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Abstract

Archacological analyses of faunal assemblages often rely on rationale derived from the prey choice model to explain
temporal and spatial changes in taxonomic measures of diversity and/or abundances. In this paper, we present analyses
of ethnoarchaeological observations and bone assemblages created by Central African Bofi and Aka forest foragers
which show that different small prey hunting technologies target specific suites of prey and that hunters vary their tech-
nological choice depending on their foraging goals. Analysis of ethnoarchaeological bone assemblages produced by the
Bofi and Aka shows that variability in target prey can create spatially distinct, but contemporaneous, faunal assem-
blages with different diversity values and abundance indices. These data reveal important variation in how individuals
within a contemporary human population rank prey and challenge current assumptions about the meaning of diversity
and abundances measures in archaeological contexts. We argue that the use of diversity and abundance indices can
obscure important intrasite variability in prehistoric foraging effort and suggest strategies that might enhance current
techniques.
© 2005 Elsevier Inc. All rights reserved.
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Building on a strong foundation of ethnographic
research, archaeologists often use predictions derived
from the prey choice model to guide interpretations of
taxonomic diversity and relative abundances in zooar-
chaeological assemblages (Bayham, 1979; Broughton,
1994, 1997, 1999; Butler, 2000, 2001; Cannon, 2000;
Grayson and Delpech, 1998; Grayson et al., 2001; Naga-
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oka, 2002; Quirt-Booth and Cruz-Uribe, 1997; Schmitt
and Lupo, 1995; Stiner et al., 2000; Szuter and Bayham,
1989). The prey choice model assumes that resources are
ranked on a single scale of profitability, usually kilocalo-
ries obtained per unit of handling time (i.e., post-encoun-
ter return rate). Foragers attempt to maximize the rate of
energy acquisition by adding resources into their diet in
rank order from highest to lowest to maintain a high
mean net return rate (e.g., Macarthur and Pianka, 1966;
Pyke et al., 1977; Smith, 1983). The prey choice model
predicts that foragers should always pursue high ranked
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resources whenever they are encountered. The inclusion
of lower ranked resources in the diet depends on the
chance of encountering higher ranked resources; lower
ranked resources are added into the diet as a function of
the abundance of high ranked resources. Ethnographic
studies demonstrate that the prey choice model generally
predicts overall resource selection for combined samples
of adult foragers (Hawkes and O’Connell, 1982; Hill and
Hawkes, 1983; Hill et al., 1987). Nevertheless, research
also shows fine-grained individual variation in the diet
breadth as a function of daily and seasonal variation in
the profitability of some resources (Hill et al., 1984; Kap-
lan and Hill, 1992; Smith, 1991; Sosis, 2002) and the
macronutritional content of the resource relative to the
dietary needs of the forager (Hill, 1988; Hill et al., 1987).
Since foraging efficiency is influenced by physical and
environmental constraints and the foragers overall goal,
resource choice often varies as a function of the sex, age,
and composition of the task group (Bird and Bleige Bird,
1997; Hawkes et al., 1989, 1995; Hill and Hurtado, 1996;
Hill et al., 1987; Hurtado et al., 1985; Lupo and Schmitt,
2002; Noss and Hewlett, 2001; Romanoff, 1983; Sosis,
2000; Weissner, 2002). Women foraging with their
offspring, for example, may target resources that are eas-
ily handled by children or that can be efficiently taken in
tandem (Hawkes et al., 1995). Children foraging by
themselves may focus on low ranking, but easily handled
resources because physical constraints limit their ability
to efficiently collect and process some foods (Bird and
Bleige Bird, 2000). Similarly, under certain circum-
stances, some men selectivity target inefficient or seem-
ingly wasteful resource opportunities that have high
social or political payoffs and/or that may signal desir-
able qualities (e.g., Hawkes and Bleige Bird, 2002; Lupo
and Schmitt, 2004; Smith and Bleige Bird, 2000; Sosis,
2000; Weissner, 2002). The results of these studies do not
diminish the overall value of the prey choice model, but
show a greater range of complexity in foraging behavior
than once imagined and have prompted new studies that
focus on variation in foraging effort.

In an archaeological context, changes in prey taxo-
nomic diversity or abundance indices in concert with
rational derived from the prey choice model comprise
powerful interpretive tools for identifying and explaining
gross spatial and temporal changes in prehistoric diets.
Declining abundances of high ranked prey, concurrent
with an increased emphasis on low ranked prey, can sig-
nify changes in foraging efficiency resulting from
resource depression, population growth, environmental
change and/or technological innovations that change the
costs of searching for or handling some prey (Bayham,
1979; Broughton, 1994, 1997, 1999; Broughton and
Grayson, 1993; Broughton and O’Connell, 1999; Butler,
2000, 2001; Byers and Broughton, 2004; Cannon, 2000;
Grayson and Delpech, 1998; Grayson et al., 2001; Janet-
ski, 1997; Nagaoka, 2002; Quirt-Booth and Cruz-Uribe,

1997; Schmitt and Lupo, 1995; Stiner et al., 2000; Szuter
and Bayham, 1989; but see Lyman, 2003). While these
analyses use a variety of complex and simple measures to
monitor different characteristics of zooarchaeological
assemblages (Grayson and Delpech, 1998), all are based
on similar underlying premises. All of these analyses
assume that all foragers rank prey in an identical fashion
and that prey are incorporated into the diet in a non-
random fashion according to rank. Prehistoric resource
rankings, however, are difficult to reconstruct and ana-
lysts must often extrapolate from a limited number of
experimental and ethnographic data (also see Bettinger,
1991; Grayson and Cannon, 1999). For zooarchaeologi-
cal assemblages analysts often assume that terrestrial
fauna are ranked taxonomically by body-size. A corol-
lary idea is that prey of similar body-size and overall ana-
tomical proportions have similar relative ranks and may
be considered as a group (e.g, Grayson and Cannon,
1999; Simms, 1987; but also see Jones, 2004; Smith, 1983).
Larger-sized prey groups, such as artiodactyls, are higher
ranked than smaller-sized groups of prey such as rabbits
and hares. Empirical ethnographic and experimental
studies show that when prey are acquired individually,
larger-sized animals are generally higher ranked than
smaller-sized prey (Hawkes and O’Connell, 1982; Kelly,
1995; Simms, 1987). Nevertheless, there are also impor-
tant exceptions to this generalization. Extremely large-
bodied prey such as whales or some pinnipeds often have
excessive handling costs that depress their rank relative
to overall body-size (Broughton, 1994, 1999; Jones, 2004;
Smith, 1991). The circumstances of capture, especially the
hunting technology used to acquire the prey, also influ-
ence resource profitability and relative rank (Bettinger,
1991; Grayson and Cannon, 1999). Mass collecting dense
patches of some small-sized and low ranked prey, can be
more profitable than might be predicted based solely on
body size (Madsen and Kirkman, 1988; Madsen and Sch-
mitt, 1998; Schmitt et al, 2004). Recognition that prey
profitability varies as a function of circumstances of cap-
ture and hunting technology has lead some to suggest
modifications to current methods of prey ranking (Gray-
son and Cannon, 1999, p. 150; Jones, 2004) and others to
propose new criteria for ranking prey in archaeofaunal
contexts (Stiner et al., 2000).

A second premise guiding these analyses concerns
what archaeofaunal diversity and abundance indices
actually measure ( e.g., Cannon, 2001; Grayson, 1984;
Jones, 2004; Lyman, 2003; Ugan and Bright, 2001).
Archaeologists assume that there is a relationship
between measures of prey abundance and diversity and
some measure of prehistoric diet breadth. Problems aris-
ing from sample-size, preservational bias, excavation
techniques, taphonomic and other factors that can influ-
ence measures of diversity and abundance are widely
recognized (Cannon, 1999, 2001; Cruz-Uribe, 1988;
Grayson, 1984; also see Lyman, 2003) and in some cases,



ARTICLE IN PRESS

K.D. Lupo, D.N. Schmitt | Journal of Anthropological Archaeology xxx (2005) xxx—xxx 3

statistical and methodological techniques can help iden-
tify and compensate for some of these factors (Cannon,
1999, 2001; Grayson et al., 2001; Schmitt and Lupo,
1995). But considerably less attention is given to how
variation in resource choice as a function of age, sex and
other factors might influence measures of diversity and
abundance in archaeofaunal assemblages (but see Bird
and Bleige Bird, 2000).

In this paper, we present data on how variation in
choice of hunting technology and target prey among
contemporary Central African foragers creates bone
assemblages associated with very different measures of
prey diversity and abundance. Data reported here show
that hunters vary their investment in different hunting
technologies depending on their overall foraging goal.
The range of prey taken with different technologies can
produce different measures of prey diversity and abun-
dances, which are manifest in ethnoarchaeological bone
assemblages from temporary forest and residential
camps. We argue that variation in choice of hunting
technology as a function of age and sex is linked to
tradeoffs hunters make in gaining consumptive and non-
consumptive benefits derived from acquiring meat. The
differences in prey diversity and abundance measures
displayed by faunal assemblages created in these con-
texts are linked to the benefits associated with acquiring
different prey, but do not involve real changes in the
encounter rates with different animals or foraging
efficiency.

Central African Bofi and Aka forest foragers

Data on hunting technology and prey capture were
collected as part of an ethnoarchaeological study of two
nomadic forest forager groups, the Bofi and Aka. These
foragers occupy the villages of Grima and Ndele located
in the N’gotto Forest Reserve in the southwestern Cen-
tral African Republic. Data were collected by focal fol-
lows and interviews conducted over a 218 day period
spanning two wet and dry seasons between 1999 and
2003.! Collections of bone assemblages representing
individual meals and camp middens also provided infor-
mation about hunting and prey exploitation patterns.

The Bofi and Aka are ethnolinguistically distinct, but
related populations that use the same hunting technol-
ogy, share many material traits, and have similar cultural
beliefs (Lupo and Schmitt, 2002, 2004). Both groups
have close social and economic ties with settled farmers
that involve the exchange or sale of forest items, espe-

! The 218 days were not consecutive. We collected dry season
data for 113 days over two seasons (1999/2000 and 2001/2002).
Wet season observations were made for 105 days over two sea-
sons (2002, 2003).

cially meat, for manioc and other products (Kitanishi,
1995). The relationship between foragers and farmers is
believed to be very old and extend back some 2000 years
to when Bantu horticulturalists arrived in the area.

The Bofi and Aka occupy permanent residential
camps and a series of temporary forest camps through-
out the year. Permanent residential camps are main-
tained next to farmer villages and may be occupied for
up to 6 months or longer by segments of the forager
population. The foragers also use a series of temporary
forest hunting camps as bases for procuring forest
resources for trade and consumption. These camps may
be occupied for up to several months by a single family
or larger population aggregates.

The N’gotto Forest Reserve is comprised of a com-
plex heterogeneous mosaic of tropical microenviron-
ments including forests, ephemeral wetlands, and so-
called wet savannas (Bahuchet and Guillame, 1982). Bofi
and Aka subsistence depends on wild plants, honey,
invertebrates, and hunted wild animals available in these
varied habitats (Kitanishi, 1995). All meat is obtained by
hunting and, on rare occasions, scavenging wild prey.
The most common prey are less than 10 kg in live weight
and include blue duikers (Cephalophus monticola), giant
pouched rats (Cricetomys emini), and brushy-tailed por-
cupine (Atherurus africanus). Medium-sized prey (>10 to
<25kg) includes Bay and Peters duikers (Cephalophus
dorsalis, Cephalophus callipygus), which are uncommon
in and around Grima, but are encountered more fre-
quently near Ndele. Larger-sized prey (>25kg) such as
yellow-backed duiker (Cephalophus silvicutor) and river
hog (Potamocherus porcus) are uniformly uncommon in
this area. The largest traditional prey, elephant
(Loxodonta africana), is currently rare and protected by
law.

Bofi and Aka employ a variety of communal and
individual hunting techniques targeting slightly different,
but not mutually exclusive, suites of prey. Communal
hunts can involve men, women, and children using hand
made fiber nets and are well-described in the literature
(e.g., Harako, 1981; Lupo and Schmitt, 2002; Terashima,
1983). While a variety of resources are encountered and
pursued during these hunts, nets target dense but ran-
domly distributed terrestrial prey that can be easily
flushed, especially blue duikers (Fig. 1).

Individual hunting can involve 1-3 people and
includes the use of spears, traps, snares, crossbows, and
hand capture. The most common prey taken with spears
are medium and larger-sized duikers that are too large to
be caught in nets and other animals that are difficult or
dangerous to handle, such as forest and river hogs, por-
cupines, and small carnivores. The hand capture of prey
can involve the use of fire, dogs, and digging implements
and is aimed at animals that are fossorial, solitary and
nonagressive, such as giant pouched rats, pangolins, and
tortoises. Snares include pole noose snares made from
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Fig. 1. Net hunt in progress.

fiber or metal cable. Metal cable snares are illegal, but
are widely used by settled farmers and their use among
foragers is increasing despite the high cost of the cable.
Noose snares are generic in form but are scaled to the
size of the prey. Snares target a wide range of prey,
especially those known to use habitual runways or
trails (see also Noss, 1995, 1998). Small traps are
uncommon and include devices designed to entrap prey
via complete enclosure. The two most common traps
used in this area are quite specific to prey target and
include a cone-shaped trap for murid mice and rats and
a fiber purse or bag trap used to procure porcupines
and occasionally giant pouched rats (Figs. 2 and 3).
The woven cone traps are placed along known and visi-
ble rodent runways. Rodents are driven into the traps
when the surrounding tall grass is set on fire. The purse
traps are set close to known prey burrows or hiding
places, such as thickets. Men and dogs then frighten the
fleeing animal into the trap by making noise. Tradition-
ally crossbow hunting with poisoned darts was used to
procure arboreal prey such as monkeys, bats, and birds,
but it is now largely replaced in this area by the use of
guns.

Meat redistribution among the Bofi and Aka is
guided, in part, by cultural rules that vary depending on
how the prey was acquired (Bahuchet, 1990; Hudson,
1990; Kitanishi, 1998, 2000; Lupo and Schmitt, 2002).
Prey acquired with nets during communal hunts must be
shared with other individuals in a specific manner
depending on their participation in the kill (see Bahu-
chet, 1990). For example, the individual who kills or is
the first to touch the animal usually receives the head.
Importantly, the kill from communal net hunts is not
pooled or divided among all the participants. Although
the meat from net kills must be shared according to
obligatory rules, many participants walk away empty
handed (also see Kitanishi, 1998). In contrast, prey
acquired using individual technology is redistributed
according to the wishes of the hunter.

Fig. 2. A Bofi boy holds two woven cone-shaped murid rat and
mice traps.

Analyses of Bofi meat sharing from the 1999 to 2000
season, showed that while obligatory sharing rules are
often not followed, prey distribution generally con-
formed to cultural prescriptions. Prey acquired in the
nets is more widely distributed than prey caught by hand
(Lupo and Schmitt, 2004). The hunter and his family
generally consume prey acquired by individual tech-
niques. These data also show significant age-related
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Fig. 3. A Bofi man holds a large number of woven bag traps.
This man (and his brother-in-law) specialized in hunting porcu-
pines with these traps.

differences among men in the degree to which meat is
shared within their own families and unrelated conspe-
cifics. Younger married men shared significantly more
net acquired meat with unrelated conspecifics than older
married men and older married men shared more meat
acquired with individual techniques with their families
than younger men. We argued that variation in choice of
hunting technology and target prey reflected variability
in the benefits derived from sharing meat as a function in
men’s overall goal (Lupo and Schmitt, 2004).

Variation in choice of small prey technology, profitability,
and target prey

While it is theoretically possible for an individual
Bofi and Aka hunter to use any available hunting tech-
nologies, there is a high degree of individual variation in
choice of technology (Lupo and Schmitt, 2004).
Although adults of both sexes hunt, variation in the
choice of hunting technology is more marked in men
because they hunt more often and use a wider variety of
hunting tools than women. Most men use several differ-
ent types of hunting technology throughout the year and
some men may actually use two or more different hunt-
ing technologies on a single hunting trip (e.g., net, spear,
and knife). The degree to which hunting effort is diversi-
fied is highly variable (Lupo and Schmitt, 2004). Some
men invest more time in net hunts, while others rarely
participate in net hunts and rely on individual hunting
technology. Table 1 shows the frequency of use of differ-
ent hunting technologies among Aka and Bofi adult men
for Grima and Ndele. A higher proportion of adult men
from the village of Ndele regularly participated in net
hunts than the men from Grima (64% versus 42%). More
men from Grima combined communal and individual
techniques to procure meat than the men from Ndele. In
both villages, a small proportion of men relied entirely
on individual techniques to obtain meat.

Selection of hunting technology by Aka and Bofi men
is unrelated to access to hunting technology. Household
inventories show that most men either own or have
access to most types of hunting technology, except guns
and crossbows. Guns and cartridges are expensive and
rarely owned by foragers. Farmers who own guns will
occasionally hire foragers to hunt for them. Crossbows
are quite rare and owned by only a handful of Aka and
Bofi. Furthermore, men can and often do borrow hunt-
ing tools, but if a man kills an animal with borrowed
technology, he must share the catch with the tool owner.
For example, if a man catches a duiker in a borrowed
net, he must give 1/2 the carcass to the net’s owner. Selec-
tivity in hunting technology also appears to be unrelated
to the bush meat trade.? Blue duikers are most common

Table 1

Bofi and Aka men’s hunting effort®

Camp Number of hunters® Days of observation Net-hunters® Mixed¢ Individual®
Grima 36 119 15 (42) 12 (.33) 9(25)
Ndele 33 99 21 (.64) 8(24) 4(.12)

% Hunting effort measures the proportion of carcasses acquired by different hunting techniques in wet and dry seasons.
® Number of adult men and teen-age boys who actively hunt. This category includes married and unmarried males between the

approximate ages of 12 and 65.

¢ The number and proportion (in parentheses) of men who acquired more than half of the meat they consumed/exchanged through

net hunts.

4 The number and proportion (in parentheses) of men who acquired more than half of the meat they consumed/exchanged by using
individual techniques. These men also participated in net hunts, which accounted for less than half of the carcasses they acquired.
¢ The number and proportion (in parentheses) of men who only used individual techniques to acquire meat.
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type of meat marketed in this area, but any animal
acquired by hunters can be sold or exchanged for prod-
ucts. Prey value is scaled to body-size so that larger-sized
animals command higher prices than smaller prey.

Some variation in choice of hunting tool is linked to
seasonal changes in precipitation that influence the costs
of net-hunting and other techniques, but not the encoun-
ter rate with different prey. There are no seasonal differ-
ences in the abundance and distribution of prey in this
area (Bahuchet, 1992), but variation in precipitation
does influence choice of hunting technology. In the dry
season, the most common hunting technique is the com-
munal net hunt, but nets are less often used during the
wet season because excessive precipitation causes the
fiber to rot and makes the nets heavier to carry (Hudson,
1990). Snares placed along known prey runways are par-
ticularly effective during the wet season when the run-
ways are easier to locate in the wet forest soil than in the
dry season. Hunting by hand and with spears and traps
is practiced year round. However, rat-hunting by hand is
less productive in the wet season because the rats can
easily dig escape tunnels in moist forest soil.

In the wet season, men who primarily net hunt in the
dry season use nets whenever it is possible. Some of these
same hunters may broaden their choice of technology
and rely on snares or spears while others simply hunt less
during the wet season. Consequently, more men use a
mixed hunting strategy during the wet season than in the
dry season.

Some variation in choice of hunting technology also
likely reflects differences in an individual hunter’s skill,
quality of hunting technology, and kin resources. For
example, two Bofi hunters in the Grima sample were
particularly skilled at trapping porcupine with bag traps
and some men were reputed to be better with spears than
others. But skill increases with practice, and men who
selectively use some technologies more than others gain
competency hunting with those technologies. Similarly,
since net-hunting success is linked to net-size, hunters
with larger-sized net invest more time in communal
hunts than men with smaller-sized nets (e.g., Harako,
1981; Ichikawa, 1983). Hewlett (1991, 1996) found that
men with a larger number of close male kin in residence
participated in net hunts more often than men who
lacked kin resources.

2 Access to markets explained differences in the use of hunting
technology (nets and crossbows) among the Efe and Mbuti
(Bailey, 1991; Bailey and Aunger, 1989, 1990; Wilkie and Cur-
ran, 1991). Access to markets does not explain the individual
variation described here because there is no differential access
to markets and meat vendors among individual men in the vil-
lages of Ndele and Grima.

Profitability of different small prey hunting technology

While a variety of factors influence technological
choice, rationale derived from the prey choice model
predicts that hunters should selectively pursue those
hunting opportunities that are most profitable as mea-
sured by post-encounter return rate. The profitability of
different hunting technologies is measured here by the
post-encounter return rate or kcal per handling time.
Handling time includes time spent pursuing and dis-
patching specific prey after it is encountered® regardless
of the outcome. Handling time is summed for all of the
foragers directly involved in the hunt. Thus, for commu-
nal net hunts the post-encounter return rates are deter-
mine by multiplying the handling time by the total
number of people involved in the hunt. Table 2 shows
the mean post-encounter return rates for the most com-
mon hunting technologies used by the Bofi and Aka.
Note that of all the hunting technologies considered here
(except trapping murid rats and mice), communal net
hunts have the lowest return rates and are less efficient at
capturing prey than most other types of technology.*
These results parallel the findings of other researchers in
the Congo/Zaire Basin (Bailey and Aunger, 1990; Kitan-
ishi, 1995; Noss, 1995; Terashima, 1983). The hand cap-
ture of slow and docile prey, such as tortoises and
pangolins, can be especially profitable because it does
not involve pursuit time. Solitary spear hunting and
snaring yield the highest post-encounter return rates as
scaled by prey size. If men based their technological
choice solely on post-encounter return rates, then many
other technologies considered here should be selected
over net hunting. Since medium-sized duikers are
encountered less often than smaller-sized game, one
might predict that hunters should concentrate on spear
hunting blue duikers or porcupine. Many men who par-
ticipate in net hunts also often carry spears and some-
times alternate between using nets and spears during any
one net hunt. In fact, most of the spear hunts that we
observed took place during net hunts.

In addition to differences among small prey hunting
technologies in profitability, we have previously demon-

3 As discussed in Lupo and Schmitt, 2004; net hunting han-
dling time does not strictly fit the definition of “post-encoun-
ter.” Nets are set up in the forest where prey is likely to be
encountered and beaters attempt to flush animals hidden in the
brush into the nets. Occasionally, animals are observed and nets
quickly raised in the hopes of capturing the animal. However,
for most captures, animals are not encountered or even ob-
served before the nets are cast.

4 This contradicts findings reported in Lupo and Schmitt
(2002). Our analysis of 1999/2000 dry season data from Grima
showed that net hunting yielded 330 kcal/h. The data presented
here include a larger sample of net hunts from wet and dry sea-
sons and should supercede previously reported values.
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Table 2
Post-encounter return rates and risk of failure for common Bofi and Aka prey and hunting technologies
Hunting technology Target prey Live weight NP Post-encounter Risk of failure?
range (kg)* return rate (kcal/h)
Nets (Grima) Small duikers 3.5-9.0 42 106 96
Net (Ndele) Small duikers 3.5-9.0 43 215 .86
Spear Peters/Bay duiker 15.0-24.0 15 6769 39
Blue duiker 3.5-9.0 13 3044 .39
Brush-tailed porcupine 1.5-4.0 8 2152 43
Snares Various — 18 4909 .50
Hand Giant pouched rat 1.0-1.4 30 561 52
Hand® Various species 025-2.7 15 352-5543 .00
Traps Brush-tailed porcupine 1.5-4.0 10 1037 .70
Traps Murid rats and mice .025-.065 11 10 .00

* Liveweights after Kingdon (1997).
b Number of observations.

¢ Includes all other hand captured prey, except giant pouched rats. Animals in this category include: small birds, murid rats, and mice

(except those that were trapped), bats, civets, tortoises, and pangolins.

4 Rate of failure per individual hunter.

strated that some hunting technologies are more reliable
in outcome than others (Lupo and Schmitt, 2002, 2004;
see also Ichikawa, 1983). Specifically, our analysis of the
hunting data from 1999 to 2000 field season from Grima
showed that communal net hunts were associated with a
higher risk of failure than rat-hunts. Here we expand that
analysis to include the failure rate for other types of hunt-
ing technology (Table 2). The risk of failure for most
hand captures (except giant pouched rats) is negligible
because once a pangolin or tortoise has been found suc-
cess is virtually assured. Most hand captured prey are
opportunistically acquired because foragers are always
checking under trees, in dense brush and under fallen logs
for any type of prey while they are foraging. We could
not calculate an accurate risk of failure for trapping
murid rats and mice the woven cone traps simply because
we never observed any failed attempts. But it is likely that
this hunting technique fails at least some of the time. The
risk of failure for snares is about 50%, but success with
this technology is highly variable and depends on the
number of snares and level of diligence invested in moni-
toring the snares. Most hunters checked their snares
every two to three days depending on the weather, but
heavy precipitation and other time commitments often
prevented hunters from monitoring snares in a timely
fashion. As a result, approximately 9% of the animals
obtained with snares were abandoned because the car-
casses were putrefied by the time the hunter retrieved
them (also see Noss, 1995, 1998). A much smaller propor-
tion of the animals obtained with snares (<1%), escaped
before the hunter could kill the animal or check the snare.

Of all the techniques considered here, net hunting is
associated with the highest risk of individual failure. As
we discussed elsewhere (Lupo and Schmitt, 2002), even
though net hunting can return some animals nearly
everyday, the number of carcasses retrieved is far lower
than the number of participants. Table 2 also shows that

the risk of failure is lower at Ndele than Grima. The for-
ested area around Ndele is more prey rich than the area
surrounding Grima and this lower risk of failure and
higher profitability of net hunting may explain why
more hunters in Ndele than Grima prefer to net hunt.
Clearly, the consumptive payoffs for communal net
hunting are lower than other available hunting technolo-
gies, so much so that one might question why hunters
bother with net-hunts. Hunters invest effort in different
types technologies, not so much to obtain a specific ani-
mal, but to obtain the nonconsumptive payoffs resulting
from sharing meat acquired with specific technologies.
Elsewhere we argued that men vary their hunting effort
depending on their overall foraging goal and the trade-
off’s between gaining consumptive and nonconsumptive
benefits (Lupo and Schmitt, 2002). Hunting with certain
high risk technologies, such as nets, may potentially yield
nonconsumptive benefits that can take many forms,
including enhancing social relationships, forming politi-
cal alliances, bonding with other hunters, attracting
mates or signaling desirable qualities (e.g., Hawkes and
Bleige Bird, 2002; Smith and Bleige Bird, 2000; Sosis,
2000; Weissner, 2002). Successful net hunts are witnessed
by many participants and the successful hunters are
known to all. Cash obtained from selling net-caught prey
can be used to buy a variety of items that can also
enhance social relations. Moreover, since the meat
obtained in the net hunt is subject to both obligatory and
demand sharing, participating in net-hunts may offer an
additional incentive to individuals who are unsuccessful
at acquiring prey with nets. Net-hunts are best viewed as
foraging events where many different resource opportuni-
ties are potentially encountered (i.e., insects, nuts, fruit,
and honey). Net hunts involve many people searching the
forest for resources and it is possible that participation
increases the chance of encountering food resources
(Lupo and Schmitt, 2002). Some individual hunting
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Table 3

Target prey obtained with different hunting technology for Grima and Ndele from 1999 to 2003 (wet and dry seasons combined)
Prey Guns Nets Spear Hand Snare Trap Scavenge
Blue duikers 17 305 25 1 S 0 0
Medium duikers? 2 9 23 1 25 0 0
Large duiker 0 0 2 0 1 0 0
Forest hog 0 0 0 1 0 0 0
Porcupine 0 5 22 2 4 12 0
Pangolin 0 0 0 6 0 0 0
Civet/mongoose 0 1 1 3 2 0 0
Giant pouched rat 0 0 0 106 11 1 0
Marsh cane rat 0 0 0 0 1 0 0
Murid rats/mice 0 0 0 1 0 11 0
Cephus monkey 17 0 0 0 2 0 2
Bats 0 0 0 4 0 0 0
Tortoise 0 0 0 8 0 0 0
Serpent 0 0 1 0 2 0 0
Small bird 0 0 0 4 1 0 0
Horned-bill bird 0 0 0 0 1 0 0
Medium bird 0 0 1 0 1 0 0
Total 36 320 75 137 56 24 2

% Medium duikers include Peters and Bay duikers.

endeavors are more profitable and lower-risk but tend to
be more clandestinely pursued. The meat obtained from
these ventures yield direct consumptive benefits for the
hunter and his family (Lupo and Schmitt, 2002).

Small-prey hunting technology and target prey

Variation in choice of hunting technology structures
the range of prey a hunter is likely to acquire. As dis-
cussed above, some types of hunting technology target
specific suites of prey by taking advantage of certain
behavioral attributes of the animal (see also Frison,
1991). In an analysis of a small sample data-set from the
1999 to 2000 field season we showed how the range of
prey targeted by nets and traps and snares (combined)
produced different measures of taxonomic richness and
evenness (Lupo and Schmitt, 2002). Here, we expand
that analysis to include a full range of hunting technolo-
gies and use a larger sample of carcasses (N=650)
obtained between 1999 and 2003 for which the mode of
capture is known (Table 3). Richness is defined as
>TAXA or the number of taxa in each assemblage.
Evenness is represented by reciprocal of Simpson’s index
1/3 pi2 where pi represents the proportion of individuals
in the total site aggregate that fall in species i (Cruz-
Uribe, 1988; Grayson, 1984; Schmitt and Lupo, 1995).
Because these data are observations of the number of
acquired animals, richness, and evenness values are
based on the number of individual carcasses captured
with each respective technique.

Fig. 4A shows the range of richness and evenness val-
ues for the different types of hunting technology for wet
and dry seasons combined. Traps and nets have low rich-

ness and evenness values because both take only a few spe-
cies in any great numbers. For example, 96% of all animals
taken in net hunts are blue duikers. Porcupines and murid
rats/mice dominate the prey taken with small traps. Hand
capture has a higher richness value than traps and nets,
but the evenness value is quite comparable to that of net
hunts. While many different types of animals are taken by
hand, giant pouched rats comprise 81% of all hand cap-
tured prey. Spear hunting has high richness and evenness
values, as does the use of snares. Of all the techniques con-
sidered here, prey obtained with noose snares have highest
richness and evenness values. In this sample snares, but not
traps, are more generalistic in target prey than many of the
hunting techniques discussed here, especially nets.” (also
see Noss, 1995, 1998). Clearly, the richness and evenness
values of some hunting technologies overlap. However,
Fig. 4B shows that combined values for all of the individ-
ual techniques are higher than those of communal hunting.

To further investigate differences in measures of prey
diversity resulting from the use of different hunting tech-
nologies, additional measures were derived from the
published literature. Using ethnographic sources for
different groups of Aka and forest foragers in other por-
tions of the Congo Basin, including the Mbuti, Efe, and
Bambote, we calculated prey diversity measures for net,
hand and snare hunting. While there likely are some
localized ecological differences throughout this larger

3 In 2002, we reported that traps and snares were more gener-
alistic in prey target (Lupo and Schmitt, 2002). In that analysis,
we combined the samples for traps and snares because they
were small; the results reported here are derived from signifi-
cantly larger samples and should supercede our previous report.
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Fig. 4. (A) Hunting techniques. (B) Hunting techniques combined. Does not include prey acquired by scavenging or with guns.

region, all of these groups use some of the same hunting
techniques and focus on the same small-sized prey as the
Aka and Bofi. The results (Fig. 5) show that net hunting
in several localities throughout the Congo Basin is asso-
ciated with low richness and evenness values comparable
to those in our data set. There is only one other hand
capture sample and it compares favorably to ours. Sev-
eral different snare datasets have values that overlap
with the spear sample showing the range variation possi-
ble for this hunting technology.

Bofi and Aka ethnoarchaeological bone assemblages

During the course of our project, bone assemblages
were collected from a variety of different contexts. Ani-

mal bones are discarded at both the permanent residen-
tial camps and temporary forest hunting camps and
primarily represent refuse from meals. Given the small
body size of the prey in this area, the discard of bones at
field/butchery sites to reduce transport costs is rare.’
Prey carcass processing for transport in the field often
involves evisceration and, in the case of medium and
large carcasses, dismemberment. With very few excep-
tions, most carcasses are completely transported to tem-
porary and permanent residential camps for further
processing.

® An exception is the forest hog, which is often consumed en-
tirely in the forest. Foragers are reluctant to sell or share meat
derived from this highly prized animal.
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Fig. 5. Comparison data of hunting techniques: H, Hand; N, Net; T, Traps; Sp, Spear; Sn, Snares. Data derived from Harako (1981),
Hudson (1991), Ichikawa (1983), Terashima (1983) and reported here.0

Large bone assemblages in the form of middens accu-
mulate at permanent residential camps. Since most struc-
tures in the permanent camp are routinely swept and the
hearths cleaned, middens comprised of bones and other
types of refuse accumulate behind and/or next to most
residential structures. Temporary camps may manifest
middens if the camp is occupied for more than a few
weeks. Temporary camps occupied for shorter periods
are not routinely cleaned and bones are simply tossed
into the undergrowth surrounding residential structures.
Camp dogs are ubiquitous and very quickly modify and
deplete bone refuse deposited at all camp sites (Hudson,
1990).

Here, we report five assemblages collected from three
temporary forest hunting camps and two permanent res-
idential camps (Tables 4 and 5). We have observational
data on the camp occupants, and the number and range
of hunting techniques used in the formation of each
assemblage, except one (Sungu). For this assemblage, we
have partial observations and extensive interview data
on the camp occupants and hunting activities that
formed the assemblage.

The Bodenge 1 assemblage represents meals from a
temporary net-hunting camp occupied for 15 days by a
variable population of hunters. Camp residents
changed frequently because foraging parties and meat
vendors from Ndele made daily visits to the camp to
participate in hunts, forage, and transport meat. A core
group of nine related men camped continuously at
Bodenge 1, but friends and relatives frequently joined
them. Women and children visited the camp during the
day but few stayed the night. Eight different net-hunts
were conducted during the time that the site was occu-
pied. Spear and hand hunts also were conducted but

were less frequent activities; most of the meat con-
sumed at this camp was acquired by net-hunting. The
site consisted of one residential structure and three
large ramadas used as sleeping and eating areas spread
over a 300m? area. All of the discarded surface prey
bones were collected immediately after the site was
abandoned from areas inside and outside the structures
and the overgrowth immediately surrounding the
camp.

The Bodenge 2 assemblage consists of animal bones
from two temporary spear and snare hunting camps. The
assemblages are combined here because both sites were
located in close proximity to one another (<500 m apart)
and were occupied by five related families consisting of
five men, five women, and four children. These families
were neighbors in Ndele and the adult men often hunted
together. Meat from animals acquired by any one of
these hunters was shared among all the families. Com-
bined, the camps contained five residential structures
and one large communal ramada spread over a 50 m?
area. All structures were swept and small middens were
beginning to form next to some structures. The sites were
synchronously occupied for approximately 8 weeks and
all visible animal bones were collected from the middens
and surface areas between the structures immediately
after it was abandoned.

The Sungu assemblage is from a very large temporary
forest camp used for hand, snare spear, and trap hunt-
ing. Because the site was occupied during the wet season,
only a few net hunts were attempted at this location. The
camp contains some 30 residential structures spread over
a 3375m? area that were intermittently occupied by
approximately 50-60 people (men, women and children)
over a three and a half-month period. Bones were
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Table 4
Bofi and Aka ethnoarchaeological bone assemblages
Site Dominant hunting activities Occupation length (days) Occupation season NISP?
Temporary hunting camp
Bodenge 1 Net 15 Late dry—early wet 589
Bodenge 2 Spear, snare 65 Late dry—early wet 126
Sungu Hand, snare, and spear 75 Wet 229
Permanent camps
Ndele 7 Net 180 Dry to early wet 195
Ndele 5 Spear and snare 730 Year round 172
# Number of identified specimens.
Table 5
Assemblage composition of the ethnoarchaeological sites
Taxon/animal-size Bodenge 1 Bodenge 2 Sungu Ndele 5 Ndele 7
Blue duiker 414 5 27 56 108
Medium-sized duiker 80 105 15 68 37
Yellow-backed duiker 0 12 0 5 2
Large-sized monkey 0 0 0 2 0
Medium-sized monkey 0 0 18 7 8
Small-sized monkey 0 0 12 2 0
Giant forest hog 0 0 5 2 2
Brush-tailed porcupine 10 0 2 8 3
Civet 0 0 21 0 1
Mongoose 0 0 3 0 0
Pangolin 0 3 20 0 0
Giant pouched rat 21 1 72 4 12
Marsh cane rat 0 0 0 2 0
Undifferent squirrel 0 0 2 0 0
Serpent 0 0 2 0 4
Lizard 0 0 26 0 0
Tortoise 64 0 4 16 18
Total 589 126 229 172 195

collected from the surface areas and hearths 4 months
after the site was abandoned.

The Ndele 5 and 7 assemblages are from two spatially
discrete permanent residential camps associated with the
Ndele village that were occupied by different families.
Ndele 5 is an assemblage from a camp occupied by an
extended family consisting of seven adults (two men and
five women) and three children. The camp is comprised
of four residential structures covering a 100m? area.
Although the adult women regularly participated in net
hunts and opportunistically acquired prey by hand, the
men in this family relied almost exclusively on spears
and snares to obtain prey. Most, but not all, of the meat
consumed at this camp was acquired by the efforts of the
men. The camp was occupied intermittently by segments
of the same family over a 2-year period. The bones were
collected from surface areas surrounding the structures
and had accumulated over an unknown period.

The Ndele 7 assemblage is from a camp occupied by
an extended family consisting of six adults (three men
and three women) and eight children. The camp has four

residential structures spread over a 330m? area. Two
younger men assisted by their wives and children
acquired most of the meat by net-hunting and the occa-
sional use of spears. All occupants opportunistically
acquired prey by hand. One elderly man who occupied
the camp occasionally hunted with porcupine traps, but
was never successful during the period of our observa-
tion. This camp was newly constructed and occupied for
less than 6 months when the bones were collected. The
bones were collected from all of the surface areas adja-
cent to the features while the camp was still occupied.

Analysis of the ethnoarchaeological bone assemblages

As the previous analyses show, different hunting tech-
nologies target specific suites of prey and are associated
with different diversity measures (richness and evenness).
These results led us to question whether choice of hunting
technology influenced measures of diversity, and by exten-
sion, the relative abundances of prey in zooarchaeological
assemblages. The results of Hudson’s (1991) analysis of
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assemblages created by Aka foragers in the southern
Central African Republic suggest a link between hunting
technology and assemblage composition. Her analysis
demonstrated differences in the taxonomic composition
of two ethnoarchaeological faunal assemblages associ-
ated with temporary forest net hunting and trapping
camps. She found higher proportions of blue duiker
associated with the net hunting camp than the trapping
camp, and the trapping camp assemblage contained
higher proportions of rodent remains.

Nevertheless, the link between ethnographic observa-
tions and the material record is not direct because obser-
vations are made at different scales. Ethnographic
observations are based on single events, while zooarcha-
ological assemblages may represent the sum of any num-
ber of different hunting events involving different
individuals, each potentially using different hunting tech-
nology. The camp assemblages described here, for exam-
ple, accumulated by the actions of different family/camp
members. Even in camps where men mostly used nets to
acquire meat, animals were still opportunistically
acquired by hand, trap or spear by all family members.
Similarly, in camps where most of the prey was taken
using individual techniques, portions of animals cap-
tured in the nets were often obtained from net-hunters
when the meat was shared. Furthermore, a host of taph-

Table 6

onomic factors can greatly alter the expected content of
ethnoarchaeological faunal assemblages in a very short
period of time (Lupo, 1995, 2001).

Diversity and hunting technology

Table 6 and Fig. 6shows the richness and evenness
values for the Bofi and Aka assemblages described
here. In the temporary camps, bone assemblage diver-
sity values vary, but not entirely as predicted from the
dominant hunting technology. The temporary net-
hunting camp, Bodenge 1, is less rich than Sungu, but
not Bodenge 2 where spears and snares were used. The
evenness value for Bodenge 1 is lower than Sungu and
consistent with our ethnographic observations which
show that net hunting yields are usually dominated by
a single taxon, in this case blue duikers (Table 5). Even
though hand and spear hunting also occurred at Bod-
enge 1, this assemblage still has a lower richness and
evenness value than Sungu. Sungu has a higher richness
and evenness value than either of the Bodenge assem-
blages because bone specimens are more evenly distrib-
uted among the represented taxa and no single taxon
dominates the assemblage (Table 5). The range of prey
that occur in the Sungu assemblage such as pangolin,
tortoise, giant pouched rat, lizard, and small

Diversity indices and relative abundances for the ethnoarchaeological sites

Hunting camps Hunting technique Richness Evenness Duiker index Interpretation
Temporary forest camps
Bodenge 1 Net 5 1.90 .838 More blue duiker
Bodenge 2 Spear and snare 5 1.42 .041 Less blue duiker
Sungu Hand, snare, and spear 14 6.74 .643 More blue duiker
Permanent camps
Ndele 7 Net 10 2.79 735 More blue duiker
Ndele 5 Spear and snare 11 3.54 434 Less blue duiker
7
6- Sungu (hand, %
snare, spear)
54
g 4+
£ 1N
g Ndele 5 (snare, spear, hand)
= 34
% Ndele 7 (net)
24 « Bodenge 1 (net)
S Bodenge 2 (spear, snare)
l -
0 T T T T T T
0 2 4 6 10 12 14 1€

Richness

Fig. 6. Diversity values for the ethnoarchaeological assemblages.
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carnivores, are those typically taken by hand or with
traps and snares.

An exception to these results is Bodenge 2, the spear
and snare hunting camp. While the major activity at
Bodenge 2 was spear hunting, the assemblage is less rich
and even than might be expected given these technolo-
gies. However, unlike all the other assemblages discussed
here according to our observations and interviews, only
a handful of kills (approximately 5 or 6) were made dur-
ing the entire time the site was occupied and most of the
bones in the assemblage came from these few Kkills.
Despite the similarities in richness and evenness, the two
Bodenge assemblages differ in one important way; unlike
Bodenge 1, medium and large-sized duikers dominate
Bodenge 2, a point that will be returned to below.

Interestingly, the richness and evenness values for the
two permanent camps (Ndele 7 and 5) do not greatly
differ. Despite the differences in the dominant mode of
hunting technology used to form each of these assem-
blages, both are quite similar in diversity measures.
Diversity measures are too insensitive to discern any
appreciable differences between these assemblages. Nev-
ertherless, and as with Bodenge 1 and 2, the assemblages
do differ in the representation of different duiker species.
Ndele 7 contains far more remains from prey acquired
with nets (i.e., blue duiker) than Ndele 5.

These results show that the use of different hunting
techniques, especially mass collecting technology, can
influence measures of richness and evenness even in
assemblages formed by several different hunting activi-
ties. However, the results are far less robust than might
be expected if each assemblage was formed by only the
use of only a single hunting technology (such as nets).
Too, additional factors such as length and intensity of
site occupation and season of site use might also influ-
ence measures of diversity.

Diversity measures and length and season of site
occupation

All of the assemblages were formed over different
lengths of time and reflect different intensities of occu-
pation. Among the temporary camps, Sungu was occu-
pied for the longest period of time and by the greatest
number of people. Both permanent camps, Ndele 5 and
7 were occupied longer and more intensively than
either of the Bodenge assemblages. Since all three of
these sites have the highest richness and evenness val-
ues, it might be argued that duration and intensity of
occupation more strongly influence diversity than
differences in hunting technology (Table 6). While it is
very likely the case that length and intensity of occupa-
tion have some influence of measures of diversity, our
data do not show a one to one correlation between
length and intensity of occupation and measures of
diversity. If, for example, diversity varies as a function

of length of occupation, than we might expect Ndele 5
to have the richest and most even assemblage because
this site was occupied far longer than any of the others
described here (Table 4).

Given that variation in seasonal variation in precipi-
tation can influence choice of hunting technology, it is
also possible that season of occupation can appreciable
influence diversity measures. Of all of these assemblages,
Sungu was occupied during the heart of the wet season
in 2001 and bone assemblages from this site likely reflect
seasonal variation in choice of hunting technology.
Interestingly, and importantly, some of the other camps
described above were synchronously occupied during
the late dry and early wet season of 2003. Different
extended families that knew each other occupied Ndele 5
and 7 at the same time. The male hunters who occupied
Ndele 7 were frequent overnight guests at Bodenge 1 and
often participated in the net hunts, and the women from
Ndele 5 visited and participated in some of the net hunts
staged from Bodenge 1. Bodenge 2 was occupied at the
same time that Bodenge 1 was used and operated. The
men who occupied Bodenge 2 knew the occupants of
Bodenge 1, but rarely participated in net-hunts and
invested most of their individual efforts in hunting with
spears, snares, and occasionally crossbows. Thus, differ-
ences in the taxonomic composition of these assem-
blages, as measured by diversity, cannot be attributed to
seasonal variation in choice of hunting technology.

Abundances indices

Given the results of the previous analyses, we antici-
pated that hunting techniques would also influence mea-
sures of relative taxonomic abundance in the
assemblages. Abundance indices are usually expressed as
a ratio between 0 and 1.0 and defined as: > /(3 i+>j--)
where 7 and j are the taxonomic categories of compari-
son. Table 5 lists the duiker index for each assemblage
because duikers are the most common prey in many of
the assemblages discussed here. The duiker index is
defined as: Blue duiker NISP/(Medium duiker
NISP + Large duiker NISP + Blue duiker NISP). The
higher the index value, the more blue duikers comprise
the taxonomic classification of all duikers. Following
Quirt-Booth and Cruz-Uribe (1997), any value higher
than .50 indicates that blue duiker are more frequent in
the assemblage than other duikers and values less than
.50 indicate that blue duikers are less common relative to
other types of duikers. We expected that the assemblages
formed largely by net hunting will display high abun-
dances of blue duikers exceeding .50 and those formed
by other types of technologies should have abundances
indices for blue duikers that are less than .50.

Relative abundance indices differ in predictable ways
among the sites where net-hunting is the dominant mode
of prey acquisition. In the Bodenge 1 net hunting camp,
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blue duikers are more abundant than any other type of
duiker (Table 6). Surprisingly, Sungu has a high duiker
index indicating high relative abundances of blue duiker.
But this value is misleading because duikers, in general,
are poorly represented and only account for 18% of the
assemblage (see Table 5). Bodenge 2 conforms to expec-
tations and has a very low blue duiker index. The differ-
ences in abundances of blue duiker bones between the
temporary net hunting assemblage and two assemblages
created with individual technology are statistically sig-
nificant (3> =231.86, P <.001).

Despite the similarity in richness and evenness values
displayed by Ndele 7 and 5, these assemblages show the
expected differences in the duiker index given the domi-
nant hunting technology used in each camp. Ndele 5
(spear and snare) shows a low relative abundance of blue
duikers because medium and large-sized duikers are bet-
ter represented and Ndele 7 (net) shows a greater abun-
dance of blue duikers than medium and large-sized
duikers. The differences in the abundances of blue dui-
ker-to-duiker bones between Ndele 5 and 7 are statisti-
cally significant (> =25.45, P <.001).

In an archaeological context, variations in diversity
and abundance indices in these sites could have pro-
found implications for interpretations about subsis-
tence. Recall that most of the sites described here,
except Sungu, were occupied at the same time by forag-
ers who occupied the same residential base camp. The
residential base camp was comprised of seven spatially
discrete camps all occupied at the same time; Ndele 5
and 7 are but two of those camps. Depending on which
site(s) was excavated, very different interpretations
about Aka and Bofi subsistence pursuits might be
derived. The highly uneven and relatively narrow
assemblages associated with the temporary net hunting
camps might be interpreted as reflecting a more special-
ized diet than the more even and richer assemblages of
the temporary snaring and trapping camp. The differ-
ences in the duiker abundance indices between some
assemblages might be interpreted as reflecting impor-
tant changes in the encounter rates with high ranked
prey and declining foraging efficiency. Bodenge 2 and
Ndele 5, for example, have low blue duiker indices and
contain very high frequencies of medium-sized duiker
bones relative to all other prey. These assemblages
might be interpreted as reflecting higher encounter
rates with high-ranked prey than net hunting assem-
blages with greater abundances of smaller-sized blue
duikers relative to medium and large duikers.
Although, one might argue that such temporary camp
assemblages would be archaeologically obscure and are
unlikely candidates for such analysis, the two base
camp assemblages also showed similar significant
differences in duiker abundance indices. As described
here, the differences in prey abundances are linked to
the hunting technology used to form each assemblage,

not any real changes in prey encounter rates or larger
declines in foraging efficiency.

Implications for the archaeological record

The results of these analyses have implications for
conventional assumptions about the meaning of archae-
ological measures of diversity and abundances and cur-
rent approaches to prey ranking systems. Our results
identify behavioral variation that can create circum-
stances where the content of faunal assemblages only
reflect the foraging choices of a segment of the popula-
tion, but not the entire population. Observational data
on a large sample of hunted prey reported here show
that different types of hunting technology often target
different suites of prey. The link between prey behavioral
attributes and the range of hunting technology used to
procure the animal is not surprising and is well estab-
lished (e.g., Frison, 1991). What is surprising is how
hunters vary their foraging effort and how these foraging
choices influence diversity and abundance measures in
faunal accumulations. As discussed here, prey diversity
and abundances in the Bofi and Aka assemblages vary
partly in response to seasonal variation that limits the
use of certain technologies. But hunters also selectively
use certain technologies to target specific prey depending
on their overall foraging goals (i.e., consumptive and/or
nonconsumptive benefits). Under these circumstances,
the differences in assemblage diversity and abundances
are not linked to large scale changes in the diet breadth
resulting from the declining availability of prey, nor are
they a product of environmental change or technological
innovation.

Variation in men’s hunting effort

The variation in men’s foraging effort described here
is not unique. A variety of ethnographic studies docu-
ment variation in foraging effort as a function of sex and
age. Sexual variation in foraging effort is well docu-
mented (e.g., Hawkes et al., 1995, 1997; Hill et al., 1987,
Hurtado et al., 1985) and researchers have recently quan-
tified age-related variability in foraging effort. Bird and
Bleige Bird (2000) describe how the foraging efforts of
Meriam children on the Torres Strait target low-ranked
but easily handled resources that satisfy immediate
nutritional needs. Because children are more likely to
transport and process resources at residential locations
than adults (who may handle larger-sized and higher
ranking prey items), middens may be artificially enriched
by low ranking resources. Variation in men’s foraging
effort has also been documented by a number of
researchers. Hawkes (1990, 1991, 1992, 1993; Hawkes et
al., 1991) argues that East African Hadza men target big
game that are associated with a high average return rate,
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but a very high risk of individual failure (97% chance of
failure). Although men could provide their families with
more reliable sources of animal protein, such as small
prey, most Hadza adult men do not pursue this option.
Hawkes suggests that Hadza big game hunters derive
political and social benefits by widely sharing meat with
other unrelated people (Hawkes and Bleige Bird, 2002).
Smith and Bleige Bird (2000; Bird and Bleige Bird, 1997)
report that only 15.5% of Meriam men targeted high cost
long-distance turtle hunting activities to procure meat
for public feasts. They argue that providing turtles for
public feasts may serve to signal qualities such as gener-
osity, hunting skills, leadership abilities, and special
knowledge. Depending on the participant’s age and level
of participation different social benefits can accrue,
including increased social status or deferment in political
and private disputes. Similarly, Sosis (2000) found that
some Ifaluk men engage in high cost and inefficient torch
fishing as a means of signaling their work ethic. Alvard
and Nolin (2002) document variation in participation in
communal whale hunts among the Lamera islanders;
many men participated in cooperative whale hunts but, a
smaller proportion regularly used other (and more
efficient) fishing methods. More recently, Weissner
(2002) presents longitudinal data on Ju/’hoansi big game
hunting. She argues that a variety of different benefits
might accrue to hunters who target big game and that
the value of these benefits changes during a man’s life-
time. She specifically nominates political goals as an
important factor shaping men’s foraging effort.

As many have now pointed out, cross-cultural studies
show that enhanced status can confer reproductive bene-
fits on men and that status enhancement can be achieved
by many different routes depending on local ecological,
social, and historical circumstances (e.g., Borgerhoff
Mulder, 1987; Cashdan, 1996; Cronk, 1991; Hill, 1984;
Kaplan and Hill, 1985; Smith and Bleige Bird, 2000;
Weissner, 2002). Sharing meat derived from high cost,
risky, and sometimes inefficient hunting strategies seems
to be one arena in which men strive to achieve social sta-
tus in many foraging groups (see Weissner, 2002). While
this line of research is still in its infancy, the available
data suggest that these patterns are very pervasive
among contemporary foraging societies, and it is very
likely that similar types of variation existed in prehis-
toric foraging societies.

Hunting technology and prey ranking

Since variation in hunting effort linked to the use of
different technologies can shape the content of ethno-
archaeological assemblages, it also has the potential to
influence the content of archaeological faunal assem-
blages. Accordingly, analysts need to modify current
techniques to be able to identify synchronic variation
in hunting effort and distinguish it from apparent large

scale changes in foraging efficiency resulting from prey
depletion, population pressure, climate change, and
other factors. To accomplish this goal, archaeologists
need to know something about how foraging effort and
goals vary with respect to resource characteristics. As
described here, ethnographic studies show that
resources commonly exploited for nonconsumptive
benefits are those that are high risk and expensive to
obtain, but highly valued by many. If some types of
foraging variation are linked to resource characteris-
tics in a predictable way, it might be possible to iden-
tify the influence of different (and sometimes
competing) foraging goals in prehistoric assemblages
by modifying current assumptions about prey ranks
and changing how diversity and abundance measures
are calculated.

The conventional assumption is that prey rank is
based solely on caloric profitability which often varies
as a function of body-size. But given the link between
capture technology and prey profitability, Grayson and
Cannon (1999) argue that prey that can be acquired by
mass collecting technology should be considered sepa-
rately from animals that are individually acquired.
Stiner et al. (2000; Stiner and Muno, 2002; Munro,
2004) argue that standard methods for calculating
diversity are often insensitive barometers of dietary
change and that more information on prehistoric diet
breadths can be gained by considering the predator
defense mechanisms that influence hunters access to
prey, especially for smaller-sized fauna. Since there is a
link between hunting technology and prey characteris-
tics, as demonstrated here and elsewhere, then these
approaches are calling for very compatible modifica-
tions to current analytical techniques. A consideration
of prey characteristics and hunting technology, in con-
cert with return rates (either experimentally derived or
relative estimates), might illuminate potentially expen-
sive, yet highly valued hunting strategies and important
synchronic variation in foraging effort. Clearly, the
identification of potentially expensive hunting strate-
gies must consider all of the available hunting technol-
ogies, available prey and local ecological circumstances
(i.e., encounter rates).

Large scale changes in foraging efficiency resulting
from resource depression, population growth, ecological
change and/or technological innovations should be
reflected in the faunal assemblages of a number of
archaeological sites, and should be supported by inde-
pendent lines of material evidence such as diminution of
size of certain prey (Broughton, 1997; Stiner et al., 2000),
intensification of resource processing (Munro, 2004),
known changes in the climatic record (Grayson et al.,
2001; Schmitt et al., 2004), and changes in the types and
frequencies of food acquisition tools (Byers and Brough-
ton, 2004). Even so, analyses that identify larger scale
changes in foraging efficiency might consider the wider
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implications these changes have on men’s foraging strat-
egies. If, for example, a technological innovation
decreases the handling costs and increases the profitabil-
ity of a previously inefficient resource, the political and
social benefits associated with targeting an expensive but
highly valued prey might decrease as that strategy
becomes available to more individuals. One expectation
is that the nonconsumptive incentives for pursuing that
resource will be removed and some other expensive
strategy might replace it. But clearly other responses are
possible depending on the circumstances (e.g., popula-
tion increase or packing, climatic change) (see Bettinger,
1999; Hildebrandt and McGuire, 2002; but see Brough-
ton and Bayham, 2003). A corollary question might be
how external stimuli, such as trade, influence the paths
used to attain political and social agendas. Moreover
and by extension, how might these stimuli influence the
value of pursuing expensive resources? Current under-
standing of how these changes might actually play out in
a human population are poorly developed, but worthy
of future research.

Zooarchaeological assemblages and taxonomic
abundances

Because individual hunting variation can produce
bone assemblages with vastly different measures of
diversity and abundances, these data also imply that cur-
rent analyses of taxonomic abundances and diversity
may underutilize the available data. Abundance and
diversity values derived from one or two sites or assem-
blages from within a single time period may not neces-
sarily reflect the diet breadth for the population as a
whole. Archaeological analyses based on prey diversity
and relative abundances should begin by examining sites
of similar age to identify the range of synchronic varia-
tion in foraging effort represented in assemblages. Anal-
yses could combine both traditional approaches to
diversity and abundances based on taxonomy or body-
size and those based on prey characteristics and method
of capture. The latter divisions would be especially valu-
able in identifying the influence of mass capture technol-
ogy (see also Lupo and Schmitt, 2002). Closer attention
to intrasite spatial variation in diversity or abundance
indices calculated by prey characteristics and/or hunting
technology within a single archaeological site might
reveal important differences in foraging effort. Obvi-
ously, this approach will not be appropriate or useable
for all sites, especially those that represent palimpsests,
where the function and seasonality of the site may have
changed over time. However, it might be applied to
assemblages resulting from short term and/or redundant
occupations with clear-cut spatially patterning in faunal
assemblages. Small assemblages that likely formed as the
result of a single occupation may also be profitably
explored in this manner.

Conclusions

The prey choice model was originally formulated to
be simple and have few assumptions. This stems from its
historical roots as an explanatory tool in animal behav-
ioral ecology. But more recent research on animal and
human populations show that immediate energetic value
does not always predict resource choice and highlights
the need for models that take into account a greater
range of complex decision-making (Kelly, 1995; Weiss-
ner, 2002). This may be particularly true for humans
who often target resources to meet a variety of foraging
goals including those mitigated by social relations and
cultural rules. We are not arguing that the prey choice
model does not predict some dimensions of resource
choice. However, fine-grained variation in forager diet
breadth among different sex and age groups as docu-
mented here is prevalent among many contemporary
foraging populations. In the past, analysts assumed that
such fine-grained variability would be invisible or muted
in archaeological assemblages. Here, we demonstrate
how hunter selectivity as a function of overall foraging
goals can appreciably influence the content of ethnoar-
chaeological faunal assemblages.

The larger challenge for archaeological analysis is
twofold. First, archaeologists need to gain a greater
understanding of variability in foraging effort and the
circumstances that create such variation. We have docu-
mented one dimension of foraging variability that exists
in a nomadic forest dwelling population and others
clearly exist among contemporary foraging populations.
Second, analysts need to try to develop analytical tech-
niques to identify individual variation in foraging effort
and distinguish it from larger processes, such as changes
in foraging efficiency predicated by climatic degradation,
prey depletion, technological innovation, and other phe-
nomenon. While these tasks might seem daunting, we
believe that recognition of the complexity of foraging
decisions, especially as they relate to the acquisition of
prey, can only act as a catalyst for zooarchaeological
analysists to enhance and expand current analytical
techniques.

Acknowledgments

The research presented here was supported by grants
from the L.S.B. Leakey Foundation and the National
Science Foundation (BCS-0003988). Many people con-
tributed to the success of this research. We especially
thank Barry Hewlett, Hillary Fouts, George Ngasse,
Alain Kolet Guy, Eduard Mboula, Timothee Tikouzou,
Gabi Mbera, Alain Peneloin, the Makenzi clan, Chef
Doko Molli, and the folks at Hotel Levy’s. We also
thank Mr. Bernard Voyemakoa of the Office of Scientific
and Technological Research and the government of the



ARTICLE IN PRESS

K.D. Lupo, D.N. Schmitt | Journal of Anthropological Archaeology xxx (2005) xxx—xxx 17

Central African Republic for granting permission to
conduct this research. Dave and Kathy Johnson, Jason
Fancher, C.T. Hall, and Matt Landt help collect the data
used in these analyses. Annette Bednar kindly scanned
some of the figures used in the manuscript. This research
would not be possible without the kindness and patience
of the Aka and Bofi people of Grima and Ndele, who
generously allowed us to work with them. The villagers
of Grima and Ndele tolerated our work with good
humor and treated us like family. We especially
acknowledge the heroic and unstinting efforts of Jean
Makenzi, a good friend and terrific field assistant who
was taken from this world to soon.

References

Alvard, M.S., Nolin, D., 2002. Rousseau’s whale hunt? Coordi-
nation among big-game hunters. Current Anthropology 43,
533-559.

Bailey, R.C., 1991. The behavioral ecology of Efe pygmy men in
the Tturi Forest, Zarie. Museum of Anthropology Anthropo-
logical Papers No. 86, University of Michigan, Ann Arbor.

Bailey, R.C., Aunger, R., 1989. Net hunters vs. archers: variation
in women’s subsistence strategies in the Ituri forest. Human
Ecology 17,273-297.

Bailey, R.C., Aunger, R., 1990. Humans as primates: the social
relationships of Efe pygmy men in comparative perspective.
International Journal of Primatology 11, 101-121.

Bahuchet, S., 1990. Food sharing among the pygmies of central
Africa. African Study Monographs 11, 27-53.

Bahuchet, S., 1992. Spatial mobility and access to resources
among the African pygmies. In: Casimiv, M.L., Rao, A.
(Eds.), Mobility and Territoriality: Social and Spatial
Boundaries among Foragers, Fishers, Pastoralists and Peri-
patetics. Berg, New York, pp. 205-257.

Bahuchet, S., Guillame, H., 1982. Aka-farmer relations in the
northwest Congo Basin. In: Leacock, E., Lee, R.B. (Eds.),
Politics and History in Band Societies. Cambridge Univer-
sity Press, Cambridge, pp. 189-212.

Bayham, F.E., 1979. Factors influencing the Archaic pattern of
animal exploitation. The Kiva 44, 219-235.

Bettinger, R.L., 1991. Hunter-gatherers: Archaeological and
Evolutionary Theory. Plenum Press, New York.

Bettinger, R.L., 1999. What happened in the Medithermal?. In:
Beck, C. (Ed.), Models for the Millennium: Great Basin
Anthropology Today. University of Utah Press, Salt Lake
City, pp. 62-74.

Broughton, J.M., 1994. Declines in mammalian foraging
efficiency during the late Holocene, San Francisco Bay, Cali-
fornia. Journal of Anthropological Archaeology 13, 371-401.

Broughton, J.M., 1997. Widening diet breadth, declining forag-
ing efficiency, and prehistoric harvest pressure: ichthyofa-
unal evidence from the Emeryville Shellmound, California.
Antiquity 71, 845-862.

Broughton, J.M., 1999. Resource depression and intensification
during the late Holocene, Sand Francisco Bay. University of
California Anthropological Records No. 32, University of
California Press, Berkeley.

Broughton, J.M., Bayham, F., 2003. Showing off, foraging mod-
els, and the ascendance of large-game hunting in California
Middle Archaic. American Antiquity 68, 783-789.

Broughton, J.M., Grayson, D.K., 1993. Diet breadth, adaptive
change, and the White Mountain faunas. Journal of Archae-
ological Science 20, 331-336.

Broughton, J.M., O’Connell, J.F., 1999. On evolutionary ecol-
ogy, selectionist archaeology and behavioral archaeology.
American Antiquity 64, 153-165.

Bird, D.W., Bleige Bird, R., 1997. Contemporary shellfish gath-
ering strategies among the Merriam of the Torres Strait
Islands: testing predictions of a central place foraging
model. Journal of Archaeological Science 24, 39-63.

Bird, D.W., Bleige Bird, R., 2000. The ethnoarchaeology of juve-
nile foragers: shellfishing strategies among the Meriam chil-
dren. Journal of Anthropological Archaeology 19, 461-476.

Borgerhoff Mulder, M., 1987. On cultural and reproductive suc-
cess: Kipsigis evidence. American Anthropologist 89, 617-634.

Butler, V., 2000. Resource depression on the Northwest Coast
of North American. Antiquity 74, 649-661.

Butler, V., 2001. Changing fish use on Mangia, southern Cook
Islands: resource depression and the prey choice model.
International Journal of Osteoarchaeology 11, 88—100.

Byers, D.A., Broughton, J.M., 2004. Holocene environmental
change, artiodactyl abundances, and human hunting strate-
gies in the Great Basin. American Antiquity 69, 235-256.

Cashdan, E., 1996. Women’s mating strategies. Evolutionary
Anthropology 5, 134-143.

Cannon, M.D., 1999. A mathematical model of the effects of
screen size on zooarchaeological relative abundance indices.
Journal of Archaeological Science 26, 205-214.

Cannon, M.D., 2000. Large mammal relative abundances in Pit-
house and Pueblo period archaeofaunas from southwestern
New Mexico: resource depression among the Mimbres-
Mogollon? Journal of Anthropological Archaeology 19,
317-347.

Cannon, M.D., 2001. Archaeofaunal relative abundance, sam-
ple size, and statistical methods. Journal of Archaeological
Science 28, 185-195.

Cronk, L., 1991. Wealth, status, and reproductive success
among the Mukogodo of Kenya. American Anthropologist
93, 345-360.

Cruz-Uribe, K., 1988. The use and meaning of species diversity
and richness in archaeological faunas. Journal of Archaeo-
logical Science 15, 179-196.

Frison, G.C., 1991. Hunting strategies, prey behavior and mor-
tality data. In: Stiner, M.C. (Ed.), Human Predators and
Prey Mortality. Westview Press, Boulder, pp. 15-30.

Grayson, D.K., 1984. Quantitative Zooarchaeology. Academic
Press, Orlando.

Grayson, D.K., Cannon, M.D., 1999. Human paleoecology and
foraging theory in the Great Basin. In: Beck, C. (Ed.), Mod-
els for the Millennium: Great Basin Anthropology Today.
University of Utah Press, Salt Lake City, pp. 141-150.

Grayson, D.K., Delpech, F., 1998. Changing diet breadth in the
early Upper Paleolithic of southwestern France. Journal of
Archaeological Science 25, 119-1129.

Grayson, D.K., Delpech, F., Rigaurd, J.P., Simek, J.F., 2001.
Explaining the development of dietary dominance by a sin-
gle ungulate taxon at Grotte XVI, Dordogne France. Jour-
nal of Archaeological Science 28, 115-125.



ARTICLE IN PRESS

18 K.D. Lupo, D.N. Schmitt | Journal of Anthropological Archaeology xxx (2005) xxx—xxx

Harako, R., 1981. The cultural ecology of hunting behavior
among Mbuti pygmies in the Ituri forest, Zaire. In: Harding,
R.S., Teleki, G. (Eds.), Omnivorous Primates. Columbia
University Press, New York, pp. 499-555.

Hawkes, K., 1990. Why do men hunt? Benefits for risky
choices. In: Cashdan, E. (Ed.), Risk and Uncertainty in
Tribal and Peasant Economies. Westview Press, Boulder,
pp. 145-166.

Hawkes, K., 1991. Showing off: tests of a hypothesis about
men’s foraging goals. Ethology and Sociobiology 12, 29—
54.

Hawkes, K., 1992. Sharing and collective action. In: Smith,
E.A., Winterhalder, B. (Eds.), Evolutionary Ecology and
Human Behavior. Aldine De Gruyter, New York, pp.
269-300.

Hawkes, K., 1993. Why hunter-gatherers work: an ancient ver-
sion of the problem of public goods. Current Anthropology
34, 341-361.

Hawkes, K., O’Connell, J.F., 1982. Why hunters gather: optimal
foraging and the Ache of eastern Paraguay. American Eth-
nologist 9, 379-398.

Hawkes, K., O’Connell, J.F., Blurton Jones, N., 1989. Hard-
working Hadza grandmothers. In: Staden, V., Foley, R.
(Eds.), Comparative Socioecology: The Behavioral Ecology
of Humans and Other Mammals. Blackwell Scientific,
Oxford, pp. 341-366.

Hawkes, K., O’Connell, J.F., Blurton Jones, N., 1991. Hunting
income patterns among the Hadza: big game, common
goods, foraging goals and the evolution of the human diet.
Philosophical Transactions of the Royal Society of London
B 334, 242-251.

Hawkes, K., O’Connell, J.F., Blurton Jones, N., 1995. Hadza
children’s foraging: juvenile dependency, social arrange-
ments and mobility among hunter-gatherers. Current
Anthropology 36, 688—700.

Hawkes, K., O’Connell, J.F., Blurton Jones, N., 1997. Hadza
women’s time allocation, offspring provisioning and the evo-
lution of long postmenopausal life spans. Current Anthro-
pology 38, 551-578.

Hawkes, K., Bleige Bird, R., 2002. Showing off, handicap signal-
ing and the evolution of men’s work. Evolutionary Anthro-
pology 11, 58-67.

Hewlett, B.S., 1991. Intimate Fathers: The Nature and Context
of Aka Pygmy Paternal Infant Care. University of Michigan
Press, Ann Arbor.

Hewlett, B.S., 1996. Cultural diversity among African pygmies.
In: Kent, S. (Ed.), Cultural Diversity among Twentieth-cen-
tury Foragers: An African Perspective. Cambridge Univer-
sity Press, Cambridge, pp. 215-244.

Hildebrandt, W.R., McGuire, K.R., 2002. The ascendance of
hunting during the California Middle Archaic: an evolution-
ary perspective. American Antiquity 67, 231-256.

Hill, J., 1984. Prestige and reproductive success in man. Ethnol-
ogy and Sociobiology 5, 77-95.

Hill, K., 1988. Macronutrient modifications of optimal foraging
theory: an approach using indifference curves applied to
some modern foragers. Human Ecology 16, 157-197.

Hill, K., Hawkes, K., 1983. Neotropical hunting among the
Ache of eastern Paraguay. In: Hames, R., Vickers, W. (Eds.),
Adaptive Responses to Native Amazonians. Academic
Press, New York, pp. 139-188.

Hill, K., Hawkes, K., Kaplan, H., Hurtado, A.M., 1987. Forag-
ing decisions among Ache Hunter-Gathers: new data and
implications for optimal foraging models. Ethnology and
Sociobiology 8, 1-36.

Hill, K., Hurtado, A.M., 1996. Ache Life History. Aldine de
Gruyter, Hawhorne, New Jersey.

Hill, K., Hurtado, A.M., Kaplan, H., 1984. Seasonal variance in
diet of Ache hunter-gatherers of eastern Paraguay. Human
Ecology 12, 145-180.

Hudson, J., 1990. Advancing methods in zooarchaeology: an
ethnoarchaeological study among the Aka pygmies. Ph.D.
Dissertation, University of California, Santa Barbara, Uni-
versity Microfilms, Ann Arbor.

Hudson, J., 1991. Nonselective small game hunting strategies:
an ethnoarchaeological study of Aka pygmy sites. In: Stiner,
M.C. (Ed.), Human Predators and Prey Mortality. Westview
Press, Boulder, pp. 105-120.

Hurtado, A.M., Hawkes, K., Kaplan, H., 1985. Female subsis-
tence strategies among the Ache of eastern Paraguay.
Human Ecology 13, 1-28.

Ichikawa, M., 1983. An examination of the hunting-dependent
life of the Mbuti pygmies, eastern Zaire. African Study
Monographs 4, 55-76.

Janetski, J., 1997. Fremont hunting and resource intensification
in the eastern Great Basin. Journal of Archaeological Sci-
ence 24, 1075-1088.

Jones, E., 2004. Dietary evenness, prey choice, and human—envi-
ronment interactions. Journal of Archaeological Science 31,
307-317.

Kaplan, H., Hill, K., 1985. Hunting ability and reproductive
success among male Ache foragers: preliminary results. Cur-
rent Anthropology 26, 131-133.

Kaplan, H., Hill, K., 1992. The evolutionary ecology of food
acquisition. In: Smith, E., Winterhalder, B. (Eds.), Evolu-
tionary Ecology and Human Behavior. Aldine de Gruyter,
Hawthorne, New York, pp. 167-202.

Kelly, R., 1995. The Foraging Spectrum: Diversity in Hunter-
gatherer Lifeways. Smithsonian Institution Press, Washing-
ton, DC.

Kingdon, J., 1997. The Kingdon Field Guide to African Mam-
mals. Academic Press, London.

Kitanishi, K., 1995. Seasonal changes in the subsistence activi-
ties and food intake of the Aka hunter-gatherers in north-
eastern Congo. African Study Monographs 16, 73-118.

Kitanishi, K., 1998. Food sharing among the Aka hunter-gath-
erers in northeastern Congo. African Study Monographs 25
(Supplementary Issues), 3-32.

Kitanishi, K., 2000. The Aka and Baka: food sharing among
two central Africa hunter-gatherer groups. Senri Ethnologi-
cal Studies 53, 149-160.

Lupo, K.D., 1995. Hadza bone assemblages and hyena attrition:
an ethnographic example of the influence of cooking and
node of discard on the intensity of scavenger ravaging. Jour-
nal of Anthropological Archaeology 14, 288-314.

Lupo, K.D., 2001. On the archaeological resolution of body
part transport patterns: an ethnoarchaeological example
from East African hunter-gatherers. Journal of Anthropo-
logical Archaeology 20, 361-378.

Lupo, K.D., Schmitt, D.N., 2002. Upper Paleolithic net-hunting,
small prey exploitation and women’s work effort: a view
from the ethnographic and ethnoarchaeological record of



ARTICLE IN PRESS

K.D. Lupo, D.N. Schmitt | Journal of Anthropological Archaeology xxx (2005) xxx—xxx 19

the Congo Basin. Journal of Archaeological Method and
Theory 9, 147-179.

Lupo, K.D., Schmitt, D.N., 2004. Meat sharing and the archaeo-
logical record: a test of the show-off hypothesis among Cen-
tral African Bofi foragers. In: Crothers, G. (Ed.), Hunters
and Gatherers in Theory and Archaeology. Center for
Archaeological Investigations Occasional Paper No. 31,
Southern Illinois University, Carbondale, pp. 241-260.

Lyman, L.R., 2003. The influence of time averaging and space
averaging on the application of foraging theory in zooar-
chaeology. Journal of Archaeological Science 30, 595-610.

Macarthur, R., Pianka, E., 1966. On optimal use of a patchy
environment. American Naturalist 100, 603—609.

Madsen, D.B., Kirkman, J.E., 1988. Hunting hoppers. American
Antiquity 53, 593-604.

Madsen, D.B., Schmitt, D.N., 1998. Mass collecting and the diet
breadth model: a Great Basin example. Journal of Archaeo-
logical Science 25, 445-455.

Munro, N., 2004. Zooarchaeological measures of hunting pres-
sure and occupational intensity in the Natufian: implica-
tions for agricultural origins. Current Anthropology 45, S5—
S33.

Nagaoka, L., 2002. The effects of resource depression on forag-
ing efficiency, diet breadth, and patch use in southern New
Zealand. Journal of Anthropological Archaeology 21, 419—
442.

Noss, AJ., 1995. Duikers, cables and nets: a cultural ecology of
hunting in a Central African forest. Ph.D. Dissertation, Uni-
versity of Florida, Gainesville.

Noss, A.J., 1998. The impacts of cable snare hunting on wildlife
populations in the forests of the Central African Republic.
Conservation Biology 12, 390-398.

Noss, A.J., Hewlett, B.S., 2001. The contexts of female hunting
in Central Africa. American Anthropologist 103, 1024—
1040.

Pyke, G., Pullman, R.H., Charnov, E., 1977. Optimal foraging: a
selective review of theory and tests. Quarterly Review of
Biology 52, 137-154.

Quirt-Booth, T., Cruz-Uribe, K., 1997. Analysis of leporid
remains from prehistoric Sinagua sites, northern Arizona.
Journal of Archaeological Science 24, 945-960.

Schmitt, D.N., Lupo, K.D., 1995. On mammalian taphonomy,
taxonomic diversity, and measuring subsistence data in
zooarchaeology. American Antiquity 60, 496-514.

Schmitt, D.N., Madsen, D.B., Lupo, K.D., 2004. The worst of
times, the best of times: jackrabbit hunting by Middle Holo-
cene human foragers in the Bonneville Basin of western

North America. In: Mondini, M., Mufoz, S., Wickler, S.
(Eds.), Colonisation, Migration, and Marginal Areas: A
Zooarchaeological Approach. Oxbow Books, Oxford, pp.
86-95.

Simms, S.R., 1987. Behavioral ecology and hunter-gatherer for-
aging: an example from the Great Basin. BAR International
series 381. British Archaeological Reports, Oxford.

Smith, E.A., 1983. Anthropological applications of optimal for-
aging theory. Current Anthropology 24, 625-651.

Smith, E.A., 1991. Inujjuamiut Foraging Strategies: Evolution-
ary Ecology of an Arctic Hunting Economy. Aldine De
Gruyter, New York.

Smith, E.A., Bleige Bird, R., 2000. Turtle hunting and tomb-
stone opening: public generosity as costly signaling. Evolu-
tion and Human Behavior 21, 245-261.

Sosis, R., 2000. Costly signaling and torch fishing on Ifaluk
atoll. Evolution and Human Behavior 21, 223-244.

Sosis, R., 2002. Patch choice decisions among Ifaluk fishers.
American Anthropologist 104 (2), 583-598.

Stiner, M.C., Munro, N.D., 2002. Approaches to prehistoric diet
breadth, demography and prey ranking systems in time and
space. Journal of Archaeological Method and Theory 9,
175-208.

Stiner, M.C., Munro, N.D., Surovell, T.A., 2000. The tortoise
and the hare: small-game uses, the broad-spectrum revolu-
tion and Paleolithic demography. Current Anthropology 41,
39-73.

Szuter, CR., Bayham, F.E., 1989. Sedentism and prehistoric ani-
mal procurement among desert horticulturalists of the
North American southwest. In: Kent, S. (Ed.), Farmers as
Hunters: the Implications of Sedentism. Cambridge Univer-
sity Press, Cambridge, pp. 80-95.

Romanoff, S., 1983. Women as hunters among Matses of the
Peruvian Amazon. Human Ecology 11, 339-343.

Terashima, H., 1983. Mota and other hunting activities of the
Mbuti archers: a socio-ecological study of subsistence tech-
nology. African Study Monographs 3, 71-85.

Ugan, A., Bright, J., 2001. Measuring foraging efficiency with
archaeological faunas: the relationship between relative
abundance indices and foraging returns. Journal of Archae-
ological Science 28, 1309-1321.

Weissner, P., 2002. Hunting, healing, and /ixaro exchange: a
long term perspective on !Kung (Ju/hoansi) large-game
hunting. Evolution and Human Behavior 23, 407-436.

Wilkie, D.S., Curran, B., 1991. Why do Mbuti hunters use nets?
Ungulate hunting efficiency of archers and net-hunters in
the Ituri rain forest. American Anthropologist 93, 680-689.



	Small prey hunting technology and zooarchaeological measures of taxonomic diversity and abundance: Ethnoarchaeological evidence from Central African forest foragers
	Central African Bofi and Aka forest foragers
	Variation in choice of small prey technology, profitability, and target prey
	Profitability of different small prey hunting technology
	Small-prey hunting technology and target prey

	Bofi and Aka ethnoarchaeological bone assemblages
	Analysis of the ethnoarchaeological bone assemblages
	Diversity and hunting technology
	Diversity measures and length and season of site occupation
	Abundances indices

	Implications for the archaeological record
	Variation in men’s hunting effort
	Hunting technology and prey ranking
	Zooarchaeological assemblages and taxonomic abundances

	Conclusions
	Acknowledgments
	References


