 Mammalian families of the Nachukui Formation

Over 93 species of mammal have so far been recovered from the Nachukui Formation 

(Harris et al. 1988a). This conq>rises mainly macrofeuna although some microfauna, 

including hares, rodents and bats, has also been recovered from a variety of localities at 

West Turkana. The microfeunal specimens have not been included in the analysis 

although they have been shown to be of inq^ortance in the interpretation of palaeoecology 

(Wesselman 1984, 1985; Fernandez-Jalvo et al 1998). Evidence for evolutionary change 

in the Plio-Pleistocene has been recognised in a number of different families including 

the Elephantidae, Suidae and Bovidae. Many of these changes have been linked to 

adaptation to changing diet as a result of climatically induced habitat change. The Suidae 

exhibit marked morphological adaptations in their dentitions through time (Harris 1983), 

including increased hypsodonty and elongation of the third molar.

The number of individual specimens of the Nachukui mammalian &una totals 3081 

individuals (Table 4.1). These specimens include both the published collection described 

in Harris et al (1988a) as well as the new unpublished material. The summary of the 

mammalian faunal collections from the Koobi Fora and Shungura Formations that used in 

this study, are tabulated for comparison (Table 4.2 & 4.3).
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Table 4.1 Summary of the mammalian faunal collection from the Nachukui 
Formation.

Numbers of Specimens 
per Member illi iii ! I

I J Iu
Z,

I
g

BOVIDAE 47 403 88 150 43 127 109 122 35 1124 36.48

CERCOPITHECIDAE 29 215 13 61 18 7 8 9 7 367 11.91

SUIDAE 31 197 35 59 19 37 62 75 31 546 17.72

PROBOSCIDEA 5 80 13 24 24 16 7 4 17 190 6.167

EQUIDAE 25 108 14 17 15 31 19 49 17 295 9.575

HIPPOPOTAMIDAE 30 31 9 25 13 21 26 35 19 209 6.784

CARNIVORA 8 92 7 12 1 10 3 3 1 137 4.447

RHINOCEROTIDAE 3 35 4 8 3 9 8 70 2.272

HOMINIDAE 2 27 3 68 2.207

GIRAFFIDAE 4 20 3 7 3 2 2 5 3 49 1.59

LAGOMORPH 1 9 1 11 0.357

RODENTIA 8 2 1 11 0.357

HYSRICIDAE 1 1 2 0.065

CAMELIDAE 1 1 2 0.065

Member TOTALS 185 1225 189 365 140 253 247 303 138 3081 100

Numbers of Localities
a . i .

I I I I  i l l
I

1 I r

4 3 2 5 3 6 8 11 4 46

Minimum Numbers of
i
es b « i I
22 35 24 29 22 26 28 28 20

First and Last 
Appearance Datums 1 1 1 1 1 I I H 3 I

FAD’S 13 15 4 3 4 2 4 0 0
LAD'S 0 2 1 3 3 4 3 13 10
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Table 4.2 Summary of the mammalian faunal collection from the Koobi Fora 
Formation.

Numbers of Specimens 
per Member

s
I
I I I

ë
PQ
9
3H r

PQ

(/}
o

1 21 64 180 407 786 147 4 1610

1 17 37 106 57 97 315

9 43 39 346 416 93 946

35 15 69 52 10 181

1 14 13 88 145 27 288

6 46 92 32 1 177

7 33 29 34 103

3 21 30 104 225 60 2 445

BOVIDAE

CERCOPITHECIDAE

SUIDAE

PROBOSCIDEA

EQUIDAE

HIPPOPOTAMIDAE

CARNIVORA

OTHER

Member TOTALS

39.6

7.7

23.3

4.5

7.1

4.4

2.5 

10.9

32 194 327 1199 1802 500 7 4065

Numbers of Localities ! I I
ë

PQ3
3 r

PQ

% Jo
4 5 10 14 21 33 18 6 111

Minimum Numbers of 
Species per Member 1 I

0 a1 I
9
3H r

PQ

% m3
b
s

11 26 39 83 46

First and Last 
Appearance Datums per 

Member

9

I I
ë

QQ
9
3H 9

PQ

%
o

FAD’S 3 9 12 14 28 9 3 0

LAD’S 0 0 2 9 4 12 27 6



Table 4.3 Summary of the mammalian faunal collection from the Shungura Formation.

Numbers of Specimens 
per Member < n U a 2 g X 1  i

2  ^

BOVTOAE 3 266 662 244 418 475 2125 33 297 99 91 134 4847.0 42.1
CERCOPITHECIDAE 7 246 1091 256 250 376 588 12 13 7 12 14 2872.0 24.9
SUIDAE 17 114 187 98 131 114 403 4 49 45 60 50 1117.0 9.7
PROBOSCIDEA 76 101 71 70 84 171 1 574.0 5.0
EQUIDAE 25 29 11 13 24 66 2 170.0 1.5
HIPPOPOTAMIDAE 5 58 459 108 187 122 381 10 1 1331.0 11.6
CARNIVORA 1 4 29 4 5 5 18 2 68.0 0.6
OTHER 3 55 146 57 67 55 153 1 1 538.0 4.7
Member TOTALS 36 844 2704 849 1141 1255 3905 65 361 151 163 198 11517.0

Numbers of Localities
S g

H
per Member < PQ U a M b X 2

5 23 44 21 49 821 249 41 8 4 5 9 540

Minimum Numbers of
Species per Member a Ü a W b 2 2  «  .

9 42 52 45 35| 38| 55 13 16 111 14| 13

First and Last
Appearance Datums

2 2per Member < a V a b b X
FAD'S 5 24 10 0 2 4 3 0 0 1 0 0
LAD'S 0 0 0 2 2 25 4 6 1 0 8
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Dental elements are commonly preserved in the Nachukui Formation and are often 

collected, as they are useful in species identifications. In contrast, postcranial material has 

in the past, rarely been collected fi’om many sites, except when it was associated with 

cranial material. From field observations during this study, it was noted that isolated 

postcranial elements were fi-equently left in the field. More recently, the importance of 

postcrania in palaeoecological studies has been realised (Kappelman 1988; Plummer & 

Bishop 1994; Kappelman & et al. 1997) and so more attention is currently being paid to 

improve the sample in the collections.

The following sections provide an overview of the diversity of the main groups and 

mammalian families represented in the Nachukui Formation. The Bovidae are recognised 

as important palaeoecological indicators due to their habitat specificity. The various 

tribes of Bovidae and their relative abundances have therefore been considered in a 

separate chapter (Chapter 5).

4.2.1 Homininae

The hominine species recognised in the Nachukui Formation include Paranthropus 

aethiopicus, Paranthropus boisei, Australopithecus sp., Homo habilis, Homo ergaster 

and newly discovered specimens that were assigned to a new genus Kenyanthropus 

platyops and Hominini indet. (Leakey et al. 2001, Lieberman 2001) (Table 4.1 & 4.4). 

The Homininae represent 2.2% of the total Nachukui fauna, double the percentage 

represented in the Shungura Formation (Bobe 1997).

There has been considerable discussion regarding the timing and context of human 

evolution in relation to climate change and the turnover pulse hypothesis (Vrba 1988,
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1985a; Wood 1992; Rogers et al 1994; Turner 1995; Kimbel 1995; McKee 1996; Feibel 

1997; Bobe et al in review). The radiation of the Homininae was until recently only 

recognisable from 2.5 ma with the separation of our lineage {Homo) and that of the robust 

australopithecines {Paranthropus) from that of Australopithecus. This was causally 

linked to the 2.5 ma global cooling event (Vrba 1988). However, with our discovery and 

naming of the new genus and species, Kenyanthropus platyops, at 3.5 ma, the 

diversification of the Homininae is now demonstrated to be much earlier, with the 

existence of at least two contemporaneous genera and species. Kenyanthropus platyops is 

represented by a complete cranium and small piece of maxilla, recovered from locality 

L05 in the lower Lomekwi Member, during the 1998 field season (Leakey et a l  2001). It 

is reliably dated to between 3.5 and 3.2 ma. Details of the diagnostic features 

distinguishing it from Australopithecus afarensis, the only other genus of hominin known 

from this time, are described in Leakey et al (2001).

The striking similarity between Kenyanthropus platyops to Homo rudolfensis (KNM-WT 

1470) (Figure 4.1) (Lieberman 2001) has a significant bearing on our interpretation of the 

genus Homo although the assignment of Homo rudolfensis to Homo has been questioned 

in the past (Tattersall 2000). It is quite possible that Homo sensu lato does not appear 

until later in time, and that the evolution of Homo may be relevant in the context of a 2.0 

ma ‘event’. Within the genus Homo there is considerable recognised radiation around 1.9 

ma (Wood & Collard 2000, Wood & Richmond 2000), with at least two recognised 

species present in the fossil record close to this time (Feibel et al 1992; Hill et a l 1992).
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Figure 4.1 The striking similarity between Kenyanthropus platyops (KNM-WT 
40000) and Homo rudolfensis (KNM-ER 1470).

Kenyanthropus platyops is the cranium on the left o f the page (Photograph taken by Bob Campbell and 
used with his kind permission).
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other hominin specimens of note that have been recovered from the Nachukui Formation 

include the mostly conplete skeleton of Homo ergaster (accession number KNM-WT 

15000), dubbed the Turkana Boy’. This has been dated to 1.6 ma and was recovered 

from the locality NK3 (Brown et al. 1985). Paranthropus aethiopicus is recognised from 

the upper Lomekwi Member of the Nachukui Formation by the well known ‘black skull’ 

(KNM-WT 17000) dated to 2.5 ± 0.07 ma recovered from the locality LOI (Walker et al 

1986; Leakey & Walker 1988). Paranthropus aethiopicus represents a more primitive 

looking robust australopithecine than Paranthropus boisei with a more prognathic, dished 

face. Later in time Paranthropus boisei is recorded in the Lokalalei and Kaitio Members. 

Numerous other hominin specimens from localities in the Nachukui Formation have been 

recovered but the majority of specimens represent isolated teeth. Some of these have been 

assigned to Homininae sp. indet and two mandibles from the lower Lomekwi Member, 

KNM-WT 8556 and KNM-WT 8557 have been assigned to Australopithecus afarensis 

(Walker et al. 1986; Leakey et a l 2001; Brown et al. 2001).

New hominin discoveries, especially in recent years have continued to raise interest in 

understanding and interpreting palaeaohabitats and palaeoenvironment (White et. al 

1994, 1999; Leakey & Walker 1997; Wood & Collard 1999; Tattersall 2000; Leakey et 

al. 2001; Woldegabriel et al. 2001; Haile-Selassie 2001). Different techniques are being 

developed and applied to the fossil record to provide an understanding of the context in 

which hominins evolved. In addition to the palaeoanthropological record, important 

archaeological discoveries have also been made from localities in the Nachukui 

Formation (Kibunja et al 1992a & b, 1994; Roche & Kibunja 1994, 1996; Roche et al 

1999) especially regarding early evidence for stone tool manufacture.
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Table 4.4 The stratigraphie distribution, species representation and numbers of
specimens of Homininae for the Nachukui Formation.

I l l

11111 i i i 11
Sub-family Genus_________ Species Total
Homininae Paranthropus boisei 1 4 5

Paranthropus aethiopicus 4 4

Homininae Australopithecus cf. c^arensis

Homininae Kenyanthropus platyops

Homininae Homo___________ ergaster____________________________________1 3  1

Homininae indet________________________________ 46 3_______1________________  50
Totals 0 50 3 4 2 0 5 3 1  68
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4.2.2 Cercopithecidae

The family Cercopithecidae includes the subfemilies Cercopithecinae and Colobinae 

(Table 4.5) and represent 11.9% of the total fauna of the Nachukui Formation. The 

Cercopithecinae of the Nachukui Formation comprise the more common Theropithecus 

brumpti, which was thought to inhabit gallery forest, Theropithecus oswaldi, as well as 

Parapapio ado, Parapapio whitei and Papio sp. indet. These last four species are 

considered to be terrestrial grass eaters and may have occupied similar niches to modem 

day baboons, although they are not represented in the Nachukui Formation above the 

Lokalalei Member. This appears to be the result of the dominance of Theropithecus 

oswaldi but may also be due to the lower numbers of specimens from later members. The 

Colobinae include Paracolohus mutiwa. Living colobines are tree dwelling folivores. P. 

mutiwa had teeth adapted to a folivorous type diet and postcrania showing arboreal 

adaptations suggesting that these colobines were also closed habitat specialists (Leakey 

1982). The colobines are not represented in the Nachukui Formation above the upper 

Lomekwi Member. These later members are less fossiliferous in the Nachukui Formation 

however the colobines do exist in higher abundances later in the sequence in the 

Shungura Formation (Eck et al. 1987; Bobe 1997).

Significant change occurs in this family between 2.5 ma and 2.0 ma when the genus 

Theropithecus brumpti abmptly disappears from the fossil record and is replaced by 

Theropithecus oswaldi.
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Family Sub-Family Tribe Genus
I
ill-
I i 11 I I I II

a
B

o I
Species T otals

Cercopithecidae indet 18 79 2 16 7 3 3 3
Totals 29 215 13 61 18 8 9

Cercopithecidae Cercopithecinae Theropithecini Theropithecus brumpti 69 5 22
Cercopithecidae Cercopithecinae Theropithedni Theropithecus cf. brumpti 1 3
Cercopithecidae Cercopithecinae Theropithecini Theropithecus oswaldi 6 3 4 4 7

Cercopithecinae indet 3 35 3 14 1 1 1 2 184

Cercopithecidae Cercopithecinae Papionini Papio indet 1
Cercopithecinae Papionini Parapapio ado 1
Cercopithecinae Papionini Parapapio whitei 1 1
Cercopithecinae Papionini Parapapio indet 9 1 1
Cercopithecinae Papionini indet 4 6 2 1 3 31

Cercopithecidae Colobinae Paracolohus mutiwa 1
Colobinae indet 4 14 2 21

131
367



-113-

This sudden change is demonstrated in Table 4.5 where T. brumpti is present in the upper 

Lomekwi Member and below and T. oswaldi is present in the Lokalalei Member and 

above. This change has been linked to a shift to more open habitats (Leakey 1993; 

Jablonski 1993). The diet of T. oswaldi is now known from stable carbon isotopic studies 

of dental enamel where it is shown to consist mainly of C4 grasses (Lee-Thorpe & van 

der Merwe 1989b). Added to this is the evidence that T. oswaldi is abundant in southern 

African sites of this age where the faunal representation is indicative of more open 

environments (Delson 1988; Vrba 1988; Turner 1995), whereas T. brumpti has not been 

recorded in southern Africa. Morphological changes in the emergent species, such as the 

complexity and size of the molars, and reduction in muzzle length, are apparently in 

response to dietary changes (Leakey 1976). Delson (1988) explores the turnover in the 

cercopithecids between 2.5 and 2.0 ma years and notes the appearance of modem forms 

at 2 . 0  ma.

4.2.3 Carnivores

The Carnivora are a diverse order of mammals, although one that is relatively poorly 

represented in the fossil collections from West Turkana (Table 4.6). Carnivora include 

the families Canidae, Mustelidae, Viverridae, Hyaenidae, Felidae (Kingdon 1997). 

Carnivora represent a combined percentage of 4.4% of the total faunal collection.

Canidae include the jackal Canis mesomelas, and the wild dog Lycaon sp. indet. The 

Mustelidae are most abundant in the lower Lomekwi Member, represented by species of 

the otter Enhydriodon.
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Table 4.6 The stratigraphie distribution, species representation and numbers of
specimens of Carnivores for the Nachukui Formation.

Family Genus Sp

Pi

ecies

01
1a
2I

1 1a
2

I
-  2

S 5H i l l

a
2

Jo

Canidae Canis cf. mesomelas 2 1
Canidae lycaon sp. 1
Canidae indet 4 1

Mustelidae E.n/^driodon 13 1 14

Viverridae Viverridae 
Civeticus 
Mungos

indet

dietrich

3 1 
1
1 1

1

8

Hyaenidae Hyaena i^aena 1 1
Hyaena makapanii 1
l^aena indet 1 2 1
Crocuta crocuta 1 1 1
Crocuta dietrichi 1 1
Crocuta indet 10 1
Pac^crocuta breviostris 1 1 25

Felidae Homotherium probkmaticus 1 1 1
Homotherium sp. 7
Dinofe/is cf. barlom 1 1
Dinofe/is peteri 1

Felidae indet 1 1 15

Carnivora indet 6 49 5 1 4 1 66
Totals 8 92 7 12 1 10 3 3 1 137
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The Viverridae are poorly represented but specimens of a civet and mongoose have been 

recovered. The Hyaenidae were relatively common. The striped hyaena Hyaena hyaena, 

is recorded but the Hyaenidae were best represented by species of the larger bone 

crunching spotted hyaena Crocuta sp.

Smaller carnivores included mongooses and civet cats. Larger felids, such as Dinofelis 

and Homotherium, become increasingly rare higher in the section. This is primarily due 

to the reduced sample size from the Lokalaei Member and above, which represent only 

13% percent of the total numbers of Carnivores from the Nachukui Formation. The rarity 

of Carnivora in the fossil record is due to the fact that the total faunal sample represented 

is relatively small.

The appearances of large predators are not directly associated with environmental or 

climatic variation. Canis first appears at 2.5 ma, probably through dispersion from 

Eurasia where it becomes more common at this time (Turner 1985, 1995). The presence 

and absence of carnivores would be tied primarily to the abundance and availability of 

their ungulate prey and would not therefore be affected so directly by habitat changes as 

ungulates are. Carnivores are not abundant in the fossil record and therefore little is yet 

known about the origins of many of the carnivore species. Extinctions of some of the 

larger carnivores in Africa, such as Dinofelis barlowi, are evident at 1.5 ma (Turner 

1995). It has however been suggested that these extinctions were related to changes in 

ungulate faunas, as a result of climatically induced habitat change (Turner & Wood 

1993a).
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4.2.4 Proboscidea

The direct ancestors of the African and Asian elephants and the mammoth, split into three 

lineages at least 5 million years ago but reached their greatest diversity (at least 10 

species) less than a million years ago (Kingdon 1997). The fossil proboscidean femilies 

in the Turkana Basin include the Deinotheridae and Elephantidae (Maglio 1970, 1973) 

(Table 4.7) and represent 6.1% of the total mammalian fauna in the Nachukui Formation. 

This is a similar representation to that found in the Shungura Formation and Koobi Fora 

Formations (Tables 4.1, 4.2 & 4.3). Only a single species of deinothere, highly adapted to 

a browsing diet, is recognised from East Africa, Deinotherium bozasi. Recorded in the 

Turkana Basin during the Late Miocene (Leakey et al. 1996; Leakey et al. in press) 

Deinotherium bozasi disappears from the record at around 1.5 ma. Two genera of 

elephantids, Elephas and Loxodonta, include two and five species and subspecies 

respectively, are represented between 3.0 ma and 1.5 ma. The subspecies of Elephas 

recki display increasingly complex enamel patterns and hypsodonty through time (Beden 

1983, 1985; Turner 1995). Morphological changes in the enamel structure of Elephas 

dentition, are suggested to be an adaptation to tougher vegetation (Beden 1983, 1985). 

The most marked hypsodonty in elephantid molars postdates 2.5 ma (Turner 1995). 

Loxodonta also underwent changes in increased hypsodonty and enamel complexity but 

became increasingly rare between 2.3 and 2.0 ma in the Turkana basin. Turner (1995) 

suggests that this decline may be as a result of the depletion of humid woodlands, the 

presumed habitat of Loxodonta.



-117-

Table 4.7. The stratigraphie distribution, species representation and numbers of
specimens of Proboscidea for the Nachukui Formation.

1 1 Ï

- 1 1 1

Family Genus ecies
Sub- 
Species

I I I 1 11 J I I I.  . I l

1
2

= I
Deinotheriidae Deinotherium ho^asi 2 3 3 4 4 2 1 19

Elephantidae Ijjxodota adaurora 1 9 2 3 15
Loxodota exoptata 1 1
Loxodota indet 1 1 2

Elephantidae Elephas recki brumpti 7 2 1 10
Elephas recki recki 1 1 3 5
Elephas recki indet 7 6 15 13 9 5 1 10 66
Elephas indet 3 1 4

Elephantidae indet 2 49 1 3 5 2 1 2 3| 68
5 80 13 24 24 16 7 4 17 190Totals
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4.2.5 Ëquidae

The Equidae have been a highly successful family of mammals, which show strong 

adaptation to life in open habitats. The fossil African Equidae are represented hy two 

genera, Equus and Hipparion. The 3-toed horse Hipparion, initially spread into Eurasia 

from North America and then at 10 ma ago into Africa. Equus migrated into Africa from 

the New World via Eurasia during a second much later event some 2.3 ma (Churcher & 

Richardson 1978; Lindsay et al 1980; Azzaroli et al 1988). Equus shows strong 

specialisation to grazing lifestyles, with marked hypsodonty and complex enamel patterns 

for efiBcient grazing. These adaptations evolved in Equus before its first appearance in 

Africa. However, Hipparion became more hypsodont through the Shungura Formation 

(Eisenmann 1976, 1983, 1985). In the Nachukui Formation, the species Hipparion 

hasumense is replaced by Hipparion ethiopicum in the Lokalakei Member and above. 

Equus is first recorded in the Lokalalei Member, dated at around 2.3 ma. Equus from the 

Turkana Basin may represent several species (Eisenmann 1983, 1985; Harris et al 

1988a). Most of the Hipparion and Equus specimens from the Nachukui Formation are 

isolated teeth, which are difficult to identify beyond the genus level. The Equid 

specimens from the Nachukui Formation (Table 4.8) represent 9.5% of the total 

mammalian feuna. The Equids are considerably more abundant in the Nachukui 

Formation than in the Shungura Formation where they represent only approximately 

1.5% of the total mammalian fauna (Table 4.1. & 4.3), but show similar abundances in 

the Koobi Fora Formation (Table 4.2). This difference is most certainly due to the 

habitats in the Nachukui and Koobi Fora Formations being markedly more open. In 

addition the axial depositional system of Shungura Formation is less likely to preserve 

the more open habitats of the basin margins away from the main river.
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Table 4.8 The stratigraphie distribution, species representation and numbers of
specimens of Equidae for the Nachukui Formation.

i i I

Family Genus Species

01
aa
2I

a -  2
a
2

O I1 I: -2 -2 :2 2 I
3  a- j  a  a  z  z  Total

Equidae Hipparion hasumense 4 19 4 7 1 35
Hipparion cf. hasumense 1 1 2
Hipparion comelianum 2 2
Hipparion ethiopicum 1 5 1 2 9
Hipparion cf. ethiopicum 2 2
Hipparion indet 15 67 7 5 2 4 5 8 1 114

Equidae Indet 6 22 2 4 8 7 5 16 70

Totals
Equus indet 2 14 6 23 16 61

25 108 14 17 15 31 19 49 17 195

4.2.6 Rhinocerotidae

The Rhinocerotidae specimens from the Nachukui Formation (Table 4.9) represent only

2.2 % of the total faunal assemblage. The Rhinocerotidae of the Nachukui Formation 

include both Diceros and Ceratotherium although Diceros is the less common. However, 

a complete skull and mandible of Diceros bicornis was recovered from locality LOI as 

part of the new collections made in 1998.
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The fossil African Rhinocerotidae include early representatives of the two extant rhinos; 

the gregarious grazing white rhino Ceratotherium simum and the solitary browsing black 

rhino Diceros bicornis. The grazing rhino is understood to have a common ancestor with 

the browsing rhino at around 8 . 0  ma and has become increasingly adapted to grazing 

through time. Adaptations include increased hypsodonty and progressive elongation of 

the skull, especially after 2.0 ma (Hooijer 1969, 1978; Harris 1983; Guerin 1985). The 

two extant Afiican rhinoceroses prefer different habitats and are also usefiil indicators of 

palaeohabitats.

Table 4.9 The stratigraphie distribution, species representation and numbers of 
specimens of Rhinocerotidae for the Nachukui Formation.

i I i

iilîliiiilFamily____________ Genus________Species ^  Total
26 
11 

33

44

Rhinocerotidae Ceratotherium simum 10 1 5 7 3
Diceros bicornis 4 3 2 1 1
Indet 3 21 3 1 1 4

Totals 3 35 4 8 3 0 9 0 8
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4.2.7 Suidae

The Suidae were in the past, a large and diverse family. They are well represented in the 

Plio-Pleistocene fossil record and include the genera Nyanzachoerus, Notochoerus, 

Potamochoerus, Metridiochoerus, Kolpochoerus and Phacochoerus. Their taxonomy has 

in the past been one of considerable debate, partly due to the large variation in 

morphology and hypsodonty of Suidae molars. Harris & White (1979) provide a 

diagnosis, comparitive measurements and detailed descriptions of Suidae from various 

East African sites. This comprehensive work by Harris & White (1979) simplified the 

systematics and phylogenies that were previously available in Cooke & Maglio (1971), 

Cooke (1978, 1985).

The Suidae radiated extensively in Afiica during the Pliocene and Pleistocene (Cooke 

1978; White & Harris 1977; Harris & White 1979; Bishop 1994, 1999; White 1995). At 

the end of the Miocene the family was represented by the tetraconodont species, 

Nyanzachoerus devauxi and Nyanzachoerus syrticus. By the early Pliocene, 

Nyanzachoerus and its descendant genus Notochoerus were the dominant Suidae. 

Towards the middle Pliocene, the more advanced genera Metridiochoerus and 

Kolpochoerus, began to appear. Throughout the Pliocene through to the early Pleistocene, 

the numbers of suid species increased in number (White 1995; Bishop 1999) but by the 

middle Pleistocene, suid diversity had decreased significantly with the extinction of the 

notochoeres. A consensus phylogeny for the Suidae is provided in Figure 4.2. The Suidae 

of the Nachukui Formation are well represented (Table 4.10) and account for 17.7 % of 

the total mammalian 6 una.
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Figure 4.2. Consensus phylogeny of the Suidae (Taken from White & Harris 1977; Harris 
& White 1979 and Bishop 1999).
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Table 4.10. The stratigraphie distribution, species representation and numbers of
specimens of Suidae for the Nachukui Formation.

Family

1 1

Genus Species

0̂m
I
I

01
V
a
2
uI

a

I
-  2

«a
2
Jo

5  g - 3  i2 J  2  2  Total
Suidae Nyafiŝ achoerus jaegeri 1 2 3

Nyanŝ achoerws cf. jaegeri 1 1
ISiyan^choerus kanamensis 3 4 7
Nyanzachoerus T  -, ........... 1 1

Suidae Notochoerus euilus 13 93 11 4 121
Notochoerus cf. euilus 2 2
Notochoerus scotti 4 7 23 4 12 2 52
Notochoerus cf. scotti 1 1 3 2 7
Notochoerus sp. 1 12 2 1 1 17

Suidae Potacmochoerus 1 3 1 1 6

Suidae Kolpochoerus limnetes 1 20 4 15 2 9 19 20 6 96
Kolpochoerus majus 1 2 3
Kolpochoerus sp. 5 3 8

Suidae Metridiochoerus andrewsi 6 2 2 3 5 12 4 34
Metridiochoerus cf. andrewsi 1 1 5 7
Metridiochoerus compactus 1 2 5 26 15 49
Metridiochoerus hopmodi 4 2 6
Metridiochoerus modestus 1 4 3 8
Metridiochoerus -SP-............. 1 2 1 3 7

Suidae Phacochoerus aethiopicus 1 1 2
Phacochoerus indet 1* 1* 1 1 4

Suidae indet 9 47 7 10 6 10 6 9 1 105
Totals 30 197 35 59 18 37 62 75 31

* Indicate specimens that are o f incorrect provenance. These specimens are likely to 
belong in the Holocene.
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Extant Suidae occupy diverse niches and include the forest hog (forest grazer), the 

warthog (open country grazers) and the bush pig (closed woodland foragers). 

Morphological change in the third molars of several fossil lineages appears to be a 

response to dietary specialisation and adaptation to new habitats (Harris 1983). The 

development of high crowned, hypsodont third molars is a common and recurring theme 

in suid evolution, and has often been attributed to adaptation to increasingly predominant 

open grassland habitats. However, the ecomorphological analyses of postcrania of several 

suid species do not always confirm the interpretations of habitat specialisation drawn 

fi*om dentitions (Bishop 1999). It therefore appears that for the Suidae, hyspsodont 

dentition cannot be unequivocally linked to open habitat preference (Bishop 1999).

Nyanzachoerus jaegeri and Nyanzachoerus kanamensis are found in the Kataboi and 

lower Lomekwi Members, and represent the last appearances of these species, which are 

recognised in greater numbers fi*om earlier deposits such as Lothagam and Kanapoi 

(Leakey et al 1995, 1996). The genus Notochoerus becomes increasingly dominant, 

especially in the lower Lomekwi Member.

The genus Notochoerus includes N. euilus, N. scotti and N. capensis (Harris 1983; Bishop 

1994). Members of this genus display complex molar morphology and hypsodonty, 

which has been attributed to adaptation for grazing. The genus N. scotti is the common 

notochoere of the Turkana Basin between 3.0 and 2.0 ma (Harris et a l 1988a) and 

displays wider and more hypsodont teeth than other members of this genus. However, the 

postcrania of N. euilus possess morphological characters, which are associated with 

preference to closed habitats. N. euilus appears to have become extinct in members above
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the upper Lomekwi Member (after 2.5 ma) although it persists slightly higher than 2.5 ma 

in the Shungura Formation. The range of N. scotti extends to the Kalochoro Member, but 

becomes increasingly rare in members above this.

Kolpochoerus is a common suid throughout the Nachukui Formation. The genus includes 

the species K. limnetes and K. majus (Harris et al. 1988a). The molars o f Kolpochoerus 

display adaptations similar to modem day bush pigs, low crowned and with relatively 

single morphology. However, K  limnetes displays a progressive increase in the size, 

complexity and length of the third molars with time. Molar crown areas increase in this 

lineage rather than hypsodonty (Turner & Wood 1993). The postcrania of K  limnetes 

suggest a gradual change in habitat preference fi-om closed to more mixed country 

habitats with time (Bishop 1999). Morphological analyses of the limb bones of K. majus 

indicated preference for closed, forest environments (Bishop 1999) although their more 

hypsodont molars have been linked to open environments.

The genus Metridiochoerus includes M  andrewsi, M. hopwoodi, M. compactus and M 

modestus. This genus becomes increasingly common higher in the section and shows 

more advanced tooth morphology with marked increase in hypsodonty and complexity of 

the molar occlusal surface. This in turn has been associated to the inferred open habitat 

preference of this genus. Bishop (1999) suggests that more closed habitats were preferred 

at least by M. modestus, as interpreted by morphological characters of the postcrania. A 

marked increase in the representation of M compactus is seen in the Natoo and 

Nariokotome Members of the Nachukui Formation, and replaces M. andrewsi in highest 

abundance. M. andrewsi is most abundant in the Kaitio Member of the Nachukui 

Formation.
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4.2.8 Hippopotamidae

The Hippopotamidae were a diverse mammalian family during the PHo-Pleistocene and 

comprise two genera: Hexaprotodon and Hippopotamus (hereafter the genus 

Hexaprotodon is referred to as Hex. and Hippopotamus is referred to as H ). 

Representative species from the Omo Group Deposits include several species of 

Hexaprotodon; Hex. karumensis, Hex. protamphibius and the smaller Hex. aethiopicus. 

Two larger and more hypsodont forms of the genus Hippopotamus comprise H. kaisensis, 

H. gorgops, and H. amphihius (Table 4.11). H. kaisensis is represented only in the 

Kataboi Member and the genus is not represented thereafter in the Nachukui Formation 

until the Kaitio Member, where it appears as two species, H. gorgops and H. amphibious 

although H. gorgops is the best represented

Species of Hippopotamidae occur throughout the Omo Group Deposits, confirming the 

presence of large bodies of water throughout this time. The species of Hippopotamidae 

vaiy in size and habitat preference. Hex. protamphibius, collected from several localities 

and throughout the sequence in the Nachukui Formation, displays hexaprotodont incisors 

lower in the sequence and tetraprotodont higher up (Coryndon 1978; Harris et al. 1988â). 

Hexaprotodon cheek teeth are generally smaller and lower crowned than those of 

Hippopotamus, however, variation in premolar size tends to be a better means of 

identification between genera (Weston 1998). An update of the Hippopotamidae 

evolutionary relationships for the Hippopotamidae is provided by Weston (2000).
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Table 4.11 The stratigraphie distribution, species representation and numbers of
specimens of Hippopotamidae for the Nachukui Formation.

I I i

Family Genus Species

Pi
a  n

I  a

a
2

I
a
2Ii l l

2  â  ^

0

1

a 
2 
2
I
% Total

Hippopotamidae Hexaprotodon cf. karumensis 1 1
Hexaprotodon karumensis 9 6 15
Hexaprotodon cf. protamphibius 6 1 1 7 4 5 1 25
Hexaprotodon protamphibius 6 3 5 9 23
Hexaprotodon indet 1 1 2 4

Hippopotamus aethiopicus 1 14 1 16
Hippopotamus amphibius 2 2
Hippopotamus cf. kaisensis 6 6
Hppopotamus kaisensis 1 1
Hppopotamus jiprgpps 10 4 5 19

Hippopotamus Indet 1 1 1 2 5

Hippopotamidae indet 17 24 5 11 7 7 5 9 7 92
Totals 30 31 9 25 13 21 26 35 19 209
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Hex. karumensis, found only in the upper sequence of the Nachukui Formation, shows 

more specialised adaptations to an aquatic lifestyle, with diagnostic elevated orbits, 

although it remained dependent on abundant grasses for sustenance. The Hippopotamidae 

are specialised grazers with hypsodont molars and species of Hexaprotodon in particular, 

show increased hypsodonty with time (Harris 1991). Hippopotamus becomes more 

abundant than Hexaprotodon later in the section.

The Hippopotamidae make up only 6.7% of the total collected feuna from the Nachukui 

Formation (Table 4.11). However, it must be added that due to the large size of 

Hippopotamidae crania, in the past these specimens were often left in the field. This is 

particularly so for the Koobi Fora Formation. They are likely to make up a considerably 

larger proportion of the fruna than is indicated in the collections. Additional material 

needs to be collected during future field expeditions to improve the sample and 

understanding of the diversity and ecology of the Hippopotamidae. In the Shungura 

Formation, the Hippopotamidae make up approximately 13.5% where complete teeth and 

skulls were collected thoroughly (Bobe 1997).

4.2.9 Giraffidae

The extant Giraffidae are open country browsers. Fossil Giraffidae from the Turkana 

Basin are represented by two subfamilies, the Giraffinae and the Sivatheriinae, that 

comprise three species and one species respectively. Both subfamilies occur throughout 

the sequence (Table 4.12). The Giraffinae from the Turkana Basin include G. stillei, G. 

pygmaeus, G. jumaei although these are not currently identified in the Nachukui 

Formation due to the small sample size. The Giraffidae are poorly represented from the



-129-

Nachukui Formation (Table 4.12) and represent only 1.6% of the total mammalian fauna. 

In the Shungura Formation the Giraffidae represent a steady 4% of the fauna through the 

lower Members B to E and decline higher up in the sequence suggesting a decrease in the 

extent of riverine woodland at this time (Bobe 1997). Harris et al. (1988a), suggests that 

some size increase can be observed in the lower dentitions of girafifids with time. 

However, the Giraffidae sample it too small to confirm significant changes in this family 

that could be related to changing habitats.

Table 4.12 The stratigraphie distribution, species representation and numbers of 
specimens of Giraffidae for the Nachukui Formation.

Family Genus Species I Ml.3 a  a

0

1

a
2

I  ,Z  Total
Giraffidae

Totals

Sivatherium
Giraffa
Indet

maumtum
sp.

1 2 
3

3 15
4 20

7
14
28
49
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4.3 Faunal change in the Turkana Basin: mammalian abundances compared

In the following section the faunal assemblage from the Nachukui, Koobi Fora and 

Shungura Formations are compared to provide an overview of faunal change within the 

Turkana Basin during the Plio-Pleistocene. The numbers of specimens, numbers of 

localities, minimum numbers of species, first and last appearance datums (FAD’s & 

LAD’s), faunal abundances and the relative abundances of the main mammalian families 

are compared in every case (Tables 4.1, 4.2 & 4.3). The comparative data sets for the 

Koobi Fora and Shungura Formations have been drawn up from published records 

(Harris 1983, 1991; Bobe 1997, Bobe & Eck 2001) as well as from a data set currently 

being conq)iled by Rene Bobe and used with his permission. As stated previously, the 

lists for the Nachukui Formation includes published (Harris et al. 1988a) and unpublished 

material (this study).

4.3.1 Numbers of specimens

The numbers of specimens per member are plotted for the Nachukui, Koobi Fora and 

Shungura Formations (Figure 4.3). The Nachukui collection comprises 3081 specimens, 

but almost 40% of the total collection was recovered from the lower Lomekwi Member 

(Table 4.1). The localities L04 and L05, in the lower Lomekwi Member, are particularly 

rich in fossils and cover a larger area than other members. However, there is consistent 

and reasonable representation throughout the remainder of the sequence.
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The Koobi Fora Formation data presented here does not include the total collection held 

in the National Museums of Kenya, but is restricted data that could be drawn from 

publications (Harris 1983, 1991). This is limited to a subset of 4065 specimens (Table 

4.2). However, the KBS Member (1.74 ma - 1.89 ma) is best represented. The 

stratigraphie section between 2.5 ma and 2.0 ma, in the middle of the Burgi Member, 

marks a stratigraphie unconformity or hiatus in the in the sequence represented on the 

east side of the lake.

As can be seen from the Figure 4.3, the Shungura Formation is best represented in 

numbers of specimens. Some 23,000 records of fossil vertebrates were collected under 

the leadership of Professor F. C. Howell as part of the American contingent of the 

International Omo Research Expedition (1968 to 1974). The French contingent, under the 

leadership of Y. Coppens (Howell 1968; Coppens et al. 1976), collected 26,034 

specimens (Alemseged 1998). The analyses in this study are restricted to a subset of data 

from the American collection (Bobe 1997) of 11,517 specimens (Table 4.3). The data 

from the American contingent are maintained by R. Bobe and G. Eck (Bobe 1997; Bobe 

& Eck 2001; Bobe et al. in review). The Shungura Formation is best represented by 

numbers of specimens in Members C and lower Member G (2.85 ma - 2.52 ma and 2.32 

ma - 1.9 ma respectively). Member G is divided into lower Member G (2.33 ma - 2.11 

ma), predominantly fluviatile deposits with a high abundance of fossils and upper 

Member G (2.11 ma - 1.90 ma) that is predominantly lacustrine and the deposits are low 

in fossil abundance. Members later than G are all poorly fossiliferous.
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Figure. 4.3 The numbers of individual specimens per geological member for the
Nachukui, Koobi Fora and Shungura Formations.
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4.3.2 Numbers of localities

The numbers of localities of the Nachukui, Koobi Fora and Shungura Formations 

(Figures 4.4) provide some indication of how well the different time periods are 

represented in the Omo Group deposits. However, there is considerable variation in size 

of localities, in terms of the area of exposure, and in numbers of specimens (Eck 1976). 

Typically a palaeontological locality used in this context is an area of fossiliferous 

sediments defined by physical boundaries such as a seasonal watercourses or sediment 

types. Localities are named and specimens are collected with reference to that area. 

Localities of the Shungura Formation represent much smaller areas than for the Nachukui 

and Koobi Fora Formations. For instance, upper Member G includes 249 localities, fi"om 

which the highest numbers of specimens were recovered, compared to Member C, which 

is represented by only 44 localities but fi'om which 2704 specimens were recovered. 

Therefore the numbers of localities do not necessarily correspond directly to numbers of 

specimens, because localities often vary in their richness of fossil deposits and in area. 

The localities of the Shungura Formation are far more numerous and represent far smaller 

areas than those of the Nachukui or Shungura Formations. However, there is a significant 

correlation between number of specimens and number of localities for the Shungura 

Formation (r=0.856, p<0.01) and for the Koobi Fora Formation (r=0.966, p<0.01). There 

is no significant correlation between number of specimens and number of localities for 

the Nachukui Formation (r = - 0.148, p<0.01).
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Figure 4.4 The numbers of localities per geological member for the Nachukui,
Koobi Fora and Shungura Formations.
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The Figure 4.4 provides an indication of the richness of certain stratigraphie levels in the 

Turkana Basin when con^ared to the data in Figure 4.3, which indicates numbers of 

specimens. For example, the lower Lomekwi Member of the Nachukui Formation 

comprises three localities but has the greatest number of specimens because these 

sediments are richly fossiliferous.

4.3.3 Minimum numbers of species

The minimum numbers of species for the Nachukui, Koobi Fora and Shungura 

Formations (Figure 4.5, Figure 4.6) provides an indication of the san^ling variability and 

the richness or representation of diversity for the different geological members. Where 

greater numbers of specimens have been recovered at one time, a better indication of 

species diversity is obtained at lower taxonomic levels. In general, the Koobi Fora and 

Shungura Formations are better represented in the numbers of species and diversity 

through time, than the Nachukui Formation. However, when taken as a whole, the 

Turkana Basin can be seen as one of the most conplete records of Plio-Pleistocene faunal 

diversity in Africa.

The deposits of the earlier members of the Shungura Formation, Members B to lower 

Member G (3.4 ma - 2.0 ma) are well represented. Whereas the Koobi Fora Formation 

best represents the time between 2.0 ma and 1.33 ma and the Nachukui Formation from

3.5 ma to 1.3 ma. The Nachukui Formation provides data that are of considerable 

relevance to the discussion of the 2.5 ma climatic and feunal turnover event, especially 

when viewed in the context of the whole basin.
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Figure 4.5 The minimum numbers of species per geological member for the
Nachukui, Koobi Fora and Shungura Formations.
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Figure 4.6 Scatter plots of numbers of species with numbers of specimens for the
Nachukui, Koobi Fora and Shungura Formations.
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The numbers of specimens are plotted against numbers of species in Figure 4.6 to 

determine the degree of sampling of members within the individual formations. The plots 

show an asymptotic flattening of the curve, which is typically indicative of a well- 

sampled formation. However, due to the large differences in the specimen numbers of the 

three formations as represented on the x axis, and the fact that they are not drawn to the 

same scale, the three formations are not as well sampled as they may initially appear. 

Taking the different numbers of specimens into account, the Nachukui Formation is 

poorly sampled relative to the Shungura and Koobi Fora Formations. Thus the richness 

of individual formations and their geological members can be interpreted.

4.3.4 First and last appearance datums (FAD s and LAD s)

The first appearance datums (FAD’s) and last appearance datums (LAD’s) for the 

Nachukui, Koobi Fora and Shungura Formations are plotted in (Figure 4.7) in a similar 

format to those illustrated in Behrensmeyer et al. (1997). Sampling bias can greatly affect 

the FAD’s and LAD’s and thus can obscure the true biological variation in the faunal 

representation. On the “turnover pulse” model, a climatic event should indicate a peak in 

the numbers of new appearances that coincide with the peak in last appearances. No such 

‘pulse’ is identifiable in the FAD’s and LAD’s of the Nachukui Formation, especially at

2.5 ma which has been earmarked as a time of high species turnover, especially in 

southern African Bovidae (Vrba 1983). This supports the findings by Behrensmeyer et al. 

(1997) where gradual turnover in fossil mammals is observed in the Turkana Basin from

3.0 ma to 2.0 ma, when the FAD’s and LAD’s are analysed.

As a general observation, when viewed as different formations, the peak times of faunal 

change appear to occur at different times in the three formations. This is likely to be due
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to sampling variability, ^vhich would obscure the results. Minimum numbers of species 

(mnsps) are plotted on the graphs to provide an interpretation of the degree of sampling. 

The variability and biases would include sample size variation, collection biases, gaps in 

the stratigraphie sequence, preservational biases, and identifications (White 1995). FAD’s 

may be related to sample size as large samples are more likely to include new species 

even if they are rare. LAD’s would also be present in large samples if the adjacent 

member is represented by a much smaller sample. In other words the LAD’s may be an 

artificial representation of a large sample followed by a small sample. This appears to be 

the case for the peak in FAD’s of Shungura lower Member G, which is followed by small 

sample size in upper Member G directly adjacent to it. Similar situations arise as 

demonstrated by the peak in FAD’s of Kataboi and lower Lomekwi Members of the 

Nachukui Formation, and Member B of the Shungura Formation.

The FAD’s and LAD’s, of the three formations, do not show any convincing signals of 

species turnover pulses. It is important to be aware of the limitations of this technique 

that has been used by Vrba (1985b & c, 1988, 1992) and others to support the theory that 

climatically driven faunal change occurs at 2.5 ma.



-  140 -

Figure 4.7 The first and last appearance datums (FAD’s & LAD’s), with 
minimum numbers of species (mnsps) per geological member for the 
Nachukui, Koobi Fora and Shungura Formations.
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4.3.5 Relative Faunal Abundances

The relative abundances of the main groups and femilies of the Nachukui, Koobi Fora 

and Shungura Formations are plotted (Figure 4.8). For the Nachukui and Koobi Fora 

Formations, the Bovidae represent the most abundant taxonomic group throughout the 

sequence, whereas the Shungura Formation shows a substantial abundance of 

Cercopithecidae in comparison to the Nachukui and Koobi Fora Formations. This is not 

surprising given the dominance of the axial fluvial system continually flowing through 

the Omo Valley and depositing thick layers of sediments preserving remains of the feuna 

living in the immediate vicinity. Thus fauna associated with riverine gallery forest, such 

as the Cercopithecidae, should be abundant in the Omo Valley fossil record.

There is a higher representation of Equidae and Suidae, indicative of more open habitats, 

in the Koobi Fora and Nachukui Formations compared to the Shungura Formation. 

Carnivores are best represented in the Koobi Fora Formation, which may reflect the more 

complete nature of the fossil preservation from this formation. The Hippopotamidae are 

well represented in the Shungura Formation, which would be expected as the large river 

would have provided refuge to large numbers of hippopotamus. However, as discussed 

earlier hippos were not always collected from the Koobi Fora or Nachukui Formations.
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Figiire 4.8 The relative faunal abundances of mammalian families per geological 
member for the Nachukui, Koobi Fora and Shungura Formations.
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The Koobi Fora and Nachukui Formations provide a broader representation of fauna 

inhabiting the basin margins, the remains of which would be carried into the basin by the 

numerous watercourses flowing laterally into the lake or axial river. In this respect the 

formations to the east and west of modem day Lake Turkana should represent a wider 

diversity of more open and closed habitats.

4.3.6 Relative abundances of Cercopithecidae, Suidae and Bovidae

The relative abundances of the Cercopithecidae, Suidae and Bovidae are compared 

between the Nachukui, Koobi Fora and Shungura Formations (Figure 4.9). As in Figure 

4.8 in the previous section, the Bovidae dominate the Nachukui and Koobi Fora 

Formations throughout the succession, followed by the abundances of Suidae and lower 

abundances of Cercopithecidae. This is in contrast to the Shungura Formation where the 

Cercopithecidae are more abundant than the Suidae for much of the lower part of the 

sequence but are more poorly represented after 2.0 ma. Around 2.5 ma the Bovidae in the 

Shungura Formation show a marked increase in representation and become the dominant 

conqjonent of the fauna. The Suidae are fer less abundant throughout the Shungura 

Formation, than either the bovids or primates, except in Member A.
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Figure 4.9 The relative faunal abundances of the main families, the 
Cercopithecidae (monkeys and baboons), Bovidae (antelopes) and 
Suidae (pigs) per geological member for the Nachukui, Koobi Fora 
and Shungura Formations.

Bovidae

Suidae
Cercopithecidae

0.6

0.5

0.3

0.2

2.04.0 3.0

millions of years

0.7

I
Q.
03 0.5

I  0.4

u.
m
oy

1.03.0 2.04.0

—  Bovidae 

a — Suidae 

—  Cercopithecidae

millions o f  years

0.9

c
.S
Ç 0.7I5. 0.6

^  0.5

0.4

^  0.3

0.2

2.0 1.03.04.0

■ Bovidae 

■Suidae

Cercopithecidae

millions of years



-145-

The relative abundances of the Bovidae in the Nachukui Formation indicate that they are 

the dominant faunal con^onent throughout the succession. However, there is a decline in 

the bovid representation in the Lokalalei Member, although the abundances of Suidae and 

Cercopithecidae remain the same. This same time is represented by an increase in the 

relative abundances of the Proboscidea (Figure 4.8). Isotopic studies of stable carbon in 

tooth enamel show that Elephanitidae at this age had a diet comprising high proportion of 

grass (Cerling et al. 1999b). It can be inferred that grasslands must have been abundant 

in the region at this time to have supported large numbers of Elephantidae.

In general, the faunal profiles of the Nachukui and Koobi Fora Formations are more 

similar and are in contrast to that o f the Shungura Formation below 2.0 ma. This would 

support the suggestion that the Omo River is the dominant and relatively stable axial 

depositional system, where the large perennial river flowed continuously through the 

basin and supported similar habitats through time. The habitats would likely to have 

comprised abundant riverine gallery forest. Although the higher members of the 

Shungura Formation are represented by considerably smaller sangle sizes, a change is 

observed after 2.0 ma when there is a marked increase iu the abundance of Bovidae, and 

a decrease in Cercopithecidae. At this time the proportional representation of main 

families is more similar in all three formations.
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4.4. Summary

Faunal change through the Nachukui Formation can be observed in different lineages 

through the Plio-Pleistocene sequence. The main evidence for change in the mammalian 

families at different times is summarised below in chronological order.

Hominin diversity convincingly extends back to at least 3.5 ma with the newly 

recognised genus from the lower Lomekwi and demonstrates the coexistence of at least 

two species at this time, Kenyanthropus platyops and Australopithecus afarensis. At 2.5 

ma, both Equus and Canis immigrate into Africa from Eurasia, the former pre-adapted to 

grazing and both adapted to open terrain. Theropithecus brumpti is replaced by 

Theropithecus oswaldi, adapted to more open conditions and foraging in grasslands, 

around 2.5 ma. This may imply that habitats were beginning to become more open at this 

time. The Suidae show increasing complexity of their dentitions with increases in 

occlusal surface areas of third molars, which suggest adaptation to changing habitats. 

These changes are observed in the metridiochoeres and notohcoeres between 2.5 ma and

2.0 ma. Although specialisation to open habitat is recorded in several lineages of suids 

from cranial remains, analyses of associated postcranial remains provide evidence of 

closed habitat specialisations in those same species. At 2.3 ma Loxodonta becomes 

increasingly rare in the fossil record of the Turkana Basin and reappears in greater 

numbers as the Late Pleistocene. Within the Hippopotamidae is an increasing adaptation 

to more aquatic lifestyle, which may signify more open habitat representation, thus their 

higher dependence on bodies of water for refuge. By 2.0 ma, largely modem forms of 

cercopithecids had appeared and replaced earlier cercopithecines during a gradual 

turnover of species after 2.5 ma. The white rhinoceros, Ceratotherium, shows increasing
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adaptations to grazing, such as hypsodonty and skull elongation after 2.5 ma. At 1.9 ma 

diversity in the genus Homo is recognised. This diversity may be linked to changes in 

habitat pre-dating this. And finally, at 1.5 ma Deinotherium bozasi becomes extinct 

having appeared for the first time in the late Miocene.

4,4,1 Geographical Variation

The Plio-Pleistocene was a time of considerable evolutionary adaptation to new 

conditions, but the changes in the different families appear staggered through out this 

time fi*om the evidence presented above. This suggests more prolonged response by 

faunas to Plio-Pleistocene climate change rather than a pulsed response as has been 

suggested by some authors. The wide diversity of species of Cercopithecidae present in 

the Shungura Formation, including large and small sized Papionini and several colobines, 

indicate the existence of well-established gallery forest through much of the sequence. 

This suggests a more stable preservational regime related to the axial depositional system 

of the ancestral Omo River. In contrast, the Koobi Fora and Nachukui Formations reflect 

a more varied habitat and depositional regime in the wider fluctuations in femilial 

abundances, including lower abundances of Cercopithecidae, and higher abundances of 

Suidae and Bovidae.

It is difiBcult to distinguish how faunal representation related to climatically induced 

habitat change can be distinguished fi-om that related to variation in depositional 

environments and sampling effects. The sudden increase of the relative abundance of 

Bovidae in the Shungura Formation after 2.0 ma, is likely to be indicative of the opening
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up of environment. However, habitat change at similar times, as indicated by overall 

relative abundances, is not apparent in the Koobi Fora and Nachukui Formations. The 

faunal representation in these formations is more likely to have been affected by local 

influences such as the lateral position of the meandering ancestral Omo River or its 

tributaries, or the presence and absence of the ancestral Lake Turkana. The changes in the 

lake within the basin are increasingly accepted to be associated with tectonic and 

volcanic activity and which could overshadow the effects of climate related habitat 

change by recording preservational environments instead. In the next chapter the relative 

abundances of Bovidae are analysed in detail and again comparisons are made between 

the Shungura and Koobi Fora Formations.
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Chapter 5

PLIO PLEISTOCENE BOVIDAE OF THE TURKANA BASIN

5.1. Introduction

In the previous chapter, the faunal diversity was presented for each of the families of the 

Nachukui Formation. Numbers of specimens and relative abundances for the Nachukui 

Formation represent new data, reflecting new material that was collected from most of the 

West Turkana localities during fieldwork in 1998 and 1999. The faunal summary 

represents the current overview of the Nachukui Formation fruna. These data were used 

to assess the relative abundances of the families of the Nachukui Formation and 

comparisons were made with the Koobi Fora and Shungura Formations from data 

obtained from the published literature. In this way the basin can be divided into three 

regions and faunal change, that may or may not be the result of climatically induced 

habitat variation, can be conçared among them. This provides a basis on which to 

interpret global and local-scale changes in fauna and habitat.

In this chapter, the Bovidae are analysed in detail to provide further insight into 

palaeohabitats in the Turkana Basin during the Plio-Pleistocene. The Bovidae are 

taxonomically diverse and exhibit a wide range of habitat specificities (Jarman 1974; 

1979; Scott 1985; Hall et al. 1997). Thus they have frequently been used to infer the 

presence and absence of specific habitats in the fossil record. Different techniques, such 

as the functional morphology of certain skeletal elements, which has been shown to 

correlate well with habitat preference in modem bovids (Plummer & Bishop 1994), have 

been used to extrapolate likely habitat preferences of fossil antelopes (Plummer & Bishop
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1994; Kappelman et al. 1997). An overview of Bovidae as habitat indicators and the 

application to the fossil record is discussed below.

Details o f the numbers o f bovid specimens and their taxonomy are provided for each 

member in the Nachukui Formation. Relative abundances of the different bovid tribes in 

relation to stratigraphy are compared to the relative abundances of the Koobi Fora and 

Shungura Formations to try to identify specific times of concurrent change that might 

indicate basin-scale responses to climatic variation. Finally, an overview of the 

stratigraphie ranges of fossil bovid species for the Turkana Basin is provided.

5.2. Bovidae as indicators of past habitat

The Bovidae have been used extensively in the interpretation of palaeohabitat because 

they are usually the most common constituents of the mammal fauna in Neogene fossil 

localities. Added to this, the Bovidae inhabit a wide range of environments fi*om montane 

forests through to dry deserts. They also cover a diverse range in body masses. Body sizes 

for modem bovids vary by nearly three orders of magnitude. The smallest modem species 

is the royal antelope, which stands 25cm at the shoulder, while the giant eland stands 175 

cm at the shoulder and is 250 times heavier (Kingdon 1997).

The Bovidae have been used in many studies to indicate habitat type (Gentry 1970; Scott 

1979, 1985; Vrba 1980b; Greenacre & Vrba 1984; Soulounias & Dawson-Saunders 1988; 

Klein & Cruz-Uribe 1991; Plummer & Bishop 1994; Spencer 1995, 1997; Kappelman et 

al. 1997). These studies include the fimctional morphology of cranial and postcranial 

elements, the extension of modem habitat associations to infer those of fossil taxa.
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taxonomic diversity, and body size. The coexistence of many species with herbivorous 

diets is indicative that the Bovidae exhibit dietary resource partitioning (Jarman 1974; 

Spencer 1995, 1997) and it is assumed here that they did so in the past.

5.3 The fossil Bovidae of the Turkana Basin

In this section the Bovidae of the Nachukui Formation are described in brief, with 

important diagnostic criteria of some of the fossil bovid species for the Plio-Pleistocene 

provided. The rough sketches of horn core shapes of some bovid species were illustrated 

in Chapter 3 (Figure 3.11, 3.12 and 3.13), to facilitate the identification in the field or 

laboratory as well as to visualise the type of bovids that are being discussed. Table 5.1 

summarises the total numbers and stratigraphie provenance of bovid specimens fi"om the 

Nachukui Formation. The collection includes both material that has been described in 

detail and published in Harris et al. (1988a), and new collections made during the course 

of two field seasons (1998 and 1999) as part of this study.

There are ten recognised tribes of fossil Afiican Bovidae represented in the Turkana 

Basin Plio-Pleistocene: Alcelaphini, Aepycerotini, Reduncini, Hippotragini, Tragelaphini, 

Neotragini, Cephalophini, Antilopini, Bovini and Caprini. As for modem Bovidae, it is 

likely that the fossil Bovidae also occupied diverse habitats. In the following sections the 

bovid tribes and their main component species represented in the Nachukui Formation, 

are individually described. The Cephalophini are omitted fi*om the descriptions as they 

are so poorly represented.
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5.4 Relative abundances of bovid tribes in the Nachukui Formation

The variation in the relative abundances of individual tribes is then analysed through the 

stratigraphie section, and Chi-square (%̂) values are used to interpret the significance of 

changes in the relative abundance data for bovid tribes between members of the Nachukui 

Formation (Table 5.2). The expected values represent the mean proportional 

representation of each bovid tribe from all members, and actual values are the 

proportional representation of tribes of Bovidae in an individual member. In each case the 

probability (p) values indicate the significance between the bovid representation for each 

member and the expected representation. In this study p^.OOl is selected to represent the 

level of significance so as to take into account the many uncertainties and biases 

introduced to sangles as a result of preservation, sampling and taphonomy. Although 

tribal representation may be affected by local factors such as taphonomy, depositional 

setting and preservation, it is assumed here that the biases do not vary dramatically 

through the sequence and that the faunal representation is predominantly due to changes 

in habitat through local or regional influences.
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Table 5.1 Summary of the total representation of Bovidae from the Nachukui
Formation.

Tribe Genus Species

1a
.3

1

1oa
2Î

1
§
21Î2

2110
1 z

a
1
1  ,Totals

Tragelaphini Tragelaphus strepsiceros 3 2 17 1 1 24

Tragelaphus nakjiae 3 6 2 2 2 15

Tragelaphus scriptus 1 1

Tragelaphus imberbis 1 1

Tragelaphus indet 1 4 2 4 7 1 2 21

Tragelaphini indet 4 21 5 6 4 1 3 4 2 50

8 34 5 10 5 9 30 6 5 112

Bovini Syncerus sp. 1 1 2
Telorovis turkanensis 1 1
Pelorovis indet 1 2 7 4 1 15
Ugandax sp. 2 4 1 1 2 10

Bovini indet 4 2 4 1 1 1 13
0 6 4 3 6 5 10 4 3 41

Reduncini Kobus sigmoidalis 2 1 7 6 2 18
Kobus elltpsiptymnus 1 1 2
Kobus kob 1 9 10
Kobus leche 1 1
Kobus oricomus 1 2 6 1 10
Kobus indet 9 3 17 1 1 7 5 43
Menelikia hjirocera 1 13 2 16
Menelikla indet 3 8 4 1 16

Reduncini indet 5 32 8 20 4 14 7 16 5 111
6 49 12 59 6 38 14 36 7 227

Hippotragini Hippotragus gigas 1 1 1 3
Hippotragini indet 2 12 4 4 1 5 3 2 33

2 13 4 4 1 5 4 3 0 36

Alcelaphini Megalotragus sp. 1 5 1 3 6 7 23
Damaliscus sp. 6 1 3 1 3 14
Connochaetes sp. 2 2 4
Beatragus sp. 1 1
Parmularias sp. 1 1

Alcelaphini indet 6 68 20 26 13 27 16 26 9 211
7 80 22 32 14 27 22 34 16 254
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1
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% Totals

Aepycerotini Aepyceros
Aepyceros

cf. melampus 
shungurae 42 6 5

1
1

6 8 3 2 20
54

Aepycerotini Aepyceros indet 5 25 6 3 4 1 4 48
5 67 12 8 2 10 9 7 2 122

Antilopini Antidorcas
Gaŝ ella

redd
praethomsoni

1 3 1
1

1 5
3

1 1
2

13
6

Gallia janenschi 1 1 1 1 1 5
Gav l̂la cf. granti 1 2 3
Gav^lla indet 3 2 1 4 1 8 19

Antilopini indet 1 36 7 3 1 1 6 55
3 41 13 8 1 13 4 18 0 101

Neotragini indet 1 5 6

Caprini indet 1 1 2 2 6

Indet 15 107 15 26 8 18 16 12 9 226

TOTALS
fO
? 0000 g 9 lO

I g s
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Table 5.2 Significance levels of relative bovid tribal abundances from Chi
tests between each member and the expected average mean tribal 
representation in the Nachukui Formation. (Bold face indicates high 
statistical significance).

Member
Significance level from 

%2

Kataboi 
Lower Lomekwi 
Middle Lomekwi 
Upper Lomekwi 

Lokalalei 
Kalochoro 

Kaitio 
Natoo 

Nariokotome

p < .001158
p < .243571 
p < .262581 
p < .002025
p < .000001
p < .357264
p < .000000
p < .007149
p < .000000

The members that are significantly different in their bovid relative abundances from the 

expected proportional representation are the upper Lomekwi, Lokalalei, Kaitio, Natoo 

and Nariokotome Members. These members can be further examined through the 

differences in relative tribal abundances between adjacent members.

In the following sections, the different bovid tribes are described and analysed in fiirther 

detail. Relative abundances of bovid tribes as proportions of all Bovidae, and the species 

representation of tribes per member are plotted as bar charts. To examine the significance 

of changes in relative abundances of a tribe between members, 2 x 2  contingency tables 

were drawn up. If probability p< 0.001 for Idf, the difference is considered to be highly
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significant (Rohlf & Sokal 1995). These values are tabulated and the significant values 

are highlighted in bold face. As an alternative, parametric visualisation, standard errors 

are plotted on the bar charts to indicate the degree of confidence (Buzas 1990; Hayek & 

Buzas 1997), based on sample size, that can be placed on the apparent proportional 

differences between individual tribes between members. Where the standard error bars 

overlap with those of an adjacent member then the difference between those members is 

not significant. Where the error values do not overlap then the difference in the 

proportional representation between tribes is significant (Buzas 1990, Hayek & Buzas 

1997). The error bar overlaps should correspond with the Chi-square (x?) values for 

individual members.

5.4.1 Alcelaphini

The Alcelaphini are a large tribe of Bovidae, all of which are specialist bulk grazers that 

generally inhabit open country. The modem Alcelaphini comprise four genera; 

Alcelaphus (hartebeests), Connochaetes (wildebeests), Damaliscus (blesbok and topi), 

and Beatragus (Hirola hartebeest) (Gentry 1978c). The Alcelaphini are one of the most 

species-rich groups of Bovidae in Afiica today (Vrba 1997). Additional genera are known 

fi*om the fossil record (Gentry 1978c; Harris et al. 1988a; Harris 1991) and are well 

represented in the Turkana BasirL The representative species of Alcelaphini and the 

numbers of specimens fi’om the Nachukui Formation are tabulated in Table 5.3. They 

comprise 254 specimens, fi-om at least 5 genera; Megalotragus, Damaliscus, 

Parmularias, Beatragus and Connochaetes.
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Alcelaphini are large, gregarious antelopes with hypsodont teeth, strongly adapted to 

grazing. Both males and females are homed. Alcelaphines live at high densities and due 

to seasonal fluctuations rely on an occasionally abundant but unstable food supply. Some 

extant forms cover long distances to maintain better feeding quality, such as 

Connochaetes taurinus (wildebeest). In addition, the successful existence of Alcelaphini 

in open habitats depends on their gregarious social stmcture and cursorial adaptations for 

speed and stamina to avoid predation. The Alcelaphini have a unique functional complex 

of the skull and nasal region, present in all living species and was present in fossil 

alcelaphines as well. This is especially marked in Megalotragus and is a character that is 

shown to vary with body size and with sex (Vrba 1997). This has been suggested to have 

a thermoregulatory function (Harris 1991) and is possibly an adaptation to water 

shortages and for heat stress avoidance. This is good evidence to show that alcelaphines 

occupied semi-arid and open environments for most of their evolutionary history. The 

horn cores of Alcelaphini exhibit varying degrees of clockwise torsion. Horn cores are 

often o f irregular course and commonly exhibit transverse ridges but do not have keels 

(Gentry 1978c). The main diagnostic features of the teeth and horn cores are described in 

Chapter 3, section 3.5.

The relative abundances of the Alcelaphini, as a percentage of all bovids in each member 

of the Nachukui Formation, are tabulated and plotted as proportions with standard errors 

and p values fi'om 2 x 2  contingency tables of specimen representation between members 

(Table 5.3 and Figure 5.1). There are no significant differences in the overall abundance 

of the Alcelaphini between any of the members which might be indicative of habitat 

change (p values are all >0.1) and the error bars on the bar chart all overlap. The relative 

abundance of the Alcelaphini ranges approximately from 14.9% to 36.4%.
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Table 5.3 Summary of Alcelaphini of the Nachukui Formation.

ALCELAPHINI
*o1ii ii « 1 Dk V 1

2
2

2o
«
S I 1 s

i
%

Total

Numbers of 
specimens per 

member
1 80 22 32 14 27 22 34 16 254

% representation 14.9 19.9 25.0 21.3 32.6 21.6 20.2 27.9 36.4 22.5

Total numbers of 
Bovidae, Nachukui 

Formation
47 403 88 150 43 125 109 122 44 1131

p  value 0.415 0.281 0.514 0.128 0.149 0.791 0.174 0.292

Standard Error 0.103 0.039 0.091 0.066 0.142 0.072 0.076 0.080 0.144 0.024

Note: The relative percentages of Alcelaphini as a total of all bovids, the levels of significance fi-om Chi- 
square (x̂ ) tests and standard error values are shown. If probability p^.OOl for Idf̂  the difference is 
considered to be highly significant and p values are marked in bold face. The p values represent the 
significance of the representation between that member and the adjacent member (i.e. the member to the 
right of it in the table).
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Figure 5.1 The relative abundances o f  Alcelaphini.

Figure 5.1a
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□  Parmularias

□  Megalotragus

□  Damaliscus

□  Connochaetes

□  Beatragus

□  Alcelaphini indet

Note: Refer to Chapter 2 (Table 2.1) for dates of members. Figure 5.1a The relative abundances of 
Alcelaphini as proportions {y axis) o f all Bovidae per member (x axis) for the Nachukui Formation are 
plotted with error bars representing + 1 standard error or 95% confidence interval. Figure 5.1b The genus 
representation o f Alcelaphini as relative proportions of Alcelaphini per member.
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Figure 5.1b indicates that Megalotragus becomes increasingly abundant in the upper 

members of the Nachukui Formation but appears not to be represented in the middle of 

the sequence. This might suggest that the habitat was unfavourable for Megalotragus at 

that time, as it is recognised from deposits lower in the section. Alternatively, 

Megalotragus may have been present throughout but in the middle of the sequence it is 

not represented by horn cores, on which genus and species identifications are based. If 

isolated teeth could be more accurately used to suggest taxonomy then the relative 

abundances of the genera and species of Alcelaphini could be better understood.

Alcelaphini are abundant in the Nachukui and Koobi Fora Formations, in contrast to the 

Shungura Formation. This suggests that more open environments were prevalent to the 

east and west of the basin.

5.4.2 Aepycerotini

Extant Aepycerotini are represented by the single species Aepyceros melampus, small to 

medium sized antelope, which commonly inhabit woodland and in dry country are often 

found near watercourses. Aepycerotini are described as ‘edge’ or ecotone species, and 

have a diverse mixed diet of leaves and short grasses. They have hypsodont teeth and the 

males alone have lyrate horns. Gentry (1978c) and Kingdon (1997) include Aepyceros as 

a sub-genus of the Alcelaphini, but the genus has also been previously classified with the 

Antilopini (Simpson 1945). For this study the Aepycerotini are considered as an 

independent tribe to conform to Vrba (1984) and Harris et al. (1988a). Vrba (1984) 

maintains that the Aepycerotini are a sister-group of the Alcelaphini, which should be 

viewed as an independent entity. The Aepycerotini have different habitat preferences
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from the Alcelaphini although the two tribes are commonly found together in modem 

African game parks.

The representative species of Aepycerotini and the numbers of specimens from the 

Nachukui Formation are indicated in Table 5.4. They con^rise 122 specimens and two 

species, Aepyceros melampus and Aepyceros shungurae. In general the forms higher in 

the section were classified A. melampus and lower in the section A. shungurae (Harris et 

al 1988a) and isolated teeth were assigned accordingly. In these analyses the two 

aepycerotine species are recognised as published, however any new material was assigned 

to Aepycerotini species indeterminate, and largely comprised isolated teeth (Figure 5.2). 

All of the Aepycerotini from the Shungura Formation are arbitrarily assigned to the latter 

species (Gentry 1985; Bobe 1997) although the specimens from higher up in the sequence 

might belong to A. melampus. The main diagnostic features of the teeth and hom cores 

are described in Chapter 3, section 3.5.

The relative abundances of Aepycerotini, as a percentage of all bovids for the members of 

the Nachukui Formation, are tabulated and plotted as proportions with standard errors and 

p values from Chi-square tests (Table 5.4 and Figure 5.2). The relative abundance of 

Aepycerotini in the highly fossiliferous lower Lomekwi Member is higher (16.6%) than 

all later members, but this is not significantly different from the adjacent Kataboi Member 

(p<0.289, 1 df) or from the middle Lomekwi Members (p<0.489, 1 df). There are no 

highly significant changes in the overall abundance of Aepycerotini in any of the 

members above the middle Lomekwi, although a low level of significance can be 

identified between the representation in the middle and upper Lomekwi (p<0,026), which
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is most likely to be a reflection of diflerences in habitat. Above the middle Lomekwi, the 

relative abundance of aepycerotines ranges fi'om 5-10%.

The Aepycerotini are especially well represented in the Shungura Formation (Bobe 1997). 

This is likely to be due to the presence of riverine woodland flanking the perennial Omo 

River. This habitat, present today in the region, is favoured by the impala and it is likely 

that the fossü Aepycerotini would have had similar habitat preferences. It is important to 

note that the isolated teeth of Aepycerotini and Antilopini can be diflQcult to distinguish 

and overlap in size. In the Shungura Formation, for instance, most of the isolated teeth 

with this morphology were placed in the Aepycerotini because the hom cores of 

Antilopini are very poorly represented and thus their relative abundance is also 

considered to be low.
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Table 5.4 Summary of Aepycerotini of the Nachukui Formation.

AEPYCEROTINI
o
s Iiii t  1Su «=j 21 2o

■g I 01
a
B1
1
Z,

Total

Numbers of
specimens per 5 67 12 8 2 10 9 7 2 122

member

% representation 10.6 16.6 13.6 5.3 4.7 8.0 8.3 5.7 4.5 10.8

Total numbers of
Bovidae, Nachukui 47 403 88 150 43 125 109 122 44 1131

Formation

p value 0.289 0.489 0.026 0.859 0.462 0.943 0.452 0.765

Standard Error 0.089 0.036 0.072 0.036 0.064 0.048 0.052 0.041 0.062 0.018

Note: The relative percentages of Aepycerotini as a total of all bovids, the levels of significance from Chi- 
square (x )̂ tests and standard error values are shown. If probability p< 0.001 for Id^ the difference is 
considered to be highly significant and p values are marked in bold fece. The p values represent the 
significance of the representation between that member and the adjacent member (i.e. the member to the 
right of it in the table).
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Figure 5.2 The relative abundances of Aepycerotini.
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Note: Refer to Chapter 2 (Table 2.1) for dates o f members. Figure 5.2a The relative abundances o f  
Aepycerotini as proportions (y axis) o f all Bovidae per member (% axis) for the Nachukui Formation are 
plotted with error bars representing + 1 standard errors or 95% confidence interval. Figure 5.2b The genus 
representation o f Aepycerotini as relative proportions of Aepycerotini per member.
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5.4.3 Reduncini

The Reduncini are a large tribe of moderate to large-sized antelopes, represented by eight 

extant species belonging to two genera, Kobus (waterbucks) and Redunca (reedbucks) 

(Gentry 1978c; Kingdon 1997). They are found in habitats where there is permanent 

water and which are seasonally flooded to form edaphic grasslands. Their teeth are 

relatively hypsodont and adapted to grazing (Harris 1991). The Reduncini are not highly 

gregarious. In extant species, only the males posses strongly ridged horns. Waterbuck 

Kobus ellipsiprymnus are found in the woodland alongside the modem Omo River today.

The Reduncini are well represented in the Turkana Basin and comprise two genera in the 

Plio-Pleistocene of the Nachukui Formation, Kobus and Menelikia (Table 5.5 and Figure 

5.3). The genus Kobus comprises some six species in the fossil record (Gentry 1978c; 

Harris et al 1988a; Harris 1991). Menelikia comprises two species, Menelikia lyrocera 

and Menelikia leakeyU which are thought to have exploited diSerent habitats (Spencer 

1997). They occur contemporaneously in the Shungura Formation. Menelikia lyrocera is 

best represented in the Kalochoro Member (30% of all reduncines) (Figure 5.3). The 

reconstructed diet of Menelikia lyrocera from morphological correlates of the mandible 

suggests they inhabited dry grasslands (Spencer 1997). Harris (1991) notes that the 

domed nasal bones of this species might be indicative of adaptation to drier, more arid 

habitats than are usual for Reduncini. The main diagnostic features of the teeth and hom 

cores are described in Chapter 3, section 3.5.

The representative species of Reduncini and the numbers of specimens from the 

Nachukui Formation are tabulated in Table 5.5. The Reduncini con^rise 227 specimens.
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from at least six species: Kobus ellipsiprymnus, Kobus kob, Kobus leche, Kobus 

oricornus, Kobus sigmoidalis and Menelikia lyrocera. The relative abundances Reduncini 

fluctuate considerably through time in the Nachukui Formation and several significant 

changes in can be observed. In the upper Lomekwi Member, there is distinct increase in 

the proportion of Reduncini in the overall bovid fauna. The relative abundance of the 

Reduncini increases significantly from 13.6% in the middle Lomekvyi to over 39.3% in 

the upper Lomekwi (p<0.0001, Idf), and back to 6% in the Lokalalei Member (p<0.002, 

Idf). There are significant increases in the abundances of Reduncini in the Kalochoro 

(p<0.001, Idf) and Natoo Members (p<0.002, Idf). These significant peaks in the relative 

abundances of Reduncini, especially in the upper Lomekwi (ca. 2.5 ma), could be a 

regional phenomenon, in which case increases in the relative abundances of Reduncini 

should be seen elsewhere in the basin and would indicate a climatic influence or reflect 

marked change in local habitats. However, elsewhere in the Turkana Basin, the peaks in 

relative reduncine abundance do not coincide with those of the Nachukui Formation, and 

therefore the reduncine representation cannot be explained by global climatic influences. 

The Reduncini are well represented throughout the Koobi Fora Formation, although the 

middle of the sequence (2.5 ma to 2.0 ma) is missing and therefore cannot be compared. 

Bobe (1997) notes that the Reduncini are the most abundant tribe in the Shungura 

Formation, especially in Member B (ca. 3.0 ma) where they constitute 25% of the total 

bovid fauna. Their abundance drops in Members C, D, E and F followed by a sudden 

increase to over 30% in Member G (ca. 2.0 ma). Menelikia appears for the first time in 

the Shungura Formation in Member C (ca. 2.7 ma).
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Table 5.5 Summary of Reduncini of the Nachukui Formation.

REDUNCINI
01Ii ii 1 .1

2

2o

2o I 01 sa

1Total

Numbers of
specimens per 6 49 12 59 6 38 14 36 7 227

member

% representation 12.8 12.2 13.6 39.3 14.0 30.4 12.8 29.5 15.9 20.1

Total numbers of
Bovidae, Nachukui 47 403 88 150 43 125 109 122 44 1131

Formation

p  value 0.904 0.703 <.0001 0.002 0.034 0.001 0.002 0.078

Standard Error 0.096 0.032 0.0721 0.078 0.105 0.081 0.063 0.081 0.109 0.023

Note: The relative percentages of Reduncini as a total of all bovids, the levels of significance from Chi- 
square (x̂ ) tests and standard error values are shown. If probability p^.OOl for Idf̂  the difference is 
considered to be highly significant and p values are marked in bold free. The p values represent the 
significance of the representation between that member and the adjacent member (i.e. the member to the 
right of it in the table).
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Figure 5.3 The relative abundances of Reduncini.
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Note: Refer to Chapter 2 (Table 2.1) for dates o f members. Figure 5.3a The relative abundances o f  
Reduncini as proportions (y axis) o f all Bovidae per member (jc axis) for the Nachukui Formation are 
plotted with error bars representing + 1 standard errors or 95% confidence interval. Figure 5.3b The genus 
and species representation o f Reduncini as relative proportions o f Reduncini per member.
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5.4.4 Hippotragini

The Hippotragini are medium to large antelopes that inhabit a range of habitats including 

bush, light woodland, arid badlands and desert (Estes 1991). There are three extant 

genera: Hippotragus, Addax and Oryx. They are mostly grazers with hypsodont teeth that 

closely resemble those of Reduncini except that they are generally larger in size.

The Hippotragini are generally poorly represented in the fossil record from the Nachukui 

Formation and some of the isolated teeth originally attributed to Hippotragini were later 

reclassified as Ugandax sp. as explained in Harris et al. (1988a). The Hippotragini are 

represented by only 36 specimens, the majority of which are from the lower Lomekwi 

Member. This is more likely to reflect the large sangle from this member rather than 

environmental conditions. The Hippotragini are also poorly represented in the Shungura 

Formation where specimens of Hippotragus and Oryx first appear in Member C (Bobe 

1997; Bobe & Eck 2001). Hippotragus is first recognised from the lower Lomekwi 

Member in the Nachukui Formation.

The numbers of specimens and relative abundances of the Hippotragini as a percentage of 

all bovids for members of the Nachukui Formation are tabulated and plotted as 

proportions with standard errors (Table 5.6 and Figure 5.4). There are no significant 

changes in the relative abundances of the Hippotragini (all values p>0.29) and there is 

considerable overlap in the standard errors of the relative proportions of Reduncini, as 

sample sizes are too small to be meaningfid.
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Table 5.6 Summary of Hippotragini of the Nachukui Formation.

HIPPOTRAGINI
*o ni f

« 1  a  V

=  !
1jo

20-s1 1 01
«
S1
1

Total

Numbers of
specimens per 2 13 4 4 1 5 4 3 0 36

member

% representation 4.3 3.2 4.5 2.7 2.3 4.0 3.7 2.5 0.0 3.2

Total numbers of
Bovidae, Nachukui 47 403 88 150 43 125 109 122 44 1131

Formation

p  value 0.71 0.54 0.438 0.901 0.61 0.896 0.592 0.294

Standard Error 0.058 0.017 0.044 0.026 0.046 0.034 0.035 0.028 0 0.01

Note: The relative percentages of Hippotragini as a total of all bovids, the levels of significance fi'om Chi- 
square (x̂ ) tests and standard error values are shown. If probability p^.OOl for Idf, the difference is 
considered to be highly significant and p values are marked in bold &ce. The p values represent the 
significance of the represaitation between that member and the adjacent member (i.e. the member to the 
right of it in the table).
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Figure 5.4 The relative abundances of Hippotragini.

Figure 5.4a
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Note: Refer to Chapter 2 (Table 2.1) for dates o f members. Figure 5.4a The relative abundances o f  
Hippotragini as proportions (y axis) of all Bovidae per member (x axis) for the Nachukui Formation are 
plotted with error bars representing + 1 standard errors or 95% confidence interval. Figure 5.4b The genus 
and species representation of Hippotragini as relative proportions o f Hippotragini per member.
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5.4.5 Tragelaphini

Extant Tragelaphini con^rise nine species (Kingdon 1997). They are typically medium to 

large animals with brachydont teeth adapted to soft browse. The hom cores of the 

Tragelaphini exhibit varying degrees of clockwise torsion but are always keeled. Extant 

Tragelaphini inhabit a wide spectrum of wooded habitats. The bongo {Booceros 

euryceros) are found in either montane forest or lowland rainforests and the common 

eland {Taurotragus oryx) in open woodland. Lesser kudu (Tragelaphus imberbis) often 

inhabit dry bush country where they fi*equent acacia-commifora thickets. However, no 

extant tragelaphines are found in tme desert.

The Tragelaphini are well represented in the Plio-Pleistocene of the Turkana Basin. In the 

Nachukui Formation there are 112 specimens, fi’om at least 4 species (Table 5.5). The 

genus Tragelaphus includes the species T gaudryi, T  kyaloe, T  nakuae and T  

strepsiceros, although T gaudryi is known only fi’om the Shungura Formation. T. kyaloe 

is recognised fiom strata older than 3.1 ma in the lower Lomekwi Member of the 

Nachukui Formation.

The relative abundances of the Tragelaphini as a percentage of all bovids for the members 

of the Nachukui Formation are tabulated and plotted as proportions with standard errors 

(Table 5.5 and Figure 5.7). The change in the relative abundance of Tragelaphini between 

the Kataboi and lower Lomekwi Members (17% to 8.4%) is just above the conventional 

statistical significance level (p<0.056). The relative abundance of Tragelaphini increases 

significantly fiom 9% in the Kalochoro Member to 30% in the Kaitio Member 

(p<0.0001), and decreased significantly in the Natoo Member to 6% (p<0.0001). This
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significant increase in the tragelaphine abundance in the Kaitio Member (ca. 1.7 ma) 

could be the result of a regional phenomenon, in which case increases in the relative 

abundances o f Tragelaphini should be seen elsewhere in the basin and would indicate a 

climatic influence. However, in the Shungura Formation, the Tragelaphini are poorly 

represented after 2.0 ma, which suggests that local and not regional climatic effects are 

the dominant factor in influencing tragelaphine abundance. The high tragelaphine 

representation in the Kaitio Member of the Nachukui Formation implies the presence of 

closed dry habitats. A low significance level (p=0.56) is seen between the tragelaphine 

representation of the Kataboi and Lower Lomekwi Members and there is no overlap 

between their error bars. At other times the abundance of Tragelaphini ranges between 

5% and 15% of the total relative proportions of Bovidae and the changes in relative 

abundances are not statistically significant.

The Kaitio Member shows an increased abundance of Tragelaphus strepsiceros (Figure 

5.5). The oldest record of T. strepsiceros in the Turkana Basin is fi’om the lower part of 

the Shungura Formation in Member G. Here it is represented by the subspecies T. 

strepsiceros maryanus, which has not yet been recognised fiom the Nachukui Formation. 

It becomes increasingly abundant higher in the sequence (Bobe 1997; Bobe & Eck 2001). 

The greater kudu Tragelaphus strepsiceros still occurs in the region today alongside the 

lesser kudu, Tragelaphus imberbis, in diy country commifora woodlands.
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Table 5.7 Summary of Tragelaphini of the Nachukui Formation.

TRAGELAPHINI
*©

1 l l
i i

© 1  a  ©

‘ j

2

1
J

20
"S

1
1

1
%

©

1

1

Total

Numbers o f specimens 
per member 8 34 5 10 5 9 30 6 5 112

% representation 17.0 8.4 5.7 6.7 11.6 7.2 27.5 4.9 11.4 9.9

Total numbers of
Bovidae, Nachukui 47 403 88 150 43 125 109 122 44 1131

Formation

p  value 0.056 0.387 0.76 0.28 0.36 <.0001 <.0001 0.141

Standard Error 0.109 0.027 0.05 0.04 0.1 0.045 0.084 0.039 0.095 0.017

Note: The relative percentages of Tragelaphini as a total of all bovids, the levels of significance from Chi- 
square (x )̂ tests and standard error values are shown. If probability p< 0.001 for Idf, the difference is 
considered to be highly significant and p values are marked in bold face. The p values represent the 
significance of the representation between that member and the adjacent member (i.e. the member to the 
right of it in the table).
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Figure 5.5 The relative abundances of Tragelaphini.

Figure 5.5a
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Note: Refer to Chapter 2 (Table 2.1) for dates o f members. Figure 5.5a The relative abundances o f  
Tragelaphini as proportions {y axis) o f all Bovidae per member (x axis) for the Nachukui Formation are 
plotted with error bars representing + 1 standard errors or 95% confidence interval. Figure 5.5b The genus 
and species representation o f Tragelaphini as relative proportions o f Tragelaphini per member.



-176

5.4.6 Neotragini

The Neotragini are a diverse group of very small antelopes (Kingdon 1997). Most of the 

extant forms are adapted to dry and arid environments with the exception of two forest 

forms. They are generally browsers of leaves and shrubs, in low thickets, and maintain 

low group sizes. They are often seen as monogamous pairs or accompanied by one 

juvenile.

In general, the Neotragini are poorly represented in the Turkana Basin although they are 

present in small numbers fi*om Nachukui, Shungura and Koobi Fora Formations. In the 

Shungura Formation they occur late in the sequence whereas in the Nachukui they occur 

early in the sequence. This is likely to be due to the larger sample sizes that are associated 

with the members in which these were found, rather than to be related to different 

environmental conditions. Similarly, due to their small size and delicate nature, there may 

be preservational biases and isolated teeth may be easily be missed during field survey 

and collection of fossil material.

The Neotragini are represented by only six specimens in the Nachukui Formation. Table

5.8 and Figure 5.6 show the relative abundances of the Neotragini as a percentage of all 

bovids for the two members of the Nachukui Formation in which they are represented. 

They are plotted as proportions of the whole bovid sample with associated standard 

errors. There are insufficient data to comment on the significance of the relative 

abundances o f Neotragini in relation to likely habitat fluctuation in the Plio-Pleistocene.
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Table 5.8 Summary of Neotragini of the Nachukui Formation.

I I  §1 I M a §
NEOTRAGINI S  I  |  1  |  S  |  3  1  I  I  |  Total

g  ^  Z  I
%

Numbers of
specimens per 1 5 0 0 0 0 0 0 0 6

member

% representation 2.1 1.2 0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0 .0  0.5

Total numbers o f
Bovidae, Nachukui 47 403 88 150 43 125 109 122 44 1131

Formation

p  value 0.616 0.294

Standard Error 0.042 0.011 0

Note: The relative percentages of Neotragini as a total of all bovids, the levels of significance fi’om Chi- 
square (x̂ ) tests and standard error values are shown. If probability p< 0.001 for Id^ the difference is 
considered to be highly significant and p values are marked in bold fece. The p values represent the 
significance of the representation between that member and the adjacent member (i.e. the member to the 
right of it in the table).
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Figure 5.6 The relative abundances of  Neotragini.
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Note: Refer to Chapter 2 (Table 2.1) for dates of members. Figure 5.6a The relative abundances o f  
Neotragini as proportions (y axis) of all Bovidae per member (jc axis) for the Nachukui Formation are 
plotted with error bars representing + 1 standard errors or 95% confidence interval.
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5.4.7 Antilopini

Antilopini are small to medium-sized, gregarious open country antelopes that generally 

live in semi-arid to arid areas and show considerable tolerance to heat (Kingdon 1997, 

Estes 1991). They are cursorially adapted to life in open habitats and all rely on a high 

quality protein-rich diet of herbs, grasses and seeds, especially of Acacia, Balanites, 

Boscia, Sida and Solanum in the dry season. This group includes the extant gazelles, 

dibatag, gerenuk and springbok. Generally the males have larger horns than the females.

The fossil Antilopini are represented by two genera in the Turkana Basin, Antidorcas and 

Gazella. The representative species of Antilopini and the numbers of specimens from the 

Nachukui Formation are indicated in Table 5.9. They are feirly well represented with 101 

specimens and include at least 4 species, namely Gazella cf. granti, Gazella janenschi, 

Gazella praethomsoni, and Antidorcas recki. The main diagnostic features of the teeth 

and horn cores are described in Chapter 3, section 3.5.

The relative abundances of the Antilopini, as a percentage of all bovids for the members 

of the Nachukui Formation, are tabulated and plotted as proportions with standard errors 

(Table 5.9 and Figure 5.7). The relative abundance of the Antilopini declines from 14.8% 

in the middle Lomekwi to 5.3% in the upper Lomekwi Member (p<0.01). This 

corresponds with the increase in the reduncine representation at this time discussed in 

section 5.4.3, indicating that the habitat being sampled was less open and more wet.
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Table 5.9 Summary of Antilopini of the Nachukui Formation.

ANTILOPINI
*©
. f i1l| ii II 11 20

■s1I 01
«
S1
•c
z,

Total

Numbers of
specimens per 3 41 13 8 1 13 4 18 0 101

member

% representation 6.4 10.2 14.8 5.3 2.3 10.4 3.7 14.8 0.0 8.9

Total numbers of
Bovidae, Nachukui 47 403 88 150 43 125 109 122 44 1131

Formation

p value 0.4077 0.2116 0.013 0.41 0.099 0.048 0.004 0.007

Standard Error 0.071 0.03 0.075 0.036 0.046 0.054 0.035 0.063 0 0.02

Note: The relative percentages of Antilopini as a total of all bovids, the levels of significance from Chi- 
square (x̂ ) tests and standard error values are shown. If probability p^.OOl for Idf̂  the difference is 
considered to be highly significant and p values are marked in bold free. The p values represent the 
significance of the representation between that member and the adjacent member (i.e. the member to the 
right of it in the table).
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Figure 5.7 The relative abundances of Antilopini.
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Note: Refer to Chapter 2 (Table 2.1) for dates of members. Figure 5.7a The relative abundances o f 
Antilopini as proportions {y axis) of all Bovidae per member {x axis) for the Nachukui Formation are 
plotted with error bars representing + 1 standard errors or 95% confidence interval. Figure 5.7b The genus 
and species representation o f Antilopini as relative proportions of Antilopini per member.
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There is a significant increase in relative abundance of Antilopini in the Natoo Member 

(18%) from the Kaitio Member (4%) (p<0.01), which would correspond to an opening up 

of the habitat at this time. The Antilopini are less well represented in the Shungura 

Formation (Bobe 1997; Bobe & Eck 2001) implying the poor representation of open 

habitats and as expected they are better represented in the Koobi Formation which points 

towards more open habitats of the basin margins.

5.4.8 Bovin:

The Bovini are the heaviest of the extant Bovidae, and include three living genera, of 

which only one species, Syncerus coffer, inhabits Afiica today, with four recognised 

subspecies. They inhabit diverse habitats from rain forest to open savannas. The forest 

dwelling subspecies tend to be smaller sized and less gregarious than those in open 

country, where herds can reach significant numbers. However, they must all inhabit areas 

close to fresh water as they are heavily reliant on it. The African buffalo are primarily 

grazers but also eat leaves in more wooded habitats (Estes 1991). Both the males and 

females are homed. The main diagnostic features of the teeth and horn cores are 

described in Chapter 3, section 3.5.

Additional genera are known from the fossil record (Gentry 1978c; Harris et a l 1988a; 

Harris 1991) and are well represented in the Turkana Basin. The representative species of 

Bovini and the numbers of specimens from the Nachukui Formation are tabulated in 

Table 5.10. The Bovini are poorly represented in the Nachukui Formation, with only 41 

specimens, from 3 genera: Syncerus and Ugandax, which exploited Plio-Pleistocene 

forests, and the wide-homed open-country form Pelorovis.
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The relative abundances of the Bovini, as a percentage of all bovids for the members of 

the Nachukui Formation, are tabulated and plotted as proportions with standard errors 

(Table 5.10 and Figure 5.8). There is a highly significant increase in the relative 

abundance of Bovini from 2% to 14% in the Lokalalei Member (p<0.001). This is 

followed by a decrease in relative abundance in the Kalochoro Member (p<0.01). This 

would suggest the presence of more closed habitats at least on a local scale.

The increase in the abundance of the large, open habitat Pelorovis, later in the sequence 

of the Nachukui Formation (Figure 5.10b) suggests that habitats return to more open 

conditions. Pelorovis replaces Syncerus later in the sequence (Kaitio Member, ca. 1.7 

ma). This contrasts with the Shungura Formation, where Pelorovis, which shows 

adaptations for more open habitats, is present throughout the section but is most abundant 

in Member F (ca. 2.3 ma). The prevalence of Syncerus in Members B and C suggests the 

presence of closed habitats at this time in the Shungura Formation (Bobe 1997; Bobe & 

Eck 2001).
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Table 5.10 Summary of Bovini of the Nachukui Formation.

Numbers of
specimens per

member 0 6 4 3 6 5 1 0 4 3  41

% representation
0 1 5 2  14 4 9 3 7 4

Total numbers of 
Bovidae, Nachukui

Formation 47 403 88 150 43 125 109 122 44 1131

p  value
0.40 0.07 0.26 0.001 0.02 0.11 0.06 0.32

Standard Error
0 0.012 0.044 0.022 0.1 0.03 0.05 0.03 0.08 0.011

Note: The relative percentages of Bovini as a total of all bovids, the levels of significance fi*om Chi-square 
(X̂ ) tests and standard error values are shown. If probability p^.OOl for Id^ the difference is considered to 
be highly significant and p values are marked in bold face. The p values represent the significance of the 
representation between that member and the adjacent member (i.e. the member to the right of it in the 
table).
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Figure 5.8 The relative abundances of Bovini.
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Note: Refer to Chapter 2 (Table 2.1) for dates o f members. Figure 5.8a The relative abundances o f Bovini 
as proportions (y axis) o f all Bovidae per member (x axis) for the Nachukui Formation are plotted with error 
bars representing + 1 standard errors or 95% confidence interval. Figure 5.8b The genus and species 
representation o f Bovini as relative proportions o f Bovini per member.
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5.4.9 Caprini

Very poorly represented, by only 6 specimens in the Nachukui Formation, the Caprini are 

described in more detail by Harris et al (1988a). These are not described further in this 

study and are omitted from calculations.

5.5. Summary of Plio-Pleistocene bovidae from the Turkana Basin

In this section a summary of the Plio-Pleistocene Bovidae from the Turkana Basin is 

provided in Figure 5.9. The data are drawn from published sources (Coppens 1985; Harris 

et al 1988a & b; Harris 1991; Bobe 1997; Bobe & Eck 2001) and unpublished sources 

(this study). The stratigraphie ranges of bovid species are plotted in Figure 5.9. In Figure

5.9 the stratigraphy is divided into roughly comparable time segments and provides a 

useful reference summary for the analyses that follow in later sections.
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Figure 5.9 Bovid species ranges in the Turkana Basin. (“Ghost ranges’* are shown).
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Nachukui Formation KB LLM MLM ULM LOK KAL KAI NAT MAR

Koobi Fora Formation MO LK TB UB KBS OK CH

Shungura Formation b s A B C D E F LG UG H J K

TRAGELAPHINI
Tragelaphus strepsiceros X X X X X X X
Tragelaphus nakuae X X X X X X X X X X X
Tragelaphus imberbis X
Tragelaphus kyaloe X X
Tragelaphus gaudryi X X X X X X X
Tragelaphus pricei X
Tragelaphus sp. X X X X X X

BOVINI
Syncerus acoelotus X X X
Syncerus sp. X X X X X X X
Pelorovis turkanensis X X X X X
Pelorovis olduwayensis X X X X
Pelorovis sp. X X X X X X X
Ugandax sp. X X X X X
Simatherium kohllarseni X X
Bovini sp. indet X X X X X X X X X

REDUNCINI
Kobus sigmoidalis X X X X X X X X X X X
Kobus cf. ellipsiprymnus X X X X
Kobus cf. kob X X X X X X X X
Kobus cf. leche X X X X
Kobus oricornus X X X X X
Kobus ancystrocera X X X X X X
Kobus sp. X
Menelikia lyrocera X X X X X X X X X
Menelikia sp. X X X X X
Redunca  sp. X X X X
Reduncini sp. indet X X X X X X X X

HIPPOTRAGINI
Hippotragus gigas X X X X
Hippotragus cf. gigas X X X
Oryx sp. X X
cf. Hippotragini X X X

Note: Members KB= Kataboi, LLM=lower Lomekwi, MLM= middle Lomekwi, LILM= upper Lomekwi, LOK=Lokalalei, KAL= 
Kalachoro, KAI= Kaitio, NAT= Natoo, NAR= Nariokotome, MO=Moiti, LK= Lokochot, TB= Tula Bor, UB=Upper Burgi, KBS= 
KBS, 0K = Okote, CH= Chari, bs= Basal, LG= lower G, UG= upper G Yellow shading shows assumed presence o f  taxa as records 
exist above and below. X  denotes an occurrence at that time within the Turkana Basin. The stratigraphy is dividied into roughly 
comparable time sequences this figure and is not a representation o f actual duration (Refer to Chapter 2 for this).
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Nachukui Formation KB LLM MLM ULM LOK KAL KAI NAT NAR

Koobi Fora Formation MO LK TB UB KBS OK CH

Shungura Formation b s A B C D E F LG UG H J K

CAPRINI
Caprini sp. indet X X X X X

AEPYCEROTINI
Aepyceros melampus X X X X X X X
Aepyceros shungurae X X X X X X X X
Aepyceros sp. X X X X X X X X X

ALCELAPHINI
Megalotragus isaaci X X X
M. kattwinkeli X
M egalotragus sp. X X X X X X X
Damaliscus eppsi X X X X
Damaliscus cf. niro X
Damalops X
Damaliscus sp. X X X X X X
Connochaetes gentryi X X X X X
Connochaetes sp. X X
Beatragus antiquus X X X
Beatragus hunteri X
Beatragus sp. X
Parmularius angusticornis X X X
Parmularius altidens X X
Parmularias sp. X X X
Alcelaphini sp. indet X X X X X X X

ANTILOPINI
Antidorcas recki X X X X X X X X X X
Antidorcas sp. X X X
Gazella praethomsoni X X X X X X X X X
Gazella janenschi X X X X X X X
Gazella granti X X X X
Gazella  sp. X X X X X X X X
Antilope aflf. subtorta X

NEOTRAGINI/CEPHALOPHINI
Raphicerus sp. X X X
Neotragini sp. indet X X X X X
Madoqua  sp. 
Cephalophus indet

Note: Members KB= KataboL, LLM=lower Lomekwi, MLM= middle Lomekwi, ULM= upper Lomekwi, LOK=Lokalalei, KAL= 
Kalachoro, KAI= Kaitio, NAT= Natoo, NAR= Nariokotome, MO=Moiti, LK= Lokochot, TB= Tulu Bor, UB=Upper Burgi, KBS= 
KBS, OK= Okote, CH= Chari, bs^ Basai, LG= lower G, UG= upper G. Yellow shading shows assumed presence o f  taxa as records 
exist above and below. X denotes an occurrence at that time within the Turkana Basin. The stratigraphy is dividied into roughly 
comparable time sequences this figure and is not a representation o f actual duration (Refer to Chapter 2 for this).
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5.6. Bovid abundances

The final sections of this chapter are devoted to the relative abundances of bovid tribes as 

percentages of all bovids. Comparisons are made between the Nachukui Formation and 

the Koobi Fora and Shungura Formations. This enables a basin wide interpretation of 

habitat change within the Turkana Basin during the Plio-Pleistocene.

Functional morphology of taxa (Vrba 1975, 1980, 1988; Kappelman 1988; Spencer 1995; 

Lewis 1997) and the composition of fossil assemblages and their diversity (Andrews et al 

1979; Reed 1997; Andrews & O’Brien 2000) have been used to interpret palaeoecology. 

In addition, faunal relative abundances have often been used to reconstruct 

palaeoenvironments (Bobe 1997; Behrensmeyer 1991). The Antilopine-Alcelaphine 

Criterion (AAC) was developed by Vrba (1980) and has been applied in a number of 

studies (Potts 1982, 1988 c; Shipman & Harris et a l 1988a; Plummer & Bishop 1994). 

Vrba (1980) foimd that in modem habitats dominated by open bushland and grasslands, 

the tribes of Antilopini and Alcelaphini always make up the greatest proportion (typically 

>60 %) of the total bovid abundance. Kappelman (1984) combines the proportions of 

Reduncini, Tragelaphini and Hippotragini to indicate closed and or moist habitats. 

Shipman and Harris (1988), used the following combinations of bovid representation to 

interpret the habitat at Olduvai: 1) Antilopini plus Alcelaphini to indicate arid, open 

habitats 2) Bovini plus Reduncini to indicate wetter closed habitats and 3) Tragelaphini 

plus Aepycerotini to indicate closed dry habitats. These combinations can be applied to 

the Nachukui Formation and the Turkana Basin.
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The relative abundances of the tribes of Bovidae are plotted and colour coded to define 

the habitat-indicator bovid tribe combinations discussed above (Figure 5.10). Similar 

habitat indicators should track each other in proportional abundances, increasing and 

decreasing in representation as habitats change.

As can be seen fi-om Figure 5.10 the Antilopini and Alcelaphini largely adhere to this and 

represent open habitats. Similarly the Tragelaphini and Aepycerotini largely track each 

other in relative abundances and are indicative of closed dry habitats. However, when 

Bovini abundances increase, the Reduncini abundances decrease, which suggests that 

they represent quite different habitats in the Turkana Basin and should not be grouped 

together for habitat inference. The Reduncini are increasingly accepted as being be very 

specific indicators of edaphic grasslands near permanent water. Therefore for the 

purposes of this study except for Figure 5.12a in the following section, the Bovini are 

grouped with the Tragelaphini and Aepycerotini and are indicative of closed-dry habitats, 

although some of the bovines such as Pelorovis must have depended on more open 

habitats due to the wide span of their horns.



Figure 5.10 Proportional representation of Bovidae from Nachukui Formation.

I

Nachukui Formation

0.45

0.4

0.35

§ 0.3
r

0.25Ia 0.2

0.15

0.05

millions of years

■^ALCELAPH INI 

-^ A N T IL O P IN I  

-it- REDUNCINI 

-« -B O V IN I  

-«-TRAG ELAPH INI 

O HIPPOTRAGINI 

> AEPYCEROTINI 

 NEOTRAGINI

Note: The habitat preferences o f the Bovid tribes as defined by Vrba (1980) and Shipman & Harris (1988) are colour coded. Yellow  
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5.6.1 Relative Bovidae abundance of the Nachukui Formation

The overall relative abundances of the tribes of Bovidae by member are plotted in Figures 

5.11 and 5.12. Figure 5.12a represents the proportional representation of inferred habitats 

from bovid relative abundances when the Reduncini are grouped with the Bovini. In 

Figure 5.12b the Bovini are combined with the Tragelaphini and Aepycerotini and the 

Reduncini are plotted alone. Although similar patterns can be observed with time for both 

Figures 5.12a and 5.12b, the latter is likely to be more representative of habitat 

abundances and these combinations of bovids are used in further interpretations below.

In the Nachukui Formation, the dominant bovid representation of Antilopini and 

Alcelaphini infer open habitat presence. However, there are two significant deviations 

from this. At 2.5 ma the Reduncini significantly increase in abundance, suggesting the 

presence of wet edaphic grasslands and at 1.7 ma, closed dry habitat bovids become 

abundant. The statistical significance of the increased relative abundances of Bovidae in 

certain members was explored in earlier sections of this chapter. The relative abundances 

of the Reduncini appear to fluctuate more through time than do the other tribes, which 

would suggest that reduncine habitats are not a permanent feature in the Turkana Basin. 

However, the general trend indicates that habitats become increasingly wetter and closed 

around 2.5 ma, subsequently opening and drying again in later times, especially around 

1.7 ma. This is contrary to what has been suggested to happen on a global scale. Vrba 

(1985a, 1988) has noted major global climatic and environmental shift from mesic, closed 

to xeric open habitats occurring in the Late Pliocene (ca. 2.5 ma).



- 193-

Figure 5.11 Relative abundances of bovid tribes as percentages of all bovids of the
Nachukui Formation.
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Figure 5.12 Relative bovid abundances of the Nachukui Formation represented as
habitat categories.
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This drying and opening up of habitat is suggested to have contributed to a pulse in 

spéciations and extinctions, especially of the bovid faunas and Homininae. To examine 

whether the habitat signal from the Nachukui Formation Bovidae is a local phenomenon 

or found elsewhere in the Turkana Basin, comparisons are made with the Koobi Fora and 

Shungura Formations.

5.6.2 Relative Bovidae abundance of the Shungura Formation

The overall relative abundances of the tribes of Bovidae with time are plotted for the 

Shungura Formation in Figure 5.13. In this formation the majority of the bovid fauna is 

comprised of Reduncini and Aepycerotini with a large proportion of unidentified bovid 

specimens. This is due to the high proportion of isolated teeth that could not be 

convincingly assigned to taxa (Bobe 1997; Bobe & Eck 2001). The high numbers of 

isolated teeth has been associated with the fluvial preservational environment of the Omo 

River. The unusually high relative abundance of Aepycerotini in the Shungura Formation 

reflects the dominant riverine woodland habitat along the banks of the ancestral Omo 

River and a preferred habitat of extant Aepycerotini. With the high rates of sedimentation 

associated with a permanent fluvial system, the remains of Aepycerotini would be 

commonly preserved. Similarly high abundances would be expected for cercopithecines, 

as was observed in section 4.3.6.
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Figure 5.13 The relative a bundances  of bovid tribes as percentages of  all bovids of
the S h u n g u ra  Form ation.
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The overall picture of the Shungura Formation habitats as depicted by the combined 

relative abundances of bovid tribes is plotted in Figure 5.14a and 5.14b. In Figure 5.14b, 

bovid abundances of the Nachukui Formation taken from Figure 5.12b, are plotted as an 

overlay plot using dashed lines to facilitate comparison between these two formations.

In the Shungura Formation, closed dry habitats prevail as the most abundant regime 

throughout the section below 2.3 ma but are replaced in dominance by closed wetter 

habitats after this time. There is a distinct lack in the representation of open habitat bovids 

throughout the sequence in the Shungura Formation, although they begin to feature and 

increase in the section after 2.0 ma.

The striking difference in habitat signals between the Shungura and Nachukui Formations 

is observed in Figure 5.14b. When the closed dry bovids are most abundant in the 

Shungura Formation, the Nachukui Formation shows a contrastingly low abundance of 

closed dry bovids and high representation of Reduncini. Similarly in later members when 

the Shungura Formation is represented by high abundances of Reduncini, the Nachukui 

Formation has the highest representation of dry closed country bovids. These data do not 

provide evidence in support of dominant regional scale influences on habitat such as 

climate change, but instead show that habitat differences within the basin are more likely 

to be driven by local factors such as tectonics and/or the lateral position of the main axial 

and marginal depositional systems within the basin.
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Figure 5.14 Relative bovid abundances of the Shungura Formation represented as
habitat categories.
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5.6.3 Bovidae relative abundances of the Koobi Fora Formation

The majority of the bovid fauna from the Koobi Fora Formation is comprised of 

Reduncini, followed by similar proportions of Tragelaphini and Alcelaphini (Figure 

5.15). The poor representation of Bovidae indeterminate specimens in the Koobi Fora 

Formation is primarily due to the exceptional preservational environment of the 

sediments, and the resulting abundance and recovery of relatively complete material. 

Therefore, isolated teeth and unidentifiable remains were often left uncollected and thus 

are not sanç)led. The hiatus in sedimentation from ca. 2.5 ma to 2.0 ma does limit the 

extent to which these data can be reliably compared to the other geological formations. 

The overall picture of the Koobi Fora Formation habitats from the Bovidae is shown in 

Figure 5.16 where the combined relative abundances of bovid tribes with habitat 

preference are plotted. In Figure 5.16b, bovid abundances of the Nachukui Formation 

(Figure 5.12b) are plotted as an overlay plot using dashed lines to fecilitate comparison 

between these two formations. Figure 5.16b shows that closed wet habitats predominate 

throughout the sequence, with equal proportions but less abundant open and closed dry 

habitats also prevalent. The early part of the section (below 3.5 ma) is represented by 

smaller sangle sizes and so the relative abundance data may be less reliable.
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Figure 5.15 Relative abundances o f bovid tribes as percentages of all bovids o f the 
Koobi Fora Formation.
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Figure 5.16 Relative bovid abundances of the Koobi Fora Formation reprsented as
habitat categories.
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Figure 5.17 Summary of Plio-Pleistocene habitat representation the Turkana 
Basin. {Note: Dominant habitat read from the relative abundances in section 5.6).
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In general the relative abundances of open habitat bovids are less well represented in the 

Koobi Fora Formation than in the Nachukui Formation. This suggests that wider habitat 

regimes are being expressed as a result of the more dominant influence of the marginal 

system fl-om the west of the basin due to higher relief than that of the east.

In Figure 5.17, the dominant habitat types, as depicted by combined relative tribal 

abundances for individual members of each of the three formations, are illustrated. This 

figure provides a coarse summary of habitat representation, particularly because 

fossiliferous horizons are not continuous throughout the sequence but are generally 

associated with fluvial deposition. The fluvial, lacustrine and alternating fluvial and 

lacustrine deposits within individual formations are indicated alongside the habitat 

representation, as local influences such as lake presence/absence or the position of major 

rivers within the basin appear to play a more dominant role in influencing habitats. The 

colours of the three habitat categories used in Figure 5.17, correspond to those used in the 

plots in section 5.6 and from which the depicted habitat dominance has been summarised 

for each member.

All three formations show different dominant habitat regimes for similar time periods, 

although the Shungura Formation stands out as being most different from the Nachukui 

and Koobi Fora Formations. This is a clear indication that habitats are predominantly 

influenced by local effects within the basin although larger scale phenomena would have 

certainly played a role. The Shungura Formation appears to have been drier before 2.0 ma 

and wetter after 2.0 ma. This time (ca. 2.0 ma) is associated with the marked transition in 

the depositional environments of the Shungura Formation, when lacustrine deposits 

become increasingly abundant (Figure 5.17). At these low latitudes, nearer to the equator.
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the range in annual temperatures would be far less extreme than further north and 

therefore habitats and associated faunas would be less likely to be affected. The Turkana 

Basin, during the Plio-Pleistocene, may have provided refiige to fauna from the wider 

effects of cooling and drying of habitats as a result of global climatic forcing, especially 

due to the permanent existence of the ancestral Omo River flowing into the basin from 

the north. The formation of the ancestral lakes, thought largely to be influenced by 

tectonics, would have represented large bodies of water, which would certainly have had 

an influence on local faunas. However, there is no apparent relationship between lake 

presence and habitat representation in the Nachukui and Koobi Fora Formations (Figure 

5.17), supporting the suggestion that lake presence is influenced by local effects rather 

than global, climate-related phenomena.

5.7 Chapter summary

In this chapter, an overview of the Bovidae of the Turkana Basin was given with specific 

attention paid to the relative abundances of Bovidae of the Nachukui Formation. 

Comparisons were made with the Shungura and Koobi Fora Formations with regard to 

relative bovid abundances and changing habitats. The Nachukui Formation supports the 

highest relative abundances of open habitat and closed wet habitat bovids, with 

considerably lower abundances of closed dry habitat bovids. After 1.7 ma closed-dry 

habitat bovids become dominant alongside the open habitat ones. This shift in local 

conditions around 1.7 ma may have been the result of a more widely recognised climatic 

drying at this time. This is supported by the pattern seen for the Koobi Fora Formation 

where the closed dry habitat and open adapted forms also increase in abundance after 2.0
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ma. However, in the Koobi Fora Formation the closed-wet habitat bovids, represented by 

the Reduncini, remain dominant. The Shungura Formation is less well represented by 

localities higher in the section, but it is apparent that the Alcelaphini begin to increase in 

abundance after 2.5 ma which would support the presence of more open habitats. The 

dominant habitat type of the Shungura Formation, as sampled fi’om bovid abundances, is 

closed-dry habitat, probably similar to that found in the region today.

When relative faunal abundances are used to interpret palaeoenvironment, it is important 

to realise the effect of taphonomy and the biases that may be introduced as a result. 

Faunal abundances should certainly not be relied on as the only indicators of habitat and 

habitat variation. Additional information, fi*om studies such as morphological adaptation 

(Plummer & Bishop 1994; Kappelman et al. 1997; Reed 1997b; Scott et al. 1999) stable 

carbon isotope analyses (Cerling et al. 1999), dental micro wear (Solounias & MoeUeken 

1993) and body weight estimations (Scott 1983, 1985; Delson et al. 2000), must be 

sought to support palaeoenvironmental hypotheses. Ultimately a multidisciplinary 

approach to address specific questions using as many of these techniques in combination, 

will provide more reliable interpretations of habitat change. It is important to realise the 

limitations of these different techniques in isolation for interpreting habitat.

With a significant proportion of isolated teeth in the bovid sample for the Nachukui 

Formation, this sample provides the opportunity to apply alternative techniques to attempt 

to identify habitat variation. Body size estimates fi*om isolated teeth can be used to 

provide a taxon-fi*ee approach to understanding changes in the bovid fauna with time. 

Body size can be used to provide a different approach to understanding changes within
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faimas rather than through basic examination of abundances. These techniques are 

explored in the following chapters.
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Chapter 6

BODY WEIGHT PREDICTION EQUATIONS FROM EXTANT

BOVIDS

6.1 Introduction

In the previous chapter, the fossil Bovidae assemblage of the Plio-Pleistocene of the 

Turkana Basin, including the new material from the Nachukui Formation, was examined. 

The relative abundances of Bovidae tribes, their likely habitats, and the implied 

palaeoenvironments present for each of the three formations of the Turkana Basin were 

discussed. In order to explore the fossil collection of Bovidae further, the body weights of 

specimens are estimated, and the implication of this data to provide a broad interpretation 

of habitat type. Previous studies have shown that body size is a useful tool in 

palaeontological studies of mammals, including the interpretation of palaeohabitat and 

palaeoenvironment (Fleagle 1978; Andrews et. al 1979; Janis 1982, 1984; Fleagle 1985; 

MacFadden & Hulbert 1990; Andrews & O’Brien 2000). However, prior to this study, the 

body weight estimation of extant and extinct Bovidae from skeletal, cranial or dental 

material was restricted to using the limited available published equations in Janis (1990), 

Scott (1990, 1985), Damuth & MacFadden (1990). This is because original live mass data 

for herbivore skeletal elements is hard to obtain with which to formulate comparative 

equations. These published body weight prediction equations have drawbacks and 

limitations due to the associated and often large error margin, especially in the estimation 

of body weight from dental variables (Conroy 1987; Fortelius 1990; Damuth 1990). 

Therefore, to inprove on the available regression equations and to investigate the quality
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of the published body weight estimation equations for the Bovidae, the collection of new 

data was required.

In this chapter, new estimation equations are formulated from measurements of modem 

bovid skeletal elements, using Ordinary Least Squares Regression (OLS) of log 10 

transformed data. The estimator equations are tabulated and the strengths and weaknesses 

of the equations are discussed. Different subsets of variables using combinations of 

adults, juveniles, live weights, dressed weights, males and females are explored and used 

to formulate the prediction equations. The new prediction equations are compared with 

the published equations to determine their strengths and weaknesses. The advantages of 

using the new predictions as opposed to those previously available for body weight 

prediction are discussed.

Data were also collected for tooth dimensions of 28 modem bovid species that did not 

have associated tagged mass data and original body weights were estimated using all 

available equations, as a means to compare estimation techniques. Estimated body 

weights are plotted against lower first molar area (LMIA) for each of the bovid tribes. 

This provides useful background information on tooth dimensions and body weight 

ranges, which can be referred to in the identification of new fossil collections.
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6.2 The modern sample of Bovidae from Athi River Game Ranch for the 
formulation of prediction equations.

The data were collected from a sample of modem antelopes cropped on a game ranch 

over the course of 11 months between January and December 2000. The summary of the 

total collection is provided in Chapter 3 (Table 3.3) and is made up of six bovid species; 

wildebeest {Connochaetes taurinus), hartebeest (Alcelaphus buselaphus cokeii). Grant’s 

gazelle {Gazella granti), Thomson’s gazelle (Gazella thompsoni), impala (Aepyceros 

melampus) and oryx {Oryx beisd). A total of 76 measurements were taken from the 

following skeletal elements: cranium, mandible, femur, tibia, astragalus, radioulna, 

humerus, metacarpus, and metatarsus. These measurements enconq)ass a range of distal 

and proximal articular joint measurements as well as fimctional and maximum lengths. 

However, an important consideration for the selection of measurements in this study was 

that they needed to be easily replicated by other investigators.

Figure 6.1 illustrates the range of body weights for both adults and juveniles that were 

collected in this study. The body weights range from 11 kg, that of a small female 

juvenile Thomson’s gazelle, to 235 kg, that of a large male adult wildebeest. These data 

are a valuable resource in that detailed information is known for each animal such as sex, 

age of individual, date of collection. These data will enable this modem sample to be 

further explored in future studies. Table 6.1 provides a summary of the assigned wear 

classes and the approximate ages and live body weights of the specimens collected from 

Athi River Game Ranch. Ages were calculated from published descriptions of eruption 

studies as described in Chapter 3, section 3.3.2. Adults were defined as those animals 

with a fully empted and occluded adult dentition, whereas juveniles and sub-adults had 

deciduous dentitions or empting adult dentitions. Juveniles and sub-adults, as expected.
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have lower body weights than adults although some of the sub-adults overlap with the 

body weights of the adults.

Figure 6.2 illustrates the differences in range of live body weights of adults and juveniles 

whereas Figure 6.3 demonstrates the range in the dressed body weights of adults and 

juveniles. Table 6.2 shows the calculation of the average percentage body weight that is 

discarded in each of the six species of Bovidae. The discarded weight, made up of homs, 

hooves, head, body fluids and viscera is equal to the dressed weight subtracted from the 

original live weight.

The live, dressed and discarded body weight ranges for males and females are plotted for 

the different species of Bovidae in Figure 6.4, 6.5 and 6.6 respectively. In most instances 

the mean body weights of males are heavier than those of females. Average discarded 

weights are greater in the males than in the females. No pregnant females were culled at 

the time of study but had pregnant females been included in the sample more variation 

would be expected in the range of female body weights. The variation in the body weight 

range of dressed and discarded weights can be explained by several factors including 

variation in the gutting techniques, condition of animals and seasonal changes in body fat 

content.



- 2 1 1 -

Figure 6.1 Range of original live body weights of the modern bovid collection
from Athi River.
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These body weights were used in the formulation of prediction equations. The data include males, females 
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whiskers are lines that extend from the box to the highest and lowest values Outliers are those cases which 
fall between 1.5 and 3 box lengths from the upper and lower edge of the box and extreme values are those 
cases outside this range. The line across the box indicates the median. N values on the x axis represents 
numbers of specimens.
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Table 6.1 Summary of eruption sequences, age estimates and body weights of 
bovids collected from Athi River Game Ranch.

T ooth eruption stage 1 Age estimate
See caption tor

source.

n i
1 g II 
l . î  1!
I l l  111

Body weight data from 
this studv

dp2-4, m l,m 2 e 1 13 +  5 months 3 13.0 11.0
dp2-4, m l -2 , m 3e 2 22 +  5 months 1 0.0 11.0
p2-4, m l -3 A D U L T 3 25 +  3 months 11 19.6 23.0

Hartebeest
dp2-4, m l 1 7-9 months 2 85.0 60.0
dp2-4, m l ,  m 2e 2 10-11 months 12 69.8 79.4
dp2-4, m l-2 3 19-23 months 6 80.0 78.3
dp2-4, m l -2 , m 3e 4 23 months 18 91.4 92.5
p2e, dp3-4, m l -2 , m 3e 5 5 0.0 92.0
p2-3e, dp4, m l -2 , m 3e 6 25 months 12 101.7 100.8
p2-4, m l-3 e 7 7 96.7 117.5
p2-4, m l -3 A D U L T 8 26-28 months 90 105.2 115.7

Wildebeest
dp2-4, m le 1 1 0.0 80.0
dp2-4, m l ,  m 2e 2 19 133.1 130.0
dp2-4, m l -2 3 6 140.0 141.0
dp2-4, m l -2, m 3e 4 no age data 12 140.8 153.8
p3e, dp4, m l -2, m 3e 5 5 0.0 165.0
p3-4e, m l -2 , m 3e 6 6 166.3 175.0
p3-4e, m l -3 7 1 180.0 0.0
p3-4, m l -3 A D U L T 8 65 164.1 182.0

Grant's Gazelle
dp2-4, m l 1 1 0.0 21.0
dp2-4, m l ,  m 2e 2 7 months 6 31.0 41.8
dp2-4, m l -2 3 5 30.5 29.0
dp2-4, m l -2, m 3e 4 15 months 11 31.7 40.4
dp2-4, m l -3 5 17 months 1 0.0 41.0
p2-4e, m l -3 6 1 .5 years 3 35.0 47.5
p2-4, m l-3 A D U L T 7 2.5 years 72 45.4 57.3

Thomson's Gazelle
dp2-4, m l -2, m 3e 1 10-12 months
p2-3, dp4, m l -2 , m 3e 2 15-20 months 2 41.5 0.0
p2-4, m l -3 A D U L T 3 20-24 months 15 47.5 62.4

Oryx
dp2-4, m le 1
dp2-4, m l ,  m 2e 2 5 113.3 115.0
dp2-4, m l -2, m 3e 3 no  age data 2 130.0 130.0
p2, dp3-4, m l-3 e 4 3 0.0 135.0
p2-4, m l -3 A D U L T 5 29 142.9 158.2

Published eruption sequences and ages were: hartebeest (Mitchell 1965), impala (Spinage 1971; Rottcher & 
Hofifinan 1970; Kerr 1965), Thomson’s gazelle (Spinage 1976), Grant’s gazelle (Robinette 1971), 
wildebeest (this study) and oryx (this study. Note: dp = deciduous premolar, e= erupting, m= molar.
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Figure 6.2 Live body weight ranges o f adult and juvenile bovids from Athi River 
G am e Ranch.
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Figure 6.3 Dressed body weight ranges o f  adult and juvenile bovids from Athi
River Gam e Ranch.
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Table 6.2 Summary of live, dressed and average discarded body weights for 
male and female bovids.

Males & Females Males Females

Wildebeest
Body Weight 

Dressed Weight 
B W - D W  

% discarded

2  ’§ s
54 130 235 174 
60 70 120 90 

84 
48

I
t
27
13

Z % ^  ^
18 180 235 206
19 83 120 103

103
50

I
t
17
10

Z % ^  
36 130 180 
41 70 116

s  s
158 12.33 

83.7 8.642
73.9
46.9

Hartebeest
Body Weight 

Dressed Weight 
B W - D W  

% discarded

Z
88
85

i§ s  s
60 150 110 
41 74 59 

51 
47

I
I
14

7.8

Z
37
35

i§ s  :s
85 150 117 
47 74 64 

53 
45

I
I
14
7

Z
51
50

3  s
60 125 
41 69

105
55.3 
49.8
47.4

&
1

12.12
6.285

.£ * I 1
73 .s N 1 1

73 .s 1
1
7 3

Impala Z S (/3 2 S C/D 2 C/D

Body Weight 15 28 69 54 11 7 60 65 62 2.1 8 28 69 47.5 11.8
Dressed Weight 

B W - D W  
% discarded

13 16 40 30
24
44

7.4 6 34 40 37
25
41

2.6 7 16 30 24.7
22.8 

48

4.68

Grant's .S N §
1
7 3 ë 1 §

1
7 3 .s 1

1
7 3

gazelle 2 S C/D 2 s C/D 2 C/D

Body Weight 68 29 71 51 10 35 29 71 57 9.4 33 31 69 45.3 6.235
Dressed Weight 

B W - D W  
% discarded

72 18 43 29
22
43

6.1 37 18 43 33
24
43

5.6 35 18 41 25.2 
20.1
44.3

3.561

Thomson's
gazelle

Body Weight 
Dressed Weight 

B W - D W  
% discarded

Z
10
8

I I
17 25 
9 14

21
12

9.5
45

I
i
2.6
1.9

%
20
11

25
14

23
13
10
43

I
i
2.2
1.4

17
9

22
11

S I
19.6 1.855 

10 0.816 
9.58 
48.9

Oryx
•S §

1
7 3 •S 1 1

1
7 3 .s §

1
7 3

2 C/D 2 2 C/> 2 s C/D

Body Weight 28 125 180 151 15 14 135 180 158 14 14 125 170 143 12.97
Dressed Weight 

B W - D W  
% discarded

29 54 99 79
72
48

9.5 15 54 99 82
76
48

11 14 66 86 75.2
67.6
47.4

6.447

The dressed weights are measured independently and thus the discarded weight, comprising body fluids, skin, 
homs, viscera skull and metapodials, can be calculated. The average discarded weight is provided (BW-DW) for 
each species and can be added to estimated dressed weights to give a predicted live weight. The average 
discarded weight as a percentage representation of average live body weight is given (% discarded). N 
represents the sample size.
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There is some sexual dimorphism evident in the modem Bovidae used in this study, 

which will inevitably introduce unavoidable bias into the estimation equations (Figure 

6.4). For the purposes of the calculation of estimation equations in this study, the males 

and females are pooled. However, since it is not possible to accurately assign isolated 

bovid teeth, fossil or modem, to sex categories, the body weight estimates based on 

isolated teeth will always represent the mean estimate for males and females. This may 

not be too great a problem, however, for tooth lengths of Alcelaphini, which display the 

most dimorphism out of the six bovid species used in this study (Figure 6.4), do not 

exhibit sexual differences in their tooth dimensions. Neither is variation in evident 

between males and females for sexually dimorphic tribes such as Reduncini and 

Aepycerotini.
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Figure 6.4 Live body weight ranges of male and female bovids from Athi River
Game Ranch.
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F igure 6.5 D ressed body w eight ranges of m ale and  fem ale  bovids from  A thi
R iver G am e R anch.
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The box represents the interquartile range which contains the 50% of values. The whiskers are lines that 
extend from the box to the highest and lowest values excluding outliers. Outliers are those cases which fall 
between 1.5 and 3 box lengths from the upper and lower edge of the box and extreme values are those cases 
outside this range. The line across the box indicates the median. N values on the x axis represents numbers 
of specimens of adults and juveniles for each tribe and the line across the box indicates the median. N 
values marked on the x axis, represent numbers of specimens of males and females for each tribe.
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Figure 6.6 Discarded body weight ranges of male and female bovids from Athi
River Game Ranch.
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The discarded weight is the dressed weight subtracted from the live body weight and is representative of, 
head, homs, hooves, metapodials, viscera and body fluids. The box represents the interquartile range which 
contains the 50% of values. The whiskers are lines that extend from the box to the highest and lowest values 
excluding outliers. Outliers are those cases which fall between 1.5 and 3 box lengths from the upper and 
lower edge of the box and extreme values are those cases outside this range. The line across the box 
indicates the median. N values on the x axis represents numbers of specimens of adults and juveniles for 
each tribe.
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6.3 Considerations for the selection of variables used in prediction equations

Variables were selected to conform, where possible, to those used by other authors for 

body weight estimation of Bovidae (Scott 1983, 1985; Janis 1990). In addition some 

ecomorphic measurements (Kappelman 1988; Plummer & Bishop 1994) were included as 

well as new measurements selected for this study. The details of all measurements are 

described and illustrated in Chapter 3, section 3.1.1. Measurements of postcranial 

elements should provide better data with which to formulate body weight prediction 

equations as sexual dimorphism is more pronounced in weight bearing skeletal elements. 

Tighter correlations should be expected between measurement variables of weight 

bearing limb bones and body weight than between tooth variables and body weight.

6.3.1 Teeth

The main function of teeth is processing food. Relationships between tooth size and body 

size have been investigated for several taxonomic groups of extant mammals including 

primates, rodents and bovids (Gould 1975). Certain studies have focused on the nature of 

allometry between tooth size and body size to determine whether teeth scale 

proportionally to metabolic rate or to body size. Similarly there has been considerable 

discussion regarding the utility of teeth for the inference of body size and dietary habits of 

extinct mammals (Creighton 1980; Gould 1975). Teeth are easily identifiable and are 

more readily preserved in the fossil record and are thus better represented m most fossil 

vertebrate assemblages than are other body parts. Added to this, isolated teeth are more 

often collected than isolated postcranial remains, especially in the family Bovidae. Bovid 

teeth are readily identifiable to the tribal level in most instances although the



-221-

morphologies of the teeth of certain tribes are less easily distinguished. Considerations 

must be made for variation in tooth size due to wear stage. Unoccluded teeth or lightly 

worn teeth will not provide a maximum tooth width at the occlusal surface, as is required 

for accurate measurement of those variables in this study.

6.3.2 Postcrania

Some elements of the postcrania, especially in the weight bearing elements of terrestrial 

vertebrates have been shown to be better candidates for body weight prediction than teeth 

(Alexander 1977, 1985; Alexander et al. 1979; Scott 1985, 1990; Gingerich 1990; Delson 

et al. 2000). This is due to the strong relationship between certain skeletal elements with 

body weight and biomechanics. Therefore, the measurements of postcranial joints and 

articular surfaces have been shown to be reliable predictors of body weights (McHenry 

1976; Rightmire 1986; Kappleman 1988; Jungers 1988a & b, 1990). There is a regrettable 

lack of postcranial remains in the fossil collections from the Turkana Basin with which to 

make meaningful investigations. Additional fossil material needs to be collected and 

analysed in conjunction with ecomorphological studies. However, although only a limited 

sangle of fossil postcrania was available from the Turkana Basin collections, postcranial 

variables were measured and the prediction equations were formulated with which to 

interpret body weights of fossil antelopes.

Ecomorphological variables from limb bones of bovids are useful in palaeoenvironmental 

studies as they have been shown to reflect adaptations for locomotion and habitat type 

(Gentry 1970; Scott 1979, 1985; Scott et al. 1999; Westyle 1982). Bovid locomotor 

patterns are related to specific patterns of food searching and predator avoidance 

strategies, which are habitat specific (Kappleman 1988). Bovids are primarily grazers at
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largest body size, folivores and fixigivores at the smallest body size, whereas bovids of 

intermediate body size are generally mixed feeders (Jarman 1971, 1974; Jarman & 

Sinclair 1979; Underwood 1983). The large size of grazing Bovidae favours their 

survival through times of food shortage, because they are better adapted to move longer 

distances in search of fodder. Kappleman (1988) shows that bovids at the extremes of the 

habitat and diet spectrum exhibit locomotor adaptations that facilitate their food 

searching. Thus a high degree of cursoriality would be beneficial to open country bovids 

that require the ability to travel greater distances in search of food, whereas 

manoeuvrability is seen in bovids from closed habitats that need to move safely in more 

restricted spaces (Kappelman 1988).

Measurements taken for ecomorphological studies, such as the femoral measurements 

described by Kappelman et al (1988) and those of metapodials, described by Plummer & 

Bishop (1994), typically show strong relationships with body size. In morphological 

studies measurements are often converted into ratios so as to create size independent 

samples and to ensure that morphology rather than hody weight is determining habitat 

groupings in analyses. Despite on going criticism for using rations to remove the effects 

of size (Packard & Boardman 1987, 1988; Albrect 1978; Toth et a l 1993), Smith (1998) 

verifies the validity of this technique.

For instance, habitat-specific metapodial morphologies reflect the degree to which 

cursoriality is used as a predator avoidance strategy, which relate to differences in joint 

stabilisation (Plummer & Bishop 1994). Similarly, femoral morphology is related to the 

degree of cursoriality displayed by bovids (Kappelman 1988). Femur head shape is more 

oval in cursorial open-country antelopes and more spherical in closed-habitat antelopes
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and the articular surface of the femur head is more vertically oriented in forest-adapted 

bovids than is foimd in open country adapted bovids (Kappelman 1988). These shape 

differences can occur in animals with different body weights. Plummer & Bishop (1994) 

used metapodial measurements to generate dimensionless ratios to reflect the shape and 

proportions of morphological features and applied a Discriminant Function Analysis to 

interpret habitat.

6.4 Ordinary least square regressions

The data collected during this study are valuable in that live body weights have been 

obtained for a large sanq)le of six species of Bovidae, from which dental and skeletal 

elements can be measured to formulate body weight prediction equations. This is an ideal 

data set for testing the relationship between body mass and skeletal and dental measures. 

The live body weights of the sample range from 11 kg through to 235 kg. Although some 

of the fossil body weights may exceed this range the majority of the specimens fall within 

it. Bivariate Ordinary Least Square (OLS) regression is used to estimate the body mass in 

extant and extinct bovid species. OLS techniques have been used in previous studies so 

employing this technique allows direct comparisons to be made. The aim of this study is 

to be able to predict the taxon mean body mass (a unique y variable) from a given skeletal 

or dental measurement (x variable) and to be able to compare the regression equations 

with those formulated in other studies. An assumption of the OLS model is that body 

masses and skeletal measurements are made without error. This cannot be ensured, but it 

can be considered acceptable if the error introduced is randomly distributed and is small 

relative to the total range of data (Delson et al. 2000). Linear estimation models are
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constnicted from logarithm (base 10) transformed data of variables and body weights 

from the Athi River Game Range sample.

6.5 Identification of reliable estimation equations

The reliability of estimation equations, that is those displaying strong correlation between 

body mass and the predictor variable, can best be assessed using the values of mean 

prediction error (MPE) or mean of the absolute values of the prediction errors (PE) 

summed over all taxa. The calculation of MPE is detailed in Chapter 3, section 3.4.3. A 

reliable estimator equation should have a low MPE. The correlation coefficient or 

coefficient of determination (r^), should reflect a significant correlation of the predictor 

variable with mass, and also provide insight into reliability. A reliable estimator should be 

characterised by a significant percentage of the estimated body weights of taxa to fall 

within a reasonably small percentage of their actual masses. For postcranial elements this 

would be higher than for those of teeth as they have been shown to produce better 

estimates (Damuth & MacFadden 1990; Dagosto & Terranova 1992). The percent 

standard errors of the estimate (% SEE) allows the distribution of predicted body weights 

to be examined. Calculating the percentage of points that fall within 20% and 30% of the 

actual body weights provides a further usefiil indication of predictive accuracy but the 

range of estimates needs to be determined with respect to the group under study (Delson 

et al 2000). In addition the individual correction factors. Quasi Maximum Likelihood 

Estimator (QMLE), Ratio Error (RE), and Smearing Estimate (SE) can also be used to 

identify good prediction equations. Application of correction factors to published body 

weight estimates was shown to increase the mass values (Delson et al 2000). Smith
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(1993a & b) showed that when correction factors are less than approximately 10% then 

the three correction factors consistently converge. Where the difference is greater, then 

there is good reason to reject the prediction equation.

On the basis of these criteria all the regression equations were ranked into order of 

reliability using MPE and thus for any one species the body weight can be predicted 

according to the best available equation for that specimen.

6.6 Subsets of data used for predictive equations

Several subsets of data were used to explore possible predictive equations generated from 

the Athi River collection, taking into account the sample size, sex and age of the 

individuals. The predictions generated from these subsets are tabulated and discussed 

below.

The subsets of data included the following combinations of adult, juveniles, females, 

males, tribes, species, live weights and dressed weights.

1. Adult individuals from a single species (wildebeest)

2. Adult individuals from a single tribe only (Alcelaphini = wildebeest & hartebeest)

3. Adults and Juveniles —from all species (this study)

4. Adults only- from all species using dressed body weights

5. Adults only- from all species using live body weights
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A summary of prediction statistics, sample size, correlation coefficient, mean percentage 

error, percentages of points that fall within 20% and 30 % of observed mass, and the 

correction factors are tabulated for two dental and two postcranial variables- lower first 

molar area (LMIA), upper second molar length (UM2L), mediolateral measurement of 

the proximal metacarpus (MCPML), and mediolateral measurement of the distal 

metatarsus (MTDML) respectively. The descriptions and drawings of these variables are 

provided in Chapter 3, section 3.3.1. The tables in the following sections illustrate how 

the accuracy of prediction equations are affected by reduced sample sizes and body size 

ranges and reliability of the different subsets of data are discussed.

6.6.1 Adults only single species regressions

In this subset adult wildebeest, males and females, were used to generate the predictive 

equations (Table 6.3). The distribution of points fi’om the four variables is illustrated in 

bivariate plots to show the strength of correlation (Figure 6.7). This subset totals 60 

individuals. As the analysis is restricted to a single species, there is a reduced range of 

body weights. The adult wildebeest body weights range fi’om 130 kg to 235 kg with a 

mean of 173 kg. There is increased vertical scatter of points above and below the 

regression line, which decreases the value of the correlation coefficient (r^). The two 

postcranial variables display better correlations (r  ̂ = 0.43 and r̂  = 0.61) compared to 

those of the teeth (r  ̂= 0.02 and r̂  = 0.004) and the mean percentage error (MPE) values 

are good, between 17% and 18% for the two postcranial variables. Added to this, high 

percentages of estimated body weights fall within 20% and 30% of the actual mass, 

especially for the postcrania. However, these predictive equations would be limited to 

estimating body weights of species of alcelaphines in this body weight range only and in 

terms of application to the fossils, it is unusual to be able to identify isolated postcrania to
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species. More general equations would be better suited to the estimation of fossil body 

weights. Single species regressions were therefore not used in further analyses.

Table 6.3 Single species regression (wildebeest only) output of bovid live weight.

Subset of Data

lA

> Z. %
8 j 1 o«S I 1

O' 8

UMIA 51 0.02 0.07 16.62 2.02 0.14 27 87 25 1.006 1.089 1.032

WILDEBEEST LMIW 50 0.004 0.06 16.01 2.07 0.16 44 94 23 1.006 1.074 1.026

body weights MCPMl 45 0.43 0.05 12.81 -1.82 2.48 75 0 17 1.004 1.015 1.001

MTDMI 47 0.61 0.04 10.32 -3.49 3.47 60 90 18 1.002 0.956 0.975

Variables regressed were: upper first molar area (UMIA), lower first molar width (LMl W), mediolateral 
measurement of the proximal metacarpus (MCPML), and mediolateral measurement of distal metatarsus 
(MTDML). (Refer to Chapter 3, section 3.3.1 for drawings). The constant, regression slope, correlation 
coefficient (r̂ ), percent standard error of estimate (%SEE), mean prediction error (MPE) percentage of 
points that fell within 20% and 30% of the actual values, and the correction fectors Q u ^  Maximum 
Likelihood Estimator (QMLE), Ratio Estimator (RE) and Smearing Estimate (SE) are indicated.
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Figure 6.7 Bivariate correlations for single species regression (wildebeest only) of 
live weights {r^ and the resulting regression equation y=mx+c is indicated in each 
case).
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6.6.2 Adults only tribal based regressions

In this subset the adult alcelaphines (wildebeest and hartebeest), males and females, were 

used to generate the predictive equations (Table 6.4). This subset totals 149 individuals. 

As the analysis is restricted to a single tribe, there is a limited range of body weights. The 

adult alcelaphine body weights range from 60 kg to 235 kg with a mean of 134 kg. The 

distribution of points from the same four variables (see section 6.6) is shown in bivariate 

plots to show the strength of correlation (Figure 6.8). As for the single species 

regressions, there is considerable distribution of points above and below the regression 

line. The points are not tightly correlated, especially for the dental variables, and the 

resulting correlation coefficients are poor, although once again postcrania show stronger 

relationships. The r̂  values are all above 0.4, both for teeth and postcrania, and mean 

percentage error (MPE) values begin to decrease as the sanq)le size increases. MPE 

values for teeth are as high as 33%. For the two dental variables, only 8% and 11% of the 

points fall within 20% of the actual mass. Higher percentages, 55% and 62% of points fell 

within the 30% category. Although it is possible to securely identify isolated teeth to the 

tribal level in fossil collections, the predictive equations have been generated from too 

small a size range (hartebeest and wildebeest) to be securely apphed to the whole 

alcelaphine record and to isolated postcranial remains. Tighter correlations from larger 

ranges in body sizes would be more appropriate for the generation of regression 

equations. More data from additional alcelaphine species and from other tribes needs to 

be obtained to improve and make comparisons between tribal based regressions.
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Table 6.4 Single bovid tribe regression (Alcelaphini only) output of live weights.

Subset of Data

1
Î
g Z %

8
25 11ofS

2? 11
O' 8 8

UMIA 137 0.43 0.08 21.57 1.12 0.69 11 62 33.17 1.01 1.08 1.02

ALCELAPHIN LMIW 133 0.45 0.09 22.04 0.09 1.99 8 55 33.09 1.01 1.08 1.02
I adults only

live body
weights MCPML 113 0.76 0.06 14.63 -2.96 3.16 52 82 22.25 1.00 1.01 1.00

MTDML 112 0.82 0.05 12.61 -2.14 2.65 68 90 19.47 1.00 1.00 1.00

Alcelaphini include the wildebeest and hartebeest for the purpose of this study. Variables regressed were: 
upper first molar area (UMIA), lower first molar width (LMIW), mediolateral measurement of the 
proximal metacarpus (MCPML), and mediolateral measurement of distal metatarsus (MTDML). (Refer to 
Chapter 3, section 3.3.1 for drawings). The constant, regression slope, correlation coefficient (r̂ ), percent 
standard error of estimate (%SEE), mean prediction error (MPE) percentage of points that fall within 20% 
and 30% of the actual values, and the correction fectors Quazi Maximum Likelihood Estimator (QMLE), 
Ratio Estimator (RE) and Smearing Estimate (SE) are indicated.
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Figure 6.8 Bivariate correlations for single tribe regression (Alcelaphini only) of 
bovid live weights, and the resulting regression  equation y= m x+ c is indicated in 
each case).
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6.6.3 Adults and juveniles -  all tribes

Using juvenile or sub-adult body weights in the data for body weight estimations 

introduces bias. Body mass of species of Bovidae does not vary isometricaUy with 

ontogenetic development. An adult was classified as any individual with third molar 

erupted and in wear. There may still be an increase in growth after this point but further 

studies are required to examine body weight changes of different antelope species through 

their lifetime and calculate weight gain of animals through development. These data are 

not available at present.

The inclusion of juvenile mass data extends the minimum body weight values for each 

species and further obscures the linear relationship between variables and body weight 

(Table 6.5). The dimensions of sub-adult dentitions do not change although the body 

mass continues to increase after eruption of lower Ml and M2. The reduced reliability of 

this subset of data is seen in the lower correlation coefiBcients of all four variables when 

compared to the adult only dressed weight regressions and to the adult only, all species 

live weight regressions that are provided later in this chapter. The mean percentage error 

values are high, especially for the teeth, and are as much as 51%. The correlation 

coefiBcients are high despite the biases due to the increased range of body weights used in 

formulating the equations. However, very few points lie within the 20% of actual mass. 

As for earlier sections the postcranial elements show greater potential for body weight 

estimation than do teeth.

These equations are an in^rovement on the tribal-based regressions because there is a 

better range in body sizes, which increases the correlation coefiBcient. The distribution of 

points is shown in bivariate plots of each variable to show the strength of correlation



-235-

(Figure 6.9). The apparent clusters of points represent some of the different species. 

Equations that include juvenile data were found to be unsuitable for generating prediction 

equations for adult body weight estimations and were rejected. Thus these subsets were 

omitted from fiirther calculations of predictive equations for fossil body weight estimates 

and all fiirther calculations were restricted to variables from adult individuals of both 

sexes and using both live and dressed body weights. It would be expected that there 

would be increased reliability in the regressions from adult only data, which are 

formulated from a wider range of body sizes.
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Table 6.5 Adult and juvenile (all species) regression output of bovid live weight.

Subset of Data

A
I
g iz:

u
%

w
8 1 i s 5 1 i

O s 8

UMIA 398 0.73 0.13 33.84 -0.13 1.34 0.00 17.14 51.81 1.02 1.01 1.00

ALL TRIBES LMIW 379 0.76 0.12 31.54 -1.10 1.42 3.13 0.09 42.08 1.02 1.03 1.01

live body weight MCPML 340 0.87 0.09 23.03 -1.84 2.45 3.06 55.10 31.95 1.01 0.97 0.97

MTDML 341 0.90 0.08 19.53 -2.37 2.78 21.65 68.04 28.43 1.01 0.96 0.98

Species comprise wildebeest, hartebeest, impala. Grant’s gazelle, Thomson’s gazelle, and oryx for the 
purpose of this study. Adults are considered to be an individual fully erupted and occluded dentition. Sub
adults are grouped with juveniles in this study. Variables regressed were: upper I5rst molar area (UMIA), 
lower first molar width (LMIW), mediolateral measurement of the proximal metacarpus (MCPML), and 
mediolateral measurement of distal metatarsus (MTDML). (Refer to Chapter 3, section 3.3.1 for drawings). 
The constant, and regression slope, correlation coefficient (r̂ ), percent standard error of estimate (%SEE), 
mean prediction error (MPE) percentage of points that fall within 20% and 30% of the actual values, and 
the correction factors Quazi h&ximum Likelihood Estimator (QMLE), Ratio Estimator (RE) and Smearing 
Estimate (SE) are indicated.
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Figure 6.9 Bivariate correlations of adult and juvenile bovid (all species) live 
weights, ( r  and the resulting regression equation y=mx+c is indicated in each case).
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6.6.4 Adults- dressed weight regression

A good correlation is achieved using the dressed weights and combining all adult species. 

This correlation would be fiirther improved if dressed weight data could be collected fi’om 

a wider selection of antelopes providing a larger body mass range. Live weight data are 

rarely recorded fi*om cropping operators and are thus difiScult to obtain. However, both 

live body weight and dressed weights were recorded in the Athi River sample, providing 

the opportunity to calculate the percentage of body weight that is typically discarded for 

an animal (discarded weight comprises skin, viscera, hooves, horns and body fluids).

The dressed weights for the Athi River bovids, were used in Ordinary Least Square 

Regression analyses to provide estimates to which an average discarded percentage body 

weight can be added to give the predicted live body weights (Table 6.6). This allows a 

comparison to be made between regressions generated with dressed weight data to those 

generated fi'om live body weights.

The range in body mass for this sample spans 9 kg (Thomson’s gazelle dressed carcass) 

through to 120 kg (wildebeest dressed carcass) with an average dressed weight of 57 kg. 

There is a good correlation coefficient (r^) value for both teeth and postcranial variables 

due to the increased body size range used (Table 6.6), The distribution of points fi'om the 

four variables is shown in bivariate plots to show the strength of correlation (Figure 6.10). 

However, few estimated body weights of the two dental variables fall within 20% of the 

actual mass. Postcrania are much more reliable in the estimation of body mass, with low 

mean percentage errors (MPE) and higher proportions of points that fall within 20% and 

30% of the actual body mass.
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The variation between the values of the correction factors is considerably smaller when 

the larger subset of data is used thus showing a marked improvement from the smaller 

subsets of tribal and species based regressions. In terms of improving the modem data set 

for the generation of estimation equations, additional dressed body weights and associated 

measurements should be collected where possible to broaden the range of data. This 

would greatly complement this study.
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Table 6.6 Dressed weight regression output of adult bovids (all species).

Subset of Data

«
Z
•Ë

% "k. 1 * 1 1 s om I 1
O' *

UMIA 256 0.73 0.10 26.90 -0.1 1.30 0 14.5 48 1.020 0.994 0.99

ALL TRIBES 
adults only

LMIW 237 0.77 0.11 28.93 -1.3 3.03 0 26 41 1.016 1.01 1.00

dressed body 
weights MCPML 219 0.93 0.06 15.41 -1.8 2.30 38 84 24 1.005 1.01 1.00

MTDML 221 0.94 0.06 14.13 -2.3 2.59 59 87 21 1.004 0.97 0.99

* LMRL 229 0.81 0.1 26 -3.6 2.94 0 42 37 1.01 1.02 1.01
* UM2L 240 0.68 0.13 35.5 -1 2.09 0 15 73 1.02 1.2 1.05

* MCDML 221 0.94 0.06 14.1 -2.3 2.59 41 80 24 1 1.03 1.01

* Variable referred to in later sections. Not illustrated.

Dressed weight is that which remains of the carcass after skin, viscera, hooves, horns and blood have been 
discarded. Species comprise wildebeest, hartebeest, impala. Grant’s gazelle, Thomson’s gazelle, and oryx 
for the purpose of this study. Adults are considered to be an individual fully erupted and occluded dentition. 
Sub-adults are grouped with juveniles and are not included in this regression subset. Variables include 
upper first molar area (UMIA), lower first molar width (LMIW), mediolateral measurement of the 
proximal metacarpus (MCPML), and mediolateral measurement of distal metatarsus (MTDML). Lower 
molar row length (LMRL), upper second molar length (UM2L) and mediolateral measurement of distal 
metacarpus are not displayed graphically (Refer to Chapter 3, section 3.3.1 for drawings of variables). The 
constant, and regression slope, correlation coefficient (r̂ ), percent standard error of estimate (%SEE), mean 
prediction error (MPE) percentage of points that fell within 20% and 30% of the actual values, and the 
correction fectors Quazi Maximum Likelihood Estimator (QMLE), Ratio Estimator (RE) and Smearing 
Estimate (SE) are indicated.
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Figure 6.10 Bivariate correlations for dressed weights of adult bovids (all species) ( /
and the resulting regression equation y=mx+c is indicated in each case).
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6.7 Ordinary least square regressions using live weights from adult individuals only.

In this section the regressions are provided for all the variables that were measured from 

the sample from Athi River. This represents a combined total of 76 variables and the 

analyses are restricted to adult data only, but include both males and females. The 

measurements were taken from upper and lower dentitions, astragali, tibia, femora, 

radioulnae, humeri, metacarpals and metatarsals. The variables are tabulated according to 

skeletal element and are ranked in ascening order of the mean prediction error (MPE) to 

facilitate finding best predictor variable to use for each skeletal element. In other words, 

the best variables will be towards the top of the table and have low MPE values. For 

example, if the original body weight of an animal were to be predicted from an isolated 

lower second molar, the tooth area of the occlusal surface (LM2A) would be used above 

the molar width (LM2W) and above molar length (LM2L). If a complete lower mandible 

were available, then the lower second molar area (LM2A) would be used above the lower 

molar row length (LMRL), above the lower first molar area (LMIA), above the third 

molar area (LM3 A) and so on. The best equation for the estimation of live body weight 

of any individual specimen can therefore be readily chosen. The correction factors are 

also included in the table to correct the detransformation bias. In every case, the constant 

and regression slope are given. To identify reliability of the predictions, the correlation 

coefiBcient (r^) values, percent standard error of estimate (% SEE), mean percentage error 

(MPE) percentage of points that fall within 20% and 30% of the actual values, and the 

correction factors Quazi Maximum Likelihood Estimator (QMLE), Ratio Estimator (RE) 

and Smearing Estimate (SE) are indicated. These data are compared to the published 

regressions in the next section.
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Table 6.7 Live body weight regressions of adult bovids (all species).

Upper Molars

I Z % %
1 j a.

1 R g 1 1 a
UTRL 248 0.9133 0.8342 0.10 26 -4.57884 3.40121 0 40 40 1.013 1.01901 1.003

UMIA 254 0.859 0.7379 0.13 35 0.07392 1.38167 0 15 51 1.022 1.00255 0.99472

UMRL 248 0.8738 0.7635 0.12 32 -2.98597 2.84154 0 18 52 1.020 1.03766 1.015

UM2A 230 0.8437 0.7118 0.13 36 0.1147 1.32172 0 10 56 1.024 1.05402 1.00857

UMIW 258 0.7153 0.5116 0.18 50 -0.59781 2.30039 0 0 64 1.042 1.02122 1.001

UM2W 232 0.6989 0.4884 0.18 50 -0.32606 2.07315 0 0 64 1.042 1.07662 1.00445

UMIL 256 0.8065 0.6504 0.15 41 -0.65531 2.08827 0 3 69 1.030 1.06517 1.005

UM2L 230 0.823 0.6774 0.14 38 -0.89854 221384 0 4 79 1.026 1.24298 1.05675

Lower Molars

1 Z 2 %
1 1

Ô
a
1 s % 1 1 B B

LM2A 229 0.9121 0.8319 0.10 26 -1.59 1.55859 0 40 37 1.013 1.03109 1.01476

LMIW 235 0.8937 0.7987 O i l 29 -1.19 3.19807 0 22 40 1.016 1.02398 1.00729

LMRL 227 0.9094 0.8271 0.10 27 -3.63 3.12873 0 32 41 1.014 1.03862 1.01371

LMIA 230 0.905 0.819 0.11 28 -1.24388 1.45797 0 24 41 1.015 1.02969 1.00887

LP4A 142 0.8595 0.7387 0.11 30 -0.63752 1.28629 0 18 42 1.018 1.01808 0.99176

LM2L 231 0.8921 0.7959 0.11 29 -1.1993 2.44355 0 20 43 1.016 1.05123 1.01746

LTRL 229 0.8863 0.7856 o i l 30 -4.36761 3.24681 0 21 44 1.018 1.06658 1.01784

LP4W 146 0.8467 0.7169 0.12 32 -0.09024 2.25928 0 63 44 1.019 1.00526 0.99326

LP4L 142 0.8026 0.6441 0.13 36 -0.82715 2.51408 0 11 49 1.024 0.99567 0.98106

LM2W 232 0.7831 0.6132 0.15 42 -0.8934 2.90 0 0 56 1.032 1.09798 1.02577

LM3L 194 0.7866 0.6188 0.15 41 -2.6678 3.26864 0 5 58 1.030 1.08811 1.01845

LMIL 230 0.8234 0.6779 0.14 38 -0.67092 2.17 0 6 61 1.027 1.15025 1.03793

LM3A 179 0.7674 0.589 0.16 44 -1.90607 1.62667 0 0 61 1.033 1.13764 1.03843

LM3W 179 0.7019 0.4926 0.17 49 -0.71651 2.79122 0 0 63 1.041 1.14686 1.02961



Table 6.7... continued

Metacarpus
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g
'S I
I f

z

1 Z •2 I
U*
2

1
V

a.1 R R 1 1 a 8
1 0 MCDML 214 0.969 0.939 0.06 15.08 -1.3918 2.15379 57 89 23 1.005 1.010 0.996

4 MCPML 214 0.968 0.936 0.06 15.41 -1.7701 2.42737 54 87 24 1.005 1.014 0.994

1 2 MCMLMX 214 0.962 0.926 0.07 16.79 -0.5489 2.05 37 80 25 1.006 1.021 0.999

8 MCMML 214 0.960 0.922 0.07 17.25 -1.4857 2.6486 39 77 27 1.006 0.996 0.994

3 MCPAP 214 0.955 0.911 0.07 18.46 -2.1386 3.07539 27 65 29 1.007 1.021 1.001

7 MCMAP 213 0.948 0.898 0.08 19.96 -2.1122 3.26 18 66 29 1.008 1.056 1.012

2 MCMGML 215 0.948 0.899 0.08 19.78 -1.3036 2.43827 22 76 30 1.008 1.045 1.006

11 MCMLMIN 213 0.955 0.912 0.07 18.45 -0.5451 2.08628 30 70 30 1.007 1.038 1.006

1 MCMGAP 211 0.944 0.89 0.08 20.84 -1.7478 2.81909 11 65 33 1.009 1.025 0.999

9 MCDAP 214 0.934 0.872 0.09 22.59 -3.0747 3.61593 4 51 34 1.010 1.080 1.021

14 MCTPLG 214 0.913 0.833 0.10 26.21 -2.69 3.45848 0 44 41 1.014 1.122 1.040

13 MCTPSM 214 0.901 0.812 O il 27.99 -2.21 3.29 0 32 41 1.015 1.127 1.040

5 MCL 213 0.135 0.018 0.24 74.90 -0.32 0.97525 0 0 83 1.081 1.189 1.009

6 MCMAXL 214 0.232 0.054 0.24 73.93 -2.1239 1.73055 0 0 84 1.080 1.313 1.063

Metatarsus

î l
1
1 Z 2 I I

Z

H
1
u

a.1 s S 1 1 s
24 MTDML 214 0.976 0.952 0.05 13.21 -2.2715 2.74 67 97 21 1.004 1.005 0.999

26 MTMLMX 214 0.969 0.939 0.06 14.95 -1.3727 2.74999 47 87 25 1.005 0.993 0.995

18 MTPML 214 0.963 0.928 0.07 16.41 -2.5752 3.05463 42 78 25 1.006 1.030 1.004

22 MTMML 211 0.962 0.926 0.07 16.69 -1.5867 2.79937 31 84 26 1.006 1.005 0.994

23 MTDAP 214 0.950 0.902 0.08 19.44 -3.9005 4.22647 15 66 30 1.008 1.067 1.015

17 MTPAP 214 0.942 0.886 0.08 21.02 -3.4494 3.62322 12 67 32 1.009 1.068 . 1.017

28 MTTAPL 214 0.941 0.886 0.08 21.03 -3.4483 4.06601 10 59 33 1.009 1.076 1.018

21 MTMAP 212 0.937 0.879 0.09 21.80 -3.3469 4.00878 5 53 33 1.010 1.052 1.008

25 MTMLMIN 214 0.952 0.906 0.08 18.97 -0.98 2.5016 30 77 34 1.008 1.044 1.010

27 MTTAPS 214 0.911 0.829 0.10 26.34 -2.5892 3.69765 0 36 41 1.014 1.128 1.037

16 MTPGML 213 0.828 0.686 0.14 37.33 0.4061 1.56108 0 10.7 54 1.025 1.087 1.026

15 MTPGAP 214 0.769 0.591 0.16 43.61 0.36687 2.05341 0 0 65 1.033 1.112 1.030

19 MTL 212 0.315 0.099 0.23 70.32 -4.2976 2.65465 0 0 76 1.073 1.217 1.037

20 MTLMAX 214 0.383 0.146 0.23 68.73 -5.9482 3.32195 0 0 76 1.071 1.227 1.047
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Table 6 .7 ...  continued

Humerus, Radius, Ulna

-2 4 8

g 
 ̂ I

I e 1 Z «2 2 I 1
U

a.1 8 1 1 a %
44 HMAP 40 0.91458 0.83645 0.08 21 -1.74405 2.5646 8 69 18 1.009 0.979 0.968

45 HMML 40 0.93379 0.87196 0.07 18 -0.95001 2.1076 25 83 26 1.007 1.036 1.002

50 H3 25 0.90721 0.82303 0.09 24 -3.50383 3.263 0 57 29 1.011 1.141 1.025

47 DHAP 41 0.93404 0.87242 0.07 19 -1.45994 2.069 0 30 29 1.007 1.077 1.014

46 HDOSPAT 41 0.89469 0.80047 0.09 24 -2.12346 2.9887 25 50 37 1.011 1.044 1.001

43 HFL 41 0.9112 0.83028 0.09 22 -5.23192 3.1681 33 56 39 1.010 1.061 1.007

49 H2 25 0.89813 0.80665 0.10 25 -3.06563 3.8298 0 17 41 1.012 1.078 1.005

48 DHML 41 0.90972 0.82758 0.09 22 -1.46504 2.0866 0 29 41 1.010 1.145 1.025

41 HPMLMAX 40 0.85422 0.72969 0.11 29 -1.04046 1.6924 0 40 56 1.016 1.13 1.02

42 HPAPMAX 41 0.76759 0.58919 0.13 36 ■0.79492 1.4759 0 25 60 1.024 1.071 0.993

65 U2 31 0.88241 0.77864 0.10 25 -2.26775 2.3319 0 36 37 1.013 1.07 1.025

66 RPML 34 0.91492 0.83709 0.08 21 -1.38966 2.0401 0 50 37 1.009 1.041 0.996

Species comprise wildebeest, hartebeest, impala. Grant’s gazelle, Thomson’s gazelle, and oryx for the 
purpose of this study. Adults are considered to be an individual fully erupted and occluded dentition. (Refer 
to Chapter 3, section 3.3.1 for drawings of variables). The constant, and regression slope, correlation 
coefQcient (r̂ ), Pearson correlation (r). Percent Standard Error of Estimate (%SEE), mean prediction error 
(MPE) percaitage of points that fall within 20% and 30% of the actual values, and the correction fectors 
Quazi Maximum Likelihood Estimator (QMLE), Ratio Estimator (RE) and Smearing Estimate (SE) are 
indicated.
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From Table 6.7 and Figure 6.11, it can be seen that the postcranial variables in general are 

much better for body weight prediction than are dental variables. This supports similar 

observations by other authors (Scott 1983, 1985, 1990; van Valkenberg 1990; Janis 1990; 

RufiF 1990; Anyonge 1993; Delson et al 2000). In general, the strongest predictive 

equations were those of the distal and proximal articular surfaces of the limb bones. The 

measurements of the astragalus were all good predictors of body weight. Reliable 

estimators should yield low MPE values. The MPE values of the distal mediolateral 

metatarsal (MTDML) and metacarpal (MCDML) are 23% and 21% respectively, which 

indicate good prediction levels. Using the percentage of points which faU within 20% of 

actual mass values, as an indication of reliability, the distal and proximal articular 

surfaces of the limb bones are good estimators. However, limb bone functional and 

maximum length values are poor body weight predictors and should be rejected. Limb 

bone lengths are better indicators of locomotor adaptation such as degree of cursoriality 

(Garland 1983; Garland & Janis 1993; Carrano 1999) and not body weight.

Once again, the dental variables are considerably weaker than postcranial ones for 

estimation of body weight. Although the correlation coefficient (r )̂ can be high (above 

0.8) for many of the tooth variables, a high correlation coefficient does not always equate 

to the most accurate body weight estimators (Smith 1980; Martin 1990). The use of dental 

variables in body mass estimation is widely discussed by other authors (Scott 1983, 1990; 

Janis 1990; Damuth 1990; van Valkenberg 1990; Martin 1990; Dagosto & Terranova 

1992; Delson et al 2000). However, in the case of morphologically similar, closely 

related species, fairly precise relative sizes can be determined no matter how imprecise 

the estimates of absolute size (Fortelius 1990). For the most part this is sufficient and all 

that is possible when interpretationsof body size of extinct bovids from isolated dental
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remains is undertaken. Tooth dimensions also reflect differences in dietary-related 

function rather than body mass (Damuth 1990). Damuth (1990) argues that tooth areas, 

despite being a product of two variables and thus containing more information, are likely 

to produce inaccurate estimates of body weight and suggests that tooth length is a better 

predictor. This is because tooth length would vary least with dietary differences. 

However, tooth areas consistently correlate better with hody size in the predictive 

equations formulated in this study. Tooth areas are therefore strong candidates for use in 

the estimation of fossil hody weight from dental elements. If tooth surface area were 

accurately measured using an imaging technique it would be expected that this would 

provide a much stronger relationship with body weight especially if dietary adaptation is 

known. Additional sources of error in using tooth variables for body weight prediction 

can be attributed to measurement error of the occlusal surface of teeth. As an individual 

ages, its teeth begin to wear interdentally, thus reducing the tooth length. Likewise, the 

measurements of unerupted or lightly worn teeth must be read at the maximum width 

rather than at the occlusal surface to minimise error. Tooth height is not a useful variable, 

unless it is measured on unworn teeth, but it is well recognised that tooth height and 

morphology are strongly linked to dietary type (Janis & Fortelius 1988).

Figure 6.11 shows the hivariate plots o f the regressions for all variables measured in this 

study (log variable (mm) vs. log live body weight (kg) plots). These plots are included to 

demonstrate the range of correlations between the variables for body weight prediction 

from single skeletal elements.
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Figure 6.11 Bivariate plots for the regression of live weights of adult bovids (all 
species). Note: and the resulting regression equation y=mx+c for each variable is
indicated in each case. Refer to Chapter 3, section 3.3.1 for drawings and descriptions of 
measurement). These plots represent all the variables listed in Table 6.7. The correlation 
coefficient is provided in every case. This data represents all species; adults only live 
body weight data from Athi River.
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6.8 The use and interpretation of correction factors for detransformed data

The linear body weight estimation models are assembled from natural logarithm- 

transformed data. The transformation from arithmetic units to the natural logarithm and 

then back to arithmetic units introduces a systematic bias (Sprugel 1983; LaBarbera 1989; 

Smith 1993a & b; Delson et al 2000) and therefore the detransformed estimate must be 

corrected by some factor. This allows the predictions to be examined in the units 

originally measured. The calculation of the various correction factors is explained in 

detail in Chapter 3, section 3.4.6. Correction factors are also usefiil in determining the 

reliability of estimator equations. Application of a correction fector increases or decreases 

the estimated mass by a percentage that can range anywhere between 0 and 90 % 

(Dagosto & Terranova 1992) although in the majority of cases the correction factor is less 

than 10% (Sprugel 1983; Aiello & Wood 1994). The magnitude of the correction factor 

depends on the strength of the relationship, in other words the better the fit, the smaller 

the correction factor (Sprugel 1983; Dagosto & Terranova 1992). In general a 

comparison between all three correction fectors provides an indication of the reliability of 

the prediction equation and helps to suggest which variables should not be used. For 

example, a typical correction factor would be 1.065, which indicates that the body mass 

estimation equation underestimates the arithmetic mean body mass for any value of the 

independent variable by 6.5%. The corrected least-square regression mass (CLSR) can 

therefore be calculated readily.

The selection of appropriate correction factors was addressed in Chapter 3. Sprugel 

(1983) uses the QMLE correction factor, based on natural logarithms, to correct the 

detransformation bias whereas Smith (1993b) recommends that an average of the SE and
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RE correction factors be used. The data in this study remain uncorrected to facilitate 

comparison between published and other regressions, although the three correction 

factors have been calculated for each of the estimator variables and can be easily applied. 

Using the non-corrected estimates does not alter any of the conclusions that have been 

drawn from these data

6.9 Comparison with published body weight estimation equations

In this section the regression equations formulated in this study from the Athi River bovid 

collection (dressed weight and live weight regressions) are compared and contrasted with 

the published regressions from Scott (1983) and Janis (1990). Table 6.8 lists some of the 

Bovidae regression equations from Scott (1983) and Janis (1990) and represent the best 

body weight estimators that have been available so far and have been widely used for 

body weight estimation. However, there are no studies in which large samples of extant 

specimens, with associated mass data, form the data on which body mass regressions are 

based. This inevitably introduces bias to the published equations. Often the published 

body weights of animals are taken from hunting trophies that are larger than average, 

which introduces significant biases. The problems with using “Big Game” data are also 

mentioned by Scott (1990), Grand (1990) and van Valkenberg (1990).
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Table 6.8 Published body weight estimation equations from Scott (1983) and 
Janis (1990).

Source Variable
Variable Code 

This Study Intercept Slope % SEE % PE r:

Scott (1983) HI 43 -2.919 3.4591 40 25 0.9286
H2 49 -2.4637 3.3633 39 24 0.9317
H3 50 0.2334 2.7311 35 23 0.9434
H5 48 0.2756 2.6246 28 18 0.9604
Ul 64 -2.632 3.1886 52 36 0.8872
U2 65 -0.0844 2.631 35 23 0.9436
RI 63 -2.3203 3.2052 63 43“  " 0.8487

■------ n R2 66 0.4311 2.5013 28 17' ■ 0.9629
IÜ 68 1.0525 2.5472 39 23 0.9279
R4 67 0.3736 2.4305" 31 19 0.9543
R5 69 0.4635 2.4824 29 18 0.9596

MCI 5 -1.2773 2.5 lo9 149 109 0.4703
MC2 4 O.6016 2.6495 "TF ■ 20 0.9529
MC3 3 1.062 2.8291 36 , . 22 o.94o2

■ n MC4 10 0.7443 2.3765 25 (L9203~
MC5 13 1.2458 2.6469 45 29 O.9 I27

El "30" ■ -2.9997 3.5526 39 26 0.9326
¥2 37 -0.2555 2.6934 31 20 0.9529
f3 38 -0.0808 2.9531 35 24 0.942
F4 39 0.7271 2.9537 35 ■ "24” ' ■ 0.9415
E5 ...... 40 -0.0768 2.9053 31 20 0.953
r r ....... 57 -3.078 1.9%42 64 46 0.8453
n ■ 58 ■ ■■ -0.275% 2.885 30 ......19” 0.9567
13 60 0.0753 3.2248 42 ■ ■ 28 0.9231
14 61 0.3222 2.84o9 31 20 0.9545
15 62 0.6222 2.972 34 22 0.9464

MTl 19 -2.0622 1Ü70T 134 96 0.5434
MT2 ■ 18 0.6162 2.922 36 24 0.9405
Ml 3 17 0.5755 3.03Ü6 39 26 0.9307
M14 24 0.56l4 2.7421 35 22 0.9418
m T5 - -  27 T i m 2.9763" 41 28 0.9239

Jams (1990) LP2L LP2L 2.2 2.72 130 79.7 0.662
LP3W  ■ LP2W 2.981 2.433 129 79' 0.666
LP3L LP3L 1.797 2.988 105 67.3 0.751
LP3'W ■ ........ LP3W ■ ■” 2 3 7 2.57 85.4 53.9 0.815
LP4L LP4L 1.606 3.434 69.4 43.9 0.865
LP4W LP4W 2.916 48.3 34.2 0.925
LP4A LP4A 2.035 1.626 47.9 32.7 0.925
LMIL "LMIL ■■■ 1:377 3.52 45.5 34 0.931
LMl W LMl W 2.14 3.157 47.2 32 0.927
LMIA LMl A 1.776 ■ '"T.6%9 41.3 29.2 0.942
LM2L LM2L 1.119 3.375 47.2 33.6 0.928
LM2W LM2W 2.046 3.273 5 I.4 33.2 0.9l7
LM2À LM2A 2.046 1.684 44.5 30.8 ' 0.935 "
LM3L LM3L 1.586 3.236 46.9 33.2 0.929
l m 3W LM3W 0.745 3.129 50.3 30.8 0.919
lM3A LM3A 2.103 1.624 40.9 33.3 0.943
UM2L UM2L 1.427 "3.396 53.1 33.4 0.912 ■
UM2W ÜM2W 1.061 3.436 49.3 29.1 0.922
UM2A UM2A 1.517 '1 .734 45.9 36.5 0.93 r ”
LPRL LPRL 0.398 1 .0 9 2 84.9 32.7 0.917
LMRL LMRL -0.581 3.335 44.5 32.4 0.934

The variable names used in published studies {variable) and their corresponding variable used in this study 
{variable code this study) are indicated. The variable code names from this study are listed in Table 6.7, and 
are illustrated in Chapter 3, section 3.3.1. Sources of the published equations are indicated. The constant, 
regression slope, correlation coefficient (r^), percent standard error o f  estimate (%SEE), and percentage 
error (%PE) are tabulated.
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The variables in Scott (1983) and Janis (1990) regressions are tabulated and the 

comparable variable names of those used in this study are provided. These published 

equations are then applied to the Athi River data to estimate the original body weights. 

These body weights estimated from published sources can then be compared with the 

estimated body weights obtained when live and dressed weight regressions developed in 

this study are applied to the same data. The three estimations techniques are then 

compared and plotted against the actual original body weights for comparison (Figure 

6.12). If necessary, correction factors can then be applied to the detransformed body 

mass values according to which variable was used in the body weight estimation. Ideally, 

variables and body masses from a different set of individuals than those used to formulate 

the equations are required to rigorously test the reliability of the new equations. 

Unfortunately these data are not available for this study but should be collected in the 

future.



- 2 6 7 -

F lgure6.12 Comparison between published and unpublished (this study) body 
weight prediction equations.

600

J a
Estimation Technique

I  I  D ressed  weight  

I  I Live weight  

Janis (1990)

I I Original body weight

Note: The estimated body weight ranges o f Athi River Bovidae using the body weight prediction 
equations- dressed weight (this study), live weight (this study) and published regressions (Janis 1990) and a 
comparison with original body weight range o f dental variables. Variables used are lower molar row length 
(LMRL) and upper second molar length (UM2L). Refer to Table 6.8 for published estimation equations, 
Table 6.6 for dressed weight prediction equations and Table 6.7 for live weight prediction equations.
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There is considerable similarity between the estimations made using the dressed and live 

body weight equations, which suggests that dressed weight data may indeed be useful for 

generating equations from a wider data set. Upper first molar area (UMIA) was the 

variable selected for con^arison as dental variables are generally poorer as estimators and 

therefore it is helpful to explore the limitations of using these data. When compared with 

the live and dressed weight regressions, the published regressions overestimate the body 

weights of both males and females by a large margin. It may be possible that the 

regressions developed in this study give better results than the published regressions 

partly because they are being back-tested on the original data. However, until additional 

live weight data, preferably from a different population of bovids, are collected, this 

collection is the only sanq)le with which to compare estimated body weights with original 

live body weights. However, in the following section the body weights of a sample of 

bovid species from the Osteology Department in the National Museums of Kenya, were 

measured and body weights were estimated to provide a relative comparison between the 

accuracy of the published regressions compared to the live and dressed weight regressions 

developed in this study. Unfortunately, original body weights are not available for these 

individuals and so species body weights have been summarised from the literature 

(Kingdon 1997; Scott 1983; Silva & Downing 1995) (Table 6.9). The predicted body 

weights of the Osteology Department sample can then be compared with published body 

weights, by referring to Table 6.9.
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Table 6.9 Published body weight ranges for bovid species (Scott 1983; Kingdon 
1997).
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Aepycerotini Aepyceros melampus Impala 40-60 45-80 61 45.5

Antilopini LUtocranus walheri Gerenuk 28-45 31-52 45 41

Gazella thompsonl Thompsons Gazelle 15-25 20-35 23 18

Gazella grand Grants Gazelle 38-67 60-81.5 75 50

Alcelaphini Alcelaphus buselaphus Cokes hartebeest 116-185 125-218 136
Damaliscus lunatus Topi 75-150 120-160
Damaliscus hunteri Hirola Hartebeest 80-118 91 86

Bovini Syncerus Buffalo 250-850 820 420

Cephalophini Cephalophus natalensis Forest Duiker 12-14.0 16
Cephalophus monticola Blue duiker 3.5-8 5.5
Cephalophus spadix Abbots duiker 50-60
Cephalophus sylvicultor Yellow backed duiker 45-80 61
Sylvicapra grimmea Bush duiker 12-25.5 11-21.5 13

Neotragini Madoqua saltiana Dik Dik 3.8-7.20 3.5
Madoqua kirki Dik Dik 3.8-7.20 5
Oreotragus oreotragus Klipspringer 8-18.0 13.5
Ourebia ourebi Oribi 14-24 12-22.0 18

Hippotragini Hippotragus niger Sable antelope 190-230 200-270 280 260
Hippotragus equinus Roan antelope 223-280 242-300 235 218
Oryx gazella Oryx 180-225 180-240 177 164

Reduncini Kobus kob Kob 60-95 85-130 70 45

Kobus leche Lechwe 60-90 90-120 100 73

Kobus ellipsiprymnus Waterubck 160-200 200-300 227 182

Redunca redunca Bohor reedbuck 35-45 43^ ^ 45 3&5
Redunca arundinum Southern reedbuck 50-85 60-95 68 57

Tragelaphini Taurotragus euryceros Bongo 210-253 240-405 227 182
Taurotragus oryx Eland 300-600 400-942 590 432
Tragelaphus scriptus Bushbuck 2 4 -6 0 30-80 64 52
Tragelaphus scriptus Bushbuck 2 4 -6 0 30-80 64 52
Tragelaphus imberbis Lesser kudu 56-70 92-108 91 64
Tragelaphus spekei Sitatunga 40-85 80-130 91 57
Tragelaphus strepcisceros Greater kudu 120-215 190-315 290 170
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6.10 Estimation of live body weights from an independent sample of Bovidae to 
compare estimation techniques

Several measurements of the teeth, astragalus and metacarpus were taken from a broad 

sample of bovid species and included both males and females. The species o f Bovidae 

from which data were collected, range in size from the small dik dik {Madoqua kirkii) to 

the large buffalo (Syncerus caffer). Variables measured from the modem osteological 

sample were then used to estimate their original body weights using published postcranial 

regressions (Scott 1983), published dental regressions (Janis 1990) and live and dressed 

weight regressions for teeth and postcrania developed in this study. The body weight 

ranges were then plotted for individual species to provide a comparison between the 

different estimation techniques. Figure 6.13 is a plot of the estimated body weights 

ranges using the three techniques, with the variables lower molar row length (LMRL) and 

upper second molar length (UM2L). Figure 6.14 illustrates the estimated body weights 

using the three techniques, with the maximum mediolateral dimension of the distal 

metacarpus (MCDML) as the estimator variable. These plots are representative of many 

that were generated for other variables.
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Figure 6.13 Com parison between estimation techniques using dental variables.
The dressed weight (this study), live w eight (this study) and published 
(Janis 1990) estim ation equations are com pared.
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Variables used to estimate body weight were lower molar row length (LMRL) and upper second molar 
length (UM2L). The original live body weights are unknown for this sample. N values on the x-axis 
represent numbers of specimens o f each represented species. Refer to Table 6.8 for published estimation 
equations. Table 6.6 for dressed weight equations and Table 6.7 for live weight equations.
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F igure6.14 Comparison between estimation techniques using postcranial 
variables. The dressed weight (this study), live weight (this study) 
and published (Janis 1990) estimation equations are compared.
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Variable used to estimate body weight was the mediolateral measurement o f the distal metacarpal 
(MC4) (Scott 1983) or MCDML (variable code 10) (this study). The original live body weights are 
unknown for this sample. N values on x-axis represent numbers o f specimens o f each species. Refer to 
Table 6.8 for published estimation equations. Table 6.6 for dressed weight equations and Table 6.7 for 
live weight equations.
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Both Figure 6.13 and 6.14 show that published estimation equations produce higher 

estimated body weights relative to the live and dressed weight estimation equations 

developed in this study. This supports the findings in section 6.9, where the equations 

used to estimate the original masses of the Athi River sample showed that published 

equations overestimated the original body weights. These values would be fiirther inflated 

if correction factors were applied to the detransformed body weights. These results 

suggest that the regression equations developed in this study are more accurate for the 

prediction of original body weight.

There is a greater relative difference between the body weights estimated fi*om equations 

developed in this study and those fi*om published equations when the body weights of 

large antelopes are compared, whereas this difference is considerably reduced or is 

negligible when body weights of small antelopes, such as Thomson gazelle, are 

compared. In addition, there is less of a difference between the estimated body weights 

fi*om equations developed in this study and published equations when body weight 

prediction based on postcranial variables are compared. This is because postcranial 

regressions display considerably higher correlation coefficients than dental variables. This 

fiirther supports the use of dental regressions developed in this study for estimating fossil 

body weights.

Caution must be taken when the estimation of larger specimens than those used in the 

original regression calculations are estimated in the fossil record. Body masses of extinct 

species cannot be tested and can only be inferred. However Martin (1990) suggests that 

the estimate of mass in an extinct species is probably roughly analogous to extrapolation 

of data beyond the end of a regression. Needless to say, the most appropriate regressions
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for the inference of the fossil body weights must be used and regressions developed in 

this study are an improvement on those that were previously available.

6.11 Summary

In summary, the subset of data restricted to adults only, males and females of the six 

species, provides the most appropriate data set from which to generate the prediction 

equations. This subset was used in the final Ordinary Least Squares Regression analyses 

and was applied and tested on a modem Bovidae sample, so as to determine the quality 

and applicability of the estimator equations. The strongest estimator equations were those 

generated from the articular surfaces of the postcranial elements, especially the 

metapodials. Although postcranial material is limited in the fossil collections from the 

Turkana Basin, especially of the Nachukui Formation, in the future, field studies should 

concentrate on increasing the postcranial bovid sample as there is potential for more 

detailed analyses in this area. If ecomorphic characters can be determined on astragali to 

define habitat groups, then measurements of astragali would provide a useful contribution 

as they show strong correlation with body weight. This would make and interesting study 

in itself as astragali are commonly preserved in the fossil record and have rarely been 

collected from the Turkana Basin. The body weight regressions that are formulated in this 

study, are more suitable than the published estimation equations for estimating body 

weights of fossil Bovidae which is undertaken in the following chapter. The bovid body 

weight prediction equations for dental elements are less satisfectoiy than for postcrania 

for fossil specimens, especially when all the additional biases are considered. However, 

the equations generated in this study have associated correction factors calculated for
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each variable and are likely to be more realistic estimators of bovid body weight than any 

that are available in the published literature at present.
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Chapter 7

FOSSIL BOVID BODY WEIGHT ESTIMATES 

AND HABITAT CHANGE

7.1 Introduction

In the previous chapter, body weight prediction equations were formulated from a modem 

sample of Bovidae with associated body mass data. Different subsets of the data were 

used in the formulation of new prediction equations, from both postcranial and dental 

elements, to define the best variables for body weight estimation. In general postcranial 

elements of the weight-bearing limb bones were found to be better predictors of body 

mass than dental and cranial remains. The new bovid body weight estimation equations 

were compared for accuracy with published ones (Scott 1983, 1990) and were found to be 

more appropriate to use in the body mass estimation of the fossil bovids. Correction 

factors were generated for the prediction equations, which can be applied to the fossil 

mass estimates once they are detransformed from logarithms into body masses. 

Correction factors for bovid mass estimation equations have not previously been available 

due to lack of associated live body weight data for individual animals.

Estimated body weights of fossil mammals have been increasingly applied in studies of 

palaeoecology especially in the reconstruction of their trophic and habitat preferences. 

Using modem ecologies and habitats as a reference, the relationships between body size, 

ecological adaptation and habitats, can be inferred for fossil the record (Damuth & 

MacFadden 1990). Body size range and distribution can characterise community stmcture 

and indicate vegetation and climate change (Fleagle 1978; Andrews & Evans 1979;
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Andrews, Lord & Evans 1979; Janis 1982, 1984; van Valkenberg 1985, 1988; Damuth & 

MacFadden 1990). Some extinction events, such as those in the Pleistocene and 

Cretaceous, appear to have been size-selective, with the larger species most affected 

(Martin & Klein 1984; Padian & Clemens 1985; Damuth & MacFadden 1990). 

Taphonomic processes are strongly size-selective (Behrensmeyer & Hill 1980) and thus 

body size can be useful in understanding the processes in assemblage formation. 

Explanations of the palaeoecology, social behaviours and life histories of bovids have 

been discussed with relation to body size (Janis 1984). Insight into the fossil body weight 

ranges of the different bovid tribes of the Nachukui Formation is therefore a useful tool in 

providing information about palaeohabitat and environment.

In this chapter the body weights are estimated for all the dental and postcranial bovid 

specimens from the Nachukui Formation, using equations formulated in Chapter 6. These 

specimens are mostly identified to the tribal level and not below. The use of body weight 

estimates from isolated fossil bovid teeth, which are numerous and identifiable to tribal 

level in most instances, provides inferences about palaeohabitat using specimens that 

would not normally have been analysed or considered in more detail. However, the body 

weights of some bovid remains from the Koobi Fora and Shungura Formations, identified 

to species level, are estimated to provide a reference with which to interpret the Nachukui 

Formation bovids. A sample of associated postcranial remains from nine bovid 

individuals from the Koobi Fora Formation, provide the opportunity to apply body weight 

prediction equations and correction factors to different bones from single individuals and 

observe the variation in the predicted weights obtained.
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In a series of three graphs for each bovid tribe, tooth areas and estimated body weights 

are plotted to provide overall tribal body weight representations, stratigraphie body 

weight distributions and mean body weight variation through time. In another section, the 

estimated body masses of all individuals are summed to provide the relative biomass of 

bovid tribes through time. Variation in relative biomass representation through time is 

used to infer changes in habitat and related to the observations in Chapter 5. Finally, the 

shortfeUs of using body mass data for habitat interpretation are discussed and suggestions 

are made to in^rove this. Other studies, including the use of stable isotopes from bovid 

tooth enamel, would facilitate the interpretation of palaeohabitat and environment and are 

briefly mentioned in a final section.

7.2 Estimated body weights of Plio-Pleistocene bovid species.

In this section, fossil bovids identified to genus and species levels, are used to provide a 

reference sample of mean estimated body weights (Table 7.1). The sample has been 

drawn from measurements published in Harris et a l (1988a) and Harris (1991). However 

the sample size is limited as there are relatively few specimens in the published literature 

that have associated horn cores and dentitions. The sample size and mean body weights of 

each species are indicated in the table. These body weight estimates would be improved 

with additional data especially from specimens with associated postcranial elements.
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19 37 4 1 1 1 28 31 22 1 17 1 13 2 2 9 8 12 41 1 41 5 9 37 13 4 8 2

249 303 195 87 129 61 58.7 48.3 73 123 136 161 86 215 179 186 143 112 211 8 26 38 594 493 386 431 258 44

253 309 199 88 132 62 60.1 49.1 75 126 139 167 88 219 185 190 147 114 214 8 27 39 605 505 393 440 264 45

262 320 214 90 130 61 62 50.1 76 130 143 183 91 243 194 196 152 117 220 8 27 41 625 528 404 438 274 45

252 309 200 88 129 61 5 9 j 48.8 74 124 138 167 87 222 183 188 145 114 214 8 26 38 603 503 391 430 261 45

16 9.7 23 2.61 2.56 3.2 8.1 13 12.6 3 1 3 17 53 5.2 6.3 1.1 1.7 73 20 19 171 39 6

69 59 46 13.8 14.3 15 33 46 17.9 47 50 150 18 40 7.3 3.7 220 121 68 342 110 8.5

Original measurements were drawn from Harris (1991) and Gentry ( 1974). The mean body weights (kg) and corrected body weights (kg) are tabulated. The correction factors 
Quazi-Maximum Likelihood Estimator (QMLE), Ratio Estimator (RE) and Smearing Estimate (SE) were used to calculate the mean corrected body weights. Body weights were 
predicted using the estimation equations listed in Table 6.7 using the best predictor available for each specimen.
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The bovid teeth measurements drawn from the published literature were taken at the 

occlusal surface and therefore correspond to those measured for the new prediction 

equations in this study. The body weights were estimated using the best dental regressions 

available and the mean corrected body masses are given for each of the three correction 

factors. The corrected body weight values all fall within 10% of the uncorrected body 

weight estimates.

These data facilitate the interpretation of the body weight estimates of tribally assigned 

isolated teeth from the Nachukui Formation and provide a reference from which species 

assignments can be inferred. In addition, estimated adult mean body weights for species 

can be given to species-assigned horn cores. This allows the inclusion of these specimens 

in the overall bovid biomass calculations in a later section in this chapter.

7.3 The identification of Bovidae from isolated tooth dimensions.

The bovid collection from the Nachukui Formation comprises numerous isolated teeth. 

Isolated teeth can be identified to tribal level. However, there are some instances where 

tooth size is the distinguishing factor in tribal assignments, as explained in Chapter 4, and 

in some instances misidentifications are likely to have been made. This is particularly true 

for the isolated teeth of Hippotragini and Reduncini because they are morphologically so 

similar and size is often used to separate them. Bivariate plots of tooth length versus 

width were drawn up for each of the tribes. The bivariate plots are useful in allowing 

taxonomic assignments to be checked and for identifying outliers, as well as for 

suggesting possible taxonomic assignments for isolated teeth, which fall in the size range



-281-

of a known species within a tribe. Numerous plots can be drawn for different teeth, bovid 

tribes and members; however, only the Alcelapbines from the lower and upper Lomekwi 

are illustrated below to provide an example (Figure 7.1). Coloured squares represent 

published measurements of specimens identified to species but are not assigned to 

members and the same points are plotted on both graphs; coloured triangles represent the 

Nachukui Formation data. These plots allow taxonomic species level assignments to be 

suggested for isolated teeth, and wrongly assigned taxa to be identified and adjusted or 

rejected.

The Alcelaphini are described in more detail in Chapter 5, section 5.4.1. Only the lower 

and upper Lomekwi Members are plotted in Figure 7.1. Two clusters of tooth dimension 

are apparent in the unidentified alcelaphine teeth from the lower Lomekwi Member. The 

larger tooth sizes from the Nachukui Formation can be assigned to one of the following 

species of alcelapbines: Damaliscus eppsi, Megalotragus isaaci or Connonchaetes 

gentryif and the smaller tooth sizes may represent Beatragus hunteri. Beatragus hunteri 

has so fer only been recognised from later than 1.0 ma. However, it is quite likely that 

some of the unidentified isolated first molars that fall in the Beatragus size range may 

belong to species of Beatragus, but because they are not represented by horn cores in 

lower Lomekwi times, this genus has not been recognised there.
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Figure 7.1 Bivariate length versus width plots for Alcelaphini. Lower M l’s from 
the lower Lomekwi and upper Lomekwi Members of the Nachukui 
Formation are plotted.
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In Figure 7.1 for the upper Lomekwi Member, the blue square in the lower left hand 

comer of the bivariate plot was identified as Connochaetes sp. in Harris et al. (1988a). It 

is likely that this is a misidentification and it is probably a smaller representative o f the 

alcelapbines such as Beatragus. This specimen number is KNM-WT 16424 (Harris et al. 

1988a). It is usefiil to refer to Figure 5.9 (Chapter 5, section 5.5) where species ranges are 

tabulated and can be used to afiSrm the inferred species suggestions. The use of tooth 

dimension bivariate plots is limited, as the first molars have to be examine separately 

fi"om second molars, and so on. The use of tooth areas plotted against estimated body 

weights are explored in a later section, and enables the whole collection of tribally 

assigned teeth to be examined together.

7.4 Fossil Bovidae body weight estimation from postcranial variables and the 
variability in body weight estimates using elements from a single individual

In this section, body weight prediction equations are applied to a sample of fossil bovid 

individuals made up of several skeletal elements and some teeth. These measurements 

were taken fi’om specimens in the palaeontological collection fi’om the Koobi Fora 

Formation, housed in the National Museums of Kenya. For each of the variables, the 

body weight and corrected masses are tabulated (Table 7.2). This enables the variation in 

body weight predictions to be examined within an individual and provides an alternative 

method of body weight prediction. An average body weight can be calculated using aU 

available variables. The results can then be con^ared to the estimated mass using the 

estimator equation with the smallest mean prediction error (MPE) rather than the mean of 

multiple variables. The variables are sorted in ascending order of the mean prediction
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error for each element, thus the best variable for body weight prediction is typically the 

first in the table.

From the results of the body mass calculations in Table 7.2, it can be seen that when an 

individual is comprised of multiple elements, especially postcrania, then the average body 

weight for the total number of variables tends to be closest to that of the variable with the 

smallest mean prediction error. This would be a viable method to use for body weight 

prediction if fossil bovid specimens were typically con^rised of multiple elements. This 

rarely being the case, for the purposes of this study, only the best predictor equation was 

used to provide body mass estimates. Correction factors are applied to the detransformed 

body masses. When the corrected mass values are compared to the original uncorrected 

estimated body weights, they show minimal correction.

Some of the limitations of body weight estimations are evident when the range of 

predicted masses is observed within a single specimen. When the MPE is high for a 

prediction equation it is important to appreciate the degree of inaccuracy. This is 

especially noticeable for dental regressions. Figure 7.2 is a box-and-whisker box plot that 

shows the range in body weights estimated fi'om all the variables available for each 

individual. The specimens are numbered 1-14 as tabulated (Table 7.2). As can be seen 

fi*om both Figure 7.2 and Table 7.2, the body weight predictions range widely and 

average body weights represent more accurate estimations when the number of elements 

is large. The outliers and extreme values represent the variables with high mean 

prediction errors and are least reliable (Figure 7.2).
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Table 7.2. Body weight predictions of fossil individuals from multiple elements.

i l l

I c

I I I
 ̂ B

5
2
O '

g
I

3

l î

St St
*

8

«
g
s
s

a
a

I

l i

i l

10 M CDM L 51.5 1.71 -1.392 2.1538 23 1.005 1.010 0.996 2.30 197.5 198.5 199.4 196.8
12 M CM LM AX 23.1 1.36 -0.549 2.05 25 1.006 1.021 0.999 2.25 176.7 177.8 180.5 176.6

8 M CM M L 30.5 1.48 -1.486 2.6486 27 1.006 0.996 0.994 2.44 278.1 279.8 277.0 276.4
7 M CM AP 22.6 1.35 -2.112 3.26 29 1.008 1.056 1.012 2.30 199.5 201.1 210.6 201.9

11 M CM LM IN 21.5 1.33 -0.545 2.0863 30 1.007 1.038 1.006 2.24 172.3 173.6 178.8 173.3
9 M CDAP 33.9 1.53 -3.075 3.6159 34 1.010 1.080 1.021 2.46 285.8 288.8 308.6 291.7

14 M CTPLG 31.6 1.5 -2.69 3.4585 41 1.014 1.122 1.040 2.49 312.2 316.5 350.2 324.6
13 M CTPSM 25 1.4 -2.21 3.29 41 1.015 1.127 1.040 2.39 247.1 250.9 278.5 257.1

LM 3L 31.2 1.49 -2.668 3.2686 58 1.030 1.0881 1.0185 2.21 163.9 168.8 178.4 167.0
LM 3W 13.5 1.13 -0.717 2.7912 63 1.041 1.1469 1.0296 2.44 274.5 285.8 314.8 282.6

Average Body W eights (kgs) 230.8 234.1 247.7 234.8

10 M CDM L 45.7 1.66 -1.392 2.1538 23 1.005 1.010 0.996 2.18 152.7 153.5 154.2 152.2
4 M CPM L 42.8 1.63 -1.77 2.4274 24 1.005 1.014 0.994 2.19 154.4 155.2 156.6 153.6

12 M CM LM AX 21.5 1.33 -0.549 2.05 25 1.006 1.021 0.999 2.18 152.3 153.2 155.5 152.1
22 M TM M L 23.4 1.37 -1.587 2.7994 26 1.006 1.005 0.994 2.24 175.7 176.7 176.5 174.7

8  M CM M L 23.4 1.37 -1.486 2.6486 27 1.006 0.996 0.994 2.14 138.6 139.5 138.1 137.8
3 M CPAP 30.8 1.49 -2.139 3.0754 29 1.007 1.021 1.001 2.44 275.0 277.0 280.7 275.2
7 M CM AP 19.8 1.3 -2.112 3.26 29 1.008 1.056 1.012 2.12 130.4 131.5 137.7 132.0
2 M CM GM L 25.2 1.4 -1.304 2.4383 30 1.008 1.045 1.006 2.11 129.8 130.9 135.7 130.7
1 M CM GAP 24.8 1.39 -1.748 2.8191 33 1.009 1.025 0.999 2.18 152.5 153.9 156.4 152.4

21 M TM AP 22.3 1.35 -3.347 4.0088 33 1.010 1.052 1.008 2.06 113.9 115.0 119.8 114.8
9 M CDAP 28.6 1.46 -3.075 3.6159 34 1.010 1.080 1.021 2.19 154.4 156.0 166.7 157.6

14 M CTPLG 25.2 1.4 -2.69 3.4585 41 1.014 1.122 1.040 2.15 141.6 143.6 158.9 147.2
13 M CTPSM 20.7 1.32 -2.21 3.29 41 1.015 1.127 1.040 2.12 132.0 134.0 148.8 137.4

Average Body W eights (kgs) 154.1 155.4 160.4 155.2

47 DHAP 56.5 1.75 -1.46 2.069 29 1.007 1.0775 1.0138 2.17 146.5 147.5 157.8 148.5
6 6  RPM L 61.6 1.79 -1.39 2.0401 37 1.009 1.0406 0.9956 2.26 182.3 183.9 189.7 181.5
46 HDOSPAT 27.3 1.44 -2.123 2.9887 37 1.011 1.044 1.0014 2.17 146.8 148.5 153.3 147.0
48 DHM L 56.2 1.75 -1.47 2.09 41.2 1.01 1.14 1.03 2.19 153.7 155.2 176.0 157.5

Average Body W eights (kgs) 157J 158a 169.2 158.6

62 TDAP 32.9 1.52 -2.207 2.8618 22 1.005 0.999 0.9884 2.14 136.6 137.3 136.4 135.0
46 HDOSPAT 23.4 1.37 -2.123 2.9887 37 1.011 1.044 1.0014 1.97 93.2 94.2 97.3 93.3
48 DHM L 52.7 1.72 -1.47 2.09 41.2 1.01 1.14 1.03 2.13 134.1 135.5 153.6 137.5

UM2W 17.8 1.25 -0.326 2.0731 64 1.042 1.0766 1.0045 2.27 184.4 192.2 198.5 185.2
UM2L 26.2 1.42 -0.899 2.2138 79 1.026 1.243 1.0567 2.24 174.0 178.6 216.3 183.9

Average Body Weights (kgs) 144.5 147.6 160.4 147.0

Prediction equations in are listed in Chapter 6 (Table 6.7). The variables for each individual are sorted in 
ascending order of mean prediction errors (MPE). The uncorrected and corrected body weights (shortened 
to CBW) (CBWQMLE, CBWRE, CBWSE) are given in kgs and the prediction equation slope and constant 
are tabulated. The correction fectors Quazi Maximum Likelihood Estimator (QMLE), Ratio Estimator (RE) 
& Smearing Estimate (SE) are provided. Average body weights are indicated in bold fece for each 
specimen. Individual animals are represented by numbers 1-14 and correspond to the same individuals in 
Figure 7.2. The measurements for these calculations were taken from the Koobi Fora Palaeontological 
Collection housed at the National Museums of Kenya. For the descriptions of the variable code and 
variables refer to Chapter 3.
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58 TPML 81.1 1.91 -1935 2.7293 19 1.004 1.0488 1.014 2.28 188.6 189.3 197.8 191.3
40 FS 66 1.82 -3.424 3.1324 20 1.004 1.039 1.0061 2.27 188.4 189.1 195.7 189.5
39 F4 36.6 1.56 -2.098 17894 23 1.004 1.0244 1.0058 2.26 184.0 184.8 188.5 185.1
59 TPAP 39.3 1.59 -3.163 3.5357 24 1.006 1.0174 1.0091 2.47 296.4 298.2 301.6 299.1
36 DFML 78.9 1.9 -3.05 2.83 24.4 1.01 1.03 0.99 2.32 209.6 210.8 214.9 207.9
18 MTPML 38.5 1.59 -1575 3.0546 25 1.006 1.030 1.004 2.27 185.8 186.9 191.3 186.5
35 DFAP 88.2 1.95 -3.02 2.62 27 1.01 1 0.98 2.07 117.0 117.7 117.1 115.2
34 ICFOSPAT 59.3 1.77 -3.51 3.2192 29 1.008 1.0413 1.005 2.20 157.9 159.1 164.4 158.7
47 DHAP 55.8 1.75 -1.46 1069 29 1.007 1.0775 1.0138 2.15 142.5 143.6 153.6 144.5
17 MTPAP 38.8 1.59 -3.449 3.6232 32 1.009 1.068 1.017 2.31 202.7 204.6 216.4 206.2
66 RPML 52.7 1.72 -1.39 10401 37 1.009 1.0406 0.9956 2.12 132.8 134.0 138.2 132.3
46 HDOSPAT 26.9 1.43 -1123 2.9887 37 1.011 1.044 1.0014 2.15 141.1 142.7 147.3 141.3
48 DHML 61 1.79 -1.47 2.09 41.2 1.01 1.14 1.03 2.26 181.9 183.7 208.3 186.5
60 T3 57.1 1.76 -3.795 3.6205 47 1.018 1.1795 1.047 2.57 367.6 374.4 433.6 384.9

UMRL 59.2 1.77 -2.986 18415 52 1.020 1.0377 1.015 2.05 112.4 114.6 116.6 114.0
LM3L 27.9 1.45 -1668 3.2686 58 1.030 1.0881 1.0185 2.06 114.0 117.4 124.0 116.1
LM3W 10.8 1.03 -0.717 17912 63 1.041 1.1469 1.0296 2.17 146.9 152.9 168.4 151.2
UMIW 17.2 1.24 -0.598 13004 64 1.042 1.0212 1.001 2.25 176.0 183.4 179.7 176.1
UM2W 16 1.2 -0J26 10731 64 1.042 1.0766 1.0045 2.17 148.6 154.9 160.0 149.2

15 MTPGAP 5.65 0.75 0.3669 10534 65 1.033 1.112 1.030 1.91 81.5 84.2 90.6 83.9
16 MTPGML 15 1.18 0.4061 1.5611 54 1.025 1.087 1.026 2 2 4 174.2 178.6 189.4 178.8

UMIL 16.1 1.21 -0.655 10883 69 1.030 1.0652 1.005 1.87 73.6 75.8 78.4 74.0
UM2L 19 1.28 -0.899 2.2138 79 1.026 1.243 1.0567 1.93 85.2 87.4 105.9 90.0

Average Bedy Weights (kgs) 165.6 168.2 177.5 167.9

10 MCDML 39.9 1.6 -1.392 2.1538 23 1.005 1.010 0.996 2.06 114.0 114.5 115.1 113.6
12 MCMLMAX 19.4 1.29 -0.549 2.05 25 1.006 1.021 0.999 2.09 123.8 124.5 126.4 123.6
50 H3 62.8 1.8 -3.504 3.263 29 1.011 1.1405 1.0246 2.36 230.3 232.9 262.6 235.9
47 DHAP 53.1 1.73 -1.46 2.069 29 1.007 1.0775 1.0138 2.11 128.7 129.6 138.7 130.5
17 MTPAP 38.5 1.59 -3.449 3.6232 32 1.009 1.068 1.017 2.30 197.6 199.5 211.0 201.0
9 MCDAP 26.2 1.42 -3.075 3.6159 34 1.010 1.080 1.021 2.05 112.9 114.0 121.9 115.2

46 HDOSPAT 26.8 1.43 -2.123 2.9887 37 1.011 1.044 1.0014 2.15 139.9 141.5 146.0 140.1
LMIW 10.1 1.01 -1.19 3.1981 40 1.016 1.024 1.0073 2.02 105.7 107.4 108.2 106.4
LMRL 56.8 1.75 -3.63 3.1287 41 1.014 1.0386 1.0137 1.86 71.9 72.9 74.7 72.9

48 DHML 51 1.71 -1.47 2.09 41.2 1.01 1.14 1.03 2.10 125.3 126.6 143.5 128.5
LM2L 17.3 1.24 -1.199 2.4436 43 1.016 1.0512 1.0175 1.82 66.7 67.8 70.1 67.9
LM2W 9.85 0.99 -0.893 2.90 56 1.032 1.098 1.0258 1.99 97.9 101.0 107.5 100.5

41 HPMLMAX 68.7 1.84 -1.04 1.6924 56 1.016 1.1303 1.0197 2.07 117.1 118.9 132.3 119.4
LM3L 24 1.38 -2.668 3.2686 58 1.030 1.0881 1.0185 1.84 69.4 71.5 75.5 70.7
LMIL 14.9 1.17 -0.671 2.17 61 1.027 1.1503 1.0379 1.88 75.9 78.0 87.3 78.8
LM3W 10.2 1.01 -0.717 2.7912 63 1.041 1.1469 1.0296 2.09 124.2 129.3 142.4 127.8
UMIW 13.1 1.12 -0.598 2.3004 64 1.042 1.0212 1.001 1.98 94.5 98.5 96.5 94.5
UM2W 11.3 1.05 -0.326 2.0731 64 1.042 1.0766 1.0045 1.86 72.0 75.0 77.5 72.3
UMIL 16.9 1.23 -0.655 2.0883 69 1.030 1.0652 1.005 1.91 80.9 83.3 86.1 81.3
UM2L 18.3 1.26 -0.899 2.2138 79 1.026 1.243 1.0567 1.89 78.3 80.4 97.3 82.7

Average Body Weights (kgs) l l l J 113 j 121.0 113.2
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40 F5 59.4 1.77 -3.424 3.1324 20 1.004 1.039 1.0061 2.13 135.6 136.2 140.9 136.4
24 M TDM L 36.2 1.56 -1272 174 21 1.004 1.005 0.999 1.99 98.7 99.0 99.2 98.6
62 TDAP 32.8 1.52 -1207 18618 22 1.005 0.999 0.9884 2.13 135.3 136.0 135.1 133.7
61 TDM L 40.1 1.6 -1143 2.6256 23 1.005 1.0001 0.9916 2.06 116.1 116.7 116.2 115.2
39 F4 30.1 1.48 -2.098 17894 23 1.004 1.0244 1.0058 2.03 106.3 106.7 108.8 106.9
36 D FM L 67.8 1.83 -3.05 2.83 24.4 1.01 1.03 0.99 2.13 136.2 137.0 139.7 135.1
26 M TM LM AX 15.8 1.2 -1.373 2.75 25 1.005 0.993 0.995 1.93 84.3 84.7 83.8 83.9
18 M TPM L 31.4 1.5 -1575 3.0546 25 1.006 1.030 1.004 2 .0 0 99.6 100 .2 102.5 99.9
22 M TM M L 19.8 1.3 -1.587 17994 26 1.006 1.005 0.994 2.04 109.8 110.5 110.3 109.2
35 DFAP 80.2 1.9 -3.023 2.6169 27 1.006 1.0011 0.9844 1.96 91.1 91.6 912 89.6
34 ICFOSPAT 56.2 1.75 -3.51 3.2192 29 1.008 1.0413 1.005 2 .1 2 132.4 133.4 137.9 133.0
23 M TDAP 25.1 1.4 -3.9 4.2265 30 1.008 1.067 1.015 2 .0 2 103.9 104.7 110 .8 105.4
17 M TPAP 32.2 1.51 -3.449 3.6232 32 1.009 1.068 1.017 2 .01 1 0 2 .8 103.7 109.7 104.5
28 M TTAPL 2 2 .8 1.36 -3.448 4.066 33 1.009 1.076 1.018 2.07 117.3 118.4 126.2 119.4
21 M TM AP 2 1 .2 1.33 -3.347 4.0088 33 1.010 1.052 1.008 1.97 93.9 94.8 98.7 94.6
25 M TM LM IN 14.1 1.15 -0.98 2.5016 34 1.008 1.044 1.010 1.89 78.0 78.6 81.5 78.8
6 6  R PM L 45 1.65 -1.39 10401 37 1.009 1.0406 0.9956 1.98 96.3 97.2 100 .2 95.9
27 MTTAPS 18.7 1.27 -2.589 3.6977 41 1.014 1.128 1.037 2 .11 130.2 131.9 146.8 135.0
15 M TPGAP 4.84 0 .68 0.3669 2.0534 65 1.033 1.112 1.030 1.77 59.3 61.3 6 6 .0 61.1
16 M TPGM L 12.1 1.08 0.4061 1.5611 54 1.025 1.087 1.026 2 .1 0 125.0 128.1 135.9 128.3
19 M TL 218 2.34 -1.298 2.6547 76 1.073 1.217 1.037 1.91 81.1 87.0 98.6 84.1
20 MTLMAX 2 2 1 2.34 -5.948 3.3219 76 1.071 1.227 1.047 1.84 6 8 .8 73.6 84.4 72.0

Average Body Weights (kgs) 104.6 106.0 llO J 105.5

40 F5 57.1 1.76 -3.424 3.1324 20 1.004 1.039 1.0061 2.08 119.7 120 .2 124.4 120.4
39 F4 28.8 1.46 -2.098 17894 23 1.004 1.0244 1.0058 1.97 93.7 94.0 96.0 94.2
37 F2 55.4 1.74 -1343 13564 23 1.006 1.0427 1.0154 1.77 58.3 58.6 60.7 59.2
36 D FM L 62.3 1.79 -3.05 2.83 24.4 1.01 1.03 0.99 2.03 107.0 107.6 109.8 106.2
32 FM A P 26.3 1.42 -1.653 2.5867 25 1.006 1.0257 1.0062 2 .0 2 104.9 105.6 107.6 105.6
29 FPM LM AX 75.4 1.88 -3.014 2.6556 25 1.007 1.0336 1.003 1.97 93.5 94.2 96.7 93.8
35 DFAP 81.3 1.91 -3.023 2.6169 27 1.006 1.0011 0.9844 1.97 94.4 95.0 94.5 92.9
34 ICFOSPAT 53.1 1.72 -3.51 3.2192 29 1.008 1.0413 1.005 2.04 11 0 .2 111.1 114.8 110.7
33 FM M L 26.8 1.43 -1.896 17872 30 1.009 1.0088 1.0017 2.09 121.7 1 2 2 .8 122.7 121.9
38 F3 67.8 1.83 -2.438 2.563 31 1.009 1.0338 1.0081 2.26 180.4 182.0 186.4 181.8
30 F F L 286 2.46 -8.801 4.4922 34 1.009 1.0707 1.0227 2.23 171.2 172.7 183.3 175.1

Average Body Weights (kgs) 114.1 114.9 117.9 114.7

10 M CD M L 51.5 1.71 -1.392 2.1538 23 1.005 1.010 0.996 2.29 196.9 197.9 198.8 196.2
4 M C PM L 48.8 1.69 -1.77 2.4274 24 1.005 1.014 0.994 2.33 213.3 214.4 216.3 212.1

12 M CM LM AX 23.4 1.37 -0.549 2.05 25 1.006 1.021 0.999 226 181.8 182.9 185.6 181.6
3 M CPAP 32.3 1.51 -2.139 3.0754 29 1.007 1.021 1.001 2.50 316.8 319.0 323.4 317.0
2 M CM G M L 30.7 1.49 -1.304 2.4383 30 1.008 1.045 1.006 2.32 210.8 212.5 220.2 212.1

11 M CM LM IN 22.5 1.35 -0.545 2.0863 30 1.007 1.038 1.006 2.28 188.6 189.9 195.6 189.7
1 M CM GAP 29 1.46 -1.748 2.8191 33 1.009 1.025 0.999 2.37 235.9 238.0 241.8 235.8
9 M CDAP 31.7 1.5 -3.075 3.6159 34 1.010 1.080 1.021 2.35 224.1 226.5 242.1 228.8

14 M CTPLG 28 1.45 -2.69 3.4585 41 1.014 1.122 1.040 2.31 205.3 208.1 230.3 213.4
13 M CTPSM 24.5 1.39 -2.21 3.29 41 1.015 1.127 1.040 2.36 230.6 234.1 259.9 239.9

Average Body Weights (kgs) 220.4 222j 231.4 222.7
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10 10 MCDML 
4 M CPML 

3 MCPAP

2 MCM GM L

11 MCMLMIN 

1 MCMGAP 

9 MCDAP

6 6  RPM L 

14 MCTPLG 

13 MCTPSM 
UMIW  
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50.6
48.8

33
29.9
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60.5
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-1.392 2.1538 23 1.005 1.010 0.996 2.28 190.3 191.2 192.1 189.6
-1.77 2.4274 24 1.005 1.014 0.994 2.33 212.5 213.6 215.6 211.3

-2.139 3.0754 29 1.007 1.021 1.001 2.53 339.7 342.1 346.7 340.0
-1.304 2.4383 30 1.008 1.045 1.006 2.29 196.7 198.3 205.5 197.9
-0.545 2.0863 30 1.007 1.038 1.006 2.27 186.1 187.5 193.1 187.2
-1.748 2.8191 33 1.009 1.025 0.999 2.34 220.6 222.6 226.2 220.5
-3.075 3.6159 34 1.010 1.080 1.021 2.39 248.0 250.6 267.9 253.2

-1.39 2.0401 37 1.009 1.0406 0.9956 2.24 175.8 177.3 182.9 175.0
-2.69 3.4585 41 1.014 1.122 1.040 2.37 237.1 240.3 265.9 246.4
-2.21 3.29 41 1.015 1.127 1.040 2.31 204.7 207.9 230.7 213.0
-0.598 2.3004 64 1.042 1.0212 1.001 2.36 229.6 239.3 234.5 229.8
-0.655 2.0883 69 1.030 1.0652 1.005 2.46 

Average Body Weights (kgs)
286.0
2273

294.6
230.4

304.7
238.8

287.6
2293

11

12
î
I
L

24 MTDML 37.7 1.58 -2.272 2.74 21 1.004 1.005 0.999 2.04 110.1 110.5 110.7 110.0
26 MTMLMAX 17.4 1.24 -1.373 2.75 25 1.005 0.993 0.995 2.04 110.0 110.6 109.3 109.5
50 H3 44.2 1.65 -3.504 3.263 29 1.011 1.1405 1.0246 1.87 73.3 74.1 83.6 75.1
23 MTDAP 23.4 1.37 -3.9 4.2265 30 1.008 1.067 1.015 1.89 77.3 77.9 82.4 78.4
28 MTTAPL 21.6 1.34 -3.448 4.066 33 1.009 1.076 1.018 1.98 95.5 96.4 102.8 97.2
25 MTTMLMIN 16.5 132 -0.98 25016 34 1.008 1.044 1.010 2.06 115.7 116.5 120.8 116.8
66 RPM L 42.1 1.62 -1.39 2.0401 37 1.009 1.0406 0.9956 1.92 83.7 84.5 87.1 83.4

LM IW 11 1.04 -1.19 3.1981 40 1.016 1.024 1.0073 2.14 137.9 1402 141.3 139.0
27 MTTAPS 17.6 1.25 -2.589 3.6977 41 1.014 1.128 1.037 2.02 104.3 105.7 117.6 1082

LP4W 8.84 0.95 ■0.09 2.2593 44 1.019 1.0053 0.9933 2.05 111.7 113.9 112.3 110.9
LP4L 12.5 1.1 -0.827 2.5141 49 1.024 0.9957 0.9811 1.93 85.2 87.3 84.9 83.6
LM3L 24.2 138 -2668 3.2686 58 1.030 1.0881 1.0185 1.86 72.1 74.2 78.4 73.4

42 HPAPMAX 70.8 1.85 -0.795 1.4759 60 1.024 1.0711 0.9926 1.94 86.2 88.3 92.4 85.6
LM IL 19 1.28 -0.671 2.17 61 1.027 1.1503 1.0379 2.11 128.2 131.6 147.5 133.1
LM3W 9.17 0.96 -0.717 2.7912 63 1.041 1.1469 1.0296 1.97 93.3 97.1 107.0 96.0

Average Body Weights (kgs) 99.0 100.6 105.2 100.0

LM IW 123 1.09 -1.19 3.1981 40 1.016 1.024 1.0073 2.29 193.1 196.3 197.7 194.5
LMRL 62.9 1.8 -3.63 3.1287 41 1.014 1.0386 1.0137 2.00 98.9 100.3 102.7 100.3
LM2L 19.1 1.28 -1.199 2.4436 43 1.016 1.0512 1.0175 1.93 85.2 86.6 89.6 86.7
LM2W 11.8 1.07 -0.893 2.90 56 1.032 1.098 1.0258 2.22 167.1 172.4 183.5 171.4
LM3L 26.7 1.43 -2.668 3.2686 58 1.030 1.0881 1.0185 1.99 98.5 101.4 107.2 100.3
L M IL 15.7 13 ■0.671 2.17 61 1.027 1.1503 1.0379 1.93 84.3 86.6 97.0 87.5
LM3W 10 1 -0.717 2.7912 63 1.041 1.1469 1.0296 2.08 120.1 125.0 137.7 123.7

Average Body Weights (kgs) 121.0 124.1 130.8 123.5
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LM IW 10.2 1.01 -1.19 3.1981 40 1.016 1.024 1.0073 2.04 109.4 111.2 112.0 110.2
LM RL 66.2 1.82 -3.63 3.1287 41 1.014 1.0386 1.0137 2.06 115.9 117.6 120.4 117.5
LM 2L 19.9 1.3 -1.199 2.4436 43 1.016 1.0512 1.0175 1.97 93.7 95.2 98.5 95.4
LTRL 102 2.01 ■4.368 3.2468 44 1.018 1.0666 1.0178 2.16 143.9 146.4 153.4 146.4
LP4W 9.05 0.96 -0.09 2.2593 44 1.019 1.0053 0.9933 2.07 117.8 120.1 118.4 117.0
LP4L 13.5 1.13 -0.827 2.5141 49 1.024 0.9957 0.9811 2.01 102.7 105.1 102.2 100.7
LM2W 10 1 -0.893 2.90 56 1.032 1.098 1.0258 2.01 102.6 105.9 112.7 105.3
LM 3L 28.8 1.46 -2.668 3.2686 58 1.030 1.0881 1.0185 2.10 127.2 131.0 138.4 129.5
L M IL 16.5 1.22 -0.671 2.17 61 1.027 1.1503 1.0379 1.97 93.7 96.2 107.8 97.3
LM3W 10.2 1.01 -0.717 2.7912 63 1.041 1.1469 1.0296 2.10 125.5 130.7 144.0 129.2

Average Body Weights (kgs) 113.2 115.9 120.8 114.8

58 TPM L 67.1 1.83 -2.935 2.7293 19 1.004 1.0488 1.014 2.05 112.2 112.6 117.7 113.8
40 F5 55.9 1.75 -3.424 3.1324 20 1.004 1.039 1.0061 2.05 112.2 112.6 116.6 112.9
24 MTDML 39.5 1.6 -2.272 2.74 21 1.004 1.005 0.999 2.10 125.1 125.6 125.8 125.0
10 M CDM L 37.8 1.58 -1.392 2.1538 23 1.005 1.010 0.996 2.01 101.3 101.8 102.3 101.0
39 F4 30.9 1.49 -2.098 2.7894 23 1.004 1.0244 1.0058 2.06 114.5 115.0 117.3 115.2
59 TPAP 28.5 1.45 -3.163 3.5357 24 1.006 1.0174 1.0091 1.98 95.0 95.6 96.7 95.9

4 M CPM L 34.8 1.54 -1.77 2.4274 24 1.005 1.014 0.994 1.97 94.0 94.5 95.3 93.5
36 DFM L 64.9 1.81 -3.05 2.83 24.4 1.01 1.03 0.99 2.08 120.2 120.9 123.2 119.2
26 MTMLMAX 18.4 126 -1.373 2.75 25 1.005 0.993 0.995 2.11 127.5 128.1 126.7 126.8
12 MCMLMAX 16.7 122 -0.549 2.05 25 1.006 1.021 0.999 1.96 90.4 90.9 92.3 90.3
18 M TPM L 32.8 1.52 -2.575 3.0546 25 1.006 1.030 1.004 2.06 113.6 114.2 116.9 114.0
22 M TM M L 20.8 1.32 -1.587 2.7994 26 1.006 1.005 0.994 2.10 126.6 127.4 127.2 125.9
35 DFAP 81.4 1.91 -3.023 2.6169 27 1.006 1.0011 0.9844 1.98 94.9 95.4 95.0 93.4
34 ICFOSPAT 54.4 1.74 -3.51 3.2192 29 1.008 1.0413 1.005 2.08 119.2 120.1 124.1 119.8

3 M CPAP 21.7 1.34 -2.139 3.0754 29 1.007 1.021 1.001 1.97 93.7 94.3 95.6 93.7
2 M CM GM L 22.5 1.35 -1.304 2.4383 30 1.008 1.045 1.006 1.99 98.6 99.4 103.0 99.2

11 MCM LM IN 16.9 123 -0.545 20863 30 1.007 1.038 1.006 2.02 104.3 105.0 108.2 104.9
23 MTDAP 25.7 1.41 -3.9 42265 30 1.008 1.067 1.015 2.06 114.1 115.0 121.7 115.7
17 MTPAP 32 1.5 -3.449 3.6232 32 1.009 1.068 1.017 2.00 100.7 101.6 107.5 102.4

1 M CM GAP 20.3 1.31 -1.748 2.8191 33 1.009 1.025 0.999 1.94 86.3 87.0 88.4 862
28 MTTAPL 22.2 1.35 -3.448 4.066 33 1.009 1.076 1.018 2.02 105.4 106.4 113.5 107.3
21 MTM AP 18.7 1.27 -3.347 4.0088 33 1.010 1.052 1.008 1.75 55.8 56.4 58.7 56.3

8  MCDAP 24.8 1.39 -3.075 3.6159 34 1.010 1.080 1.021 1.97 93.2 94.2 100.7 95.1
25 M TMLMIN 17.1 1.23 -0.98 2.5016 34 1.008 1.044 1.010 2.10 126.5 127.4 132.1 127.8

LM RL 57.4 1.76 -3.63 3.1287 41 1.014 1.0386 1.0137 1.87 74.1 75.2 77.0 75.1
14 M CTPLG 21.8 1.34 -2.69 3.4585 41 1.014 1.122 1.040 1.94 86.8 88.0 97.4 90.3
13 MCTPSM 16.9 1.23 -2.21 3.29 41 1.015 1.127 1.040 1.83 68.1 69.1 76.7 70.9
27 MTTAPS 17.7 125 -2589 3.6977 41 1.014 1.128 1.037 2.03 106.2 107.7 119.8 110.2

LM 2L 16.1 1.21 -1.199 2.4436 43 1.016 1.0512 1.0175 1.75 56.4 57.3 59.2 57.3
LTRL 85.9 1.93 -4.368 3.2468 44 1.018 1.0666 1.0178 1.91 81.6 83.0 87.0 83.1
LP4W 8.45 0.93 -0.09 2.2593 44 1.019 1.0053 0.9933 2.00 100.9 102.8 101.4 100.2
LP4W 8.93 0.95 -0.09 2.2593 44 1.019 1.0053 0.9933 2.06 114.3 116.5 114.9 113.5

60 T3 42.7 1.63 -3.795 3.6205 47 1.018 1.1795 1.047 2.11 128.4 130.8 151.5 134.5
LP4L 13.1 1.12 -0.827 25141 49 1.024 0.9957 0.9811 1.98 95.7 98.0 95.3 93.9
LP4L 12.7 1.1 -0.827 2.5141 49 1.024 0.9957 0.9811 1.95 89.2 91.4 88.8 87.5
LM2W 11.7 1.07 -0.893 2.90 56 1.032 1.098 1.0258 2.20 159.8 164.9 175.5 163.9
LM 3L 27.1 1.43 -2.668 3.2686 58 1.030 1.0881 1.0185 2.02 103.9 107.0 113.0 105.8
L M IL 14.2 1.15 -0.671 217 61 1.027 1.1503 1.0379 1.83 68.3 70.1 78.6 70.9
LM3W 11.1 1.05 -0.717 27912 63 1.041 1.1469 1.0296 2.20 158.9 165.5 182.3 163.6
UM2W 16.1 121 -0.326 20731 64 1.042 1.0766 1.0045 2.17 149.3 155.7 160.8 150.0
UM2L 18.6 1.27 -0.899 2.2138 79 1.026 1.243 1.0567 1.91 81.2 83.3 100.9 85.8

5 M CL 206 2.31 -0.32 0.9752 83 1.081 1.189 1.009 1.94 86.4 93.4 102.8 872
6  M CMAXL 213 2.33 -2.124 1.7306 84 1.080 1.313 1.063 1.91 80.4 86.8 105.6 85.5

Average Body W eights (kgs) 102.7 104.4 109.2 103.8
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Figure 7.2 The range of the body weight estimates of 14 fossil bovid specimens 
using multiple elements for individual specimens.
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Refer Table 7.2 for variables used in each case. The box represents the interquartile range, which contains 
the 50% of the predicted values. The whiskers are lines that extend from the box to the highest and lowest 
values, excluding outliers. Outliers are those cases which fall between 1.5 and 3 box lengths from the upper 
and lower edge of the box and extreme values are those cases outside of this range. A line across the box 
indicates the median. N values on the x axis represent numbers of elements per individual. And the 
individuals are numbered 1 through 14 and refer to the numbers in Table 7.2. The circles represent outliers 
and * represents extreme values.
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7.5 Body weight representation of the Nachukui Formation Bovidae from dental 
remains

In this section the body weights of the fossil Bovidae from the Nachukui Formation have 

been estimated using the equations developed in Chapter 6, using the best body weight 

predictor equation for each specimen. Table 7.3 summarises the fossil bovid sample that 

has been used in the analysis in this chapter. The resulting detransformed estimated body 

weights are left uncorrected. However, correction factors can be readily applied to the 

predicted body masses by referring back to Table 6.7. There are no postcrania that are 

securely identified to tribe from the Nachukui Formation and so the tribal based analyses 

are restricted to dental elements only, which in turn have high mean prediction errors 

(MPE). It is important to bear this in mind when the results are considered. The numbers 

of specimens, body size range, mean, standard errors and standard deviations are given 

for each of the bovid tribes and the indeterminate specimens (Bovidae indet.) (Table 7.3). 

Where an isolated tooth or skeletal element could not be assigned to tribe then it was 

placed in the latter category. Figure 7.3 illustrates the mean body weight and body weight 

ranges of the total bovid sangle from the Nachukui Formation.

Table 7.4 provides a summary of the estimated body weights of the different tribes of the 

Nachukui Formation for each member. The number of specimens, mean, maximum and 

minimum estimated body weights, and standard error of the mean, are tabulated.
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Table 7.3 Summary of the total bovid sample from the Nachukui Formation 
used in the body weight analyses.

N 168 45 111 25 71 5 59 21 1 40

Mean Body Weight (kg) 127 48 95 184 154 7 35 381 41 126

Std. Error of Mean 7 1 4 13 12 1 2 33 0 21
Std. Deviation 87 9 41 66 103 2 13 149 136
Range 401 44 185 227 462 4 63 551 528
Minimum 26 31 33 50 22 5 16 204 41 9
Maximum 426 75 218 277 484 8 78 755 41 537



-293-

Figure 7.3 Mean estimated body weights (kg) and body weight ranges (kg) for 
tribes of fossil Bovidae from the Nachukui Formation.
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Table 7.4 Mean estimated body weights for tribes of fossil Bovidae for members 
of the Nachukui Formation.

N 6 50 17 22 9 17 11 24 12
Mean (kg) 154 125 113 81 55 106 199 149 194
SE o f  Mean 56 11 16 11 6 17 34 21 26
Minimum 41 34 28 30 33 29 95 26 77
Maximum 407 396 216 254 85 266 364 426 362

N 1 25 4 3 1 4 5 2
Mean (kg) 47 48 49 42 37 48 50 49
SE o f  Mean 2 4 2 0 2 5 0
Minimum 47 31 39 39 37 43 35 48
Maximum 47 75 58 45 37 55 65 49

N 4 29 5 21 8 14 4 18 8
Mean 140 94 118 88 106 89 89 83 108
SE o f  Mean 26 9 29 6 9 9 23 9 18
Minimum 93 33 52 47 81 37 41 41 36
Maximum 207 218 203 172 153 137 148 191 180

N 2 8 4 3 1 1 1 5
Mean (kg) 176 206 185 176 119 189 236 156
SE o f  Mean 35 24 16 65 0 0 0 35
Minimum 141 91 142 50 119 189 236 75
Maximum 211 277 211 269 119 189 236 248

N 3 25 4 7 3 6 14 3 6
Mean (1%) 62 155 70 109 189 219 146 114 263
SE o f  Mean 18 17 20 27 30 52 15 40 84
Minimum 29 46 47 22 135 46 39 37 38
Maximum 90 357 130 205 238 403 233 169 484

N 5
Mean (kg) 7
SE o f  Mean 1
Minimum 5
Maximum 8

N 1 26 6 6 1 6 1 8 4
Mean (kg) 37 37 39 24 33 28 38 36 45
SE o f  Mean 0 2 9 2 0 3 0 2 6
Minimum 37 16 16 19 33 17 38 23 35
Maximum 37 65 78 32 33 40 38 42 59

N 3 1 1 4 3 2 6 1
Mean (kg) 314 420 238 385 318 620 383 367
SE o f  Mean 49 0 0 82 38 54 76 0
Minimum 244 420 238 204 245 566 272 367
Maximum 409 420 238 577 373 674 755 367

N 2 27 3 3 1 4
Mean (kg) 138 84 66 63 100 504
SE o f  Mean 55 9 27 0 20
Minimum 82 9 15 63 100 456
Maximum 193 239 109 63 100 537

Note: Body weights are in kilograms. N represents the numbers of specimens. 
Mean, standard error and maximum & minimum values are also tabulated.
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In the following sections three plots are drawn up for each of the bovid tribes:

a) Body weight versus tooth area

The uncorrected body weight estimates are plotted against tooth areas and are not 

separated stratigraphically. This provides an opportunity to identify any distinctive body 

size groups within a tribe. Clustering of points need to be identified along the _y-axis only 

as the spread along the x- axis merely reflects the surface areas of different teeth. For 

example the lower fist molar area (LMIA) will show a different trajectory to that of lower 

second molar area (LM2A) or lower third molar area (LM3A) and so on. Both upper and 

lower dentitions are combined in these scatter plots.

b) Body weight distribution per member.

This is a taxon-fi*ee analysis of the uncorrected estimated body weight distributions per 

member. This provides an overview of the variation in body weights and possible body 

size groups within a tribe. When body size groupings vary between members, closer 

attention can be paid to interpret the changes.

c) Error bars plotted with ± 1 standard errors of mean.

The mean estimated body weight is plotted by tribe for each stratigraphie member. The 

error bars indicate ± 1 standard errors. Two mean estimated body weights can be 

considered different at the 95% confidence level, if the ratio of the difference to the 

summed standard errors is less than -1 or greater than +1, in other words if the error bars 

do not overlap between two members.
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7.5.1 Alcelaphini

The alcelapbines are a large tribe of Bovidae that inhabit open country. Modem 

alcelapbines range in body size from 80 kg ($ Hirola hartebeest) to 235 kg 0  

wildebeest) (Kingdon 1997). The fossil Alcelaphini of the Nachukui Formation are 

represented by five genera (Chapter 5, section 5.4.1). The mean estimated body weights 

of fossil alcelapbines range from 61 kg (N=l) of Parmularias altidens to 303 kg (N=39) 

o f Megalotragus isaaci (Table 7.1).

Figure 7.4a is a scatter plot of all tooth areas and body size for the Alcelaphini of the 

Nachukui Formation. The scatter shows an abundance of smaller body sizes (below 150 

kg) on the y-axis and less abundant medium size alcelaphine representation (150-300 kg) 

and finally a disparate large alcelaphine representation (> 300 kg). Figure 7.4b and 7.4c 

show the trend in body size distribution for the Alcelaphini by member. In Figure 7.4b 

there are higher numbers of lower body size groupings, i.e. below 100 kg and fewer 

represented above 150 kg, in the lower Lomekwi (2 on Figure 7.4b). In the upper 

Lomekwi, the larger of the two sizes is poorly represented and by the Lokalalei Member 

(5 on Figure 7.4b), the larger body size is not present.
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Figure 7.4 Fossil body weight representation of Alcelaphini.

Note: the following figures represent a) body weight against tooth area b) body weight 
distribution per member c) means plotted with + 1 standard errors of mean. Body weights 
are plotted in kg and tooth areas in mm .̂ For the stratigraphie time represented by each of 
these members refer to Chapter 2.
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Figure 7.4c
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Â o/e; In Figure 7.4a, the tooth areas represented on the y- axis are from lower and upper 
molars representing different teeth and specimens. In Figure 7.4b the numbers on axis 
denote the following members: 1= Kataboi, 2 -  Lower Lomekwi, 3= Middle Lomekwi, 4= 
Upper Lomekwi, 5= Lokalalei, 6= Kalochcwo, 7= Kaitio, 8= Natoo, 9= Nariokotome. In 
Figure 7.4c, N values on the x-axis represent the numbers of specimens in each member.
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This could possibly be explained by taphonomic influences, or may reflect changes in 

local habitats at that time that were unsuitable for larger Bovidae. Higher in the 

stratigraphie sequence, larger body size is increasingly represented (Fig 7.4b). In Figure 

7.4c there is a significant increase in the mean body size in the members after the 

Lokalalei Member (2.3 ma), as indicated by good separation of the standard error bars of 

the estimated mean body weights. This trend towards increased mean body size of 

alcelaphines is likely to have been habitat-related, where large body size niches became 

available. The relative abundance of the genus Megalotragus, the largest representatives 

of the alcelaphines, increase fi’om the Kaitio Member (ca. 1.7 ma) upwards as seen fi*om 

the species abundances of Alcelaphini in Chapter 5 (Figure 5.1b). The trend of body size 

increase is likely to be a reflection of this representation.

7,5.2 Aepycerotini

The Aepycerotini in the Omo Group Deposits are represented by two species, Aepyceros 

shungurae and Aepyceros melampus (Chapter 5, section 5.4.2). A. shungurae is 

considered ancestral to A. melampus, which is still extant today. The body weights of 

modem impala range fi*om 40 kg ($) to 80 kg (c?) (Kingdon 1997). The mean estimated 

body weights of fossil A. shungurae and A. melampus are 48.3 kg (N=31) and 58.7 kg 

(N=28) respectively (Table 7.1). These body weights were estimated fi*om published 

species assigned specimens of associated dental and horn core remains in Harris (1991).

Figure 7.5a, is a scatter plot of all tooth areas and body size ranges for the Aepycerotini of 

the Nachukui Formation. The scatter shows a cluster of Aepycerotini between 30 kg and
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60 kg and fewer specimens greater than 70 kg. When the latter group of points are 

identified they are all, with the exception of two, estimated fi’om the upper molar 

variables UMIA or UM2A. These have mean prediction errors of 51% and 56% 

respectively. Allowing for these errors, the outliers fall within the expected range for 

modem impala (40-80 kg, Kingdon (1997)). Harris et a l (1988a) state that A. shungurae 

are generally smaller than A. melampus, based on horn core and cranial material 

However, there is no way to distinguish isolated teeth of A. melampus fi'om A. shungurae 

using tooth morphology and the published assignments o f isolated teeth for the Nachukui 

Formation are based on stratigraphie provenance. The new collection of isolated 

aepycerotine teeth were classified Aepycerotini sp. indeterminate. It appears that in the 

lower Lomekwi Member, there is a greater representation of heavier individuals than in 

other members (Figure 7.5b) although the mean body weights are not significantly 

difierent as there is overlap in the standard errors of adjacent members (Figure 7.5c). The 

lower Lomekwi Member is more fossiliferous and has a sample size of 72 aepycerotines. 

However, this is unlikely to fully explain the total lack of higher body weights in 

members other than the lower Lomekwi. It is more likely that this difference in body 

weight representations is due to taxonomic misidentifications of aepycerotines fi'om this 

member. The identifications, based on of the new collection of aepycerotines, may be 

revised (M. G. L e a k e y comms.).
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Figure 7.5 Fossil body weight representation of Aepycerotini.

Note: the following figures represent a) body weight against tooth area b) body weight 
distribution per member c) means plotted with + 1 standard errors of mean. Body weights 
are plotted in kg and tooth areas in mm̂ . For the stratigraphie time represented by each of 
these members refer to Chapter 2.
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Figure 7.5c
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JVbfé; In Figure 7.5a, the tooth areas represented on the y- axis are from lower and upper 
molars representing different teeth and specimens. In Figure 7.5b the numbers on axis 
denote the following members: 1= Kataboi, 2= Lower Lomekwi, 3= Middle Lomekwi, 4= 
Upper Lomekwi, 5= Lokalalei, 6= Kalochoro, 7= Kaitio, 8= Natoo, 9= Nariokotome. In 
Figure 7.5c, N values on the x-axis represent the numbers of specimens in each member.
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The mean body weight of the Aepycerotini shows a general increase with time (Figure 

7.5c), but this change is insignificant as sample siz&s are small for members higher in the 

sequence and standard error bars overlap. Figure 7.5c suggests a statisically significant 

increase in the mean body size between Aepycerotini of the upper Lomekwi Member and 

the Natoo Member. In the Nachukui Formation, A. melampus is represented in the 

Kalochoro Member and above (Harris et al 1988a). The estimated body sizes of the 

Aepycerotini do not provide any inferences regarding changing habitat fi’om the evidence 

presented here. The sample size of the Aepycerotini is limited, except for the lower 

Lomekwi Member where they are an abundant and an important constituent of the fauna, 

even allowing for the possible exclusion of specimens >70 kg. However, the presence of 

Aepycerotini suggests that woodland and closed habitats were present locally. Modem 

Aepycerotini are ecotone species, which depend on high quality fodder, fi’equenting 

woodland during the dry season in which edaphic grasses exist during the wet seasons 

(Kingdon 1997).

7.5.3 Reduncini

Fossil Reduncini in the Turkana Basin are represented by three genera, Kobus, Redunca 

and Menelikia and comprise at least 9 species (Chapter 5, Section 5.4.3). Modem 

reduncines range in body size fi’om 35 kg (Ç Bohor reedbuck) to 300 kg (jS waterbuck) 

(Kingdon 1997). The fossil reduncines, as calculated in Table 7.1, range in mean 

estimated body size firom 73 kg {Kobus kob) to 161 kg {Menelikia leakeyi). The 

distinction between the teeth of large Reduncini and small Hippotragini can be 

problematic as the teeth look similar morphologically. In some cases the distinction 

between Hippotragini and small Bovini can also be confused. Certain situations were 

encountered where published specimens should possibly have been assigned to a different
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taxonomic category, although they were left as published. It is important to be aware of 

the problems with identifications of isolated Reduncini, Hippotragini and Bovini teeth. 

Figure 7.6a is a scatter plot of tooth areas and body size ranges for the Reduncini of the 

Nachukui Formation. The scatter plot shows an abundance of individuals with body sizes 

below 150 kg and a less abundant representation in the range 150-300 kg. Harris et al 

(1988a) recognise three sizes of teeth of Reduncini fi'om the Nachukui Formation, each of 

which is distributed throughout the succession. However, Figure 7.6 shows a continuous 

body size range and therefore Harris et al (1988a) divisions are arbitrary. The Reduncini 

are widely represented throughout the succession (Figure 7.6b and 7.6c) in fairly high 

numbers, except for the Kaitio Member, suggesting that preferred habitats for Reduncini 

must have been prevalent, except in the Kaitio Member. In Figure 7.6c, the overall mean 

body size of Reduncini shows statistically significant change between the Kataboi and 

lower Lomekwi Members, the Lokalalei and Kalochoro Members and the Natoo and 

Nariokotome Members as suggested by their standard errors. The distribution of body 

weights within each member also varies (Figure 7.6b). For example, the Lokalalei and 

Kataboi Members appear to lack representatives of the smaller body size Reduncini 

(Figure 7.4b), which is most likely to be indicative of variation in local habitat, or 

possibly taphonomic factors. Reduncini are highly habitat-specific and are indicative of 

wet edaphic grassland and riverine woodland habitats. As the ancestral Omo River 

flowing into the basin fi'om north varied in its lateral position as it meandered, the riverine 

habitats would have tracked its course accordingly.



Figure 7.6a
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Figure 7.6 Fossil body w eight representation o f  Reduncini.

Note: the following figures represent a) body weight against tooth area b) body weight 
distribution per member c) means plotted with + 1 standard errors of mean. Body weights 
are plotted in kgs, tooth area in mm .̂ For the stratigraphie time represented by each of 
these members refer to Chapter 2,
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Note: In Figure 7.6a, the tooth areas represented on the y- axis are from lower and upper 
molars representing different teeth and specimens. In Figure 7.6b the numbers on axis 
denote the following members: 1= Kataboi, 2= Lower Lomekwi, 3= Middle Lomekwi, 4= 
Upper Lomekwi, 5= Lokalalei, 6= Kalochoro, 7= Kaitio, 8= Natoo, 9= Nariokotome. In 
Figure 7.6c, N values on the x-axis represent the numbers of specimens in each member.
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7 .5 .4  H ippotragini

Fossil Hippotragini from the Turkana Basin are poorly represented in the Nachukui 

Formation especially in comparison to modem times. However, taphonomy may also play 

a part in this apparent disparity, as Hippotragini are generally regarded as arid adapted 

taxa inhabiting dry woodland and not dependent on the presence of abundant drinking 

water. Therefore remains of hippotragines might be less commonly fossilised. The fossil 

hippotragines comprise Hippotragus and Oryx and are described in further detail in 

Chapter 5, section 5.4.4. The estimated mean body weights of fossil hippotragines include 

179 kg (N=2) for Oryx and 215 kg (N=2) for Hippotragus gigas. Modem hippotragines 

are represented by 3 extant genera and range in size from 180 kg (ÿ  oryx) to 300 kg (S  

Roan antelope).

As discussed in section 7.5.2.3, the identification of isolated teeth of Hippotragini can 

easily be mistaken with those of large Reduncini because the teeth are morphologically 

similar. Added to this, small bovine teeth of Ugandax sp. have in the past been wrongly 

identified as hippotragines (Harris et al 1988a). Teeth of bovines generally have 

distinctive “pinched” lobes, and although the Ugandax sp. specimens difièr in this respect 

and can therefore be easily misidentified, slight pinching can be seen (Harris et d l  

1988a). Figure 7.7a is a scatter plot of all tooth areas and body sizes for the Hippotragini 

of the Nachukui Formation. Figures 7.7a and 7.7b show two apparent body size groups, 

one below 180 kg and a second above 180 kg. The smaller specimens might be 

misclassified Reduncini, while alternatively some of the large representatives may 

represent small bovines, namely Ugandax sp. specimens.
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Figure 7.7 Fossil body w eight representation o f  H ippotragin i.

Note: the following figures represent a) body weight against tooth area b) body weight 
distribution per member c) means plotted with + 1 standard errors of mean. Body weights 
are plotted in kg and tooth areas in mm .̂ For the stratigraphie time represented by each of 
these members refer to Chapter 2.
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Figure 7.7c
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Note: In Figure 7.7a, the tooth areas represented on the y- axis are from lower and upper molars 
representing different teeth and specimens. In Figure 7.7b the numbers on axis denote the 
following members: 1= Kataboi, 2= Lower Lomekwi, 3= Middle Lomekwi, 4= Upper Lomekwi, 
5= Lokalalei, 6= Kalochoro, 7= Kaitio, 8= Natoo, 9= Nariokotome. In Figure 7.7c, N values on 
the x-axis represent the numbers of specimens in each member.
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Figures 7.7c indicates that the sample sizes are too low to make confident assertions 

about any changes in body sizes within this taxon through time, as the standard error bars 

of mean predicted body weights overlap considerably.

7.5.5 Tragelaphini

Extant Tragelaphini are a large tribe of Bovidae and inhabit a broad habitat spectrum. The 

Plio-Pleistocene tragelaphines fi’om the Turkana Basin comprise at least four species of 

Tragelaphus: T. gaudryi, T. kyaloe, T. nakuae and T. strepciseros. The fossil 

tragelaphines are described in further detail in Chapter 5, section 7.5.5. The estimated 

body weights of fossil tragelaphines (Table 7.1) range fiom 112 kg (N=12) for T. gaudryi 

to 211 kg (N=41) for T. nakuae. Modem tragelaphines range in size fiom 40 kg ($ 

Sitatunga) to (c? Eland) (Kingdon 1997).

The Tragelaphini of the Nachukui Formation appear to separate into three size categories; 

below 100 kg, between 100 and 300 kg and above 300 kg (Figure 7.8a and 7.8b). The two 

lower size categories are well represented throughout the sequence, although the larger 

size range is less well represented (Figure 7.8b). The mean body size representation 

varies significantly in the lower, middle and upper Lomekwi Members, as indicated by 

the standard error bars (Figure 7.8c). These differences are likely to be due to taxonomic 

representation as can be seen fiom the diversity and variation in relative tragelaphine 

abundances in Chapter 5, Figure 5.5b. The smaller Tragelaphini, below 100 kg, may 

represent species similar in size and habitat preference to the extant bushbuck 

Tragelaphus scriptus, the medium size range Tragelaphini are likely to represent T. 

nakuae and T. strepsiceros and the very largest tragelaphines may represent an animal of 

similar size to the extant eland Taurotragus oryx (Figure 7.8b). The extant eland vary
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considerably in their body size and range from 300-600 kg (females) and 400-600 kg 

(males) (Kingdon 1997). From bom core data, T. strepisceros becomes increasingly 

abundant higher in the section (Chapter 5, Figure 5.5b). The estimated body weight 

distributions of isolated teeth from the Kalochoro and Kaitio Members support this 

(Figure 7.8b) as the larger body sizes represented in these members are most certainly of 

T. strepisceros. T. gaudryi, is recognised in the Shungura Formation but has not yet been 

identified from the Nachukui Formation. A mean body weight estimated from published 

tooth measurements from 12 individuals of T. gaudryi is 112-117 kg (Table 7.1). It is 

quite feasible that some of the isolated teeth in this size range might represent this 

species. T. nakuae, widely recognised from the Nachukui Formation, has a body weight 

range of 211-220 kg (A^=41) (Table 7.1). The oldest record of T. strepciseros from the 

Turkana Basin, is from Shungura Member G, equivalent to the Kalochoro Member of the 

Nachukui Formation. Therefore the representation of estimated body weights in this range 

from members below the Kalochoro Member, are unlikely to represent T. strepsiceros. 

The estimated mean body weight of T. strepsiceros, from 9 individuals is 190 kg (Table 

7.1). Additional specimens of associated horn cores and dental remains will help to 

further interpret the likely taxonomic affinities of isolated teeth.
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Figure 7.8 Fossil body w eight representation o f  T ragelaphin i.

N ote: the following figures represent a) body weight against tooth area b) body weight 
distribution per member c) means plotted with + 1 standard errors of mean. Body weights 
are plotted in kg and tooth areas in mm .̂ For the stratigraphie time represented by each of 
these members refer to Chapter 2.
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Figure 7.8c
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Note: In Figure 7.8a, the tooth areas represented on the y- axis are from lower and upper 
molars representing different teeth and specimens. In Figure 7.8b the numbers on axis 
denote the following members: 1= Kataboi, 2= Lower Lomekwi, 3= Middle Lomekwi, 4= 
Upper Lomekwi, 5= Lokalalei, 6= Kalochoro, 7= Kaitio, 8= Natoo, 9= Nariokotome. In 
Figure 7.8c, N values on the x-axis represent the numbers of specimens in each member.
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7.5.6 A ntilopini

The fossil Antilopini in the Turkana Basin are represented by two genera: Antidorcas and 

Gazella and comprise at least four species, G. granti, G. praethomsoni, G  janenschi and 

A. recki as recognised from horn cores. The estimated body weights of extant Antilopini 

range from 15 kg (Ç Thomson’s gazelle) to 81 kg {S Grant’s gazelle) (Kingdon 1997). 

The estimated body weights of fossil Antilopini from published measurements in Harris 

(1991) are 38 kg (N=5) for G praethomsoni and 26 kg (N=41) for A. recki (Table 7.1) .

Figures 7.9a and 7.9b show that the majority of the Antilopini body weights fall below 50 

kg. However, two points represent values greater than 100 kg and lie well outside the 

expected range for Antilopini as stated above. These are most likely to be 

misidentifications. The second highest body weight for the middle Lomekwi Member (3 

on Figure 7.9b) at 79 kg (MPE 41%). This seems to be an unusually high body weight for 

A. recki, and possibly represents a misidentified specimen. There is a significant decrease 

in mean body weight between the middle and upper Lomekwi Members if the standard 

error bars are considered in Figure 7.9c. However this difference only represents some 20 

kg of body weight. Caution must be taken when interpreting this difference as sample 

sizes are low for the Antilopini and this difference in body weight representation is 

unlikely to represent shifts in habitat or spéciation and extinction events.
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Figure 7.9 Fossil body w eight representation o f  A ntilopini.

Note: the following figures represent a) body weight against tooth area b) body weight 
distribution per member c) means plotted with + 1 standard errors of mean. Body weights 
are plotted in kg and tooth areas in mm .̂ For the stratigraphie time represented by each of 
these members refer to Chapter 2.
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Figure 7.9c
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Note: In Figure 7.9a, the tooth areas represented on the y- axis are from lower and upper 
molars representing different teeth and specimens. In Figure 7.9b the numbers on axis 
denote the following members: 1= Kataboi, 2= Lower Lomekwi, 3= Middle Lomekwi, 4= 
Upper Lomekwi, 5= Lokalalei, 6= Kalochoro, 7= Kaitio, 8= Natoo, 9= Nariokotome. In 
Figure 7.9c, N values on the x-axis represent the numbers of specimens in each member.
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Some of the relatively smaller size differences, which are significant is their error bars are 

considered in Figure 7.9c, such as the size ranges of Antilopini in the Natoo and 

Nariokotome Members (Figure 7.9b), could represent intraspecific microevolution rather 

than species replacements. This too can be habitat related but it is more difiBcult to 

interpret, especially at this resolution.

The body size estimates of Antilopini other than the three outliers discussed above, all fall 

within the expected body weight range of extant Antilopini, and cannot be differentiated 

to suggest taxonomy. Their presence in almost every member of the Nachukui Formation 

implies that open habitats existed locally. The Kaitio Member (7 on Figure 7.9b) is 

represented by a single isolated antilopine tooth. However, the bovid relative abundances 

in Chapter 5, Figure 5.4.5, show that the Kaitio Member was dominated by closed-dry 

habitat bovid tribes at this time and thus the open habitat preferred by Antilopini was not 

well represented locally at this time. Worth considering here are the Caprini. The Caprini 

are another tribe of Bovidae but are very poorly represented in the Nachukui Formation. 

Isolated teeth of Caprini are very difficult to distinguish fi’om Antilopini. The mean body 

weight estimated for a sample of 2 individuals of Caprini was 44 kg (Table 7.1). It may 

be possible that some of the isolated teeth identified as Antilopini are in fact o f this tribe 

instead.

7.5.7 Bovini

The Bovini are poorly represented in the Nachukui Formation, but four genera are 

recognised in the Turkana Basin: Syncerus, Ugandax, Simatherium and Pelorovis. The 

fossil bovines of the Nachukui Formation are described in more detail in Chapter 5, 

section 5.4.8. The estimated mean body weights for the Bovini fiom published tooth
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dimension data in Harris (1991) (Table 7.1) range from 258 kg (N=8) for Ugandax and 

594 kg (N=9) for P. olduwayensis. Extant African Bovini are represented only by the 

buffalo S. caffer, and they range in size from 250 kg ($) to 850 kg (cJ) (Kingdon 1997).

It is important to appreciate the limitations of the body weight estimation equations for 

estimating body sizes of animals that are heavier than those used to formulate the 

equations. In effect the prediction errors will be greater and the estimates are likely to be 

inflated (Smith 1980, 1983a & b; Dagosto & Terranova 1992). Identifications of bovine 

isolated teeth are less problematic than for other tribes, as the lobes of the teeth are highly 

diagnostic; they appear “pinched” and the enamel is often crenulated (Harris et al 

1988a). Ugandax sp., a smaller bovine species, has less obviously pinched lobes and 

dental specimens have in the past been misclassified as Hippotragini but Harris et al 

(1988a), confidently assign them to the Bovini.

With such small sangle sizes for each member, changes in the mean estimated body 

weight per member are mostly not statistically significant. This is confirmed by the large 

overlap in most of the standard error bars on Figure 7.10c. Figure 7.10b does indicate an 

increase in the representation of larger body size individuals in the later members. The 

Kaitio Member (ca.1.7 ma) (7 in Figure 7.10b) is represented by only 3 bovine 

specimens, all of which are above 400 kg. The sample size is too small to place any 

confidence on these body weight data as being highly representative of the Kaitio 

Member, however the three specimens in the Kaitio Member are certainly representative 

of a different species to those represented in the Kalochoro Member (6 in Figure 7.10b). 

Approximately one third of the points fall below the 250 kg lower size limit of modem 

bovines. These smaller individuals are likely to represent specimens of Ugandax which 

have sometimes been classified as Hippotragines, however larger sample sizes would
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improve the confidence placed on these species body size distributions. The Koobi Fora 

Formation is much better represented in relative bovine abundance, especially from the 

later members, so the Bovini were clearly abundant in the Turkana Basin at this time 

(Chapter 5, Figure 5.15).
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Figure 7 .10 Fossil body weight representation o f  Bovini.

Note: the following figures represent a) body weight against tooth area b) body weight distribution per 
member c) means plotted with + 1 standard errors of mean. Body weights are plotted in kg and tooth areas 
in mm̂ . For the stratigraphie time represented by each of these members refer to Chapter 2.
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Figure 7.10c
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Note: In Figure 7.10a, the tooth areas represented on the y- axis are from lower and upper molars 
representing different teeth and specimens. In Figure 7.10b the numbers on axis denote the 
following members: 1= Kataboi, 2= Lower Lomekwi, 3= Middle Lomekwi, 4= Upper Lomekwi, 
5= Lokalalei, 6= Kalochoro, 7= Kaitio, 8= Natoo, 9= Nariokotome. In Figure 7.10c, N values on 
the x-axis represent the numbers of specimens in each member.
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7 .5 .8  N eotragin i

The Neotragini are very poorly represented in the fossil record of the Nachukui 

Formation. There are six isolated teeth in total from the Nachukui Formation, all of which 

are from the Kataboi and lower Lomekwi Members. The mean body weight 

representation of the Neotragini sample is 7 kg, but these estimates are likely to be poor 

as these body sizes are below those that were used to formulate the prediction equations. 

The small size of Neotragini inq)lies that taphonomically they are likely to be ‘rare’ in the 

fossil record. Therefore the Neotragini are not discussed further.

7.6 Estimated body weight and tooth areas as an investigative measure for fauna! 
variation and identification in the Nachukui Formation.

In this section, published measurements of the dentitions of fossil reduncines identified 

from specimens with associated horn cores (Table 7.1), are plotted as solid squares on a 

series o f graphs (Figure 7.11a-h). These are not assigned to any stratigraphie member but 

provide a species-based reference of reduncine body weights, which can be used to infer 

the possible taxonomic assignment of isolated reduncine bovid teeth from the Nachukui 

Formation. The Nachukui Formation specimens, based in most cased on identifications 

from isolated teeth and therefore identified only to the tribal level, are entered on the 

same plots (as triangles) for comparison with the identified specimens.
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Figure 7.11 Bivariate plots of tooth area versus estimated body weight for fossil 
Reduncini.
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Figure 7.11b Middle Lomekwi Member
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Figure 7.11c Upper Lomekwi M em ber
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Figure 7.1 Id Lokalalei Member
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Figure 7.11e Kalochoro M em ber

300

200

100
CJÛ

_c

200 300 4000 100 500

^  Reduncini indet 

"  M enelikia ly rocera

■ M enelikia leakeyi

■ Kobus sigrn oidalis

■ Kobus o r icornus

■ Kobus kob

Reduncini Tooth Area (mm2) Kalochoro Member

Figure T . l l f  Kaitio Member
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Figure 7.11g Natoo M ember
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Figure 7.1 Ih Nariokotome Member
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Plots 7.11 a-h represent individual members o f the Nachukui Formation. Published tooth areas 
and associated body weight estimates are plotted as coloured squares and are not specific to that 
member. These body weights o f known species can be used to suggest likely identifications of  
the isolated teeth from the Nachukui Formation (plotted as solid triangles). Body weight is 

measured in kilograms (kg) and tooth area in mm^.
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The tooth area versus body weight plots in this section demonstrate an exploratory 

technique for interpreting the collection of isolated bovid teeth rather than attempting to 

provide secure identifications to these specimens. Although only the Reduncini are 

illustrated here as an example, similar plots to those of the Reduncini can drawn up for 

other bovid tribes to infer the taxonomic identifications of isolated teeth. The ‘strings’ of 

points on the jc-axis represent the tooth areas of particular teeth, such as lower first molar 

areas, second molar areas and so on. Of importance is the distribution along the vertical y- 

axis, representing body size. The likely taxonomic classification of isolated teeth fi-om the 

Nachukui Formation (triangles) can be inferred from similar estimated body weights of 

securely identified species (squares) along the }/-axis. Figures 7.11a-c indicate that the 

predominance of small Reduncini in the lower members are likely to be Kobus kob, as 

they represent similar body weights. However in Figure 7.11 a-h, the medium sized 

Reduncini may represent a number of different species including Menelikia lyrocera, 

Menelikia leakeyi or Kobus oricornus. The largest Reduncini body sizes are likely to 

represent Kobus sigmoidalis as seen from the body size representation in the plots.

Thus, by using tooth areas of isolated teeth plotted against body weights for individual 

members alongside the body weights and tooth areas of securely identified species, the 

body weight ranges in section 7.5 can be analysed in more detail. However, as the 

securely identified fossil species (squares) are not stratigraphically assigned, 

identifications must be cross-checked with Figure 5.9, which is a stratigraphie 

representation of bovid species in the Turkana Basin. In other words, if the stratigraphie 

range of a bovid species does not extend beyond a certain time, it is unlikely, although not 

impossible, that specimens from members above this represent that species. For example, 

Kobus oricornus is not known from deposits above 2.3 ma, therefore it is unlikely that
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isolated teeth with similar body weight representations Ifrom members above this will 

represent this species. Alternative identifications, such as Menelikia lyrocera, might be 

considered.

7.7. Bovid relative biomasses

Habitat is dependent on numerous factors including altitude, drainage, soil type, soil 

productivity and climate. The extent o f vegetation cover has a strong influence on the 

degree of ungulate biomass attainable for any area (Eisenberg & Seidensticker 1976). 

Modem observations of habitat type and bovid densities can be used to extrapolate 

vegetation cover in the past. However, the limitations of fossil data must be realised. It 

can only be stated that it is likely that habitats of one type or another existed due to the 

relative abundances and biomass of species fi*om particular localities as inferred fi*om 

modem day situations. Past habitats and species may not have precise modem analogues 

and taphonomic biases will occur as a result of the difference between standing stock of 

animals and those that are preserved in the fossil record. Ideal calculation of fossil 

biomass assumes equality between the numbers of bones preserved and those of living 

animals at anyone time. This rarely, if ever, being the case, means that the biomass 

calculations in this section represent a very cmde interpretation. Using this coarse 

technique, the relative proportions of tribal biomass can be calculated for each member of 

the Nachukui Formation by summing the estimated body weights of all specimens for 

each tribe per member and dividing the summed tribal body masses by that of the whole 

member (Figure 7.12).
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F igure  7.12 T he relative bovid biom ass for the  N achukui F orm ation  as calculated
from  cum ulative estim ated  body w eights.
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For example, the relative biomass of the Reduncini in the Lokalalei Member would be 

equal to the sum of calculated reduncine body weight estimates divided by the total sum 

of body weights of all specimens from all tribes for that member. It is noted by MacKay 

& Eisenberg (1974), that 80% of all the herbivore biomass in a modem ecosystem is 

usually accounted for by between 3 and 5 species. The largest species are often 

represented by the lowest numerical density but typically comprise the largest proportion 

of the biomass. In East Africa today, the heterogeneous nature of savannah vegetation and 

the predominance of grazing species promote high species diversity and representative 

grazing biomass. Here the major percentage of biomass is contributed by 4-5 grazing 

species (McKay & Eisenberg 1974). In East Africa, small herbivores are more dominant 

in drier sites (Peter 1983) and productivity is closely related to rainfall (Coe, Gumming & 

Phillipson 1976).

The proportional representation of bovid tribe biomass can be used to infer habitat 

presence (Figures 7.13). The grouping of bovid tribes to indicate specific habitat 

representation is described in detail in Chapter 5 (section 5.6). The Alcelaphini and 

Antilopini are committed open-habitat adapted tribes (Vrba 1975, 1980, 1997) and the 

proportional representation of these two tribes relative to all other bovids can therefore be 

used to indicate habitat openness. The cumulative proportion of Trageiaphini, Bovini and 

Aepycerotini is indicative of closed-dry habitats whereas the proportion of Reduncini is 

indicative of wet, edaphic habitats (Vrba 1980b; Shipman & Harris et a l 1988). 

However, the classification of tribes into trophic categories is considerably complex and 

these categories are too broad to be satisfactory, as a single tribe may comprise species 

that vary widely in their trophic preferences.
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Figure 7.13 The relative bovid biomass representation as habitat categories for the
Nachukui Formation.

OPEN (AA)

CLOSED DRY 
(TBHA)

CLOSED WET 
(R.)

4.0 3.0 2.0
millions of years

The Alcelaphini (A) and Antilopini (A) represent open habitat, the Trageiaphini (T), Aepycerotini (A) 
Neotragini (N), Bovini (B) and Hippotragini (H) represent closed dry habitats, and the Reduncini (R) 
represent closed habitats near water. The body weight estimates were taken from isolated teeth and from 
horn cores identified to species level to which average species body weights were assigned.
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In this section, the relative biomasses of tribes have been grouped to represent habitat 

categories. The Neotragini and Hippotragini are included with the Aepycerotini and 

Trageiaphini, and the indeterminate species are omitted from the total abundances. Figure 

7.13 illustrates the relative body weight representation of bovid tribes in their respective 

habitat categories for the Nachukui Formation through time. The open habitat 

representation is highest in the middle Lomekwi (ca. 3.1 ma - 2.9 ma). The upper 

Lomekwi Member (ca. 2.5 ma) shows a distinct increase in the Reduncini biomass and 

proportionally less representation of other tribes. These findings correspond well to the 

relative abundance data for the Bovidae from the Nachukui Formation that are shown in 

Chapter 5. This suggests that the habitat was wetter and more closed around 2.5 ma, 

contrary to what might be expected if global climate were cooling and drying at this time.

Measurement data for teeth and postcrania were not collected for the Koobi Fora and 

Shungura Formations and so the biomass representation of the Nachukui Formation could 

not be compared with them as part of this study. At this stage comparisons can only be 

made between the three formations in terms of relative abundance, as covered in Chapter 

5. The relative abundance data for the Shungura Formation indicates that at 2.3 ma, 

habitats were closed and dry as demonstrated by the high combined relative abundances 

of tragelaphines, bovines and hippotragines. This suggests that at this time the variation in 

habitat within the basin is most likely to be the result of local influences rather than 

global-scale climatically-driven influences. Later in the sequence of the Nachukui 

Formation, from the Kaitio Member (ca. 1.7 ma) and above, habitats are predominantly 

closed and dry, with lower reduncine biomass and high representation of biomass of the 

dry-closed and open habitat bovid tribes. This supports the findings in Chapter 5, where 

relative abundances of closed-dry adapted bovids were found to be highest at this time.
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Interestingly, on a more regional scale, the high biomass representation of dry-adapted 

Bovidae in the Nachukui Formation (ca. 1.7 ma) coincides with the recognised dry period 

in the Olduvai Basin. In the upper Bed 1 of Olduvai, there was a distinct trend towards 

more open and arid conditions identified fi*om faunal remains, and in particular fi"om the 

microfaunal representation (Fernandes-Jalvo et al. 1998). This is important as it shows 

that on a larger scale, the influence of climate change may be identifiable as general 

trends of climatically driven habitat change. Within the Turkana Basin, local factors, 

including tectonic influences on lake transgressions and regressions as well as the 

influence of the fluvial systems, could mask the effects of global climatic variation. Of all 

the three formations analysed in this study, the Nachukui Formation is likely to be the 

most suitable formation with which to make comparisons on a regional scale as it is not 

dominated by any single depositional regime through time and represents a relatively 

continuous sequence.

7.8 Additional techniques for interpreting habitat variation.

Body size or body weight data are among the most measurable ecological variables, but 

accurate mass predictions require good prediction equations. In the previous sections 

body weights of species of Bovidae are used to suggest taxonomy within a tribe and to 

identify broad-scale changes in mean body size representation with time that might be 

related to changing habitats. There are considerable shortcomings to using body mass 

data alone to interpret palaeoecology and habitats. If these data are used in combination 

with additional information that can be inferred fi-om the fossil record, then a more 

accurate interpretation of the community ecology can be made. Three aspects of 

mammalian populations can be identified in fossil mammals that relate to their ecological
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niche; body size, the space they occupy and their trophic level (Andrews 1996). Body 

mass cannot be used independently to discriminate between habitat types to the same 

degree that dietary and spatial parameters do (Andrews et al. 1979). Using contingency 

tables to compute the distributions of ecological variables for 23 modem African 

mammals, Andrews et al. (1979) found no significant difiFerences in the size distributions 

of mammalian faunas from habitats that ranged from tropical forest to open grassland, 

whereas dietary parameters were highly significant (Andrews 1996).

Body sizes were estimated for the Bovidae of the Nachukui Formation in this study. 

These formulated regression equations can be applied to Bovidae from other localities in 

future studies. Body weight estimates for primates can be calculated from prediction 

equations in Delson et al. (2000) and regressions for other 6una can be foimd in Damuth 

& MacFadden (1990), Gingerich (1982) and Scott (1983, 1985). The functional 

morphology and proportions of limb bones have been used to determine the space or 

habitat occupation of Bovidae (Kappelman 1988; Kappelman et al 1997; Plummer & 

Bishop 1994) and other mammals (van Valkenberg 1987; Solounias & Dawson-Saunders 

1988; Bishop 1994; Reed 1996).

To improve the habitat reconstruction of the Plio-Pleistocene for the Turkana Basin, body 

size data should be used in conjunction with ecomorphological studies, especially of 

postcrania. Additional material needs to be collected in future field projects to be able to 

explore this in detail. For exan^le, some of the tightest correlations between variables 

and body weight are from astragali. These were rarely collected from Koobi Fora and are 

abundant in the fossil record. Astragali were collected in the Shungura Formation (Bobe 

per s. comm.). If ecomorphological traits can be identified that are specific to particular
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habitats for astragali, a usefiil habitat indicator could be developed from this. Similarly, 

astragali for extant antelopes can be readily collected for the Bovidae from game 

cropping programmes and thus modem data can be readily obtained. The combination of 

ecomorphology and body size may be a more useful approach to habitat interpretation.

Finally, trophic levels of mammals can be usefiil indicators of habitat and can be 

investigated through isotopic studies of tooth enamel (Cerling et a l 1997a & b; Cerling 

1996, 1998; Sponheimer et aL 1999; Kohn 1996), morphological studies of jaw and teeth 

(Spencer 1995, 1997) and through dental micro wear (Solounias & Moelleken 1993; 

Bishop et al. 1988).

7.9 Chapter Summary

In this chapter, the uses and limitations of estimated body weights of fossil Bovidae as 

indicators of faunal and habitat change are realised. Predicted body weights from isolated 

teeth can be used to infer taxonomy of bovid species. Mean body size changes in the 

tribes of fossil Bovidae were explored through the sequence. However, this was found to 

be a coarse approach as most of the body mass data were estimated using dental remains 

with high prediction errors. A general trend towards body size increase with time was 

identified in the Alcelaphini. In other taxa body size changes were less pronounced but 

could be identified between certain members and is likely to be indicative of habitat 

change. Relative proportional biomass representation of the bovid tribes through time can 

be compared with relative abundance data, to suggest the likely representation of habitat 

categories that would have been present to support them.
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For the Nachukui Formation, two time periods can be seen to diverge from the 

background levels of diversity and body size representation. The first at 2.5 ma, in the 

upper Lomekwi Member when habitat appears to be ‘wetter’ and more closed. This is 

suggested by the increased relative biomass of Reduncini, which is indicative of 

permanent water and edaphic grassland. At this time the Alcelaphini numbers decrease in 

their represented biomass. The second time of recognised variation is at 1.7 ma, which is 

marked by a trend towards drier and more open habitats. This is represented by a decrease 

in the Reduncini biomass (indicative of wet habitats) and an increase in the bovids that 

represent closed-dry habitat. In general, the proportional representation of tribal biomass 

supports the results from Chapter 5, of habitat representation in the Nachukui Formation 

during the Plio-Pleistocene.
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Chapter 8 

DISCUSSION AND CONCLUSIONS

8.1 General overview

Plio-Pleistocene mammaUan faunal evolution in Africa and elsewhere has been causally 

linked to climate change. This study investigates the variation in mammalian faunal 

composition from 3.4 to 1.3 ma in the Turkana Basin, using the Nachukui Formation as a 

case study. Comparisons are made between the Nachukui Formation and the Koobi Fora 

and Shungura Formations in terms of &unal composition and implied palaeohabitats, to 

identity coincident variation in relative faunal abundances that may indicate the influence 

of global climate change rather than local habitat perturbations. Estimated fossil bovid 

body weights are used to further explore and interpret fossil specimens. The research 

project involved two components; the study of fossil assemblages from West Turkana, 

northern Kenya and secondly, the collection of data from modem antelopes and the 

development of body weight prediction equations which can be used to interpret the fossil 

Bovidae.

8.2 Faunal assemblages in the Turkana Basin

The Turkana Basin has been used in previous studies to identify climatically forced 

faunal and habitat change. A study of Plio-Pleistocene bovid faunas from the Omo and 

Koobi Fora Formations of the Turkana Basin, in conjunction with data from southern 

African sites (Vrba 1986) apparently supported climatically forced feunal turnover. 

However, Vrba’s study did not include the Nachukui Formation. Behrensmeyer et al
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(1997) examined feunal turnover in the Turkana Basin, which included analyses of fossil 

assemblages from all three formations, although the Nachukui and the Koobi Fora 

Formations were represented by relatively small samples compared with the greater 

number of specimens from the Shungura Formation. Differences between the three 

formations in sample size, depositional environments and taphonomy all contribute to 

biases when the basin is interpreted as a whole. The newly recovered material, collected 

from the Nachukui Formation during two field expeditions as part of this research project, 

considerably increased the sample size from this formation. Also, with further geological 

studies, the time resolution and depositional environments of the Nachukui Formation are 

now better understood than previously.

8.3 Depositional systems and stratigraphie representation

Two depositional systems operated in the Turkana Basin: firstly, the north-south axial 

depositional system associated with the ancestral perennial Omo River flowing into the 

basin from the Ethiopian highlands to the north, and secondly, the marginal depositional 

system resulting from smaller rivers flowing into the lake basin from the basin margins. 

The Nachukui Formation is particularly influenced by drainage from the hills to the west. 

It is argued by Bobe et al. (in review) that the stability and uniformity of the depositional 

system in the Omo, in combination with the large sample size and good stratigraphie 

resolution provides an ideal sample with which to examine climate-related habitat change, 

unaffected by taphonomic variability. However, because the sample from the Omo is 

dominated by the axial depositional system, the sampled fauna and habitats are largely 

limited to those which existed in that depositional regime. In contrast, the marginal 

depositional system of the Koobi Fora and the Nachukui Formations result in a wider
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range of habitats being sampled which make them better candidates for interpreting 

habitat changes through the Plio-Pleistocene.

The Koobi Fora Formation is better represented in total numbers of specimens in the 

collections than the Nachukui Formation, but only a subset of data was used in this 

analysis. The Koobi Fora Formation will be particularly useful in fiiture studies, 

particularly in relation to the suggested faunal change detected at 1.8 ma, a time well 

represented in this Formation. Unfortunately the time interval of particular interest in 

relation to global climate change, that prior to and after 2.5 ma, is missing from the Koobi 

Fora Formation. Thus the Nachukui Formation provides the ideal sample with which to 

examine habitats across the 2.5 ma interval, not dominated by the main axial system of 

the ancestral Omo River. By independently examining the three geological formations, it 

should be possible to identify any global scale effects of climate on habitat by assessing 

similar signals occurring simultaneously in all three formations. In this study the analysis 

of habitat signals provided the opportunity to examine the extent of local habitat variation 

within the confines of the Turkana Basin.

In Chapter 2, the stratigraphie correlation of the three geological formations is 

summarised, including the revised ages of several localities in the Nachukui Formation. 

The Shungura Formation is best represented by sediments older than 2.0 ma, the Koobi 

Fora Formation is discontinuous between 2.0 ma and 2.5 ma, whereas the Nachukui 

Formation is represented from 3.5 ma to 1.6 ma. The depositional environments, lake 

presence and absence, transgressions, regressions and duration of the lake in the basin are 

presented. The lake would have played a significant role in influencing local habitat and 

feunal representation. The depositional regime in the Shungura Formation is



-340-

predominantly fluvial until 2.1 ma when lacustrine cycles become increasingly dominant. 

The Koobi Fora Formation comprises a combination of lacustrine and fluvial deposits 

earlier than 2.5 ma, after which a hiatus in sedimentation is observed followed by 

predominantly alternating lacustrine and fluviatile sedimentation after 2.0 ma. In all three 

formations the fossiliferous sediments are fluviatile in nature. An extensive lake filled the 

basin and is represented in all three formations around 2.0 ma. The sediments of the 

Nachukui Formation older than 2.2 ma are predominantly fluviatile with several lakes, of 

approximately 200,000 years in duration, represented in the sequence. The Nachukui 

Formation is the most varied in its diversity and duration of depositional regimes.

8.4 Faunal overview

In Chapter 3, the data collection techniques are described, measurements are detailed and 

illustrated for both the fossil collection fi*om the Nachukui Formation and the sample of 

modem Bovidae fi-om Athi River Game Ranch. The associated tagged live body weights 

of the modem bovid skeletal sample are data that are rarely obtainable and therefore these 

data are. These data are a valuable resource and form an inq)ortant component of this 

study for the interpretation of the fossil bovid collection.

In Chapter 4, the numbers of specimens and relative faunal abundances of all large 

mammals in the Nachukui Formation are presented and compared with the faunal 

abundances of the Koobi Fora and Shungura Formations. Through the analysis of the 

basin as three independent entities and making comparisons between them, the variety of 

habitats that existed within the basin at any one time is more easily understood. Some 

marked differences in the faunal composition between the different formations are worth 

comment as this is indicative of different habitats. The predominance of the
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Cercopithecidae throughout the Shungura Formation, especially in the higher abundances 

of colobines in contrast to the Nachukui Formation, is indicative of an representation of 

closed riverine woodland flanking the ancestral Omo River. Higher representation of the 

Suidae and Equidae in the Nachukui and Koobi Fora Formations are indicative of the 

more open habitats of the basin margins. The greater relative abundances of 

Hippopotamidae in the Shungura Formation than either the Nachukui or the Koobi Fora 

Formations would support the continued presence of the ancestral Omo River through 

time.

The Shungura Formation is best represented in numbers of specimens. The faunal 

representation is highest in Members C and G, between 3.0 and 2.0 ma. The Koobi Fora 

Formation analysis was restricted to a subset of data but is best represented in the KBS 

and Upper Burgi Members between 2.0 and 1.6 ma. The Nachukui Formation comprises a 

smaller sample in spite of the doubling in size with the new collection included in this 

study. This formation is mostly a continuous depositional sequence and is best 

represented in numbers by specimens from the lower Lomekwi Member. Sizes of 

localities vary widely from member to member and between the respective formations.

The minimum number of species is lowest for the Nachukui Formation, reflecting the 

considerably lower sangle size than that of the Shungura and Koobi Fora Formations. 

The First Appearance Datums (FAD’s) and Last Appearance Datums (LAD’s) of the 

three formations of the Turkana Basin, were examined. The resolution is coarse and this 

undoubtedly influences the representation of FAD’s and LAD’s. No pulses in large 

mammalian 6unal turnover can be identified from the Nachukui Formation, or from the 

Koobi Fora and Shungura Formations, that are not linked to marked differences in sanq>le
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sizes. Where the difference between sample sizes of adjacent members is high, inflated 

FAD’s and LAD’s are recorded which do not reflect real biological variation. The relative 

proportions of the main femilies of the Nachukui and Koobi Fora Formations are most 

similar and generally represented by twice the proportion of Bovidae to that of the Suidae 

or Cercopithecidae, but there are generally higher representations of Suidae than 

Cercopithecidae. The Shungura Formation is represented by a considerably higher 

proportion of Cercopithecidae than either the Bovidae or Suidae in members below 2.5 

ma, switching to an increase in predominance of Bovidae after this time. The proportion 

of Ceropithecidae decreases and the proportion of Suidae increases, providing evidence 

that supports habitats opening in later members. The distinct differences in the main 

family abundances of the three formations, provides a clear indication that within the 

confines of the basin and small geographic distances, several habitat regimes existed 

under similar climatic conditions. No coincident changes in habitat in the three 

formations were detected, that might have indicated affects of global climate change. In 

order to obtain a finer resolution, in subsequent sections the Bovidae were used to detect 

habitat changes through differences between the three formations.

8.5 Bovidae as habitat indicators

The Bovidae are good indicators of palaeohabitats due to their specific habitat 

requirements. Habitat associations of bovid tribes are largely based on inferences fi-om 

modem situations. Broad associations between bovid tribes and habitat preferences were 

used to interpret habitat presence fi-om relative bovid abundances, and comparisons were 

made between the three formations. In previous studies Antilopini and Alcelaphini have 

been widely accepted to be indicative of open habitats and the combined proportions of
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Bovini and Reduncini have been used (Harris & Shipman 1988) to indicate closed wet 

habitats. However, in this study, the relative abundances of Bovini were shown to 

decrease in intervals when the Reduncini increased. This inches that these tribes are 

indicative of different paleohabitats and should not be grouped. The Reduncini are 

increasingly accepted to be highly specific in their habitat requirements and indicative of 

edaphic grasslands near water. Further analyses group the Bovini with the closed habitat 

dry-adapted bovids, the Trageiaphini, Hippotragini, Neotragini and Aepycerotini. The 

relative abundances of Bovidae show distinct differences between the three formations. 

The Nachukui Formation shows a predominance of open habitats with two significant 

deviations. Firstly, at 2.5 ma the Reduncini significantly increase, signalling the presence 

of wet edaphic grasslands, and secondly at 1.7 ma, when closed dry habitat bovids 

become abundant. The habitat signal of the Nachukui Formation is considerably more 

variable than that of the Shungura Formation, which is marked only by a single, highly 

distinctive and sudden change fi-om a dominance of closed dry bovids to a dominance of 

Reduncini (wet edaphic grasslands) at 2.1 ma. Throughout the Shungura Formation, the 

open habitat Bovidae are poorly represented but show a general trend towards increasing 

open habitat representation with time. The Koobi Fora Formation alternates between 

closed dry and closed wet habitat predominance earlier than 3.0 ma, with missing data 

fi-om 3.0 ma to 2.0 ma, and after this time the Reduncini remain abundant. There are 

surprisingly low numbers of open country Bovidae (Antilopini and Alcelaphini) fi-om the 

Koobi Fora Formation although they are proportionally better represented than for the 

Shungura Formation.

The relative proportions of tribes within the Bovidae fiirther support the results of the 

analyses of main mammalian families defined earlier, that different habitats exist in the
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basin simultaneously and changes in habitats occur at different times in the individual 

formations. This suggests that local influences, such as the lateral effects and extent of the 

ancestral Omo River, and/or the presence or absence of the ancestral Lake Turkana, were 

more dominant agents in influencing local habitat and faunal distribution. In general the 

Nachukui and Koobi Fora Formations represent more open habitats than the Shungura 

Formation. The distinctive difference in habitat representation of the Nachukui, Koobi 

Fora and Shungura Formations, which show opposite signals in terms of closed dry and 

closed wet (edaphic grasslands) habitat is a strong indication that the controls on habitat 

are acting independently in the different parts of the basin. However, the increased 

application of ecomorphological and isotopic studies will facilitate the interpretation of 

fossil bovid assemblages in fiiture studies. In addition the role of tectonics, in influencing 

lake presence/absence and the geographic position of the ancestral Omo and other rivers 

flowing into the basin, needs to be fiirther explored in future studies.

There are limitations with using tribal abundances to interpret habitat. The assignment of 

tribes into broad habitat categories is oflen subjective and different habitat preferences of 

bovid species exist within a tribe. In addition the habitat associations of fossil bovids are 

at best inferred fi’om modem representatives, and until the species-based interpretation of 

habitat preferences are refined through ecomorphological and other studies, the habitat 

assignments of fossil species is very much an approximation. In addition, extant species 

may occupy several habitats and cannot be easily assigned, and thus the interpretation of 

fossil bovid habitat preferences may also be variable. Finally, habitats are complex and 

often include diverse vegetation and fauna. For example this representation can change 

greatly across short distances, fi’om major lakes or rivers and with differences in altitude. 

However, with regard to the interpretation of palaeohabitat within the Turkana Basin
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during the Plio-Pleistocene, the approach presented here provides one of the best possible 

interpretations of broadly defined changes within the limitations discussed above. Of all 

the three formations, the Nachukui Formation is most likely to provide a record of habitat 

change that is stratigraphically continuous and not influenced by the effects of a single 

dominant depositional system as is the case for the Shungura Formation. However, the 

sample fi'om the Nachukui Formation is smaller and additional material is needed to 

improve this resolution.

8.6 Body weight estimation of Bovidae

New data on body weights were collected fi-om Athi River Game Ranch, in Kenya, fi-om 

the 437 individuals of six species of antelopes, cropped for consumption. The live weight 

data were used to formulate body weight prediction equations. The body weight 

prediction equations were formulated to interpret the fossil collection fi-om the Nachukui 

Formation and used to define possible body size groupings within the fossil bovid tribes. 

Ordinary Least Squares regressions were used to formulate prediction equations fi-om 

dental and postcranial variables. The dental prediction equations had considerably higher 

mean prediction errors associated with them. Isolated teeth are abundant in the fossil 

record and have always been used in palaeontological studies. It is therefore relevant to 

explore the potential of using body weight estimates fi-om dental measurements. The 

published body weight estimation equations using dental (Janis 1990) and postcranial 

regressions (Scott 1983) were developed from measurements with no tagged mass data 

but instead used an average species body weight taken fi-om published sources. In 

general, the published body weight prediction equations overestimate actual body weights 

relative to the prediction equations developed in this study. The best dentally derived 

body weight estimation equations are those of tooth areas and molar row lengths, but
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typically even these are associated with mean prediction errors of > 40 %. This appears 

highly unsatisfactoiy but it is all that is available for use, and these are shown to be more 

accurate than would be the results from published estimation equations. Postcranial 

variables, especially of the metacarpus, metatarsus and astragalus are more tightly 

correlated with body weight and the mean prediction error of the resulting estimation 

equations are mostly below 40% and often as good as 20% to 25%. Dressed weight 

regressions also showed satisfactory correlation with body weight, warranting the 

collection of these more readily available data in future studies. This would improve 

sample size and provide alternative populations of antelope and additional species from 

which data could be collected and tested.

Using the prediction equations developed from the modem antelopes, the body weights of 

fossil species were estimated using dental regressions and postcranial regressions where 

possible. The large error margins associated with dental remains for estimating body 

weights, and the considerable overlap in the standard errors between body weight ranges 

for some members, are inqxutant considerations when changes in body sizes are analysed 

through time.

In some instances general trends can be identified from species body weight distributions 

with time. In later members, the occurrence of larger body sizes within the Bovini and in 

the Alcelaphini are observed, which may be indicative of more open habitats. For 

exanq)le, large bovines such as Pelorovis, increase in abundance and their large horn 

spread would not be conducive to living in dense undergrowth. This confirms the findings 

from the earlier section, where relative abundances of bovines and alcelaphines increase 

vrith time, suggesting habitat opening and drying. The other tribes represent a wide range



-347-

of body sizes and do not show any significant trends in body size increase or decrease 

with time. The body weights estimated fi’om dental regressions do provide an indication 

of the range in body weights within a tribe as well as a means to identify outliers which 

may indicate misidentified specimens which lie well outside the expected or mean range 

for a tribe. The estimated body weights of species drawn from the fossil record can be 

plotted with tribally-assigned isolated teeth to suggest taxonomic assignment to genus and 

in some cases to species. However, these data would be significantly improved if 

postcranial remains were used, as these are associated with smaller mean prediction 

errors. Additional associated cranial and postcranial material for identified fossil species 

need to be recovered to improve the sample sizes for determining species body weights.

Crude relative bovid biomass was estimated for the Nachukui Formation from isolated 

teeth and species-identified horn cores to which average body weights could be assigned. 

At 2.5 ma the Alcelaphini and Reduncini constitute the highest biomass representing open 

and wet (edaphic grassland) habitats. At 1.7 ma, a marked increase in the tragelaphine 

relative biomass is indicative of dry closed habitats alongside abundant alcelaphines and a 

much reduced reduncine biomass. This is suggestive of more arid conditions at this time. 

This supports the findings from a wider geographical area for habitat opening and drying 

at around 1.8 ma. This is a rather crude technique for habitat interpretation but it does 

provide an additional approach with which to analyse the data from the Nachukui 

Formation.
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8.7 Suggestions for future studies

Several areas of interest emerge from these analyses which should be further explored in 

future studies, both in the estimation of body weight and in the analysis of fossil 

collections. The sample of modem bovids with tagged live body mass data needs to be 

expanded to include individuals from different populations and from a broader 

representation of bovid species. This would be possible if dressed weight data were 

collected, since it has been shown that live body weights can be estimated for these 

individuals, and from which additional predictive regressions equations can be developed. 

Similarly, additional dressed weight regressions could be developed and used to estimate 

live body weight through frirther collection of live and dressed weight data. Body weight 

studies hold further potential when used in conjunction with ecomorphological studies of 

postcranial remains. Ecomorphological studies are increasingly used to determine habitat 

and substrate types, and as body weight is correlated with weight-bearing skeletal 

elements and locomotion, these studies need further development together.

8.7.1 Potential of staple isotopic studies for habitat interpretation

Investigations with increased application of isotopic studies need to be developed to 

interpret diet, vegetation, seasonal variation and water sources. These could be explored 

for all ungulates using the stable carbon and oxygen signatures in fossil tooth enamel. The 

stable carbon and oxygen isotopic con^osition of tooth enamel is an archive of resource 

partioning by modem and fossil mammals (Cerling & Sharp 1996). The d^^C and d**0 

values are important in studies of palaeodiet and palaeoecology. Isotopic compositions of 

tooth enamel can be used to track changes in the isotopic composition of the atmosphere
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(Morgan 1994; Cerling et al. 1997a & b), determine the fractionation of C3 and C4 

biomass in the diets of modem and fossil herbivores, distinguish between different sub

pathways of C4 photosynthesis in the plants eaten by mammals (Cerling & Sharp 1996; 

Ehleringer et al. 1997; Cerling et al. 1999a & b; Bocherens et al. 1996; Bocherens 1998) 

and determine the water sources that are used by animals (Longinelli 1984). In this way 

the stable isotope analyses can be applied to study the resource partitioning within an 

ecosystem as well as providing insight into palaeoclimate. Techniques are being further 

developed that enable changes in diet and hydrological conditions to be interpreted within 

the lifetime of a single animal, thus providing insight into seasonal variations in fossil and 

modem herbivores (Cerling & Sharp 1996). In essence, if this can be applied accurately 

to fossil specimens, then changes in seasonality might be identifiable and in the context of 

tight stratigraphie resolution may be used to identify climate change.

The isotopic record in tooth enamel is not susceptible to diagenesis (Quade et al. 1992; 

Wang & Cerling 1994; Koch et al. 1997) and therefore provides a good record of the 

diets of fossil mammals (Lee-Thorpe & van der Merwe 1987; Lee-Thorpe et al. 1989a & 

b; Bocherens et al. 1996; MacFadden and Cerling 1996; Cerling et al. 1997a & b, Quade 

et al. 1995), including hominids (Lee-Thorpe & Sillen 1999). Animal diets were first 

reconstmcted using stable isotopes from collagen (deNiro & Epstein 1978). The d*̂ C 

difference in plants reflects the C3 and photosynthetic pathways. Plants produce different 

d^^C values, C3 averaging - 2 7 % o  and C4 averaging - 1 3 % o .  In this way the feeding 

ecology of specific fossil ungulates can be identified and isotope analyses may be used to 

help identify species from interpretation of their isotopic signatures in fixture studies.
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8.8 Summary

In summary, the Nachukui Formation is represented by varied habitats and general 

fluctuation in habitat representation with time. Overall, more open and more diverse 

habitats are represented in the Nachukui Formation, as a result of the marginal 

depositional system. The Shungura Formation is dominated by the axial depositional 

system, which restricts the cross-section of sampled habitats to those closely linked to the 

main ancestral Omo River. The two times that may represent significant deviations from 

this in the Nachukui sequence are at 2.5 ma when high representation of Reduncini are 

observed, indicative of wet edaphic grasslands, and at 1.7 ma, when closed, diy-habitat 

bovids are recorded in higher abundances than those found in all other members. These 

deviations do not correspond with the habitat signals seen elsewhere in the basin such as 

in the Shungura Formation, where dry-habitat bovids are abundant around 2.5 ma and wet 

habitat bovids dominate around 1.7 ma. This suggests that local influences are the 

determining factor for faunal and habitat representation and change through time in the 

Turkana Basin during the Plio-Pleistocene, and that the recognised global climate change 

during the Plio-Pleistocene does not affect the habitat and faunal abundances to as high a 

degree as might be expected.

In addition, the tectonics and depositional environments o f the Turkana Basin, especially 

with regards to interpreting episodes of faulting and volcanics and their effects on the 

geographic position of rivers, lake presence and absence, lake duration and depth needs 

further investigation. In the broader context, the findings from the Turkana Basin should 

be compared with Plio-Pleistocene sites from a wider geographic area. For example, at 

higher latitudes it would be expected that climatic change would have greater effects on 

habitats and associated faunas, because of the greater extremes in annual temperature that
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exist further from the equator. Body size changes through time may show more marked 

variation in bovid assemblages from higher latitudes. Comparisons in faunal abundances, 

estimation of bovid body weights, ecomorphological and isotopic studies should be made 

with other Plio-Pleistocene localities, such as the southern African sites to determine how 

changing climate influences habitat further from the equator.

A multidisciplinary approach to the interpretation of palaeohabitat would be more useful 

in the interpretation of palaeohabitat. Information from isotopic studies can infer diet, 

microwear studies can suggest the likely food types consumed from patterns of abrasion 

on the occlusal surface of teeth, and functional morphologies of postcrania in 

combination with estimates of body size, will ultimately provide a more reliable and 

trustworthy interpretation of the palaeohabitat and habitat change through time.
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