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Abstract: 

The faunal assemblages excavated by Mary Leakey in Bed II of Olduvai Gorge, Tanzania, have, like the more 

well-known Bed I assemblages, traditionally been interpreted as the result of hominid butchering activities in 

the lake margin and riverine settings of the paleo-Olduvai Basin. A reexamination of all of Leakey’s Bed I sites 

has shown that hominids played little or no role in the formation of all but one of those faunal assemblages, a 

finding that prompted the reanalysis of the Bed II sites presented here. We expand upon a previous taphonomic 

study that provided systematic data for HWK East Levels 1–2, MNK Main, and BK. In addition to these 

assemblages, we provide data on HWK East Levels 3–5, FC West, TK, and SHK. Our data contradict previous 

interpretations of MNK Main as a hominid accumulation but uphold the contention that BK represents a 

primarily hominid accumulation reflecting early access to carcasses. The small and poorly preserved 

assemblages from FC West and TK are difficult to link un-ambiguously to either hominids or carnivores. Site 

MNK Main and HWK East Levels 3–5 appear to be death arenas where carcasses accumulated via natural 

deaths and/or serial predation. Site SHK is severely biased by selective retention and therefore little can be said 

of its formational history. Nevertheless, no hominid modifications were documented in this assemblage. 

Comparisons with other Olduvai sites indicate a more conspicuous hyena taphonomic signal during Bed II 

times than Bed I times, which appears to mirror the changing configuration of the large carnivore guild. These 

findings also beg the question of what activities were being carried out by hominids with the stone tools 

discarded at these sites. Although it seems clear that hominids were utilizing stone tools to carry out subsistence 

activities unrelated to carcass butchery, more excavation and techniques such as phytolith analysis should be 

employed to explore alternative explanations. 
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Article: 

Introduction 

Mary Leakey’s (1971) well-known claims for the existence of hominid ―living floors‖ were based primarily on 

the large, well-preserved Bed I faunas from Olduvai Gorge, such as FLK 22, DK 3, and FLKNN 3. Building 

largely on the important taphonomic work of Bunn (e.g., 1982,1986; Bunn and Kroll, 1986) and Potts (e.g., 

1982, 1988), a recent reanalysis of all the Bed I sites from Leakey’s (1971) excavations in the 1960s has 

demonstrated that, with the exception of FLK 22, hominids contributed little or not at all to the formation of the 

faunal assemblages (Dominguez-Rodrigo et al., 2007a,b; Egeland, 2007). Given that a number of the Bed II 

sites were also thought to be the focus of hominid subsistence and social activities, the findings from Bed I 

highlight the need to continuously reexamine excavated assemblages in order to provide more refined 

interpretations of hominid behavior during the Plio-Pleistocene. Monahan’s (1996a,b) in-depth taphonomic 

analysis was an important step towards such an understanding of the formation of the Bed II sites from Olduvai, 

and we expand upon his foundation in this study. 

 

Bed II at Olduvai Gorge is interesting for a number of reasons. In contrast to the Bed I archaeological 

occurrences, which are restricted to lake-margin zones, evidence for hominid activity in Bed II is preserved in a 
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variety of ecological settings, from lake margins to fluvial contexts well inland of the paleolake (Hay, 1976). A 

diversification in the stone toolkit also occurs, as Oldowan, Developed Oldowan, and Acheulean industries are 

all represented during Bed II times (Leakey, 1971). Bed II is contemporaneous with the appearance and spread 

of Homo erectus, which was the first hominid species to approach more or less modern body size and limb 

proportions (Walker and Leakey, 1993; McHenry and Coffing, 2000; Antón, 2003). Therefore, the Bed II sites 

can provide important information on behavioral variability during a dynamic phase of hominid bio-behavioral 

evolution. 

 
Materials and methods 

In an earlier taphonomic study of the Bed II material, Monahan (1996a,b) examined the faunas from HWK East, 

MNK, EF-HR, FC West, TK, and BK, although systematic data were provided for only three of these 

assemblages (HWK East Levels 1–2, MNK Main Site, and BK). The scope of this study differs slightly from 

Monahan’s (1996a,b) and considers the faunal assemblages from HWK East Levels 3–5, MNK Main, FC West, 

SHK, TK, and BK. Figure 1 summarizes the stratigraphic location and dating of each Bed II site. The 

chronostratigraphy of Bed II is less well understood than the underlying Bed I deposits due to the reworked 

nature of many of the marker tuffs. Nevertheless, radiometric dates from the bottom and top of Bed II indicate 

that the deposits date between 1.75 and 1.20 million years ago (Walter et al., 1991,1992; Manega, 1993). 

Although higher-energy fluvio-lacustrine deposits are common in Bed II, sediments laid down in lake, lake-

margin, and alluvial fan environments also occur (Hay, 1976). Paleogeographic reconstructions indicate that, 

during lower and middle Bed II times, the Olduvai Basin contained a saline and alkaline lake of fluctuating size 

(Hay, 1976). By upper Bed II times, the perennial lake had disappeared to be replaced by small ponds and 

marshlands (Hay, 1976). Figure 2 shows the paleogeographic evolution of the basin during middle and upper 

Bed II times in addition to the location of each of the study sites. 

 

The study sites 

Levels 3–5 of HWK East (HWKE 3–5) are located in the lower part of middle Bed II and overlie the 2-m-thick 

clay deposit containing Levels 1–2. The HWKE excavation as a whole covered approximately 100 m
2
. 



Described by Leakey (1971: 96) as a horizon composed of coarse sand and gravel, Levels 3–5 contained stone 

artifacts and bones scattered throughout approximately 60 cm, which, based on Leakey’s (1971: 258) system, 

classifies the site as a ―vertically dispersed deposit.‖ Sediments appear to have been deposited by streams 

flowing westward into the lake (Hay, 1976). During excavation, levels were differentiated based on a 

combination of find density and lithology. Therefore, the sandy gray tuff of Level 3 was denser in finds than the 

coarse sand and sandy tuff, respectively, of Levels 4 and 5. Leakey (1971: 97) noted that ―fossil bones were rare 

and always in a fragmentary condition‖ in Levels 3–5, which contrasts with the more abundant and less 

fragmentary fauna from Levels 1–2 (Monahan, 1996a,b). However, lithic material, which was attributed to the 

Developed Oldowan, is much more common in Levels 3–5 than in Levels 1–2 (Leakey, 1971). Given the low 

frequency and nearly continuous distribution of faunal material throughout all three levels and the fact that 

several specimens lacked clear level provenience information, the assemblages were lumped together for the 

analysis. 

 
The excavations at the MNK Main Site (MNK Main) were situated in middle Bed II and encompassed a little 

over 90 m 2. The approximately 1.4-m-thick deposit was divided by Leakey (1971) into six levels (1–6 from 

oldest to youngest), all of which were composed of a fine-grained, reworked tuff. Faunal and lithic material was 

distributed almost continuously throughout the entire MNK Main sequence. Given the homogeneity of the 

sediments and the absence of paleosols or any other evidence for stable landscape formation, levels were 

defined largely by density criteria. The site formed on the south/southeast margin of the Bed II paleolake (Hay, 



1976). The lithic industry was characterized by Leakey (1971) as Developed Oldowan. Some of the fauna from 

the lowest occupation level was left in situ as an exhibit (Leakey, 1971: 138). 

 

At FC West, Leakey (1971) uncovered an exceptionally dense collection of lithics and bones from an 

excavation covering approximately 21 m
2
. Although a reworked tuff layer was documented at the locality, this 

analysis focuses only on the ―living floor‖ assemblage that rested atop a 9-cm-thick, weathered light-brown clay 

paleosol. The lake had shrunk significantly in size by upper middle Bed II times, and FC West was located in 

the south-east lake-margin zone (Hay, 1976). The presence of bifaces and bi-face fragments indicates a 

Developed Oldowan affinity for the lithic assemblage. 

 

The deposits at SHK are located in the lower part of upper Bed II. Fossil recovery at SHK began upon the site’s 

discovery in 1935, although systematic excavations were not carried out until 1953,1955, and 1957. These 

excavations were conducted in two areas: the Main Site and the Annex. The brown clay that occurs at the base 

of the SHK sequence is overlain by an 80-cm-thick conglomerate channel deposit at the Main Site and a clay 

occupation floor at the Annex. Systematic screening was not carried out at the site, which severely biased the 

assemblage towards identifiable skeletal elements. Therefore, analyses were conducted only in hopes of 

identifying hominid surface modifications. Because of its biased nature, the SHK fauna is not included in every 

aspect of the analysis and discussion. 

 

The TK sequence is found in upper Bed II, and Leakey (1971) identified a channel fill, an intermediate level, an 

upper tuff, and two occupation floors. Only the data from the two occupation floors, both of which occurred 

atop weathered paleosols, are presented in this analysis. Find density in the 87 m
2
 excavation was relatively 

high. The perennial lake had disappeared by the time the TK deposits were laid down, and the site itself was 

located on the north side of a large east-west drainage that contained small streams and some marshland (Hay, 

1976). Based on the presence of crude bifaces in the lithic assemblage, an affiliation with the Developed 

Oldowan was proposed by Leakey (1971). 

 

Site BK is also located in upper Bed II, slightly higher in the stratigraphic sequence than TK. Although 

systematic excavations were carried out by Louis Leakey (1957), the selective retention of faunal material from 

the 1950s excavations is obvious; therefore, this analysis focuses only on Mary Leakey’s (1971) excavations 

from 1963, which covered an area of approximately 100 m
2
. In her excavations, Leakey (1971: 199) noted the 

presence of both coarse sands and gravels and fine-grained silts and clays at BK. However, extensive cross-

bedding prevented a reliable distinction of individual levels within the excavation trenches. Therefore, the 

material from all seven trenches (which varied greatly in depth) was necessarily lumped together in the analysis. 

In upper Bed II times, the site was located just south of seasonal ponds (Hay, 1976), although most of the 

material derives from the channel fill of a small stream that cut through the middle of the site. 

 

Zooarchaeological and taphonomic variables 

Four zooarchaeological measures of abundance were employed in this study: number of identified specimens 

(NISP), minimum number of elements (MNE), minimum number of animal units (MAU), and minimum 

number of individuals (MNI) (see Lyman, 1994). The maximum length of each specimen was measured to the 

nearest millimeter with digital calipers. The majority of analyses were based on a maximally inclusive level of 

identification by the Body-Size class scheme of Brain (1974,1981) and Bunn (1982) (see also Lyman, 1979). 

Data were further divided into small (Size Class 1 and 2), medium (Size Class 3), and large (Size Class 4 and 

larger) groupings. The MNE estimates took into account the size, side, and ontogenetic age of each skeletally 

identifiable specimen, and the resulting counts were derived using a manual overlap approach (Bunn, 

1982,1986; Bunn and Kroll, 1986). All specimens identified to a specific skeletal element were placed together 

on a table and visually inspected for potential overlap. Following Bunn (1982, 1986; Bunn and Kroll, 1986) and 

others (e.g., Todd and Rapson, 1988; Marean and Spencer, 1991; Morlan, 1994; Marean, 1998; Pickering et al., 

2003; Assefa, 2006), all limb bone (here ungulate humeri, femora, radii, tibiae, and metapodials; Pickering et 

al., 2003) MNEs are based on the systematic inclusion of shaft specimens. 



 
Skeletal element frequencies were further quantified using the Shannon evenness index as proposed by Faith 

and Gordon (2007). This value, which scales from 0.0 (lowest evenness) to 1.0 (highest evenness), is meant to 

measure the evenness of the distribution of skeletal elements in relation to a complete carcass and can be 

calculated using the formula: 

— (      lnpi) / lnS 

 

where pi is the proportional representation of a particular skeletal element (measured by MAU) and S is the 

number of element types. This statistic provides a less subjective assessment of skeletal element frequencies and 

thus facilitates intersite comparisons. Element representation (measured by %MAU) was also examined in 

relation to a meat utility index (Metcalfe and Jones, 1988), a marrow utility index (Blumenschine and Madrigal, 

1993), and a combined food utility index (Metcalfe and Jones, 1988) through regression and Spearman’s rank-

order correlation. Because one goal of evenness and economic analyses is to understand transport decisions 

(e.g., Binford, 1978; Faith and Gordon, 2007), it is important to control for density-mediated destructive 

processes such as carnivore ravaging, which tend to delete or at least depress the frequency of less dense axial 

bones and limb bone epiphyses (e.g., Brain, 1967,1969; Marean and Spencer, 1991; Marean et al., 1992; 

Capaldo, 1998; Pickering et al., 2003). The effect of attrition on the composition of the bone assemblages was 

investigated through regression and Spearman’s rank-order correlation between Lam et al.’s (1999) bulk 

mineral density (BMD) values for wilde-beest and %MAU. For limb bones, internal shape-corrected data were 

used. These data are more accurate because they take into account the empty medullary cavities of limb bones 

in measures of cross-sectional area. Given the evidence for density-mediated destruction (see results below), the 



evenness and economic analyses focused on ―high survival‖ bones [i.e., elements whose original representation 

can be reconstructed even in the wake of attrition (Marean et al., 2000; Marean and Cleghorn, 2003; Cleghorn 

and Marean, 2004)]. This ―high survival‖ set includes the cranium, mandible, and limb bones (when shaft 

fragments are included in MNE estimates), while the ―low survival‖ set is made up of axial elements and small 

compact bones [which, although relatively dense, are often consumed completely by carnivores (Marean et al., 

1992; Capaldo, 1998; Pickering, 2001a,b)]. 

       
 

 
A systematic search for bone surface modifications was also carried out on the Bed II faunas. All fragments 

were examined with the aid of 10× magnification and a strong oblique light source (Bunn, 1981; Blumenschine 

et al., 1996). Cutmarks, percussion marks, and carnivore tooth marks were identified following criteria outlined 

in Blumenschine et al. (1996, and references therein). Surface marks were tallied by skeletal element (e.g., 

cranium, humerus) or skeletal region (e.g., vertebrae, upper limb bones). For limb bones in particular, surface 

marks were also quantified by bone segment and bone section. Bone segment attributions were modified from 

Blumenschine’s (1988: 467) epiphysis/near-epiphysis/midshaft system, where epiphyseal fragments preserve all 

or part of an articular surface, near-epiphyseal fragments lack an articular surface but preserve cancellous bone 

indicating proximity to an articular surface, and midshaft fragments lack an articular surface and have little or 



no cancellous bone. Although this system can be successful at determining the order of carnivore access to 

carcasses (Blumenschine, 1988, 1995; Capaldo, 1997; Selvaggio, 1998), it can be insensitive to the actual 

location of a particular mark. For example, an epiphyseal specimen with a portion of attached shaft may have 

surface marks on the articular surface or at any location along the shaft. Therefore, following Dominguez-

Rodrigo (1997) and Bunn (2001), surface marks on limb bones were also recorded by bone section. This 

system, which tracks the actual location of a particular surface mark, divides limb bones into three major 

anatomical sections: (1) proximal or distal epiphysis; (2) proximal or distal shaft; and (3) midshaft. However, 

surface mark frequencies quantified by bone section can be affected by differential fragmentation, which must 

be kept in mind during analysis. 

 

Other surface modifications, including rounding (Shipman, 1981), sediment abrasion (Behrensmeyer et al., 

1986; Fiorillo, 1989; Oliver, 1989), subaerial weathering (Behrensmeyer, 1978), and gastric etching (Lyman, 

1994), were also recorded. In order to maximize comparability between the Bed II collections and the growing 

body of actualistic assemblages, it is important to control for cortical-surface degradation and diagenetic 

breakage. Therefore, in all comparisons with modern control assemblages, only those fossil specimens with 

good cortical preservation and green breakage were considered. In assessments of cortical preservation, a 

subjective score of ―poor‖ or ―good‖ was assigned to each specimen. This is meant to reflect the chances that 

current cortical surfaces continue to preserve prehistoric surface modifications (see also Pickering et al., 2007, 

2008). 

 

 
 



In order to help identify the type(s) of carnivores responsible for modifying carcasses at the Bed II sites, the 

length and breadth maxima of tooth pits occurring on limb bone diaphyses were measured with digital calipers 

on polyvinylsiloxane molds to the nearest 0.01 mm (see also Andrews and Fernández-Jalvo, 1997; Selvaggio 

and Wilder, 2001; Domínguez-Rodrigo and Piqueras, 2003; Pickering et al., 2004a). Only those tooth pits with 

clearly delineated borders were measured. 

 

When possible, specimens were coded as green- or dry-broken. Green breakage (or ―nutritive phase‖ breakage; 

Blumenschine, 1986; Capaldo, 1995,1997) is usually the result of nutrient extraction by biological agents and 

was identified on limb bones by the presence of smooth release surfaces, obliquely oriented (in relation to the 

long axis of the specimen) fracture outlines, and obtuse or acute fracture angles. Other elements, such as ribs, 

pelves, and scapulae, will also exhibit some or all of these features when green-broken. Dry breakage was 

recognized by a combination of straight or stepped fracture outlines, ragged release surfaces, and 90, fracture 

angles (see Morlan, 1984; Johnson, 1985; Villa and Mathieu, 1991). 

 
 

Green bone breakage was analyzed using three complementary procedures, all of which helped to distinguish 

the dynamic loading that is characteristic of hammerstone-wielding hominids from the static loading employed 

by large carnivores (Johnson, 1985). First, the shape of all complete notches (i.e., those notches with two 

inflection points and nonoverlapping flake scars) was quantified using the ratios developed by Capaldo and 

Blumenschine (1994), which show that percussion notches tend to be shallower and broader in cortical view 

than carnivore-created notches (see also Bunn, 1981,1989; Blumenschine and Selvaggio, 1991). In addition, all 

notches were categorized to type [modified from Capaldo and Blumenschine (1994)], as hominid- and 

carnivore-broken assemblages result in different frequencies of notch types (Dominguez-Rodrigo et al., 

2007a,b; Egeland, 2007). Second, all limb bone fragments were characterized according to Bunn’s (1982) 

circumference system as preserving <50%, >50%, or 100% of the original diaphyseal circumference. In 

addition to providing clues as to the breakage agent, the relative frequencies of circumference types can 

measure the severity of bias in a faunal assemblage. Marean et al. (2004) showed that assemblages biased by 

selective retention are deficient in specimens with <50% of the diaphyseal circumference preserved. Finally, 

because it has been shown that carnivore-induced fragmentation tends towards right-angled breaks while 

hammerstone fragmentation creates higher frequencies of obtuse and acute breaks (Pickering et al., 2005; 



Alcántara Garcia et al., 2006), the angle of all longitudinal and oblique fracture planes greater than 4 cm in 

length was measured to the nearest degree using a goniometer. In calculating fragmentation ratios (NISP-to-

MNE and epiphysis-to-shaft ratios), the number of dry- and recently broken specimens was divided by two 

(because at least two fragments will result when a single specimen is broken) and the resulting value added to 

the number of green-broken specimens. Fragmentation ratios were used to identify the bone-modifying agent in 

addition to providing estimates of competition. A more detailed description of the zooarchaeological and 

taphonomic methods summarized here can be found in Egeland (2007: 36–64). 

 
 

 

 



 
 

Results 

General assemblage composition 

A total of 4,078 specimens (207 from HWKE 3–5,814 from MNK Main, 95 from FC West, 268 from SHK, 215 

from TK, and 2,479 from BK) were analyzed in this analysis. Table 1 provides MNI estimates for each of the 

assemblages (excluding primates, carnivores, and equids, the last of which were not available for study), which 

range from a minimum of four large mammalian individuals at TK LF to a maximum of 47 at BK. The FC West 

and TK assemblages are composed exclusively of medium- and large-sized animals, while the other 

assemblages show a variety of small, medium and large animals. With a few exceptions (hippopotamids at TK 

UF; giraffids and suids at BK), the non-bovid taxa are represented only by isolated skull material (mostly teeth), 

which contrasts with the more complete representation of bovids in the assemblages. 

 
 

Site integrity 

All of the Bed II sites are deficient in specimens less than 4 cm in size (Fig. 3). Limb bone fragments preserving 

<50% circumference dominate all the Bed II assemblages except SHK (Fig. 4), indicating that preferential 

discard of taxonomically non-diagnostic material is not a major source of bias. Polishing damage indicative of 

long-distance water transport is present on a total of three (1.4% of total NISP) specimens from HWKE 3–5, 

eight (1.0%) from MNK Main, six (6.3%) from FC West, two (0.7%) from SHK, three (3.8%) from TK LF, and 

seventy-four (3.0%) from BK. Lateral variation in the degree of polishing damage is evident at BK, as highly 

rounded pieces are more common in Excavation Unit 7 (Fig. 5; see also Monahan, 1996b: 87). Extensive efforts 

resulted in no bone fragment refits from HWKE 3–5, FC West, SHK, or TK, while no new refitting sets were 

added to those previously documented by Monahan (1996b: 221–222) from MNK Main and BK. 



Skeletal element frequencies 

Tables 2 and 3 summarize, respectively, the NISP data and MNE estimates by skeletal element and carcass size 

for each of the Bed II sites. Figure 6 presents limb bone MNEs by portion (following Marean and Spencer, 

1991) for BK, which is the largest data set, and Table 4 provides limb bone MNEs based on epiphyses only, and 

on epiphyses and shaft fragments combined, for all the Bed II assemblages (except the selectively collected 

SHK assemblage). In every case, shaft-inclusive MNE estimates are equal to or greater than those derived using 

epiphyses only. Tibiae appear to be most affected by shaft fragment inclusion, followed by the upper limb 

bones, radii and, finally, metapodials. Overall, the skeletal part data show assemblages dominated by skulls and 

limbs, with axial elements and compact bones very rare, and scapulae and pelves variably represented. This 

general pattern compares favorably to actualistic samples where carnivores ravaged carcasses (Fig. 7). Linear 

regression and Spearman’s rank-order statistics show that, for most of the assemblages, a strong and significant 

relationship exists between density and skeletal part representation (Table 5). 

 
 

The representation of high survival elements is significantly correlated with meat utility for small- and medium-

sized carcasses at HWKE 3–5, MNK Main, and BK, for medium-sized carcasses at TK UF, and for large-sized 

carcasses at BK (Table 6). Overall food utility is significantly correlated with high survival element 

representation only for small-sized carcasses at BK. Table 7 provides evenness values for the Bed II 

assemblages and two ethnoarchaeological samples from the Hadza of Tanzania. Simulation experiments 

indicate that at MNE sample sizes of 50 and 100, evenness values below 0.925 and 0.961, respectively, reflect 

incomplete carcass representation (Faith and Gordon, 2007: 876). It therefore appears that more-or-less 

complete carcasses are represented at BK and among medium-sized animals at MNK Main. Although FC West 

and TK UF are also suggestive of complete carcass deposition, small sample sizes preclude definitive 

interpretations. 

 
 

Bone surface modifications 

Supplementary Table S1 (see online Supplementary material) provides the catalog information for each 

specimen identified as preserving a tooth mark and/or butchery mark. Cortical surface preservation is good to 

excellent at HWKE 3–5, MNK Main, SHK, and BK. Unfortunately, surface preservation at FC West and 

especially TK is very poor, which hindered the identification of surface modifications in these assemblages (see 



also Monahan, 1996b: 139). The surface mark data from FC West and TK are not discussed further here, as it is 

likely that the grand total of three modified bone fragments (all from FC West and all of them tooth-marked) 

underestimates the actual incidence of surface marks in these assemblages. Table 8 summarizes tooth-mark data 

by skeletal element and carcass size for HWKE 3–5, MNK Main, SHK, and BK. Figure 8 shows examples of 

typical tooth marked fragments from the Bed II sites. Tooth marks appear on all elements, suggesting that, in 

most cases, carnivores had access to resources from all skeletal regions. Figure 9 displays midshaft tooth mark 

frequencies for HWKE 3–5, MNK Main, and BK relative to several actualistic control assemblages. The 

HWKE 3–5 and MNK Main data fit better with ―carnivore-only‖ actualistic assemblages in which carnivores 

(mainly hyenas) enjoyed sole access to carcasses. The BK data fall within the range of ―hammerstone-to-

carnivore‖ assemblages. However, BK also matches a scenario where hominids demarrowed bones initially 

defleshed by felids. This potential equifinality is addressed below. 

 

 
 

Table 9 provides summary statistics for the dimensions of tooth pits preserved on medium-sized carcass limb 

bone diaphyses for MNK Main and BK (the only two sites with statistically meaningful sample sizes). Figure 

10 plots these data with those gathered from studies of modern carnivores. The overall range of tooth pit sizes 

match better with those created by larger carnivores with more robust dentitions, such as lions and hyenas, 

although it is likely that smaller carnivores and even hominids inflicted some of the observed tooth marks in the 

Bed II bone assemblages. 

 

No butchery marks were identified from HWKE 3–5, SHK, FC West, or TK, and a total of only four (one 

percussion-marked and three cutmarked) fragments preserve butchery damage from MNK Main. Site BK, on 

the other hand, preserves significant evidence for hominid butchery in the form of cutmarks (e.g., Fig. 11) and 

per-cussion marks (e.g., Fig. 12). Table 10 summarizes butchery mark frequencies by element and carcass size 

for BK. Butchery marks tend to cluster on the limb bones, although cutmarked pelves, ribs, and vertebrae were 

identified. Medium carcasses preserve the highest frequency of butchery marks, and both cutmarks (χ
2
 = 3.28; p 

> 0.05) and percussion marks (χ
2
 = 1.33; p > 0.05) are distributed equally among the limb bones, as measured 

by NISP. However, BK butchery mark frequencies fall far below those attained in actualistic assemblages 

processed by humans, where limb bones are cutmarked and percussion-marked at rates of about 20% and 30%, 

respectively (Bunn, 1982; Blumenschine and Selvaggio, 1988, 1991; Domínguez-Rodrigo, 1997, 1999b; Lupo 

and O’Connell, 2002; Domínguez-Rodrigo and Barba, 2005; Pobiner and Braun, 2005; Pickering and Egeland, 

2006). Figure 13 shows that most of the limb bone cutmarks at BK occur on shaft sections. Although this 

pattern has been linked to defleshing and early hominid access to carcasses (e.g., Bunn and Kroll, 1986; 

Domínguez-Rodrigo, 1997,1999a,b, 2002; Bunn, 2001; Domínguez-Rodrigo and Pickering, 2003; Pickering et 



al., 2004b), it is important to keep in mind that epiphyseal deletion via attrition probably erased the evidence for 

cutmarking on these less dense bone portions. Nevertheless, cutmarks on the meaty upper limb bones occur on 

what Dominguez-Rodrigo and Barba (2007: 90) have termed ―Hot Zones.‖ These are anatomical zones that 

never preserved any flesh scraps after having been defleshed by lions in a sample of 28 carcasses analyzed from 

naturalistic settings in eastern Africa. Therefore, the occurrence of cutmarks on these zones makes it unlikely 

that hominids accessed carcasses after they had been fully defleshed by felids or other large carnivores. 

 
 

 
Bone breakage 

Green breakage predominates in all the Bed II assemblages (≥70% limb bone NISP), with the exception of 

HWKE 3–5, where dry breakage affects almost 50% of the limb bone NISP. Complete limb bones are rare at 

MNK Main, HWKE 3–5, and BK, whereas they are completely absent at FC West and TK (Table 11). Limb 

bone circumference representations at FC West, TK, and BK are similar to those of actualistic assemblages with 

intense hyena ravaging, while the data from HWKE 3–5 and MNK Main, which show relatively high 

frequencies of complete circumferences, are not indicative of intense ravaging (see Fig. 4). Table 12 provides 

limb bone fragmentation ratios for the Bed II sites and several actualistic assemblages (keeping in mind that the 

lack of small fragments artificially depresses fragmentation ratios in the fossil assemblages). With the exception 

of HWKE 3–5, levels of limb bone fragmentation are higher than those created by felids and small canids and 

similar to those created by hyena ravaging and human marrow processing. Sites MNK Main, FC West, TK, and 

BK all show epiphysis-to-shaft ratios slightly higher than heavily ravaged hyena assemblages, but well below 



lower-competition dens and those created by other carnivores lacking the bone-destruction capabilities of 

hyenas. These data are all consistent with those presented previously by Monahan (1996a: Table 10, 1996b: 

Table 4.7). 

 
Table 13 provides summary data for longitudinal and oblique fracture planes in the MNK Main and BK 

assemblages. Figure 14 plots fracture plane data for BK and the medium carcasses from MNK Main relative to 

experimentally determined ranges of dynamic and static breakage. The MNK Main data show most angles 

within the static (i.e., carnivore) range while BK shows a substantial proportion of angles outside the static and 

within (and beyond) the dynamic (i.e., hammerstone) range. Only MNK Main and BK produced more than one 

measurable notch; these data are plotted in relation to experimental ranges of carnivore- and hammerstone-

created notches in Fig. 15. All of the notches from MNK Main, regardless of carcass size, fall within the range 

produced by carnivores. The data from BK, on the other hand, show several notches that fall completely outside 

the carnivore range, although more experimental data are needed to fully define the range of notch dimensions 

created by hammerstone breakage on medium-sized carcasses. A variety of notch types characteristic of both 

hammerstone and carnivore breakage are present in the Bed II assemblages (Fig. 16). However, a higher 

frequency of notched fragments display tooth marks than display percussion marks for both MNK Main and BK 

(Table 14). 

 

Discussion 

We discuss the formation of the Bed II faunal assemblages at three inferential levels (Egeland et al., 2004: 345): 

(1) carcass modification, (2) carcass accumulation, and (3) carcass acquisition. Carcass modification involves 

the fragmentation and differential destruction of skeletal parts or portions and/or the creation of surface marks. 

Carcass accumulation is defined as the transport and/or deposition of carcasses or carcass parts at a particular 

locality. Finally, carcass acquisition entails gaining access to a carcass, regardless of the mode of access (e.g., 

hunting or scavenging) or the nutritional status of the carcass (e.g., fresh or desiccated). Because bone breakage 

and surface mark data can in many cases be clearly linked to particular taphonomic agents, the modification 

component of assemblage formation provides the most robust basis for interpretation. The accumulation and 

acquisition components are more remote and must rest on data gained from interpretations of carcass 

modification. 

 



      
 

Carcass modification 

Although only tooth marks are preserved at FC West, the poor condition of most cortices at both FC West and 

TK hindered the secure identification of surface marks in these assemblages. Un-fortunately, data from fracture 

planes are also ambiguous, as the overall sample size amounts to only a handful of measureable angles from 

each site. Levels of limb bone fragmentation at these sites are too high to attribute to felids or small canids, 

which implicates hyenas and/or hominids in bone breakage. The extent of epiphyseal loss and the general 

scarcity of axial bones are strongly suggestive of hyena ravaging. Similarly, the SHK assemblage preserves 

evidence for carcass modification by carnivores only, although butchery marks may have been present on the 

discarded portion of the fauna. 

 

The total lack of butchery marks at HWKE 3–5 and their virtual absence at MNK Main point to little or no 

hominid participation in carcass modification at these sites. Midshaft tooth mark frequencies fall within the 

range of ―carnivore-only‖ controls, and all measureable notches and most of the fracture angles (at least from 

MNK Main) fall within experimental carnivore ranges. None of the notched specimens from either site preserve 

percussion marks, while notched specimens with tooth marks are relatively common. Tooth pit dimensions 

point to a larger carnivore modifying at least the medium carcasses from MNK Main. Other lines of data, 

including limb bone fragmentation, epiphyseal loss, and a low number of axial bones, point to hyenas as a 

major modifying agent. However, the presence at MNK Main of a few complete bones with conspicuous tooth-

marking on the epiphyses (e.g., Fig. 8d) may signal felid participation in carcass modification as well 

(Domínguez-Rodrigo et al., 2007a,b; Egeland, 2007; Pobiner, 2007). 

 

Evidence for hominid modification is much more common in the BK assemblage. Butchery mark frequencies 

are (a distant) second to only FLK 22 among the Olduvai assemblages (Bunn, 1982; Bunn and Kroll, 1986; 

Domínguez-Rodrigo and Barba, 2007). Several notches, many of which do not preserve percussion marks (see 

also Monahan, 1996b: 184), and a high percentage of fracture planes fall within the experimental hammerstone 

range. Despite ample evidence for hominid behavior, it is also clear that carnivores played an important role in 

modifying carcasses at BK. Tooth marks appear in higher frequencies on notched specimens than do percussion 

marks. Although hammerstone notches are certainly present at BK, notches characteristic of carnivore bone 



breakage are common as well. Fragmentation levels suggest hominid and/or hyena bone breakage, and low 

epiphysis-to-shaft ratios indicate rather intense hyena ravaging. Tooth mark frequencies on mid-shafts are 

consistent with both ―hammerstone-to-carnivore‖ and felid-modified actualistic samples. However, the low 

frequencies of complete bones and high levels of fragmentation argue against cats as major carcass modifiers. 

Tooth pit dimensions on medium carcasses suggest large felids and/or hyenas, but, again, other data implicate 

hyenas rather than felids as the major, though not exclusive, carnivore agent of carcass modification. 

 
The pattern observed at BK (i.e., a good deal of evidence for hominid carcass modification but low frequencies 

of butchery marks relative to actualistic controls) is paralleled in several Plio-Pleistocene assemblages, 

including many Koobi Fora sites (Bunn, 1994; Domínguez-Rodrigo, 2002; Pobiner, 2007) and Swartkrans 

(Pickering et al., 2004b, 2007,2008). Depending on the assemblage under consideration, a number of factors 

can lead to this result. First, that other processes can potentially mimic and/or obscure butchery marks in fossil 

assemblages forces analysts to be more conservative in their identifications. Poor surface preservation can 

exacerbate this process. Second, the artificial increase in fragments caused by dry breakage will also contribute 

to lower surface mark frequencies. Third, the preferential destruction of less dense axial elements and 

epiphyses, both of which may have preserved butchery marks, will also depress mark frequencies. Finally, it is 



likely that hominids simply did not modify all the carcasses represented in many of the fossil assemblages (see 

also discussions by Cruz-Uribe, 1991: 477; Monahan, 1996b: 177, 184; Pickering, 2002: 134). There are 

assemblages such as Peninj (Domínguez-Rodrigo et al., 2002) and FLK 22 (Domínguez-Rodrigo and Barba, 

2007; Bunn and Kroll, 1986) where butchery mark frequencies do approach actualistic controls. 

 

In terms of bone surface modifications from MNK Main, there are some important differences between this 

study and that of Monahan (1996a,b). For example, Monahan (1996a: Table 5,1996b: Table 4.2) documented a 

total of 45 tooth-marked specimens on Size Class 1–4 carcasses. By contrast, this study has identified a total of 

170 tooth-marked fragments. Especially significant is the difference in midshaft tooth mark frequencies: 

whereas Monahan (1996a: Table 7,1996b: Table 4.4) reported a 0.6% tooth mark rate, our identifications result 

in a rate of over 50%. Butchery mark frequencies for MNK Main also differ between studies. While we have 

identified only four butchered fragments, Monahan (1996a: Table 5, 1996b: Table 4.2) listed a total of 28 (13 

cutmarked, 15 percussion-marked). The new estimates of butchery and tooth mark frequencies implicate 

carnivores rather than hominids as the primary carcass modifiers at MNK Main. 

 
 

Carcass accumulation 

Geological evidence, in addition to a general lack of very small bone fragments, indicates that fluvial activity 

played some role in accumulating and/or dispersing bones at the Bed II sites [see also discussions by Monahan 

(1996a: 110, 1996b: 218–221)]. In their study of the Olduvai lithic material, Petraglia and Potts (1994) 

concluded that neither FC West nor HWKE 4 represent a primary-context assemblage, although it seems that 

transport distance was minimal. Kimura (1999) also reported that very small pieces of debitage (<1 cm) are 

nearly absent at HWKE 3 and 4, again suggesting some level of hydraulic disturbance. Petraglia and Potts 

(1994) found that MNK Main shows a mixture of winnowed and lag lithic material; such a mixed signal is 

consistent with the depth of the deposit. Both TK UF and TK LF preserve many lithic pieces less than 20 mm in 

size (de la Torre, 2004), which suggests that both assemblages were in more or less primary context. However, 

given that the TK UF paleosol was slightly inclined, it is likely that over-land waterflow winnowed out some of 

the smallest pieces (Petraglia and Potts, 1994). Leakey (1971) reported that about 10% of the choppers from the 

Main Site at SHK were rolled, which suggests that hydraulic disturbance played some role in accumulating the 

remains there. As Monahan (1996b: 219) observed, the fresh condition of many of the BK bone fragments, in 

addition to high frequencies of small lithic debitage, supports Leakey’s (1971: 199) contention that most of the 

assemblage was originally deposited on or near a stream bank and subsequently washed into the stream bed and 

buried as channel fill without long-distance transport. It is possible that the paucity of very small bone 

fragments from BK is the result of their being discarded or otherwise unavailable for study because, unlike 

HWKE 3–5 and MNK Main, no screened material (i.e., find bags with numerous bone fragments less than 2 cm 

in size and lacking catalog numbers) from this site was found on the museum shelves. 



 
 

 
 

Limb-dominated faunal assemblages like those from the Bed II sites have been interpreted as reflecting the 

transport by behavioral agents of carcass parts away from death sites, especially for medium- and large-sized 

animals (e.g., Bunn, 1986; Bunn and Kroll, 1986; Potts, 1988). Although actualistic research substantiates the 

claim that axial elements tend to remain at death sites while appendicular elements are transported away 

(Behrensmeyer and Dechant Boaz, 1980; Behrensmeyer, 1983; Blumenschine, 1986), a limb-dominated pattern 

is at least as parsimoniously explained by selective deletion of axial bones via density-mediated processes like 

carnivore ravaging (Marean et al., 1992; Capaldo, 1998). More compelling evidence for a behavioral agent of 

accumulation comes from the density and ecological diversity of the Bed II faunas relative to modern landscape 

assemblages (cf. Bunn, 1982; Potts, 1982, 1988). The Bed II sites greatly surpass the density of faunal remains 

observed in modern background scatters (e.g., Behrensmeyer, 1983; Blumenschine, 1989; Bunn et al., 1991; 

Sept, 1994; Tappen, 1995; Dominguez-Rodrigo, 1996). This, coupled with the observation that modern 

background scatters typically yield a maximum of only three to five individuals in areas much larger than those 

represented by the Bed II excavations (Behrensmeyer, 1983; Domínguez-Rodrigo, 1993), strongly suggests a 

behavioral agent of accumulation for the fossil assemblages. 

 



Despite the presence of stone tools, there are no taphonomic data that definitively assign hominid authorship to 

the accumulation of the FC West and TK faunas. Unfortunately, poor preservation also renders the carnivore 

contribution to carcass accumulation obscure. Although stone tools are also present at SHK, the available 

evidence indicates that carnivores played a major, if not exclusive, role in accumulating the fauna. 

 

The taphonomic data clearly implicate large carnivores as the likely accumulators of the HWKE 3–5 and MNK 

Main bone assemblages. In fact, midshaft tooth mark frequencies at MNK Main are among the highest of any 

Olduvai assemblage (Domínguez-Rodrigo et al., 2007a,b; Egeland, 2007; Pobiner, 2007). One possible 

behavioral mechanism for the accumulation of these assemblages is carnivore (especially hyena) denning, 

which has been shown to produce dense bone collections in spatially restricted areas (Mills and Mills, 1977; 

Henschel et al., 1979; Bunn, 1982,1983; Hill, 1989; Lam, 1992; Pokines and Kerbis Peterhans, 2007). Based 

largely on skeletal part frequencies and levels of bone destruction, Binford (1981) classified MNK Main within 

his ―Factor 1‖ cluster of sites, which were interpreted as dens. However, other lines of data argue against a den 

interpretation for both HWKE 3–5 and MNK Main. First, and most importantly, no stratigraphic evidence for 

an excavated den or any horizontal concentration of material was documented within either deposit. Second, no 

limb bone fragments from HWKE 3–5 and only six from MNK Main have been identified that show extensive 

pitting and scoring across the entire cortical surface. Such fragments are most likely the result of ―worrying‖ or 

―boredom chewing‖ (cf. Binford and Bertram, 1977; Binford, 1981) and are encountered frequently in at least 

modern spotted hyena (Crocuta crocuta) dens (CPE and MDR, pers. obs.). Finally, the fossil assemblages lack 

the juvenile hyena remains that are common in modern dens (Cruz-Uribe, 1991; Pickering, 2002). 

 

 
The depths of the HWKE 3–5 and MNK Main deposits leave open the possibility that both sites simply 

represent natural deaths occurring over long periods of time. However, even when the thickness of the deposits 

is taken into account, the density of faunal material at these sites (HWKE 3–5:0.31 bones/m
2
; MNK Main: 0.58 

bones/m
2
) is much higher than that documented in scatters of natural deaths on modern landscapes (≤0.005 

bones/m
2
; Behrensmeyer, 1987: 431) that have been accumulating presumably over very many years.

1
 We 

therefore favor a mechanism variously referred to as ―predation foci‖ (Behrensmeyer, 1982: 42), ―predation 

patches‖ (Behrensmeyer, 1983: 97), ―predation arenas‖ (Behrensmeyer, 1987: 430), or ―serial predation‖ areas 

(Haynes, 1988: 219). These are locations on the landscape particularly conducive to successful hunting and, 

because they are essentially conglomerations of individual kills, can result in relatively dense bone 

concentrations (Behrensmeyer and Dechant Boaz, 1980; Behrensmeyer, 1982, 1983, 1987; Haynes, 1985, 

1988). Predation arenas require a geomophologcial feature that concentrates animal activity. In modern savanna 

ecosystems, predation areas typically occur near cover and/or water sources (Behrensmeyer and Dechant Boaz, 

1980; Behrensmeyer, 1982,1983,1987; Haynes, 1985, 1988). Given the location of both HWKE 3–5 and MNK 



Main within the eastern lake margin, it is not surprising that site-specific studies of plant macrofossils and 

phytoliths indicate that herbaceous vegetation, trees, and wetlands were common (particularly at HWKE) in this 

area during at least lower Bed II times (Albert et al., 2006; Bamford et al., 2006). Sites HWKE 3–5 and MNK 

Main are slightly more ecologically diverse than modern predation arenas, which tend to contain only species 

from a single ecological context (Dominguez-Rodrigo, 1993). However, a predation arena utilized frequently by 

both lions and hyenas to procure prey in Hwange National Park (Zimbabwe) contained both open savanna [e.g., 

wildebeest (Connochaetes taurinus)] and woodland [e.g., waterbuck (Kobus ellipsi-prymnus)] species (Haynes, 

1988). The common occurrence at both sites of sediment abrasion characteristic of trampling [HWKE 3–5: 15 

out of 39 (38.5%) limb bone fragments; MNK Main: 121 out of 349 (34.7%)] suggests that they may have been 

high traffic areas for passing ungulates. If HWKE 3–5 and MNK Main were particularly active predation 

arenas, then serial predation by carnivores over an extended period of time (perhaps hundreds of years or more 

given the depth of the deposits), supplemented by additional carcass input via natural deaths and natural 

background scatter, may have produced the dense collections of faunal material at the sites (see also Tappen et 

al., 2007). 

 
There is little doubt that hominids played a major role in modifying carcasses from BK (see also Monahan, 

1996a,b); there-fore, their participation in at least some carcass accumulation is strongly implied. However, 

given that BK is a lumped sample of deeply stratified deposits representing many individual episodes of 

accumulation over (potentially) many years, only general trends in carcass transport by hominids can be 

identified at this time. Among small and medium carcasses, upper and intermediate limb bones are better 

represented even than crania, suggesting some selective transport of high-utility limb bones [and perhaps non-

marrow-bearing axial bones, although the incentive to transport these elements would have been reduced given 

the current lack of evidence at Olduvai during upper Bed II times for the boiling technology required to extract 

grease (Bunn, 2007)]. The scarcity of lower-utility metapodials relative to other limb bones may indicate their 

abandonment at carcass acquisition points or, alternatively, their removal from the site by scavengers. The 

presence of at least lions and hyenas, inferred both from their fossil representation at the site and their known 

general occurrence in savanna ecosystems, means that they (or other large carnivores) cannot be ruled out as 

accumulators of at least a portion of the BK fauna. Given the secondary context of the site, it is not known 



whether a den structure existed in the vicinity. Natural background bones (e.g., highly rolled pieces transported 

in streams) were also incorporated into the assemblage. 

 

Carcass acquisition 

No direct evidence can be brought to bear on the issue of hominid carcass acquisition at FC West and TK. None 

of the carcasses represented at either SHK or HWKE 3–5 appear to have been acquired by hominids. Surface 

modifications link hominids to the acquisition of two carcasses (both medium-sized) at MNK Main and eleven 

(three small, six medium, two large) at BK. It therefore appears that carcass acquisition rates were nearly zero at 

MNK Main during the time interval sampled by the deposits. At BK, the depth of the deposits makes it possible 

that carcass acquisition was spread over a potentially long period of time (i.e., decades or more), which would 

result in very low rates of carcass acquisition. Excavations at BK in 2006 did not identify stable land surfaces in 

the form of paleosols. However, three-dimensional spatial analysis reveals that faunal material is not spread 

uniformly throughout the deposits but is confined to several vertically discrete horizons averaging 15 to 20 cm 

in thickness (Dominguez-Rodrigo et al., unpublished data). Even so, and despite the fact that all but one of the 

butchered carcasses from this analysis are weathered to stage 0 or 1, it is difficult to make meaningful estimates 

of carcass acquisition rates until systematic geological and taphonomic analyses of the newly excavated 

material are completed. 

 
The timing of hominid access to carcasses at MNK Main, FC West, and TK is impossible to establish with any 

confidence due to extremely small samples of butchered fragments and/or poor preservation. On the other hand, 

the frequency and anatomical placement of cutmarks at BK strongly suggest that, when hominids did acquire 

large mammals, they enjoyed early access to fully fleshed carcasses (see also Monahan, 1996a,b). Data from 

both cutmarks and skeletal part frequencies indicate a pattern of access to high-utility upper and intermediate 

limb bones in addition to rib cages and meaty pelves. 

 

Palimpsests, site formation, and the use of space by hominids and carnivores 



The taphonomic data presented above clearly demonstrate that the Bed II sites are palimpsests reflecting the 

interdependent and independent actions of several agents, including most prominently hominids and large 

carnivores. As such, each of the assemblages reflect varying degrees of integrity and resolution, where 

―integrity‖ refers to the ―homogeneity of the agents responsible for materials in a deposit‖ and ―resolution‖ to 

the ―homogeneity of the events or situational conditions whose by-products are preserved in the deposit‖ 

(Binford, 1981: 19). 

 

It is unfortunate that FC West and TK are so poorly preserved because small assemblages like these often 

sample a narrow range of behaviors (Lupo, 2001). In other words, it is small sample sizes that furnish such 

assemblages with potentially high integrity and resolution (cf. Foley, 1981; Isaac, 1981; Isaac et al., 1981). 

Overall, little can be determined concerning the formation of these faunal assemblages other than to say 

carcasses were accumulated by hominids and/or large carnivores and subsequently ravaged by hyenas. 

 

If HWKE 3–5 and MNK Main represent predation arenas, both faunal assemblages are the result of serial 

predation by large carnivores with additional carcass input via natural deaths and back-ground scatter. A strong 

hyena signal, especially at MNK Main, indicates that carcasses were ravaged subsequent to their deposition on 

site. Although hominids may have sporadically visited MNK Main to process parts of two carcasses, it is also 

possible that a few butchered bones were scavenged and transported to the site by carnivores. It is likely that 

several large carnivore species utilized the HWKE and MNK Main localities, and, given the depth of the 

deposits, this utilization occurred over an extended period of time. Integrity and resolution are therefore 

probably low for these two assemblages (Binford, 1981). 

 

It is clear that, at BK, dozens of individual episodes of carcass transport and processing by several agents, 

including hominids, are sampled. Although this accumulative effect masks variability in carcass transport and 

processing, the overall pattern, as Monahan (1996a,b) argued, is one of hominids accessing and transporting 

high-utility carcass portions for processing at or near the BK locality. Like HWKE 3–5 and especially MNK 

Main, a strong hyena taphonomic signature exists at BK, which in most cases is the result of scavenging 

hominid food refuse. Hyenas were therefore relegated to consuming (1) the few remaining bones left unbroken 

by hominids; (2) nutritionally depleted limb-bone shaft fragments; and (3) grease-laden axial elements and limb 

bone epiphyses. Bunn (2006) suggested that this may indicate intermittent rather than continuous site usage by 

hominids, given the limited amount of time that axial bones and limb epiphyses retain nutritionally attractive 

grease. In some ways, the taphonomic data from BK resemble those from other Plio-Pleistocene sites such as 

FLK 22 and FxJj 50 (Koobi Fora, Kenya), both of which have been interpreted as ―central places‖ [i.e., 

locations to which large numbers of mammal carcasses were repeatedly transported and shared with other 

members of the group (Bunn, 1982, 2006; Bunn et al., 1980,1997)]. However, our current understanding of BK 

urges a cautious approach to such an interpretation for two reasons. First, FLK 22 and FxJj 50 were excavated 

from within thin paleosols. This contextual evidence, when coupled with the taphonomic data on weathering 

and hominid butchery, provides good evidence for carcass acquisition rates that were high enough to encourage 

food-sharing. The BK sample analyzed here is from over a meter of deposit, which, as argued above, makes it 

difficult to argue for high rates of carcass acquisition. Second, although the BK materials appear not to have 

been transported long distances via fluvial action, the geological context of the site indicates that the remains 

are not in primary context. Thus, it is possible that the BK fauna is in fact a mixture of individual sites from 

within the general vicinity, all of which may have resulted from different hominid activities. A full analysis of 

the newly excavated materials should illuminate these issues. 

 

The presence of stone tools at all of the Bed II sites considered here confirms that hominids utilized these areas. 

Three types of occurrences can be identified: (1) stone tools occurring with well-preserved faunal remains and 

substantial evidence for butchery; (2) stone tools occurring with well-preserved faunal remains and little or no 

evidence for butchery; and (3) stone tools occurring with poorly preserved faunal remains. If sharp-edged flakes 

are considered among the most effective butchery tools in early stone toolkits (Toth, 1985), it is not surprising 

that the BK lithic assemblage (which can be linked taphonomically to carcass butchery) is rich in flakes 

(Leakey, 1971; de la Torre, 2004). The HWKE and MNK Main lithic assemblages, on the other hand, 



apparently cannot be linked to carcass processing. A possible explanation for this pattern, which has also been 

documented at a number of Bed I sites (Dominguez-Rodrigo et al., 2007a,b; Egeland, 2007), lies in Mora and 

de la Torre’s (2005) recent reexamination of the idea that percussion activities unrelated to flake production 

were an important aspect of stone utilization at Olduvai during Bed I and II times [see also Willoughby (1987) 

and Schick and Toth (1994) for important discussions of battered materials]. Mora and de la Torre (2005) 

proposed that the non-knapping percussion components (which include anvils, angular fragments, and some 

hammerstones and spheroids) of the Olduvai lithic assemblages could have been used to process plant resources 

like nuts, fruits, or even wood (see also Toth, 1985; Schick and Toth, 1993).  

 
At HWKE, a low frequency of lava (basalt and phonolite) flakes relative to the number of cores suggests that 

flake production in this raw material was not the major goal of hominid tool-makers (Kimura, 1999). Although 

quartz and chert flakes are relatively common at the site, many of the quartz cores show evidence of battering 

(Kimura, 1999), which may indicate that they were subsequently used for percussion activities unrelated to 

carcass butchery. The lack of butchery marks at MNK Main and SHK is somewhat surprising considering 

complete flakes are relatively common in both lithic assemblages; however, battered pieces make up significant 

portions of the assemblages as well, especially in terms of weight (Leakey, 1971). Kimura (2002) and Mora and 

de la Torre (2005) documented a high incidence of battered pieces at both FC West and TK, which again could 

indicate that activities other than or in addition to carcass butchery were carried out at these sites. 

 



For those Bed II sites where lithic assemblages cannot be linked exclusively to carcass butchery, it appears that 

the transport, use, and discard of stone tools by hominids and the consumption of carcasses by large carnivores 

occurred serially and in unrelated depositional events. Such an overlap in the use of space is consistent with 

Isaac’s (1983: 9) ―common amenity‖ model of early site formation (see also Isaac and Crader, 1981; Binford, 

1983), in which water, trees, and food attracted both hominids and carnivores to the same localities on the 

landscape independently. Some interdependence in site formation is documented at MNK Main and BK, as 

bone fragments preserving both butchery marks and carnivore tooth marks have been identified in these 

assemblages (Monahan, 1996a,b). Levels of bone destruction indicate that competition for carcasses was 

relatively high at BK (Monahan, 1996a,b; Egeland, 2007). Carcass processing by hominids in such habitats 

would certainly have enticed local groups of carnivores. The ability to butcher and control carcasses under these 

circumstances speaks to the superior competitive abilities of H. erectus during upper Bed II times. This may 

contrast with their Bed I counterparts, as taphonomic evidence suggests that FLK 22 (and many of the Bed I 

sites in general) was situated in an area of relatively low competition (Capaldo, 1997; Egeland, 2007; but see 

Faith and Behrensmeyer, 2006; Faith et al., 2007). 

 
Conclusions 

There is no definitive taphonomic evidence to indicate that hominids played a substantial role in the formation 

of the HWKE 3– 5, MNK Main, FC West, SHK, or TK faunas. The bone assemblages from HWKE 3–5 and 

MNK Main may be the result of predation by a number of large carnivore species over an extended period of 

time. Poor surface preservation at FC West and TK and selective retention at SHK hinders interpretations of 

assemblage formation at these localities. Nevertheless, it can be said that FC West and TK were ravaged by 

hyenas, while SHK probably represents a carnivore accumulation of some sort. On the other hand, the data 

presented here indicate that hominids participated significantly in the formation of the BK fauna, in agreement 

with Monahan’s (1996a,b) analysis. It is further apparent that hominids accessed fully fleshed carcasses and that 

carnivores (mainly hyenas) were relegated in many cases to scavenging hominid food refuse (see also Monahan, 

1996a,b). Although the secondary context of the site and the low integrity and resolution of the faunal 

assemblage recommends caution in assigning a socio-economic function to BK, Monahan (1996a: 118) 

convincingly argued that hominids ―were able to minimize predation risk and to control carcasses until 

processing and consumption were accomplished.‖  

 

It now appears that the lithic assemblages from several sites in both Bed I and II cannot be associated 

exclusively with the processing of large mammal carcasses. Regardless of the exact resource(s) hominids were 

processing with these lithic assemblages, it seems that plant foods [whose importance in early hominid diets is 

undeniable (Peters, 1987; Sept, 1992)] and their seasonal avail-ability (Peters et al., 1984) dictated to some 



extent when and where hominids used and discarded stone tools at Olduvai (Peters and Blumenschine, 1995) 

and elsewhere (Sept, 2001). In many cases, the palimpsest assemblages from Bed II reflect serial site usage by 

hominids and carnivores over decades or perhaps much longer. We suggested a similar pattern of site formation 

for many Bed I sites as well (Dominguez-Rodrigo et al., 2007a,b; Egeland, 2007). 

 

Overall, hyena taphonomic signals are stronger and more frequent in Bed II relative to Bed I. Monahan’s 

(1996a,b) analysis of the HWKE 1–2 fauna suggests that hyenas during at least basal Bed II times were 

particularly active in lacustrine woodland habitats, which is potentially significant because modern hyenas tend 

to concentrate their activities in the more open habitats of savanna mosaic environments (Blumenschine, 1986). 

The Bed I sites in general show higher survival of axial bones and limb bone epiphyses (even from small-sized 

carcasses) and greater frequencies of complete or nearly complete limb bones. In addition to lower levels of 

bone destruction, many of the Bed I sites show tooth mark frequencies and patterns of bone modification that 

are more consistent with large cats than with hyenas (see Dominguez-Rodrigo et al., 2007a,b; Egeland, 2007). 

This taphonomic shift appears to parallel the changing configuration of the large-carnivore guild, which 

occurred during middle Bed II times and involved the disappearance of the large felids Megantereon and 

Homotherium from eastern Africa at about 1.5 million years ago (Werdelin and Lewis, 2005). This event, as 

documented both in the paleontological and taphonomic records, is broadly coincident with a general shift to-

wards more open, arid environments within the Olduvai Basin (Cerling and Hay, 1986; Kappelman, 1986; 

Sikes, 1994,1999). Although climatic change was not unidirectional towards environments that were 

permanently drier and more open, it is likely that vegetation changes triggered the events that led to the 

extinction of these cats (Turner and Antón, 1998). Regardless of the reasons for these extinctions, hominids 

would have encountered a less diverse large-carnivore guild after 1.5 million years ago. 

 

Our recent analyses indicate that among the Bed I faunas excavated by Mary Leakey (1971), only FLK 22 can 

be considered as largely anthropogenic in origin (Dominguez-Rodrigo et al., 2007a,b; Egeland, 2007). 

Similarly, only BK shows a significant hominid signal among their Bed II counterparts. Although the socio-

economic repercussions of early access and systematic transport proposed for FLK 22, including food-sharing 

(e.g., Bunn, 2006) and mate- or offspring-provisioning (e.g., Oliver, 1994), may apply to BK, the site’s context 

precludes a definitive statement on this point. Nevertheless, the taphonomic, geological, and paleoecological 

data do document a diverse pattern of hominid site use during Bed II times. Coupled with nearly 30 years of 

taphonomic studies of various Bed I assemblages and more recent data from ongoing excavations in basal Bed 

II (e.g., Blumenschine and Masao, 1991; Cushing, 2002; Blumenschine et al., 2003; Tacktikos, 2005; Pobiner, 

2007), there is compelling evidence for significant variability in hominid site use in the Olduvai Basin over a 

period of about 600,000 years. 

 

Notes: 

1 Density for the Bed II sites was calculated by first dividing the depth of each deposit by 9 cm [the average 

thickness of the Olduvai paleosols (Leakey, 1971)] to estimate the number of ―surfaces‖ represented at each 

excavation. Second, the number of bones was divided by the number of ―surfaces.‖ This number was then 

divided by the estimated excavation area (see Potts, 1988: 41). 

 

References 

Albert, R.M., Bamford, M.K., Cabanes, D., 2006. Taphonomy of phytoliths and macroplants in different soils 

from Olduvai Gorge (Tanzania) and the application to Plio-Pleistocene paleoanthropological samples. Quatern. 

Int 148, 78–94. 

Alcántara García, V., Barba, R., Barral del Pino, J.M., Crespo Ruiz, A.B., Eiriz Vidal, A.I., Falquina Aparicio, 

Á., Herrero Calleja, S., Ibara Jiménez, A., Megías González, M., Pérez Gil, M., Pérez Tello, V., Rolland Calvo, 

J., Yravedra Sáinz de los Torreros, J., Vidal, A., Domínguez-Rodrigo, M., 2006. Determinación de procesos de 

fractura sobre huesos frescos: un sistema de análysis de los ángulos de los planos de fracturación como 

discriminar de agentes bióticos. Trabajos de Prehistoria 63, 25–38. 

Andrews, P., Fernández-Jalvo, Y., 1997. Surface modifications of the Sima de los Huesos fossil humans. J. 

Hum. Evol. 33, 191–217. 



Antón, S.C., 2003. Natural history of Homo erectus. Yearb. Phys. Anthropol. 46,126– 169. 

Assefa, Z., 2006. Faunal remains from Porc-Epic: paleoecological and zooarchaeological investigations from a 

Middle Stone Age site in southeastern Ethiopia. J. Hum. Evol. 51, 50–75. 

Bartram, L.E., Marean, C.W., 1999. Explaining the ―Klaises Pattern‖: Kua ethno-archaeology, the Die Kelders 

Middle Stone Age archaeofauna, long bone fragmentation and carnivore ravaging. J. Archaeol. Sci. 26, 9–29. 

Bamford, M.K., Albert, R.M., Cabanes, D., 2006. Plio-Pleistocene macroplant fossil remains and phytoliths 

from lowermost Bed II in the eastern paleolake margin of Olduvai Gorge, Tanzania. Quatern. Int 148, 95–112. 

Behrensmeyer, A.K., 1978. Taphonomic and ecologic information from bone weathering. Paleobiology 4,150–

162. 

Behrensmeyer, A.K., 1982. Time sampling intervals in the vertebrate fossil record. Proc. Third N. Am. Paleon. 

Convention 1, 41–45. 

Behrensmeyer, A.K., 1983. Patterns of natural bone distribution on recent land surfaces: implications for 

archaeological site formation. In: Clutton-Brock, J., Grigson, C. (Eds.), Animals and Archaeology I: Hunters 

and Their Prey. British Archaeological Reports International Series, Oxford, pp. 93–106. 

Behrensmeyer, A.K., 1987. Taphonomy and hunting. In: Nitecki, M.H., Nitecki, D.V. (Eds.), The Evolution of 

Human Hunting. Plenum Press, New York, pp. 423–450. 

Behrensmeyer, A.K., Dechant Boaz, D.E., 1980. The recent bones of Amboseli Park, Kenya, in relation to East 

African paleoecology. In: Behrensmeyer, A.K., Hill, A. (Eds.), Fossils in the Making. University of Chicago 

Press, Chicago, pp. 72–92. 

Behrensmeyer, A.K., Gordon, K.D., Yanagi, G.T., 1986. Trampling as a cause of bone surface damage and 

psuedo-cutmarks. Nature 319, 768–771. 

Binford, L.R., 1978. Nunamiut Ethnoarchaeology. Academic Press, New York. Binford, L.R., 1981. Bones: 

Ancient Men and Modern Myths. Academic Press, New York. 

Binford, L.R., 1983. In Pursuit of the Past: Decoding the Archaeological Record. Thames and Hudson, New 

York. 

Binford, L.R., Bertram, J., 1977. Bone frequencies-and attritional processes. In: Binford, L.R. (Ed.), For Theory 

Building in Archaeology. Academic Press, New York, pp. 77–153. 

Blumenschine, R.J., 1986. Early Hominid Scavenging Opportunities: Implications of Carcass Availability in the 

Serengeti and Ngorongoro Ecosystems. British Archaeological Reports International Series Oxford. 

Blumenschine, R.J., 1988. An experimental model of the timing of hominid and carnivore influence on 

archaeological bone assemblages. J. Archaeol. Sci. 15, 483–502. 

Blumenschine, R.J., 1989. A landscape taphonomic model of the scale of prehistoric scavenging opportunities. 

J. Hum. Evol. 18, 345–371. 

Blumenschine, R.J., 1995. Percussion marks, tooth marks, and experimental de-termination of the timing of 

hominid and carnivore access to long bones at FLK Zinjanthropus, Olduvai Gorge, Tanzania. J. Hum. Evol. 29, 

21–51. 

Blumenschine, R.J., Masao, F.T., 1991. Living sites at Olduvai Gorge, Tanzania? Preliminary landscape 

archaeology results in the basal Bed II lake margin zone. J. Hum. Evol. 21,451–462. 

Blumenschine, R.J., Selvaggio, M.M., 1988. Percussion marks on bone surfaces as a new diagnostic of hominid 

behaviour. Nature 333, 763–765. 

Blumenschine, R.J., Selvaggio, M.M., 1991. On the marks of marrow bone processing by hammerstones and 

hyenas: their anatomical patterning and archaeological implications. In: Clarke, J.D. (Ed.), Cultural Beginnings: 

Approaches to Understanding Early Hominid Life-Ways in the African Savanna. Dr. Rudolf Habelt GMBH, 

Bonn, pp. 17–32. 

Blumenschine, R.J., Madrigal, T.C., 1993. Variability in long bone marrow yields of East African ungulates and 

its zooarchaeological implications. J. Archaeol. Sci. 20,555–587. 

Blumenschine, R.J., Marean, C.W., Capaldo, S.D., 1996. Blind tests of inter-analyst correspondence and 

accuracy in the identification of cut marks, percussion marks, and carnivore tooth marks on bone surfaces. J. 

Archaeol. Sci. 23, 493– 507. 

Blumenschine, R.J., Peters, C.R., Masao, F.T., Clarke, R.J., Deino, A.L., Hay, R.L., Swisher III, C.C., 

Stanistreet, I.G., Ashely, G.M., McHenry, L.J., Sikes, N.E., Van der Merwe, N.J., Tactikos, J.C., Cushing, A.E., 



Deocampo, D.M., Njau, J.K., Ebert, J.I., 2003. Late Pliocene Homo and hominid land use from western Olduvai 

Gorge, Tanzania. Science 299,1217–1221. 

Brain, C.K., 1967. Hottentot food remains and their bearing on the interpretation of fossil bone assemblages. 

Scien. Pap. Namib Desert Res. Stat. 32,1–7. 

Brain, C.K., 1969. The contribution of Namib Desert Hottentots to an understanding of australopithecine bone 

accumulations. Scien. Pap. Namib Desert Res. Stat. 39,13–22. 

Brain, C.K., 1974. Some suggested procedures in the analysis of bone accumulations from southern African 

Quaternary sites. Ann. Transvaal Mus. 29,1–8. 

Brain, C.K., 1981. The Hunters or the Hunted? An Introduction to African Cave Taphonomy. University of 

Chicago Press, Chicago. 

Bunn, H.T., 1981. Archaeological evidence for meat-eating by Plio-Pleistocene hominids from Koobi Fora and 

Olduvai Gorge. Nature 291, 574–577. 

Bunn, H.T., 1982. Meat-eating and human evolution: Studies on the diet and subsistence patterns of Plio-

Pleistocene hominids in East Africa. Ph.D. Dissertation, University of California, Berkeley. 

Bunn, H.T., 1983. Comparative analysis of modern bone assemblages from a San hunter-gatherer camp in the 

Kalahari Desert, Botswana, and from a spotted hyena den near Nairobi, Kenya. In: Clutton-Brock, J., Grigson, 

C. (Eds.), Animals and Archaeology I: Hunters and Their Prey. British Archaeological Reports International 

Series Oxford, 21–30. 

Bunn, H.T., 1986. Patterns of skeletal part representation and hominid subsistence activities at Olduvai Gorge, 

Tanzania, and Koobi Fora, Kenya. J. Hum. Evol. 15, 673–690. 

Bunn, H.T., 1989. Diagnosing Plio-Pleistocene hominid activity with bone fracture evidence. In: Bonnichsen, 

R., Sorg, M.H. (Eds.), Bone Modification. Center for the Study of the First Americans, Orono, pp. 299–315. 

Bunn, H.T., 1994. Early Pleistocene hominid foraging strategies along the ancestral Omo River at Koobi Fora, 

Kenya. J. Hum. Evol. 27, 247–266. 

Bunn, H.T., 2001. Hunting, power scavenging, and butchering by Hadza foragers and by Plio-Pleistocene 

Homo. In: Stanford, C.B., Bunn, H.T. (Eds.), Meat-Eating and Human Evolution. Oxford University Press, 

Oxford, pp. 199–218. 

Bunn, H.T., 2006. Meat made us human. In: Ungar, P.S. (Ed.), Evolution of the Human Diet: The Known, the 

Unknown, and the Unknowable. Oxford University Press, Oxford, pp. 191–211. 

Bunn, H.T., 2007. Butchering backstraps and bearing backbones: insights from Hadza foragers and implications 

for Paleolithic archaeology. In: Pickering, T.R., Schick, K., Toth, N. (Eds.), Breathing Life into Fossils: 

Taphonomic Studies in Honor of C.K. (Bob) Brain. Stone Age Institute Press, Bloomington, pp. 269–280. 

Bunn, H.T., Kroll, E.M., 1986. Systematic butchery by Plio Pleistocene hominids at Olduvai-Gorge, Tanzania. 

Curr. Anthropol. 27, 431–452. 

Bunn, H.T., Kroll, E.M., Bartram, L.E., 1991. Bone distribution on a modern East African landscape and its 

archaeological implications. In: Clark, J.D. (Ed.), Cultural Beginnings: Approaches to Understanding Early 

Hominid Life-Ways in the African Savanna. Dr. Rudolf Habelt GMBH, Bonn, pp. 33–54. 

Bunn, H.T., Kroll, E.M., Kaufulu, Z.M., Isaac, G.L., 1997. FxJj 50. In: Isaac, G.L. (Ed.), Koobi Fora Research 

Project, vol. 5: Plio-Pleistocene Archaeology. Oxford University Press, Oxford, pp. 192–211. 

Bunn, H.T., Harris, J.W.K., Isaac, G.L., Kaufulu, Z., Kroll, E.M., Schick, K., Toth, N., Behrensmeyer, A.K., 

1980. FxJj50: an early Pleistocene site in northern Kenya. World Archaeol. 12,109–139. 

Capaldo, S.D., 1995. Inferring hominid and carnivore behavior from dual-patterned archaeofaunal assemblages. 

Ph.D. Dissertation, Rutgers University, New Brunswick. 

Capaldo, S.D., 1997. Experimental determinations of carcass processing by Plio-Pleistocene hominids and 

carnivores at FLK 22 (Zinjanthropus), Olduvai Gorge, Tanzania. J. Hum. Evol. 33, 555–597. 

Capaldo, S.D., 1998. Simulating the formation of dual-patterned archaeofaunal assemblages with experimental 

control samples. J. Archaeol. Sci. 25, 311–330. 

Capaldo, S.D., Blumenschine, R.J., 1994. A quantitative diagnosis of notches made by hammerstone percussion 

and carnivore gnawing on bovid long bones. Am. Antiq. 59, 724–748. 

Cerling, T.E., Hay, R.L., 1986. An isotopic study of paleosol carbonates from Olduvai Gorge. Quatern. Res. 25, 

63–78. 



Cleghorn, N., Marean, C.W., 2004. Distinguishing selective transport and in situ attrition: a critical review of 

analytical approaches. J. Taphonomy 2, 43–67. 

Cruz-Uribe, K., 1991. Distinguishing hyena from hominid bone accumulations. J. Field Archaeol. 18,467–486. 

Cushing, A.E., 2002. The landscape zooarchaeology and paleontology of Plio-Pleis-tocene Olduvai, Tanzania 

and their implications for early hominid ecology. Ph.D. Dissertation, Rutgers University, New Brunswick. 

Domínguez-Rodrigo, M., 1993. La analítica espacial micro como herramienta tafonomica: aplicación al entorno 

de una charca africana. Procesos post-deposicionales. Arquelologia Espacial 16–17, 41–56. 

Domínguez-Rodrigo, M., 1996. A landscape study of bone preservation in the Galana and Kulalu (Kenya) 

ecosystem. Origini 20,17–38. 

Domínguez-Rodrigo, M., 1997. Meat-eating by early hominids at the FLK 22 Zin-janthropus site, Olduvai 

Gorge (Tanzania): an experimental approach using cut-mark data. J. Hum. Evol. 33, 669–690. 

Domínguez-Rodrigo, M., 1999a. Flesh availability and bone modifications in carcasses consumed by lions: 

palaeoecological relevance in hominid foraging patterns. Palaeogeogr. Palaeoclimatol. Palaeoecol. 149, 373–

388. 

Domínguez-Rodrigo, M., 1999b. Meat-eating and carcass procurement at the FLK Zinj 22 site, Olduvai Gorge 

(Tanzania): a new experimental approach to the old hunting-versus-scavenging debate. In: Ullrich, H. (Ed.), 

Lifestyles and Survival Strategies in Pliocene and Pleistocene Hominids. Edition Archaea, Schwelm, pp. 89–

111. 

Domínguez-Rodrigo, M., 2002. Hunting and scavenging by early humans: the state of the debate. World 

Archaeol. 16,1–54. 

Domínguez-Rodrigo, M., Pickering, T.R., 2003. Early hominid hunting and scavenging: a zooarchaeological 

review. Evol. Anthropol. 12, 275–282. 

Domínguez-Rodrigo, M., Piqueras, A., 2003. The use of tooth pits to identify carnivore taxa in tooth-marked 

archaeofaunas and their relevance to reconstruct hominid carcass processing behaviours. J. Archaeol. Sci. 

30,1385–1391. 

Domínguez-Rodrigo, M., Barba, R., 2005. A study of cut marks on small-sized car-casses and its application to 

the study of cut-marked bones from small mammals at the FLK Zinj site. J. Taphonomy 3,121–134. 

Domínguez-Rodrigo, M., Barba, R., 2007. The behavioral meaning of cutmarks at FLK Level 22 Zinjanthropus: 

the carnivore-hominid-carnivore hypothesis falsified (II). In: Domínguez-Rodrigo, M., Barba, R., Egeland, C.P. 

(Eds.), Deconstructing Olduvai: A Taphonomic Study of the Bed I Sites. Springer Verlag, New York, pp. 75–

100. 

Domínguez-Rodrigo, M., Barba, R., Egeland, C.P. (Eds.), 2007a. Deconstructing Olduvai: A Taphonomic 

Study of the Bed I Sites. Springer Verlag, New York. 

Domínguez-Rodrigo, M., Egeland, C.P., Pickering, T.R., 2007b. Equifinality in carnivore tooth marks and the 

extended concept of archaeological palimpsests: implications for models of passive scavenging in early 

hominids. In: Pickering, T.R., Schick, K., Toth, N. (Eds.), Breathing Life into Fossils: Taphonomic Studies in 

Honor of C.K. (Bob) Brain. Stone Age Institute Press, Bloomington, pp. 255–268. 

Domínguez-Rodrigo, M., de la Torre, I., de Luque, L., Alcala´, L., Serrallonga, J., Me-dina, V., 2002. The ST 

Site Complex at Peninj, West Lake Natron, Tanzania: implications for early hominid behavioural models. J. 

Archaeol. Sci. 29, 639–665. 

Egeland, C.P., 2007. Zooarchaeological and taphonomic perspectives on hominid and carnivore interactions at 

Olduvai Gorge, Tanzania. Ph.D. Dissertation, Indiana University, Bloomington. 

Egeland, C.P., Pickering, T.R., Dominguez-Rodrigo, M., Brain, C.K., 2004. Disentangling Early Stone Age 

palimpsests: determining the functional in-dependence of hominid- and carnivore-derived portions of 

archaeofaunas. J. Hum. Evol. 47,343–357. 

Faith, J.T., Behrensmeyer, A.K., 2006. Changing patterns of carnivore modification in a landscape bone 

assemblage, Amboseli Park, Kenya. J. Archaeol. Sci. 33, 1718–1733. 

Faith, J.T., Gordon, A.D., 2007. Skeletal element abundances in archaeofaunal assemblages: economic utility, 

sample size, and assessment of carcass transport strategies. J. Archaeol. Sci. 34, 872–882. 

Faith, J.T., Marean, C.W., Behrensmeyer, A.K., 2007. Carnivore competition, bone destruction, and bone 

density. J. Archaeol. Sci. 34, 2025–2034. 



Fiorillo, A., 1989. An experimental study of trampling: implications for the fossil record. In: Bonnichsen, R., 

Sorg, M.H. (Eds.), Bone Modification. Center for the Study of the First Americans, Orono, pp. 61–71. 

Foley, R., 1981. Off-site archaeology: an alternative approach for the short-sited. In: Hodder, I., Isaac, G.L., 

Hammond, N. (Eds.), Pattern of the Past: Studies in Honour of David Clarke. Cambridge University Press, 

Cambridge, pp. 157–183. 

Hay, R.L., 1976. Geology of the Olduvai Gorge. University of California Press, Berkeley. 

Haynes, G., 1985. On watering holes, mineral licks, death, and predation. In: Mead, J. I., Meltzer, D.J. (Eds.), 

Environments and Extinction: Man in Late Glacial North America. Center for the Study of Early Man, Orono, 

pp. 53–71. 

Haynes, G., 1988. Mass deaths and serial predation: comparative taphonomic studies of modern large mammal 

death sites. J. Archaeol. Sci. 15, 219–235. 

Henschel, J.R., Tilson, R., von Blottnitz, F., 1979. Implications of a spotted hyaena bone assemblage in the 

Namib Desert. S. Afr. Archaeol. Bull. 34,127–131. 

Hill, A., 1989. Bone modification by modern spotted hyenas. In: Bonnichsen, R., Sorg, M.H. (Eds.), Bone 

Modification. Center for the Study of the First Americans, Orono,pp.169–178. 

Isaac, G.L., 1981. Archaeological tests of alternative models of early hominid behaviour: excavation and 

experiments. Phil. Trans. Roy. Soc. Lond. 292B, 177–188. 

Isaac, G.L., 1983. Bones in contention: competing explanations for the juxtaposition of early Pleistocene 

artefacts and faunal remains. In: Clutton-Brock, J., 

Grigson, C. (Eds.), Animals and Archaeology I: Hunters and Their Prey. British Archaeological Reports 

International Series, Oxford, pp. 3–19. 

Isaac, G.L., Crader, D.C., 1981. To what extent were early hominids carnivorous? An archaeological 

perspective. In: Harding, R.S.O., Teleki, G. (Eds.), Omnivorous Primates: Gathering and Hunting in Human 

Evolution. Columbia University Press, New York, pp. 37–108. 

Isaac, G.L., Harris, J.W.K., Marshall, F., 1981. Small is informative: the application of the study of mini-sites 

and least effort criteria in the interpretation of the early Pleistocene archaeological record at Koobi Fora, Kenya. 

In: Clark, J.D., Isaac, G.L. (Eds.), Las Industrias Mas Antiguas. X Congreso Union Internacional de Ciencias 

Prehistoricas y Protohistoricas, Mexico City, pp. 101–119. 

Johnson, E., 1985. Current developments in bone technology. Adv. Archaeol. Meth. Theory 8,157–235. 

Kappelman, J., 1986. Plio-Pleistocene marine-continental correlation using habitat indicators from Olduvai 

Gorge, Tanzania. Quatern. Res. 25,141–149. 

Kimura, Y., 1999. Tool-using strategies by early hominids at Bed II, Olduvai Gorge, Tanzania. J. Hum. Evol. 

37, 807–831. 

Kimura, Y., 2002. Examining time trends in the Oldowan technology at Beds I and II, Olduvai Gorge. J. Hum. 

Evol. 43, 291–321. 

Lam, Y.M., 1992. Variability in the behavior of spotted hyaenas as taphonomic agents. J. Archaeol. Sci. 19, 

389–406. 

Lam, Y.M., Chen, X.B., Pearson, O.M., 1999. Intertaxonomic variability in patterns of bone density and the 

differential representation of bovid, cervid, and equid elements in the archaeological record. Am. Antiq. 64, 

343–362. 

Leakey, L.S.B., 1957. Preliminary report on a Chellean 1 living site at BK II, Olduvai. In: Clark, J.D., Cole, S. 

(Eds.), Proceedings of the 3rd Pan-African Congress on Prehistory. Chatto and Windus, London, pp. 217–218. 

Leakey, M.D., 1971. Olduvai Gorge, Vol. 3: Excavations in Beds I and II, 1960–1963. Cambridge University 

Press, Cambridge. 

Lupo, K.D., 2001. Archaeological skeletal part profiles and differential transport: an ethnoarchaeological 

example from Hadza bone assemblages. J. Anthropol. Archaeol. 20, 361–378. 

Lyman, R.L., 1979. Faunal analysis: an outline of method and theory with some suggestions. Northwest 

Anthropol. Res. Notes 13, 22–35. 

Lupo, K.D., O’Connell, J.F., 2002. Cut and tooth mark distributions on large animal bones: ethnoarchaeological 

data from the Hadza and their implications for current ideas about early human carnivory. J. Archaeol. Sci. 29, 

85–109. 



Lyman, R.L., 1994. Vertebrate Taphonomy. Cambridge University Press, Cambridge.  

Manega, P.C., 1993. Geochronology, geochemistry and isotopic study of the Plio-Pleistocene hominid sites and 

the Ngorongoro volcanic highland in northern Tanzania. Ph.D. Dissertation, University of Colorado, Boulder. 

Marean, C.W., 1998. A critique of the evidence for scavenging by Neandertals and early modern humans: new 

data from Kobeh Cave (Zagros Mountains, Iran) and Die Kelders Cave 1 Layer 10 (South Africa). J. Hum. 

Evol. 35,111–136. 

Marean, C.W., Spencer, L.M., 1991. Impact of carnivore ravaging on zooarchaeo-logical measures of element 

abundance. Am. Antiq. 56, 645–658. 

Marean, C.W., Cleghorn, N., 2003. Large mammal skeletal element transport: applying foraging theory in a 

complex taphonomic system. J. Taphonomy 1, 15–42. 

Marean, C.W., Domı´nguez-Rodrigo, M., Pickering, T.R., 2004. Skeletal element equifinality in 

zooarchaeology begins with method: the evolution and status of the ―shaft critique.‖ J. Taphonomy 2, 69–98. 

Marean, C.W., Spencer, L.M., Blumenschine, R.J., Capaldo, S.D., 1992. Captive hyaena bone choice and 

destruction, the schlepp effect and Olduvai archaeofaunas. J. Archaeol. Sci. 19,101–121. 

Marean, C.W., Abe, Y., Frey, C.J., Randall, R.C., 2000. Zooarchaeological and taphonomic analysis of the Die 

Kelders Cave 1 Layers 10 and 11 Middle Stone Age larger mammal fauna. J. Hum. Evol. 38,197–233. 

McHenry, H.M., Coffing, K., 2000. Australopithecus to Homo: transformations in body and mind. Annu. Rev. 

Anthropol. 29,125–146. 

Metcalfe, D., Jones, K.T., 1988. A reconsideration of animal body-part utility indices. Am. Antiq. 53, 486–504. 

Mills, M.G.L., Mills, M.E.J., 1977. An analysis of bones collected at hyaena breeding dens in the Gemsbok 

National Parks. Ann. Transvaal Mus. 30,145–155. 

Monahan, C.M., 1996a. New zooarchaeological data from Bed II, Olduvai Gorge, Tanzania: implications for 

hominid behavior in the early Pleistocene. J. Hum. Evol. 31, 93–128. 

Monahan, C.M., 1996b. Variability in the foraging behavior of early Homo: A taphonomic perspective from 

Bed II, Olduvai Gorge, Tanzania. Ph.D. Dissertation, University of Wisconsin, Madison. 

Monahan, C.M., 1998. The Hadza carcass transport debate and its archaeological implications. J. Archaeol. Sci. 

25, 405–424. 

Mora, R., de la Torre, I., 2005. Percussion tools in Olduvai Beds I and II (Tanzania): implications for early 

human activities. J. Anthropol. Archaeol. 24,179–192.  

Morlan, R.E., 1984. Toward the definition of criteria for the recognition of artificial bone alteration. Quatern. 

Res. 22,160–171. 

Morlan, R.E., 1994. Bison bone fragmentation and survivorship: a comparative approach. J. Archaeol. Sci. 21, 

797–807. 

Oliver, J.S., 1989. Analogues and site context: bone damage from Shield Trap Cave (24CB91), Carbon County, 

Montana, USA. In: Bonnichsen, R., Sorg, M.H. (Eds.), Center for the Study of the First Americans. Bone 

Modification, pp. 61–71. Orono. 

Oliver, J.S., 1994. Estimates of hominid and carnivore involvement in the FLK Zinjanthropus fossil 

assemblage: some socioecological implications. J. Hum. Evol. 27,267–294. 

Peters, C.R., 1987. Nut-like oil seeds: food for monkeys, chimpanzees, humans, and probably ape-men. Am. J. 

Phys. Anthropol. 73, 333–363. 

Peters, C.R., Blumenschine, R.J., 1995. Landscape perspectives on possible land use patterns for early 

Pleistocene hominids in the Olduvai Basin, Tanzania. J. Hum. Evol. 29, 321–362. 

Peters, C.R., Obrien, E.M., Box, E.O., 1984. Plant types and seasonality of wild-plant foods, Tanzania to 

southwestern Africa: resources for models of the natural environment. J. Hum. Evol. 13, 397–414. 

Petraglia, M.D., Potts, R., 1994. Water flow and the formation of early Pleistocene artifact sites in Olduvai 

Gorge, Tanzania. J. Anthropol. Archaeol 13, 228–254. 

Pickering, T.R., 2001 a. Taphonomy of the Swartkrans hominid postcrania and its bearing on issues of meat-

eating and fire management. In: Stanford, C.B., Bunn, H.T. (Eds.), Meat-Eating and Human Evolution. Oxford 

University Press, Oxford, pp. 33–51. 

Pickering, T.R., 2001b. Carnivore voiding: a taphonomic process with the potential for the deposition of 

forensic evidence. J. Forensic Sci. 26, 406–411. 



Pickering, T.R., 2002. Reconsideration of criteria for differentiating faunal assemblages accumulated by hyenas 

and hominids. Int. J. Osteoarchaeol 12, 127–141. 

Pickering, T.R., Egeland, C.P., 2006. Experimental patterns of hammerstone percussion damage on bones: 

implications for inferences of carcass processing by humans. J. Archaeol. Sci. 33, 459–469. 

Pickering, T.R., Marean, C.W., Domínguez-Rodrigo, M., 2003. Importance of limb bone shaft fragments in 

zooarchaeology: a response to ―On in situ attrition and vertebrate body part profiles‖ (2002) by M.C. Stiner. J. 

Archaeol. Sci. 30,1469– 1482. 

Pickering, T.R., Domínguez-Rodrigo, M., Egeland, C.P., Brain, C.K., 2004a. Beyond leopards: tooth marks and 

the contribution of multiple carnivore taxa to the accumulation of the Swartkrans Member 3 fossil assemblage. 

J. Hum. Evol. 46, 595–604. 

Pickering, T.R., Domínguez-Rodrigo, M., Egeland, C.P., Brain, C.K., 2004b. New data and ideas on the 

foraging behaviour of Early Stone Age hominids at Swartkrans Cave, South Africa. S. Afr. J. Sci. 100, 215–

219. 

Pickering, T.R., Domínguez-Rodrigo, M., Egeland, C.P., Brain, C.K., 2005. The contribution of limb bone 

fracture patterns to reconstructing early hominid behaviour at Swartkrans Cave (South Africa): archaeological 

application of a new analytical method. Int. J. Osteoarchaeol. 15, 247–260. 

Pickering, T.R., Domínguez-Rodrigo, M., Egeland, C.P., Brain, C.K., 2007. Carcass foraging by early hominids 

at Swartkrans Cave (South Africa): a new investigation of the zooarchaeology and taphonomy of Member 3. In: 

Pickering, T.R., Schick, K., Toth, N. (Eds.), Breathing Life into Fossils: Taphonomic Studies in Honor of C.K. 

(Bob) Brain. Stone Age Institute Press, Bloomington, pp. 231–254. 

Pickering, T.R., Egeland, C.P., Domínguez-Rodrigo, M., Brain, C.K., Schnell, A.G., 2008. Testing the ―shift in 

the balance of power‖ hypothesis at Swartkrans, South Africa: hominid cave use and subsistence behavior in the 

early Pleistocene. J. Anthropol. Archaeol. 27, 30–45. 

Pobiner, B.L., 2007. Hominin-carnivore interactions: evidence from modern carnivore bone modification and 

early Pleistocene archaeofaunas (Koobi Fora, Kenya; Olduvai Gorge, Tanzania). Ph.D. Dissertation, Rutgers 

University, New Brunswick. 

Pobiner, B.L., Braun, D.R., 2005. Strengthening the inferential link between cutmark frequency data and 

Oldowan hominid behavior: results from modern butchery experiments. J. Taphonomy 3, 107–119. 

Pokines, J.T., Kerbis Peterhans, J.C., 2007. Spotted hyena (Crocuta crocuta) den use and taphonomy in the 

Masai Mara National Reserve, Kenya. J. Archaeol. Sci. 34, 1914–1931. 

Potts, R., 1982. Lower Pleistocene site formation and hominid activities at Olduvai Gorge, Tanzania. Ph.D. 

Dissertation, Harvard University, Cambridge. 

Potts, R., 1988. Early Hominid Activities at Olduvai. Aldine de Gruyter, New York. Richardson, P.R.K., 1980. 

Carnivore damage to antelope bones and its archaeological implications. Palaeontol. Afr. 23,109–125. 

Schick, K.D., Toth, N., 1993. Making Silent Stones Speak. Simon and Schuster, New York. 

Schick, K.D., Toth, N., 1994. Early Stone Age technology in Africa: a review and case study into the nature and 

function of spheroids and subspheroids. In: Corruchini, R.S., Ciochon, R.L. (Eds.), Integrative Paths to the Past: 

Paleoan-thropological Advances in Honor of F. Clark Howell. Prentice Hall, Englewood Cliffs, pp. 429–449. 

Selvaggio, M.M., 1994. Evidence from carnivore tooth marks and stone-tool-butchery marks for scavenging by 

hominids at FLK Zinjanthropus, Olduvai Gorge, Tanzania. Ph.D. Dissertation, Rutgers University, New 

Brunswick. 

Selvaggio, M.M., 1998. Evidence for a three-stage sequence of hominid and carnivore involvement with long 

bones at FLK Zinjanthropus, Olduvai Gorge, Tan-zania. J. Archaeol. Sci. 25, 191–202. 

Selvaggio, M.M., Wilder, J., 2001. Identifying the involvement of multiple carnivore taxa with archaeological 

bone assemblages. J. Archaeol. Sci. 28, 465–470. 

Sept, J.M., 1992. Archaeological evidence and ecological perspectives for re-constructing early hominid 

subsistence behavior. J. Archaeol. Meth. Theory 4, 1–56. 

Sept, J.M., 1994. Bone distribution in a semi-arid riverine habitat in eastern Zaire: implications for the 

interpretation of faunal assemblages at early archaeological sites. J. Archaeol. Sci. 21, 217–235. 

Sept, J.M., 2001. Modeling the edible landscape. In: Stanford, C.B., Bunn, H.T. (Eds.), 

Meat-Eating and Human Evolution. Oxford University Press, Oxford, pp. 73–98. Shipman, P., 1981. Life 

History of a Fossil: An Introduction to Taphonomy and Paleoecology. Harvard University Press, Cambridge. 



Sikes, N.E., 1994. Early hominid habitat preferences in East Africa: paleosol carbonate isotopic evidence. J. 

Hum. Evol. 27, 25–45. 

Sikes, N.E., 1999. Plio-Pleistocene floral context and habitat preferences of sympatric hominid species in East 

Africa. In: Bromage, T.G., Schrenk, F. (Eds.), African Biogeography, Climate Change and Human Evolution. 

Oxford University Press, Oxford, pp. 301–315. 

Snyder, L.M., 1988. A controlled feeding study involving gray wolf (Canus lupus) and white-tailed deer 

(Odocoileus virginianus). Tennessee Anthropological Association Newsletter 13,1–9. 

Tacktikos,J.C., 2005. A landscape perspective on the Oldowan from Olduvai Gorge, Tanzania. Ph.D. 

Dissertation, Rutgers University, New Brunswick. 

Tappen, M., 1995. Savanna ecology and natural bone deposition: implications for early hominid site formation, 

hunting and scavenging. Curr. Anthropol. 36, 223–260. 

Tappen, M., Lordkipanidze, D., Bukshianidze, M., Ferring, R., Vekua, A., 2007. Are you in or out (of Africa)? 

Site formation at Dmanisi and actualistic studies in Africa. In: Pickering, T.R., Schick, K., Toth, N. (Eds.), 

Breathing Life into Fossils: Tapho-nomic Studies in Honor of C.K. (Bob) Brain. Stone Age Institute Press, 

Bloo-mington, pp. 119–135. 

Todd, L.C., Rapson, D.J., 1988. Long bone fragmentation and interpretation of faunal assemblages: approaches 

to comparative analysis. J. Archaeol. Sci. 15, 307–325. 

de la Torre, I., 2004. Estrategias technolo´gicas en el Pleistoceno inferior de África oriental (Olduvai y Peninj, 

norte de Tanzania). Ph.D. Dissertation, Universidad Complutense, Madrid. 

Toth, N., 1985. The Oldowan reassessed: a close look at early stone artifacts. J. Ar-chaeol. Sci. 12,101–120. 

Turner, A., Antón, M., 1998. Climate and evolution: implications of some extinction patterns in African and 

European machairodontine cats of the Plio-Pleistocene. Estudios Geológicos 54, 209–230. 

Villa, P., Mathieu, E., 1991. Breakage patterns of human long bones. J. Hum. Evol. 21, 27–48. 

Walker, A., Leakey, R., 1993. The postcranial bones. In: Walker, A., Leakey, R. (Eds.), The Nariokotame 

Homo erectus Skeleton. Harvard University Press, Cambridge, pp. 95–160. 

Walter, R.C., Manega, P.C., Hay, R.L., 1992. Tephrochronology of Bed I, Olduvai Gorge: an application of 

laser-fusion 40Ar/39Ar dating to calibrating biological and climatic change. Quatern. Int. 13/14,37–46. 

Walter, R.C., Manega, P.C., Hay, R.L., Drake, R.E., Curtis, G.H., 1991. Laser-fusion 40Ar/39Ar dating of Bed 

I, Olduvai Gorge, Tanzania. Nature, 145–149. 

Werdelin, L., Lewis, M.E., 2005. Plio-Pleistocene Carnivora of eastern Africa: species richness and turnover 

patterns. Zool. J. Linn. Soc. 144,121–144. 

Willoughby, P.R., 1987. Spheroids and Battered Stone in African Early Stone Age. British Archaeological 

Reports International Series, Oxford. 


