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A Middle Stone Age Worked Bone Industry from 
Katanda, Upper Semliki Valley, Zaire 

John E. Yellen, Alison S. Brooks, Els Cornelissen, 
Michael J. Mehlman, Kathlyn Stewart 

Three archaeological sites at Katanda on the Upper Semliki River in the Western Rift Valley 
of Zaire have provided evidence for a well-developed bone industry in a Middle Stone Age 
context. Artifacts include both barbed and unbarbed points as well as a daggerlike object. 
Dating by both direct and indirect means indicate an age of -90,000 years or older. 
Together with abundant fish (primarily catfish) remains, the bone technology indicates that 
a complex subsistence specialization had developed in Africa by this time. The level of 
behavioral competence required is consistent with that of upper Paleolithic Homo sapiens 
sapiens. These data support an African origin of behaiorally as well as biologically 
modern humans. 

Anatomicallv modern humans (Homo sa- 
piens sapiens) 'appeared in ~ f r i c a  and the 
Levant before 90,000 years ago (ka) ( I ) .  
By 50 ka, they had colonized Australia (2)  
and possibly east Asia (3). In the colder 
climates of Eurowe. central Asia. and Si- 

L ,  

beria, however, Neandertals (Homo sapi- 
ens neandertalensis) continued to predom- 
inate until as late as 35 ka. The  middle to 
umer  Paleolithic behavioral transition in 

L & 

Europe, central Asia, Siberia, and the 
Near East also occurred between 40 and 30 
ka and is marked by the appearance of ( i )  
new technologies, such as prismatic blade 
cores, specialized bone and antler tools, 

burins, and sophisticated hearths, (ii) 
more complex economic strategies, in- 
volving seasonally specific activities, stor- 
age, and long-distance procurement, (iii) 
larger scale social networks, reflected not 
only in the long-distance trade in raw 
materials but also in the use of personal 
ornaments, and (iv) an  expanded use of 
symbols in art and daily life. Regionally 
specific styles of artifact manufacture in 
the early upper Paleolithic reflect this 
greater social complexity. In Europe, with 
a few exceptions from the transitional pe- 
riod (4) ,  the evolutionary shifts in human 
morphology and behavior coincide; ana- 
tomIcallv modern humans are associated 

J. E. Yellen, Archaeology Program, National Science 
Foundation, 4201 Wilson Boulevard, Arlington, VA with upper industries, whereas 
7773n I ISA Neandertals are associated with middle - - - - - , - -. . . 
A. S. Brooks, Department of Anthropology, George Paleolithic or Mousterian industries. - ~ -  ~ ~ ~ 
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In Africa, however, fossils of anatomi- 
tion de Prehistoire. Tervuren. 8-3080. Belaium. tally modern humans from between 130 
M. J. Mehlman, ~ibraty, ~n'iversity df ~A fo rn ia ,  Santa and -60 ka are associated with industries 
Cruz, CA 95064, USA. 
K. Stewart, Canadian Museum of Nature, Research Divi- 

grouped as Middle Stone Age (MSA), 

slon, post Office BOX 3443, Station D, Ottawa, Ontarlo, which share broad technological parallels 
KI P 6P4. Canada. with the Mousterian-middle Paleolithic of 

western Eurasia (5). By -40 ka, these 
flake and prepared-core industries begin to 
be replaced, at least in some areas, by 
Later Stone Age (LSA) industries based 
primarily on microlithic technology rather 
than on blades (6) .  This new technology is 
associated with other indicators of greater 
behavioral complexity such as bone tools, 
ostrich eggshell beads, and transport of 
raw materials over long distances. The  
extent to  which the MSA differs from 
the Mousterian in foreshadowing this 

%, 

complexity is uncertain (7). 
We  have recentlv recovered evidence 

for early complex behavior in the MSA 
from three sites at Katanda (Kt2, Kt9, and 
Kt16), a multisite locality in the Upper 
Semliki Valley of eastern Zaire, -6 km 
north of Ishango, where the Semliki River 
exits from Lake Rutanzige (formerly Lake 
Edward) (8) .  The  Katanda materials in- , ~, 

clude a formal (9)  bone industry, consist- 
ing of barbed bone points, unbarbed 
points, and a flat dagger. Bone industries 
from other African sites are considerablv 
younger. Upstream at Ishango, uniserial 
and biserial barbed points have been dated 
to  -25 ka ( 10, 1 1 ). Outside Africa, formal 
bone points with finished bases suggestive 
of hafting first appear in the European 
Aurignacian as early as 38 to 40 ka (1 2); 
barbed points, however, do  not  occur be- 
fore -14 to 12 ka (13) at sites throughout 
Eurasia. Here we describe the artifact ho- 
rizon at Kt9 with occasional reference to 
materials from Kt2 and Kt16. Paleoenvi- 
ronmental da t a  (8) suggest that all three 
Katanda sites were located alone the val- 

%, 

ley of a southward-flowing proto-Semliki 
River, fringed with relatively dense gallery 
forest in proximity to open savannas. Sed- 
iment analyses indicate that Kt9 was the 
closest of the three to  the proto-Semliki 
channel (1 4 ) .  

Excavation at Kt2 began in 1986 and 
continued through 1990, exposing 21 mZ 
in the MSA levels. Three horizons of 
MSA were distinguished. The  lowest, rest- 
ing on  the ASB paleosol, is the most 
comparable stratigraphically to the MSA 
horizons at Kt9 and Kt16. Over 2700 lith- 
ics in quartz, quartzite, and chert and 1100 
faunal remains of fish and mammals were 
recovered from this lower horizon. The  
upper two MSA horizons yielded a total of 
3700 lithics, predominantly in quartz, and 
some 75 poorly preserved faunal remains 
of which only 10 fragments were identifi- 
able. Discoidal cores were the most dis- 
tinctive asvect of the lithic material: for- 
mal tools were rare. In 1990, a single large 
fusiform bone woint was recovered from 
the lowest MSA horizon in contact with 
the paleosol. 

A t  Kt9, the MSA horizon crops out on a 
steep cliff face below -8 m of horizontally 
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stratified sand and silt, carbonate paleosols, 
and volcanic deposits. This overburden was 

of time. Dating of the immediately overly- 
ing sands and teeth from the concentration 
suggests an age of 80 to 90 ka for the final 
burial of the site (8). 

The  lithic industry from Kt9 falls tech- 
nologically and typologically within the 
broad range of the MSA. Local quartz and 
quartzites provided most of the raw materi- 
al, although fragments of a nonlocal brown 
chert are also present. The  percentage of 
recognizable cores, retouched pieces, and 
other formal artifacts in the analyzed sam- 
ple of 7366 pieces is a low 8.2%. Core types 
were primarily discoidal but included exam- 
ples with single and multiple platforms. Bi- 
polar specimens are rare. Scrapers on  re- 
touched flakes are uncommon and do not 
conform to highly formalized patterns. Oc- 
casional spheroids and rubbing or grinding 
stones with intentionally ground flat faces 
are also present. The  assemblage lacks for- 
mal bifacial or unifacial points or daggers, as 
well as hand axes, large core tools, blades, or 
microliths. Presence of the latter would 
have suggested inclusion within the LSA. 

Highly formalized worked bone tools 
constitute the most remarkable aspect of 
the assemblage. These include seven well- 
made uniserial barbed bone points, two un- 
barbed points, and a large dagger-shaped 
object of unknown function (Table 1). All 
are made from rib fragments or long bone 
splinters of large mammals. Replication ex- 
periments and low-power microscopic ex- 
amination (20) indicate that the shape was 
obtained by grinding the bone on  a stone 
anvil or wit6 a stone grinder. The  method 
for barb construction on  all pieces was the 

same: The  edge was first shaped and 
smoothed before parallel notches, all at the 
same oblique angle to the long axis of the 
point, were cut into it. Specialized lithic 

intact over all but the extreme northwest 
and southwest corners of the excavated area 
at the cliff face. Removal of the overburden 
over a n  area of 35.2 m2 revealed a dense 

artifacts such as burins were unnecessary, as 
the barbs could have been cut with a n  

concentration of artifacts and faunal re- 
mains (15). 

unmodified quartz flake. T h e  resultant 
barbs are shaped like a parallelogram with 
three distinct edges (Fig. 1). This shape 
clearly distinguishes the Katanda points 
from later Ishangian counterparts (21 ), all 
of which have a triangular shape formed by 
the intersection of two edges. 

T h e  artifact concentration stopped 
abruptly o n  the north, east, and southeast. 
T o  the west and southwest, the original 
distribution had been truncated by erosion 
of the cliff face. T h e  artifact horizon rested 
o n  a surface that  sloped up 3' to  the 
southeast. T h e  thickness of the concentra- 

Pieces where the butt end is preserved 
suggest that two hafting methods were used. 
Either several shallow grooves were incised 
around the circumference of the shaft or a 

tion averaged 5.5 cm but increased down- 
slope to a maximum of 16 cm. T h e  abun- 
dance of artifacts (up to 289 pieces per 400 
cm2), the abrupt edges of the concentra- 
tion, and the dominance of chipped pieces 
over manuports or rolled quartz fragments, 
together with the nature of overlying cov- 
er and matrix sediments (medium to fine 
sands), suggest that the concentration it- 
self is a n  anthropogenic feature or "pave- 
ment" (16). 

The  Kt9 concentration included over 
8000 lithics. 7369 mammal and fish re- 

series of closely spaced notches were cut 
into the barbed and nonbarbed edges. It is " 

possible that the points served as harpoons, 
which, by definition, detach from the shaft 
after contact with prey, but this is unlikely 
because it is difficult for this grooved butt 
shape to hold a line against pressure from 
the harpooned animal. It is more likely that 
thev were vermanentlv fixed to a shaft. 

 he bl in t  rounded point and edges of 
the daggerlike object suggest that it served 

mains, and most remarkably, a series of 10 
worked bone artifacts. This assemblage in- 

neither to cut nor pierce; its function is 
unknown. Although the two nonbarbed " 

dicates the presence of a highly developed 
projectile technology and complex subsis- 
tence strategy. Fish remains and worked 
bone artifacts are rare in  other MSA sites 
(1 7-1 9). T h e  degree of abrasion and weath- 
ering on  some of the lithic and faunal frag- 
ments suggests that the concentration may 
have been exposed for a significant period 

- 
points probably served as weapons, their use 
is also uncertain. T h e  number of clearly 
distinct artifact classes demonstrates that 
the Katanda people recognized that bone 
could serve as a workable plastic medium 
and be used for different purposes. 

The  barbed bone points are spatially as- 
sociated with both fish and mammal re- 

Table 1. Worked bone from Katanda sites. AC, almost complete; C, complete; DF, distal fragment; PF, prox~mal fragment. 
-- - 

S~te Piece 
number 

Maxi- Maxi- 
mum mum 

width thick- 

(mm) 
ness 
(mm) 

State Descriptive notes 

Barbed points 
Rounded one face; medullary face flattened 
Haft: two complete encircling incised grooves 
Markedly flattened both faces 
Rounded both faces; haft: three notches on 

barbed + three on unbarbed edge 
Rounded one face; slightly flattened other 
Four barbs; slightly flattened one face; haft: 

three complete encircling incised grooves 
Flattened both faces; haft: seven notches on 

barbed + seven on unbarbed edge 
Ten barbs; haft: nine notches barbed + nine 

unbarbed edge 

PF; tip AC; broken behind first barb 
DF; last barb + portion of haft 
DF?; butt C; broken at haft incision 
DF: butt C + five barbs 

PF; tip AC + two barbs 
AC; small fragment of tip missing; 

length, 142 mm. 
DF; butt C + one barb 

AC: extreme tip and butt missing; 
length, 130 mm 

Unbarbed pointed pieces 
Pointed end C; broken across shaft Flattened both faces; no haft indication 
Pointed end AC; broken across shaft Rounded both faces; no haft indication 
Butt C + shaft fragment Rounded; no haft indication 

"Knife" 
Tip + portion of "blade" Tip and edges rounded; flattened both faces 
T i p = A + B + C  
D is a nonattached shaft fragment 
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mains, which are present in abundance at 
Kt9 as well as Kt2 and Kt16. Species cap- 
tured by Katanda people (8) include Clarias 
and S y h t i s ,  both catfish, which consti- 
tute the majority of the assemblage. Because 
of Clarias's much larger size (some speci- 
mens exceeded 2 m in length), this species 
could have provided the major meat input. 
Clarias is a bottom dweller that spawns in 
shallow water. The taxa re~resented in the 
samples from all three ~ataAda sites and the 
absence of individuals in juvenile size rang- 
es are consistent with predation during 
spawning and suggest that the Katanda peo- 
ple visited, the area repeatedly during limit- 
ed seasons. Clarias and Synodontis spawn 
chiefly on floodplains in the rainy season, 
when they are easiest to catch (22). 

The distribution of materials within 
the pavement suggests several inferences 
regarding behavior. Artifacts and fauna 
are particularly concentrated in two dis- 
tinct clusters on the upslope portion of the 
pavement (23). These clusters cannot be 
attributed to materials settling into low 
points on the surface. Size sorting is evi- 
dent (24) both overall and within each 
cluster, and larger pieces are located fur- 
ther downslope. Although the extent of 
abrasion on some of the bone and lithic 
pieces attests to extended exposure on the 
surface, the strong sorting by size over a 
short distance suggests that the deposits 
were redistributed slightly by low-energy 
transport. The effect of this was to blur the 
cluster edges. Although one or more edges 
of each cluster have been truncated bv 
erosion of the cliff face, analysis of th; 
remainder suggests that each exhibits bi- 

lateral svmmetrv and that material is con- 
centrated in the' center. On this basis, it is 
possible to reconstruct the original shapes 
and sizes of the clusters. One cluster is 
somewhat larger than the other (4 and 3.4 
m in maximum diameter). The two clus- 
ters contain similar proportions of artifacts 
and faunal remains. Neither the contem- 
poraneity nor original causality of the 
clusters can be proven. In terms of cluster 
size, distance between clusters, and simi- 
laritv in both faunal and lithic remains. 
the pattern conforms to that of ethno- 
graphically observed debris produced by 
hunter-gatherer nuclear families in which 
production tasks are replicated by each 
nuclear unit (25). 

The Kt16 site, 400 m to the north of 
Kt9, was discovered and excavated in 
1990. From 11 m2 of a buried MSA hori- 
zon. we recovered -1500 lithics. 650 
mammalian faunal elements, and 9700 
fish remains, together with a large barbed 
bone point. As at Kt9 and Kt2, the assem- 
blage consisted largely of flakes and radial 
cores, with rare formal tools. In contrast to 
the other two sites, however, Kt16 also 
contained several large bifacial pieces, a 
few blades, and two large, carefully made 
grindstones on dioritic, gabbroic, or am- 
phibolite rocks. Microliths and microcores 
such as those associated with the late Pa- 
leolithic Ishango horizons (8) are absent 
at all three sites. 

The Katanda sites indicate that a com- 
plex bone industry and seasonal use of 
aquatic resources had developed by -90 
ka. The absence of known parallels within 
Africa may indicate the existence at this 

Fig. 1. Worked bone from Kt9 and Kt1 6. Top row: Kt9: 10, D through A (left to right); second row: Kt9:6, 
Kt16:l; third row: Kt9:7, A and B, Kt9:9; fourth row: Kt9:8, Kt9:5; fifth row: Kt9:1, Kt9:4, Kt9:3. See 
Table 1 for descriptions. 

time of a geographically limited cultural 
tradition, with little contact between cen- 
tral and southem Africa. or it mav reflect 
inadequate exposure or exploration of the 
ancient margins of large tropical rivers and 
lakes. The presence of other, geographi- 
cally limited hafted projectile traditions 
within the MSA, such as the Lupemban or 
Bambata (26), reflects that African homi- 
nids not only possessed considerable tech- 
nological capabilities at this time but also 
incomorated svmbolic or stvlistic content 
into ;heir forms. 'The fact that 
other early barbed bone points, although 
-55,000 to 60,000 years younger, occur 
only 6 km away suggests the long-term 
continuity of regional adaptations ( I  1 ). 
The Katanda people may have been living 
in nuclear family units and following a 
specialized subsistence pattern most often 
associated with a terminal Pleistocene to 
Holocene adaptation. Their archaeologi- 
cal traces suggest the early presence of 
modem behavioral capabilities in Africa 
along with the evidence for anatomically 
modem humans. 
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Crystal Structure of DCoH, a Bifunctional, 
protein- ind ding Transcriptional Coactivator 

James A. Endrizzi, Jeff D. Cronk, Weidong Wang, 
Gerald R. Crabtree, Tom Alber 

DCoH, the dimerization cofactor of hepatocyte nuclear factor-I, stimulates gene ex- 
pression by associating with specific DNA binding proteins and also catalyzes the de- 
hydration of the biopterin cofactor of phenylalanine hydroxylase. The x-ray crystal struc- 
ture determined at 3 angstrom resolution reveals that DCoH forms a tetramer containing 
two saddle-shaped grooves that comprise likely macromolecule binding sites. Two equiv- 
alent enzyme active sites flank each saddle, suggesting that there is a spatial connection 
between the catalytic and binding activities. Structural similarities between the DCoH fold 
and nucleicacid-binding proteins argue that the saddle motif has evolved to bind diverse 
ligands or that DCoH unexpectedly may bind nucleic acids. 

Transcription depends on interactions 
among numerous proteins, including reg- 
ulatory proteins bound at specific DNA 
sites. Homeodomain transcription factors, 
for example, are recognized by protein- 
binding coactivators (1 ,  2). Little is 
known, however, about the molecular na- 
ture of the activation signals or the struc- 
tures of the interacting protein motifs. 
One such coactivator is DCoH, the dimer- 
ization cofactor of hepatocyte nuclear fac- 
tor-1 (HNF-1) (1 ). In vertebrates, DCoH 
associates with the HNF-1 proteins, which 
regulate tissue-specific genes by binding to 
DNA as dimers (3-5). The dimerization 
and transcriptional activities of HNF-la 
are stimulated in vitro and in vivo by 
DCoH, but DCoH itself contains no DNA 

binding activity or activation domain. 
These properties imply that DCoH stimu- 
lates transcription through protein-pro- 
tein interactions. 

DCoH presumably binds other ligands, 
because it also functions in contexts de- 
void of HNF-la.  In Xenopus, for example, 
DCoH is maternallv encoded in oocvtes 
and localizes to cell kuclel at a time when 
the primary germ layers are determined 
during the midblastula transition (6). A 
wides~read transcri~tional role for DCoH 
was suggested by the discovery of a bacte- 
rial homolog, phhB, with -30% identity 
to the rat protein (7). Mutations in the 
gene phhB block expression of other genes 
in the phh operon, including the gene 
encoding uhenvlalanine hvdroxvlase. Ex- - L 

nression of n h h ~  in mammalian cells fa- - - 
L - 

- - -  --- 
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