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The melanocortin 1 receptor (MCiR) locus makes a pro­
tein that affects the color of skin and hair. At this locus, 
amino-acid differences are entirely absent among African 
humans, abundant among non-Africans (especially Eu­
ropeans), and abundant in chimpanzee/human compar­
isons (Rana et al. 1999, Harding et al. 2000). Previous 
studies have found no evidence of either directional or 
diversifying selection, so the pattern in these data has 
been attributed to tight selective constraint within Af­
rica—a defense against the strong sunlight there—and 
relaxed constraint in Eurasia (Harding et al. 2000). This 
interpretation implies that genetic differences within 
Eurasia have an ancient history and suggests the likeli­
hood of admixture between Neandertals and anatomi­
cally modern humans. We reanalyze these data here and 
interpret them differently. We suggest that adaptive evo­
lution for sun-resistant M C iR  alleles ensued when hu­
mans first became hairless savannah-dwellers. The level 
of neutral M C iR  variation among African humans pro­
vides a lower bound for the time since this event.

Although there are no amino-acid differences at the 
M C iR  locus among African humans, there are ten be­
tween the human last common ancestor and the chim­
panzee (Harding et al. 2000). This suggests that selective 
constraint may have been weaker in the distant past. 
Furthermore, many of these differences are nonsynon- 
ymous (cause changes in the protein). This is surprising 
because, in functional genes, most nonsynonymous mu­
tations are detrimental and are quickly removed by se­
lection. Consequently, nonsynonymous differences tend 
to be rare. Between chimpanzee and the human last com­
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mon ancestor, the number of synonymous differences 
per silent site is Ks =  6/261 =  0.0230 and the number 
of nonsynonymous differences per nonsilent site is Ka = 
10/693 = 0.0144 (Harding et al. 2000:1352). Thus, K JK S 
= 0.63, an unusually large number for a functional pro­
tein (Li 1997:180-81).

One view attributes this high nonsynonymous sub­
stitution rate to weak selective constraint (Harding et al. 
2000). This requires that selective constraint be weak in 
the distant past (to account for chimpanzee/human dif­
ferences) but strong in the recent past (to account for the 
absence of amino-acid variation among African humans). 
But if the African sun causes selective constraint now, 
why would this constraint have been weak in the past?

There are at least two obvious answers: selective con­
straint may have been weak in ancient hominids because 
they lived in forests or because their bodies were covered 
with hair. Several lines of evidence suggest that homi­
nids were making extensive use of the savannah by 1.7 
million years ago (Klein 1999:248-53). Some argue that 
hair was lost at this time, but this is controversial (see 
below). Whatever the timing, at some point in the past 
hominid bodies began confronting the African sun with­
out the protection of forest or fur. It seems likely that 
this would have triggered selection for M C iR  alleles that 
provide protection from sun. The resulting adaptive evo­
lution may account for the high Ka/Ks ratio seen in com­
parisons between modern humans and chimpanzees.

To make this hypothesis credible, we need also to ac­
count for the pattern of variation in Eurasian M C iR  data. 
In Eurasia (and especially in Europe) the majority of nu­
cleotide differences are nonsynonymous. Indeed, K JK S is 
about the same in comparisons among Eurasians as in the 
chimpanzee/human comparisons just discussed. Because 
of this similarity, the McDonald-Kreitman test provides 
no evidence for selection (Harding et al. 2000:1352). Yet 
if the nonsynonymous fraction is inflated by selection in 
the chimpanzee/human comparison, then selection is also 
needed to explain its value in Eurasians. The movement 
into northern climates may have favored fair skin because 
of the increased need to synthesize vitamin D or to protect 
against folate deficiency (fablonski and Chaplin 2000). If 
so, selection would have favored any mutant M C iR  allele 
that did not produce dark sun-resistant skin. This hy­
pothesis accounts not only for the high Eurasian gene di­
versity but also for the large fraction of nonsynonymous 
Eurasian mutants. In addition, it accounts for the fact that 
the Eurasian gene genealogy is nearly star-shaped (Harding 
et al. 2000: fig. 2). Such genealogies are consistent with 
diversifying selection but not with a long history of neu­
tral evolution in a population of constant size.

This hypothesis does not, however, explain the result 
of another statistical test, which also failed to show ev­
idence of selection. The HKA test (Hudson, Kreitman,
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T A B L E  I

Data Used in Pairwise HKA Tests

Locus 111 B S D x2 P

M C iR 954 443 13 17-35
Xqi3-3 10,000 47 16 5.02 5.68 0.003
ZhaoNC22 9,901 88 44 133.80 1.20 0.288

n o te : m, the number of nucleotide sites used in estimating S 
and D ; n, haploid size of human sample; S, number of polymor­
phic nucleotide sites within human sample; D, mean difference 
between chimpanzee and humans; x2, HKA goodness-of-flt statis­
tic; p, significance of HKA test with M C iR  estimated from 
10,000 simulated data sets.
s o u r c e s :  M C i R, Harding et al. (2000); Xqi3.3, Kaessmann et 
al. (1999); ZhaoNC22, Zhao et al. (2000).

and Aguade 1987) compares ratios of between-species to 
within-species differences at different loci. Absent se­
lection, these ratios should be similar, and this is exactly 
what was found in a comparison between M C iR  and 
beta-globin (Harding et al. 2000). We can suggest several 
reasons this analysis might have failed to detect selec­
tion even if selection were really present. First, we have 
suggested that selection on M C iR  inflated differences 
both within and between these species. If so, it may have 
had little effect on the ratio of between-species to within- 
species differences. Second, the HKA test assumes that 
population size has been constant and may yield mis­
leading results in a species with a complex demographic 
history (Hudson, Kreitman, and Aguade 1987). Finally, 
beta-globin and M C iR  both produce protein, so the two 
ratios may be similar because selection has affected the 
two loci in similar ways.

To investigate this last possibility, we performed two 
additional HKA tests (shown in table 1) using loci that 
do not produce protein and are outside of any known 
gene. One of these gave strong evidence (p =  0.003) for 
selection at M CiR, but the other result was not signif­
icant (p = 0.288). In aggregate, these tests provide qual­
ified support for the view that selection has affected 
M CiR. They certainly provide no contrary evidence. A 
recent analysis by C. Huff (personal communication) pro­
vides additional evidence of selection at M CiR.

Where does this leave us? The hypothesis of relaxed 
selective constraint is difficult to reconcile with the star­
shaped Eurasian gene genealogy, the relatively high K J  
Ks ratios, and the significant HKA result. The hypothesis 
of positive selection explains all this and is also consis­
tent with the general weakness of statistical support for 
selection. We feel that, on balance, the evidence favors 
the positive-selection hypothesis. Although this case is 
not yet compelling, it seems worth asking how our in­
terpretations of human history would change should the 
positive-selection hypothesis turn out to be correct.

The first casualty would be the inference that Euro­
pean alleles for red or blonde hair were derived from 
admixture with Neanderthals. That inference is based 
on the conclusion that the root of the European gene 
genealogy is several hundred thousand years old, a con­

clusion that was reached using a neutral model of evo­
lution (Harding et al. 2000). If the European gene gene­
alogy was shaped by diversifying selection, then the 
observed level of gene diversity could have been reached 
much more quickly.

But even if M C iR  does not inform us about Nean­
derthal admixture, it may have a different story to tell. 
The hypothesis of positive selection implies that neutral 
variation at M C iR  contains information about when hu­
man skin was first regularly exposed to strong sunlight. 
After this time, we suppose that some newly favorable 
allele swept to fixation under the influence of natural 
selection. There may have been several such sweeps, and 
(as discussed below) we assume that each sweep reduced 
gene diversity (tt) to zero. After the most recent sweep, 
there would have been no further change in amino-acid 
sequence, but -w would have increased gradually toward 
its equilibrium value, d =  4M2, because of synonymous 
mutations. Here, N  is diploid effective size of the African 
population and u is the rate of synonymous mutations 
per sequence per generation.

This process is illustrated in figure 1, which shows the 
trajectory of -w under three assumptions about N. Consider 
first the hypothesis that African gene diversity is at m u -  
tation-drift equilibrium—that 1v = 6. Since the observed 
gene diversity is w =  0.67,2 the equilibrium hypothesis

2. Harding et al. (2000) report that gene diversity is 0.0007 per 
nucleotide site within Africa, that the synonymous substitution 
rate is 2.3 x io~9 per site per year, and that 261 of the 954 nucleotide
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F i g .  i .  Trajectories of w following a selective sweep 
under different assumptions about N, assuming that w 
= o just after the sweep. Dotted lines, half-lives of 
the process when N = 14,000; dashed line, i ,  the ob­
served value of 7T.
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implies that N  ~ 14,000. We cannot calculate the time 
since the selective sweep, because we cannot know how 
long the system has been at equilibrium. But we can cal­
culate the time required to approach the neighborhood of 
equilibrium, and this will provide a minimum bound on 
the time since the sweep. The half-life is the time required 
for ir to converge from any starting value halfway to 8 (fig. 
1). It equals 2M112 generations (Rogers and Jorde 1995), or 
roughly 28N  years, and it will reach the neighborhood of 
equilibrium in about three half-lives, or 84N  years. With 
N  = 14,000, this equals roughly 1.2 million years. Thus, 
the hypothesis of equilibrium implies that we have been 
hairless savannah-dwellers for at least 1 million years.

Perhaps, however, N  was some larger value and African 
gene diversity is still below equilibrium. For any given 
N  and observed ir, we can calculate t, the time since the 
selective sweep.3 Figure 1 shows that larger values of N  
imply smaller values of t. For example, t « 750,000 years 
when N  = 30,000. But if we allow N  to increase without 
limit, t will converge toward a limit of about 560,000 
years.4 No matter how large we imagine the African pop­
ulation to have been, we will not conclude that the most 
recent selective sweep occurred less than 560,000 years 
ago.

Finally, one might propose that N  was much smaller 
than 14,000. Then the observed it would be larger than 
its expected value 6. This would imply that the popu­
lation had recently suffered some catastrophe, such as a 
decline or a bottleneck in population size, that had re­
duced gene diversity. To make sense of the observed gene 
diversity, it would be necessary to assume that the pre­
decline (or prebottleneck) population size was at least 
14,000, and the arguments of the preceding two para­
graphs would then apply to that population.

In summary, the lower bound on time since the most 
recent selective sweep is somewhere between 560,000 
and 1.2 million years. The lower figure is unreasonable 
because it assumes that the African population was in­
finitely large. The upper figure is more plausible, since 
it rests on an assumption (that N  ~ 14,000) that is con­
sistent with estimates from other loci (Harding et al. 
2000, Zhao et al. 2000). Thus it seems likely that humans

sites are silent. With generations of 2,0 years, these values imply 
that observed gene diversity is i  =  0.67 per sequence and that the 
synonymous mutation rate is u =  1.2, x io^5 per sequence per 
generation ( i =  0.0007 x 954 = 0.67, and u =  [2.3 x io^9] x 2,61 
x 2,0 =  1 .a x 10 5̂).
3. We assume that ir =  o just after a selective sweep. This is a 
simplification, since some gene diversity can survive a sweep unless 
the selectively favored nucleotide is initially at full linkage dis­
equilibrium with each polymorphic silent site. Nonetheless, the 
assumption seems reasonable, since linkage disequilibrium is likely 
to be high in a locus of only 954 nucleotides. We further assume 
that mating is random and that mutation obeys the model of in­
finite sites. These assumptions imply that ir(t) =  4JVu(i-e^'/2N), 
where t is the time in generations since the selective sweep and N  
is the effective size of the African population (Li 1977: equation 6). 
For any given N  and ir(t) < 8, this equation can be solved for t.
4. In the limit as N  -*■ the equation in n. 3 becomes ir =  2ut, a
straight line as shown in figure 1. Setting ir equal to its observed
value and solving for t now gives t =  i/au =  27,8 11 generations.
If generations last 20 years, this is t =  556,222 years.

have been hairless savannah-dwellers for at least 1.2 mil­
lion years.

These results bear on a variety of published hypotheses. 
Some authors argue that hairlessness was either a pre­
condition for (Newman 1970) or a response to (Wheeler 
1992) the evolution of bipedal locomotion. Others argue 
that it was a precondition for the evolution of larger brains 
(Jablonski and Chaplin 2000). These views are all consis­
tent with the present results, since bipedal locomotion 
evolved at least 4 million years ago and brains began to 
increase in size about 2 million years ago (Klein 1999). 
Others see hairlessness as an adaptation that dissipates 
the heat generated by running after prey (Montagu 1964, 
Carrier 1984). Humans have been hunting for at least 
400,000 and perhaps 2.5 million years. Under this hy­
pothesis, the present results would imply that hunting 
appeared early. Finally, some argue that hairlessness 
evolved in response to clothing (Glass 1966, Kushlan 
1985). The most recent variant of this argument (Pagel 
and Bodmer 2003) holds that hairlessness evolved to re­
duce parasite load, an adaptation that was made feasible 
by clothing and control of fire. There is no evidence of 
tailored clothing before about 20,000 years ago (Klein 
1999:536) or even of hide scraping before 300,000 years 
ago (Toth and Schick 1993:161). Thus, the present re­
sults indicate that humans were naked before they were 
clothed.
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Whether one would call it culture (e.g., Nishida 1987) or 
not (e.g., Tomasello, Kruger, and Ratner 1993), it has be­
come clear from the accumulated data of long-term field
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studies of wild chimpanzees (Pan troglodytes) that they 
show quite a wide range of behavioral diversity that can­
not simply be explained in terms of ecological differences 
(Whiten et al. 1999). Although de Waal (1999) has cele­
brated the maturity of "cultural primatology," studies of 
culture in nonhuman primates still seem to have a long 
way to go.

Laboratory studies have supplied us useful informa­
tion on, for example, whether particular kinds of social 
learning occur in nonhuman animals (see review by To­
masello and Call 1997). These studies are important be­
cause culture is usually regarded as being transmitted 
through some kind of social means and the details of 
such processes are often difficult to see in the wild. How­
ever, the settings of such studies are often too restricted, 
unnatural, or unusual for animals to show their poten­
tials in the wild. Wrangham and others (1994) have 
pointed to the importance of recording and describing 
behavioral diversity in wild chimpanzees and likened it 
to ethnography (thetermused earlier by McGrew [1992]). 
Many researchers have compiled and reviewed data on 
chimpanzee behavioral diversity (e.g., Nishida 1987, Su- 
giyama 1997, McGrew 1998, Boesch and Tomasello
1998, Whiten et al. 2001, Humle and Matsuzawa 2001). 
However, commenting on a paper on cetacean culture 
employing similar "ethnographic" methodology, Ingold 
(2001) has criticized such lists of behaviors as still being 
a million miles from the practice of ethnography by cul­
tural anthropologists or sociologists. His critique is too 
demanding in its insistence that culture requires inten­
tions, purposes, and values. Such concepts in anthro­
pology are usually obtained by fully language-based in­
terviews, and even so it is hard to know another's true 
intentions, purposes, and values because people some­
times do not or cannot say what they really think or 
intend. Nevertheless, his critique is partly justified in 
that such lists of traits tend to leave behind the stuff of 
everyday life (Fox and King 2002), and to understand their 
"culture" we still need more detailed descriptions of 
what chimpanzees do in the wild.

Among the so-called cultural behaviors of chimpan­
zees, various types of tool use have been relatively well 
described (e.g., McGrew 1992), but social behaviors or 
social customs have received less attention (see review 
by Nakamura 2002). The grooming hand-clasp is the first 
case of social behavior documented as custom in the 
chimpanzees of K-group in the Mahale Mountains of 
western Tanzania (McGrew and Tutin 1978). It is also 
observed in Mahale M-group, Kibale (both Kanyawara 
and Ngogo), Kalinzu, Lope, and Tai (performed only ha­
bitually) but never in Gombe, Budongo, or Bossou (see 
Nakamura 2002). It has also appeared in at least one 
captive chimpanzee colony (de Waal and Seres 1997). 
McGrew and others (2001) have reported that there are 
two different types of grooming hand-clasp: palm-to- 
palm and non-palm-to-palm. In the former type, the two 
chimpanzees truly clasp each other's hands with mutual 
palmar contact (fig. 1, A), while in the latter only one or 
neither hand clasps the other (fig. 1, B-D) and usually 
the hands are flexed with one limb resting on the other
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A B

C D

Fig . 1. Examples of various types of grooming hand­
clasp observed in Mahale M-group. A, typical palm-to- 
palm, in which elbows and wrists of both parties are 
straight; B, both elbows straight but not palm-to- 
palm; C, elbow of one party straight and the other’s 
flexed; D, a very flexed type not observed in K-group. 
(Drawn from video footage by Nakamura.)

(as in fig. i, C). In their retrospective analysis of pho­
tographs and videos, they argue that the palm-to-palm 
hand-clasp dominated in K-group and was not observed 
in M-group. Although these observations may seem mi­
nor, their implications are important because there are 
so many subtle behavioral variations in human gestural 
communication (see, e.g., Morris 1994). A detailed study 
of these minute differences would be important for un­
derstanding the origin of the behavioral variations among 
cultures.

Unfortunately, McGrew and colleagues' analysis is 
based on a rather small number of samples (9 photos from 
K-group and 6 from M-group), and the identities of the

K-group individuals are not presented. Thus we cannot 
rule out the possibility that some individual(s) contrib­
uted a large proportion of the samples. The objective of 
this paper is to test McGrew and colleagues' idea that 
the palm-to-palm hand-clasp is a custom of K-group and 
not of M-group with a larger data set. In addition, we 
would like to investigate the proximate factors that 
likely produce the different types of grooming hand­
clasp, considering whether consistent patterns are ob­
served only at an individual level or also at the level of 
the group.

Perhaps because McGrew and colleagues strictly de­
fine only palm-to-palm (i.e., mutual palmar contact), 
with non-palm-to-palm being treated as a complemen­
tary set of palm-to-palm, the non-palm-to-palm pattern 
includes several types that grade into each other. Some 
grooming hand-clasps (e.g., fig. 1, B) are regarded as non- 
palm-to-palm even though their arms are both stretched 
as in the typical palm-to-palm. However, in other types 
of non-palm-to-palm, the hands are much more flexed 
(fig. 1, D). Thus, we made additional analyses on the 
angles of the wrist and the elbow rather than using palm- 
contact as a single measure.

M E T H O D S

We analyzed photographs and videotapes of the grooming 
hand-clasp performed by the chimpanzees of K (Kaja- 
balaj-group and M (Mimikire)-group. These two groups 
have been habituated and studied for decades (Nishida 
1990, Nishida, Uehara, and Kawanaka 2002). K-group 
was the initial focus of detailed studies after habituation 
in 1965 (Nishida 1968), but it had become almost extinct 
by 1983, and some females subsequently transferred to 
neighboring M-group (Nishida et al. 1985). K-group con­
tinued to exist for more than four years as a bisexual 
group, but by 1987 only a lone male was left, and he was 
observed sporadically until at least 1992 (Uehara et al. 
1994). M-group has been continuously studied since 1968 
(Nishida and Kawanaka 1972).

We analyzed 24 photographs of the grooming hand­
clasp in K-group taken between 1973 and 1978 and 20 
photographs and 5 6 still images from videotapes of the 
grooming hand-clasp in M-group taken between 1994 
and 2000. We used only photographs in which both par­
ticipants were identifiable. When we took a still image 
from a video, we chose the frame in which the clasped 
hands reached the highest point.

For individual analyses, we used only data on those 
who showed the grooming hand-clasp with at least three 
different partners to see whether they showed a consis­
tent tendency regardless of the partner. Table 1 shows 
the profiles of individuals who met this condition. Of 
these individuals, GW and MA, who immigrated from 
K-group to M-group, are especially interesting. GW was 
observed to perform the grooming hand-clasp in both 
groups, but MA did not perform it when he was in K- 
group, perhaps because of his youth. For each individual,
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T A B L E  I

Profiles of Individuals Used in the Analysis

Year of Im m igration

Names Abbreviations
Observation

Group8
Natal
Group

Year of 
Birth To K To M Remarks

dales
Kamemanfu KM K K? Unknown - - -

Sobongo SB K K? 1 95 8? - - -

Kalunde DE M M? 1 96 3? - - -

Masudi MA M K 1977 - 1982,1’ -

Fanana FN M M? 1 97 8? - - -

Dogura DG M M? 1 98 1? - - -

Carter CT M M 1985 - - -

Pimu PM M M 1988 - - Son of FT
Primus PR M M 1991 - - Son of PI

emales
Wantangwa WT K Other? Unknown Unknown - -

Chausiku CH K K 1958 - 1979 -

Wakusi WX M Other? 1 96 1? - Unknown -

Gwekulo GW K, M Other? 1962,? 1972, 1979 -

Fatuma FT M Other? 1 96 3? - Unknown Mother of PM
Pinky PI M Other 1972,? - 1983 Mother of PR
Christina XT M Other 1 97S? - 1987 -

Miya Mf M Other 1 98 0? - 1991 -

n o t e : Question marks represent estimations.
“The group for which photographs of the grooming hand-clasp were available. 
'’Immigrated with his mother (see Takahata and Takahata 1 9 8 9 ).

the two researchers independently judged the following 
three variables: angle of the wrist, angle of the elbow, 
and palm contact. The angles of the wrist and the elbow 
were roughly categorized as straight (i80°-i50°), middle 
(i50°-i20°), and flexed (1200-). Any finer estimation 
would have been unreliable because of the different con­
ditions of the photographs and/or the different angles of 
the individuals shown in them. We also judged whether 
the individual's palm made contact with the other's 
hand, wrist, or arm. The results of these analyses by the 
two researchers were combined, and we used data for 
statistical analysis only when the judgments of the two 
agreed.

R E S U L T S

Palm-to-palm and non-palm-to-palm. Palm-to-palm 
hand-clasps were observed in M-group. The proportion 
of palm-to-palm hand-clasps was significantly higher in 
K-group (41.7%, 10/24) than in M-group (5.3%, 4/76) 
(Fisher's exact probability test, p < .001, two-tailed). 
However, in contrast to McGrew and colleagues' results, 
it was not dominant over non-palm-to-palm even in K- 
group. It is notable that all four cases of palm-to-palm 
in M-group included GW as one of the participants. In 
each case, GW performed palm-to-palm with different 
partners (namely, PR, WX, XT, and NK) and also per­
formed the non-palm-to-palm pattern with these indi­
viduals.

Angle of the wrist. Table 2 shows the results for angle 
of the wrist. Most cases were judged as either straight 
or flexed, and in most cases (91%) the judgments of the

two researchers agreed. KM and GW (when in M-group) 
were significantly biased straight, while SB, DE, DG, CT, 
PM, and PI were significantly biased flexed. Although 
others did not show significant bias (perhaps because of 
smaller sample sizes), they also seemed to have a ten­
dency to be biased either straight or flexed.

At the group level, M-group members were signifi­
cantly biased flexed (Wilcoxon signed rank test, n =  n ,  
T =  10.5, p < .05), while no such tendencies were found 
in K-group members. Both groups included individuals 
representing straight and flexed types, but the only in­
dividual who consistently showed the straight type in 
M-group was GW. When GW was in K-group, she also 
showed the straight type. Although her samples in K- 
group were too few for a statistical test, she showed the 
straight type in three of the four cases and the remaining 
case was judged straight by one researcher and as middle 
by the other. In brief, GW almost always showed the 
straight type, whether in K-group in the 1970s or in M- 
group between 1994 and 2000. Among males, who usu­
ally experience only a single group (except for MA [see 
table 1]), KM and SB of K-group showed opposite ten­
dencies, whereas all the males with enough samples in 
M-group were significantly biased flexed (those with 
fewer samples also seemed to show the same tendency) 
except for PR, who showed a mixture of the two types.

Angle of the elbow. Table 3 shows the results for the 
angle of the elbow. These angles were more often judged 
middle than the angles of the wrist, and the agreement 
between the two evaluators was only 64%, much less 
than for the wrist angles. This does not mean, however, 
that the elbow angles are difficult to estimate (see dis-
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T A B L E  2

Angle of the Wrist in the Grooming Hand-Clasp

Individual3 S/S S/M M/M M/F F/F 2 Total p  (S/S vs. F/F)c

K-group
KM 8 2 __ __ __ 2 12 < .01
SB __ __ 2 __ 13 __ 15 < .001
WT __ __ __ __ 5 __ 5 __
CH 1 __ __ __ 1 2 4 __
GW13 3 1 __ __ __ __ 4 __

Total 12 3 2 0 19 4 40
M-group

DE 1 __ __ __ 15 __ 16 < .001
MA __ __ 2 __ 4 __ 6 __
FN _ _ _ _ 5 _ 5 _
DG __ __ 1 __ 10 __ 1 1 < .01
CT __ __ __ __ 9 __ 9 < .01
PM _ _ _ _ 8 _ 8 < .01
PR 5 __ __ 1 5 3 14 n.s.
WX 2 2 __ __ 2 __ 6 __
GW13 15 __ 2 __ __ 1 18 < .01
FT 1 __ 2 __ 5 __ 8 n.s.
PI 1 __ __ __ 16 __ 17 < .001
JCT 1 __ __ __ 6 1 8 n.s.
MJ 1 _ _ _ 6 1 8 n.s.

Total 27 2 7 1 9 1 6 134

n o t e :  S, straight; M, middle; F, flexed; ?, not visible or uncertain. S/S means that the judgments of the two researchers were 
both straight, S/M means that one researcher judged the angle straight and the other middle, and so forth.
“See table 1.
'’Data on GW  are available in both groups.
'Binomial test.

T A B L E  3

Angle of the Elbow in the Grooming Hand-Clasp

Individual3 S/S S/M M/M M/F F/F 2 Total p  (S/S vs. F/F)c

K-group
KM 8 3 __ __ __ 1 12 < .01
SB 9 5 1 __ __ __ 15 < .01
WT 4 __ 1 __ __ __ 5 __
CH 1 1 __ __ __ 2 4 __
GW13 3 __ __ 1 __ __ 4 __

Total 25 9 2 1 0 3 40
M-group

DE 2 4 3 3 4 - 16 n.s.
MA 3 1 1 __ 1 __ 6 __
FN 1 2 1 1 __ __ 5 __
DG 1 4 2 1 3 _ 11 _
CT 1 2 2 2 2 __ 9 __
PM 1 3 2 1 1 __ 8 __
PR 8 1 5 __ __ __ 14 < .01
WX 3 3 __ __ __ __ 6 __
GW13 9 4 2 __ 3 __ 18 n.s.
FT 2 3 1 2 __ _ 8 _
PI 4 2 3 4 4 __ 17 n.s.
JCT 5 1 1 __ 1 __ 8 n.s.
MJ 3 1 1 2 1 _ 8 _

Total 43 3i 24 16 20 0 134

n o t e :  S, straight; M, middle; F, flexed; ?, not visible or uncertain. S/S means that the judgments of the two researchers were 
both straight, S/M means that one researcher judged the angle straight and the other middle, and so forth.
“See table 1.
'’Data on GW  are available in both groups.
'Binomial test.
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cussion). At the individual level, two K-group males (KM 
and SB) and one M-group male (PR) were significantly 
biased straight. No individuals were judged significantly 
biased flexed.

At the group level, we cannot conduct a statistical test 
on K-group because of the small number of samples [n 
= 5), but it is notable that straight judgments by both 
judges were most frequent for all of these five individuals 
and no one was ever judged flexed by both judges. There 
was no significant difference between straight and flexed 
in M-group members (Wilcoxon, n = 1 1 ,  T =  11 .5 , n.s.), 
and many individuals performed the flexed type of hand­
clasp as often as the straight type. Interestingly, GW, who 
also never showed the flexed type when she was in K- 
group, performed the flexed type in three instances in 
M-group.

Palm contact. Table 4 shows the results for palm con­
tact. The agreement of the two judges was 81% . There 
were no clear individual tendencies, but KM and GW, 
who showed straight wrists, tended to show palm con­
tact more often. However, PM and PI, who showed flexed 
wrists, also consistently contacted palms. There was no 
individual whose palm was consistently without con­
tact.

D I S C U S S I O N

Is palm-to-palm a custom of K-group{ In a strict sense, 
our results have disproved McGrew and others' (2001) 
claim that the palm-to-palm hand-clasp is a custom only 
of K-group because palm-to-palm was observed in M- 
group as well. This does not, however, mean that their 
hypothesis is invalid, because all of the observations of 
palm-to-palm in M-group included GW, who had trans­
ferred from K-group. It is therefore possible that palm- 
to-palm is a custom only of K-group, where GW had 
acquired it. The occurrences of the palm-to-palm hand­
clasp in M-group do not mean that GW had successfully 
transmitted the pattern to M-group, because it was much 
less frequent than in K-group and no M-group individual 
performed it without her. It is also noted that a very 
flexed type of grooming hand-clasp (see fig. 1, D) was 
observed only in M-group. This is not likely a chrono­
logical difference because we have one photograph of M- 
group chimpanzees (perhaps two adult males) taken in 
1973 showing a very flexed type of hand-clasp.

Proximate factors of the grooming hand-clasp. In the 
palm-to-palm hand-clasp described by McGrew and oth­
ers (2001), the wrists of the two performers stretch and 
palms are truly clasped. It occurs when both of the par­
ticipants individually employ the straight type of hand­
clasp in their wrists and elbows and the contact type in 
their palms. When one participant straightens its wrist, 
its palm will likely contact the other's hand or arm. Since 
non-palm-to-palm is defined as a complementary set of 
palm-to-palm, it includes various types of grooming 
hand-clasp. Non-palm-to-palm hand-clasps occur when 
one or both of the participants flex wrists and make no 
palm contact. Different types of non-palm-to-palm occur 
when one party straightens (fig. 1, B) or flexes (fig. 1, D)

T A B L E  4

Palm Contact in Grooming Hand-Clasp

Individual"■ +/+ + / - 7 Total P ( + /+ vs. - / - ) c

K-group
KM 12 __ __ __ 12 < .001
SB 5 8 2 __ 15 n.s.
WT 4 1 __ __ 5 __
CH 2 __ __ 2 4 __
GWb 4 __ __ __ 4 __

Total 27 9 2 2 40
M-group

DE 4 4 4 4 16 n.s.
MA 4 2 __ __ 6 __
FN 1 1 3 __ 5 __
DG 5 2 4 __ 1 1 n.s.
CT 4 _ 4 1 9 n.s.
PM 6 1 __ 1 8 < .05
PR 7 1 4 2 14 n.s.
WX 1 __ 5 __ 6 n.s.
GW" 18 __ __ __ 18 < .001
FT 6 _ 2 _ 8 n.s.
PI 13 2 __ 2 I7 < .001
XT 3 2 3 __ 8 n.s.
M f 4 1 2 1 8 n.s.

Total 76 16 3 i 1 1 134

n o t e : + , contact; no contact; ?, not visible or uncertain. +/+
means that the judgments by both researchers were contact, + /— 
means that one researcher judged contact and the other no con­
tact, and so forth.
“See table 1.
’’Data on GW  are available in both groups.
‘Binomial test.

the wrist, and the degree of flexion also creates varia­
tions.

Our data showed that individuals had consistent ten­
dencies for wrist angles but not for elbow angles. In wrist 
angles, few cases were judged middle and the two eval­
uators' judgments mostly agreed. This means that in­
dividuals' wrist angles are usually either completely 
flexed or completely straight. For the elbow angles, how­
ever, a judgment of middle was more common, and dis­
agreement between the two evaluators' judgments may 
have occurred in the case of angles on the boundary be­
tween two grades. For instance, when one's elbow is 
about 150°, it may be judged as straight or middle, while 
there may not be such fluctuations of judgment when 
the angle is closer to 180° or 90°.

Only two individuals, one in each group, consistently 
showed straight wrists. Again, the one in M-group was 
GW. If palm-to-palm is a custom of K-group, there should 
be more individuals showing the straight wrist type, but 
the other male in K-group (SB) consistently flexed his 
wrist. Therefore we assume that making the wrist 
straight may not have been a custom of K-group. The 
flexed wrist may, however, be a custom of M-group, es­
pecially for males. Straight elbows seem to be the norm 
in K-group but not in M-group.

Figure 2 summarizes our hypothesis for proximate fac­
tors of the grooming hand-clasp. In K-group, the wrist 
may be straight or flexed, depending on the individual,
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F i g .  1. Hypothetical schema of proximate factors of 
different grooming hand-clasps. When two individuals 
in the shaded part perform the grooming hand-clasp 
with each other, it becomes palm-to-palm, and when 
two individuals in the dotted part do so it becomes 
very flexed, as in figure 1, D. Arrows indicate possible 
effects of GW’s immigration to M-group.

but everyone's elbow should be straight. In M-group, the 
wrist should be flexed, but the elbow can be anything 
from straight to flexed, even in the same individual. The 
grooming hand-clasp becomes palm-to-palm when two 
individuals in the shaded square in figure 2 perform it 
with each other and therefore probably occurs among 
some members of K-group. In M-group, because wrists 
are usually flexed, palm-to-palm is not expected to occur 
frequently. However, in accordance with GW's consis­
tently straight wrist, some M-group members seem to 
have given way so that some palm-to-palm contact oc­
curred with her. However, GW also seems to have 
changed her K-group style somewhat in accordance with 
the norm of M-group members, often flexing her elbow.

Interestingly, one adolescent male, PR, showed a 
rather extraordinary style among M-group males: he of­
ten made his wrist straight and consistently made his 
elbow straight. (His mother, PI, showed the typical M- 
group style [flexed wrist and continuous elbow].) One 
possibility is that this was because of his small body size: 
he was in early adolescence in 2000 and smaller than 
adult conspecifics. If an individual with a shorter hand 
performed the grooming hand-clasp with an adult, he 
would have to straighten his arm to reach the same 
height. However, another explanation is possible: PR's 
mother was closely associated with GW during his child­
hood and very often groomed with her in 1996-97 (Na­
kamura, unpublished data). Because PR stayed close to

PI, he often joined in grooming with GW. Thus, it is 
possible that, when he was sensitive to learning the 
grooming hand-clasp (at four to five years), he spent a 
long time with GW's nonstandard style and learned it 
socially. It will be interesting to see how his pattern 
develops as he becomes an adult.

Changes in the custom in relation to group transfer. 
Although our findings call for some corrections of the 
ideas of McGrew and others, we have confirmed that 
there was a subtle but concrete difference between the 
two neighboring groups. Because chimpanzee females 
usually transfer between groups (Nishida and Kawanaka 
1972), they have to cope with such differences. McGrew 
and others predict that females will change their cus­
toms when they move to a different group, but our data 
do not support this idea: GW persisted in her old style
21 years after her immigration to M-group, despite its 
being different from the M-group norm. There are some 
reports of females' showing idiosyncratic feeding habits 
(Matsuzawa 1994, Sakamaki 1998), implying that they 
retained the customs of their former groups. However, 
our results are much more complicated than the cases 
of feeding in that GW not only retained parts of her old 
style but also modified some of them. Another M-group 
female, NK, had also immigrated from K-group, but we 
did not have enough data to judge whether she showed 
a similar pattern. There was no evidence that MA, a K- 
group-born M-group male, showed any K-grouplike 
styles, perhaps because he was very young when he 
transferred to M-group (Takahata and Takahata 1989).

It is impossible to know now what really happened 
when GW, with her heterogeneous pattern, immigrated 
into M-group. However, her current pattern implies that 
no sanction-like responses occurred. Given that she 
partly changed her ways and some members of M-group 
adopted some of her patterns, it can be said that they 
did not wholly reject or compromise with the unfamiliar 
pattern but somehow coped with it through repeated in­
teractions in their daily life.

In detailed studies of chimpanzee tool use, stress is 
often placed on the way in which "transmissible parti­
cles of information" (Ingold 2001) are transferred from 
one individual to another or functionally shaped. How­
ever, as our study has shown, what chimpanzees are do­
ing in social customs does not seem to be a simple trans­
fer of such information and is questionable whether it 
is useful to look for the functions of these patterns. If 
we regard "culture" as properties emerging through so­
cial interaction, without emphasizing its intellectual or 
functional aspects, studying the way in which chimpan­
zees shape their social customs may help us to under­
stand the generation of culture.
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Barma Grande is a large, high, deep cavity in the complex 
of caves and rock shelters located at the westernmost end 
of the Ligurian coast near the village of Grimaldi. Begin­
ning in the second half of the nineteenth century, the site 
of Grimaldi, also known as the "Balzi Rossi" because of 
the reddish colour of the rocks, yielded abundant archae­
ological remains including important Upper Paleolithic 
mobiliary and parietal art and single and multiple burials 
(Riviere 1887, de Villeneuve et al. 1906-19, Vicino and 
Simone 1972, Bisson and Bolduc 1994). Because of the 
early discovery of the archaeological importance of the 
caves and the intensity of the subsequent amateur activ­
ity, the stratigraphy of most of the deposits is poorly 
known and records of the excavations are scanty. This 
lack of knowledge is particularly severe for Barma Grande, 
whose extraordinarily rich Upper Paleolithic layers were 
completely excavated unsystematically towards the end 
of the nineteenth century. Among the results of this ac­
tivity, which became particularly intense between 1884 
and 1894, were the discoveries of three single burials and 
a spectacular triple burial (Verneau 1906, 1908).

The first burial was found by Louis Jullien, a French 
antiquities dealer, who discovered the skeleton of an
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adult male (Barma Grande 1, hereafter BG 1) buried close 
to the entrance of the cave 8.40 m beneath the original 
floor of the cave. In addition, the deposits removed by 
Jullien yielded two or possibly more "Venus" figurines, 
including the "yellow steatite figurine" and the "woman 
with goitre." The history of these figurines, as well as 
of others probably found in the nearby Grotte du Prince 
(Grotta del Principe), is obscured by personal rivalries 
and by the scepticism of this period about the existence 
of Upper Paleolithic art. Suffice it to say that information 
about the discovery of these art objects is very vague and 
is essentially drawn from a letter written by Jullien about 
20 years later (Breuil 1928). By contrast, more precise 
and reliable records exist about the position and depth 
of the burial found by Jullien and of those found a few 
years later by the owner of the cave, Giuseppe Abbo.

The excavations carried out by Abbo led to the dis­
covery of three additional burials. The first burial was 
found approximately in the middle of the cave at a depth 
of about 8 m and included an adult male and two ado­
lescents. The three specimens are indicated as Barma 
Grande 2, 3, and 4 (BG 2, BG 3, and BG 4) according to 
their distance from the entrance of the cave. Two addi­
tional single burials (Barma Grande 5 and 6) (BG 5 and 
BG 6) came to light in the rear of the cave, one after the 
other, at 6.40 m depth (fig. 1).

All the Barma Grande burials, like most of the Gri­
maldi skeletons (i.e., Barma del Caviglione 1, Bausu da 
Ture 1, 2, and 3, Grotte des Enfants 4, 5, and 6) are at­
tributed to Wurm III, between 30,000 and 20,000 years 
b.p .  (Palma di Cesnola 1976, Mussi 2001a), on various 
grounds. As far as the Barma Grande skeletons are con­
cerned this attribution is inferred basically from dis­
tinctive grave goods and ornaments and their similarities 
with those associated with burials from nearby sites that 
have a firm stratigraphic position. Among these the most 
significant is the burial of "II Principe" from Arene Can- 
dide Cave (Finale Ligure, Savona), located on the Ligurian 
coast about 100 km east of Grimaldi. Soon after the dis­
covery of "II Principe," Cardini (1942) noticed important

parallels in its grave goods and ornaments with some of 
the Barma Grande burials and striking similarities in 
particular with those found in the triple burial. These 
include, among others, the singular incised "plano-con­
vex bone pendants" and the extraordinarily long flint 
blades held by "II Principe" and by BG 2 and BG 3 (Ver- 
neau 1906, 1908). Interestingly, the blades are made on 
flint deriving from a common source in the Vaucluse, in 
southern France (Negrino and Starnini 2003).

The typological approach followed by Cardini and sub­
sequently by Mussi (1986) was the only means available 
to "date" the burials until the mid-1980s. At this time, 
developments in absolute dating techniques and in par­
ticular the possibility of obtaining direct AMS radiocar­
bon dates from human bones with little loss of material 
changed the situation significantly. In the early 1990s an 
AMS radiocarbon measurement was performed on a rib 
fragment from the adult male of the triple burial (BG 2). 
The resulting uncalibrated age of 14,990 ± 80 b.p .  (Beta 
63510, CAMS 7641) was more recent than expected on 
the basis of the reported similarities with the Arene Can- 
dide burial. This latter skeleton has been directly dated 
to 23,440 ± 190 b.p .  (OxA-10700) (Pettitt et al. 2003), 
which is in agreement with the existing 14C dates from 
charcoals from the overlying and underlying layers 
(Bietti and Molari 1994).

While further tests were planned to check the result, 
dates obtained from animal bones found by Jullien in 
Barma Grande and rediscovered in Canada, where he em­
igrated (Bisson, Tisnerat, and White 1996), seemed to 
confirm the unexpectedly recent date of the BG 2 skel­
eton. The specimens used by Bisson and coworkers in­
clude an ungulate long bone fragment found at an un­
known depth, a rodent femur found at about 6 m depth, 
and a red deer antler labelled as found at 8 m depth, that 
is, at the base of the Upper Paleolithic deposits. The 
resulting dates were 14 ,110  ± 150 b.p . ,  17,200 ± 1 8 0  
b.p . ,  and 19,280 ± 220 b.p . ,  respectively. According to 
Bisson, Tisnerat, and White (1996) these dates indicate 
the absence of a Gravettian occupation of the cave and

BG 2-4

Fig. 1. Schematic reconstruction of positions and depths of the Barma Grande burials (from Mussi 1986). The 
pan of the cave within the broken line has been destroyed by quarrying activities.



I l 6  | C U R R E N T  A N T H R O P O L O G Y

point to an Epigravettian age for both the burials and the 
"Venus figurines." In a recent paper dealing with Middle 
and Early Upper Paleolithic (i.e., Aurignacian and Gra- 
vettian) burials (Riel-Salvatore and Clark 2001), the 
Barma Grande skeletons are explicitly excluded from the 
analysis. The suggested chronology, however, has been 
strongly criticized (Mussi 2001b), and we agree with 
these criticisms for the following reasons: (1) The result 
provided by the first specimen, found at an unknown 
depth, and the date obtained from a very small and po­
tentially stratigraphically mobile rodent are irrelevant 
from a chronostratigraphic perspective. (2) A clear strat- 
igraphic relationship with the burials cannot be dem­
onstrated for any of the three specimens dated. (3) The 
result of ca. 19,000 b . p . from a sample apparently deriving 
from the lowest Upper Paleolithic strata of Barma 
Grande is in clear contradiction with the presence of 
diagnostic Aurignacian and Gravettian tools in the cave 
(de Villeneuve et al. 1906-19, Cardini 1930-31, Bolduc, 
Cinq-Mars, and Mussi 1996) and with the widespread 
evidence of occupation of the Grimaldi site during this 
time period (e.g., Grotte des Enfants, Barma del Cavig- 
lione, Riparo Mochi, Riparo Bombrini) (Riviere 1887, 
Palma di Cesnola 1976, Onoratini and Da Silva 1978, 
Vicino 1986, Kuhn and Stiner 1998, Alhaique et al. 2000).

As far as Barma Grande is concerned, Bisson, Tisnerat, 
and White (1996) stress the potential bias affecting old 
collections due to selection of specific tools by early ex­
cavators and warn against the risks of the typological 
approach, claiming that both Aurignacian and Gravet­
tian artefacts can be part of Epigravettian assemblages. 
This point is well taken, although Bolduc, Cinq-Mars, 
and Mussi (1996) document tools such as carinated end- 
scrapers and large La Gravette points that are not part 
of the Italian Late Epigravettian inventory. However, the 
stratigraphy of Barma Grande has been irreparably lost, 
and the only reliable source of information is that pro­
vided by the burials and their known location and depth 
in the deposit. Thus, in planning a programme of direct 
AMS 14C dating of Upper Paleolithic skeletons from Li­
guria, one of the most important goals was to verify the 
existing BG 2 date and to test the skeletons from the 
two additional single burials found by Abbo. Bone sam­
ples were drilled from a femur of BG 2 and from the 
humerus of BG 5, while for BG 6 a whole metatarsal 
bone was used. Although not completely successful, the 
programme provided important results. In particular, 
while tests from BG 2 and BG 5 failed because of the 
very low level of collagen preservation in the samples, 
a direct AMS data was obtained from the complete 
metatarsal bone of BG 6. The sample was pretreated and 
measured using the standard Oxford methods (table 1).

The results are as follows: OxA-10093, Barma Grande
6, bone, Homo sapiens, 513C = —19.7, 515N = 12.9 per 
mil, C/N ratio = 3.8, uncalibrated 14C years = 24,800 
± 800 b . p . At two sigma, the result indicates that the 
burial was emplaced between 26,400 and 23,200 b . p ., 

which brings it squarely in line chronologically with 
other mid-Upper Paleolithic Gravettian burials as well 
as Gravettian sites all over Europe (Roebroeks et al.

T A B L E  I
Laboratory Pretreatment for Barma Grande 2, 5, and 6

Sample Weight Collagen Yield A m ount Burnt Carbon Yield

BG 2 360 3-3 2.0 0.09
BG 5 360 17.7 6.0 0.1
BG 6 1,050 1.8 1.8 0.7

n o t e : All measurem ents in milligrams.

2000). The Gravettian lasts, in some areas, until ca.
20,000 b . p .  and is then followed in Italy by the Early 
Epigravettian (Foucher et al. 2001, Mussi 2001a).

BG 6 is an incomplete skeleton including fragmentary 
hip and lower limb bones. Found atop the remains of an 
ancient hearth, the specimen was labelled as "burnt" 
(Verneau 1906, 1908), but macroscopic and microscopic 
bone analyses show no evidence of burning (Formicola 
1989). The skeleton is that of an adult male with the 
robust body build and tall stature (Massari 1958) char­
acteristic of the Grimaldi Gravettian sample (Formicola 
and Giannecchini 1999). According to Verneau (1906, 
1908) its lower limb bones were in a flexed position. 
While this pattern of inhumation differs from that ex­
hibited by the other skeletons from the cave, it is not 
unusual among Gravettian remains from Grimaldi (e.g., 
Barma del Caviglione 1 and the "Negroids" from the 
double burial of Grotte des Enfants). Finally, a few per­
forated Cyclope neritea shells were collected in the soil 
around the bones (Verneau 1899, 1908). This relatively 
low degree of ornamentation compared with that exhib­
ited by other skeletons from the same cave and by the 
Grimaldi remains in general is perhaps not surprising 
given the loss of the upper part of the body, which is 
usually the most ornamented.

Before discussing the implications of the BG 6 date, it 
is important to note that the low amount of collagen 
found in BG 2 suggests that modern contamination could 
be responsible for the relatively young date previously 
obtained from a fragment of rib of the same specimen. 
Similar effects of residual modern contamination have 
been documented at Abri Pataud (Mellars et al. 1987). 
Regarding the BG 6 date, the result fits well within the 
known chronological framework for mid-Upper Paleo­
lithic European burials (e.g. Paglicci, Ostuni, Dolnl Ves- 
tonice, Paviland, Brno, Sunghir, Lagar Velho, Cro-Mag­
non, Arene Candide), which date between the 
twenty-seventh and the early twenty-fourth millennium 
(uncalibrated) b . p .  (Mezzena and Palma di Cesnola 
1989-90, Vacca and Coppola 1993, Svoboda 1995, Ald- 
house-Green and Pettitt 1998, Pettitt and Trinkaus 2000, 
Pettitt and Bader 2000, Pettitt et al. 2002, Henry-Gam- 
bier 2002, Pettitt et al. 2003) and indicates a funerary 
use of Barma Grande during this time period. By exten­
sion this result implies that a Gravettian age for the 
"Venus figurines" found by Jullien in the cave can no 
longer be excluded.

Of further importance are the chrono-cultural rela­
tionships between BG 6 and the other burials from the
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same cave. BG 6 was found in the innermost part of the 
cave at 6.40 m depth, at a distance of 0.80 m from and 
at the same level as BG 5, while the triple burial (com­
prising BG 2, 3, and 4) was found at 8 m in the middle 
of the cave and the single burial, discovered by Jullien 
close to the entrance (BG 1), was even deeper, at 8.40 m. 
Obviously differences in depth are not necessarily di­
rectly correlated with the antiquity of the burials. It is, 
however, unlikely that the slight slope of the deposit 
(Verneau 1908:180) or the digging of the graves fully ac­
counts for differences of about 1.60 m (triple burial) and 
about 2 m (BG 1). On the basis of the similarity of grave 
goods and the proximity of BG 6 to BG 5, Mussi (1986) 
has suggested that all the burials are contemporary and 
belong to the Gravettian. We concur with this point of 
view. In addition, we also feel that BG 6 is probably one 
of the last examples of the funerary use of Barma Grande 
during this time period.
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Twentieth-century work in colonial theory emphatically 
rejected the nineteenth-century linear model of coloni­
alism as a process in which societies were subjected to 
a "civilizing" influence by the "superior" European cul­
ture. The first replacement models arose with decolo­
nization and were often driven by the experiences of the 
colonized themselves (for example, Memmi 1969, Cabral 
1979, Fanon 1985 (1952), and, for an overview, Young 
2001). These models characterized colonialism as a bi­
polar relationship rooted in inequities of power and rac­
ism and imposing European ideology and epistemology. 
Spurred by the work of Foucault, studies using these 
models postulated that a group's position in the colonial 
spectrum dictated its experience of disease and ill health, 
and some suggested that the imposition of imperial pol­
icies impinged on the stasis achieved before the coming 
of the colonizers (Vaughan 1991, Lyons 1985, Keller
2001). A second set of replacement models builds on the 
previous ones but suggests that power did not rest solely 
with the colonists and structures the colonial relation­
ship as an interdigitation of colonist and colonized char­
acterized by "tensions of empire" (Stoler 1989, Cooper 
and Stoler 1989, Thomas 1994, Arnold 1993). These ten­
sions are seen as including aggression and resistance, the 
stress of being in a coercive position, differing ideologies 
among the colonizers, the threat of assimilation by the 
colonized, and the strain of maintaining white male su­
premacy (Cooper and Stoler 1989).

To date, these research models have rested almost en­
tirely upon discourse, and for many reasons no one has
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sought to test them empirically.2 While the colonial pow­
ers of the nineteenth century amassed statistics on 
troops stationed at home and abroad, their primary em­
phasis was on troop efficiency associated with man­
power. It was only under rare circumstances such as a 
devastating epidemic that colonial authorities became 
directly interested in the health of the local host popu­
lation (see, for example, Sutherland 1867). Contemporary 
scholars interested in the retrospective study of colonial 
health face the daunting task of locating a site in which 
high-quality data of sufficient temporal depth exist for 
both colonized and colonizer groups. Further, there is 
the issue of the unusual demographic structure of the 
military communities that formed the backbone of co­
lonial societies, which precludes simple comparisons 
(see figs. 1 and 2); for example, in the nineteenth-century 
Gibraltar garrison adult males outnumbered their female 
counterparts ten to one, and infants and children made 
up less than 2% of the community at any point in time 
(Padiak 2003). There is also the possibility that colonists 
have an inherent advantage because they have been se­
lected for better health by meeting or exceeding mini­
mum standards for height, weight, chest girth, and ab­
sence of defects and are free of any apparent afflictions 
(the "healthy warrior effect" [Haley 1998]). Finally, there 
is the issue of the questionable merit of comparisons of 
mortality/morbidity rates of two populations whose im­
munological histories radically differ because of their ex­
periences in distinct ecological settings. Comparing a 
transplanted group with no history of exposure to a 
novel-pathogen-loaded environment with an indigenous 
group that has had undergone generations of adaptation 
to that particular niche raises other substantive issues 
underlying the process and by-products of colonization.

The present study addresses and/or circumvents these 
problems. The confluence of geography, history, human 
agency, and scientific opportunism has made Gibraltar 
an unusually rich venue for the study of colonialism 
(Sawchuk, Burke, and Padiak 2002). First, as a British 
colony since 1704, Gibraltar has developed two distinct 
identities: as a home for some 20,000 Gibraltarians and 
as a strategically situated naval port and garrison town 
for members of the British forces. Second, the colonial 
authorities developed and maintained an excellent sys­
tem for the registration of vital events for both civilian 
and military communities from 1869 on (see Sawchuk 
2000 for details). Third, Gibraltar is large enough to pro­
vide the researcher with sufficient numbers for mean­
ingful statistical analysis and yet small enough to be 
manageable in terms of time and resources. Further, its 
limited size precludes health differentials due to differ­
ences in local ecology. Fourth, as part of southern Europe 
Gibraltar did not confront the British colonizer with a 
radically different ecological and pathogen environment

2. Philip D. C urtin  (1989) has sought to measure the effect of empire 
building on French and British troops sent abroad to m aintain the 
outposts of their respective empires, bu t he focuses on the "cost 
of relocation," using differences betw een the standardized m ortal­
ity rates of hom e populations and their counterparts among m en 
in garrisons abroad.
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as did colonies in Africa or the Far East. Finally, to avoid 
the potential confounding influence of selection for 
physical health, we employed a proxy measure of psy­
chosocial well-being. Nineteenth- and early-twentieth- 
century troops were examined only for physical qualities 
and not for psychosocial ones. Reasoning that colonial­
ism juxtaposes two or more populations and that causes 
of mortality indicative of stress on the individual would 
test the models of colonialism, we chose to assess the 
rates of suicide in the two populations over time.

G i b r a l t a r ' s  t w o  s o l i t u d e s

During the study period, the Rock had two distinct com­
munities separated by language, religion, place, and 
worldview—the civilians and the military. The civilians 
shared a biological and cultural heritage dating back to 
1704, when the territory fell under British control. Their 
heritage reflects a fusion of Mediterranean, North Afri­
can, and European influences, coupled with long-term 
experience of living in a military garrison and colonial 
outpost.3 Fiercely loyal to the British flag and politically 
sensitive to their northern Spanish neighbours, Gibral­
tarians are neither British nor Spanish in character. Their 
distinctive ethos derives in part from life on a small, 
largely uninhabitable mass of limestone that offers little

3 . G ibraltar rem ains one of ten U.K.-held territories that is recog­
nized by the United N ations Special C om m ittee on Decolonization. 
The others include Anguilla, Bermuda, British Virgin Islands, Cay­
man Islands, Falkland Islands (Malvinas), M ontserrat, Pitcairn, St. 
Helena, Turks, and Caicos Islands (Aldrich and Connell 1998 :16 0 ).

in the way of comfort. Owing to the fact that the greater 
part of the Rock is impossible to cultivate, the inhabi­
tants of Gibraltar have depended on provisions imported 
from the Spanish mainland, the Barbary coast (Morocco), 
or abroad.4 Until recently, the little land suitable for 
building was occupied by naval or military works, forc­
ing the civilian population into a limited space.

At the beginning of the study, in 1878, there were 
about 18,000 Gibraltarians (approximately 85% Roman 
Catholics, 7% Protestants, and 8% Jews). Despite reli­
gious differences, Gibraltarians were a highly cohesive 
group, living in a small-scale community in which face- 
to-face meetings were a daily occurrence. For the vast 
majority of Gibraltarians life was shaped by long-term 
communal residence in multifamily dwelling units 
known as "patios." A patio was typically a three- or four- 
storey building surrounding a central courtyard that was 
the focus of much of everyday life. The sharing of vital 
resources (such as potable water, a privy, the laundry 
area) brought people of various backgrounds into close 
proximity, cutting across religious and class differences. 
Patio membership entitled an individual or a family to 
be part of a support network for coping with sickness, 
unemployment, and other forms of stress.

The native Gibraltarians had to share their tiny piece 
of land with a very large and dominant presence: the 
British military. Gibraltar was the second-largest colo­
nial garrison, with some 4,000-6,000 men at any one

4 . G ibraltar was unlike other British colonies that were rich in 
natural resources and required a native population for their 
exploitation.
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F ig . 2. Structure of the military community of Gibraltar in 1878.

time.5 In contrast to the civilian community, the military 
segment of Gibraltar was a highly transient group. Gi­
braltar was an outpost where fresh recruits were sta­
tioned while they adjusted to a warmer climate before 
going on to Egypt, India, or Jamaica. The military was 
composed of men from 20 to 30 years of age, generally 
drawn from the unskilled classes of urban Britain. Al­
most all of them were unmarried, as permission to marry 
was given to few rank-and-file men and then only after 
six years' service. The men of the military were torn 
away from their immediate and extended families, and 
the regiment was the soldier's "family" and support 
when stationed away from home.

S U I C I D E

Just over a century ago, Emile Durkheim published his 
seminal work on suicide (19 51 [1897]), which hypothe­
sized that the frequency of suicide in populations varied 
with economic circumstances, demographic profile, and 
social capital. Since then, generations of social scientists 
have laboured to establish correlations of marital status, 
economic conditions, job status, religious commitment, 
age, sex, and social support with suicide rates (Stack 
2000, Gibbs 2000). Broadly speaking, when demographic 
variables such as age and gender are controlled, a rising 
level of suicide indicates a declining sense of well-being

5 . Malta was the largest, w ith slightly more troops than Gibraltar, 
bu t their barracks were spread over a wider geographical area. Some 
55 ,000- 70,000 men were stationed in India bu t were scattered 
amongst many garrisons (Army Medical Reports, P arliam entary  
Papers, Public Record Office, London).

(Tausig and Fenwick 1999, Naroll 1969, Kraus andTesser 
1971). There are two significant precedents for using su­
icide to assess stress in a population. Durkheim himself 
developed the "coefficient of aggravation" and the "co­
efficient of preservation" as comparative population (or 
subpopulation) indicators. Both coefficients were the ra­
tio of suicides in one group relative to another, stan­
dardized to unity (Durkheim 1951 [1897]:!32—35). Aratio 
of 2.0 meant that the tendency to suicide for the nu­
merator group was 2 and that of the denominator group 
was 1. He termed this the "coefficient of preservation" 
for the numerator group. If the coefficient was less than 
unity, then the numerator group was suffering a greater 
tendency to suicide, and he termed this the "coefficient 
of aggravation." Despite the abiding influence of Durk- 
heim's work, contemporary researchers have not carried 
this index forward. Raoul Naroll (1969) also recognized 
the value of suicide as a measure of the "sickness" of a 
society through the frustration of individuals' desires and 
rights and considered it the only statistically dependable 
measure of this sickness. Kraus and Tesser (1971:227) 
built upon Naroll's work and suggested that suicide lev­
els in a society might be predicted from thwarting dis­
orientation traits in that society.

Our research design employs suicide rates to test dif­
ferent experiences of colonization from 1878 to 1945 in 
Gibraltar. From our knowledge of conditions in Victorian 
Gibraltar, we knew that certain aspects of the colonial 
model were in place. There was a visible ethnic differ­
ence between the Gibraltarians and the British coloniz­
ers. Politically, the Gibraltarians were powerless,- deci­
sion making was vested in the governor, a military man
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T A B L E  I
Intercommunity Comparisons of Suicide Rates in Gibraltar, 1878-1945

Time Period

M ilitary Civilian Suicide R ate/i 00,000

Z PN  Suicides; Person-Years N  Suicides Person-Years M ilitary Civilian

1878-85 9 29,712 1 14,216 30.29 7-03 1.51 0.06
1886-95 4 45,220 1 18,150 8.84 5-51 o-43 n.s.
1896-1905 14 44,410 2 20,380 31-52, 9.81 1.63 0.05
1906-15 11 38,370 1 17,840 28.67 5.61 1.74 0.04
1916-2,5 8 19,260 5 15,950 41.63 31-35 0.50 n.s.
1926-35 9 20,800 2 14,720 43-2-9 13-59 1-57 0.05
1936-45 19 38,370 4 26,630 49-51 15.02 2.30 0.01

Total 74 236,142 16 127,886 31-34 12.51 3-45 <0.01

n o t e :  Suicide rates are expressed as per 100,000 unm arried m en aged 15-45.

appointed in London. No elected assembly existed in 
Gibraltar until 1922, when a city council was formed. 
Throughout colonial times there was a wide array of 
restrictive laws designed to put the needs of Gibraltar as 
a fortress for 5,000 men ahead of those of Gibraltar as a 
home for 20,000 people. Accounts of experiences of the 
Gibraltarian people under colonial rule (Preston 1946; 
Finlayson 1991; Sawchuk 1992, 1993, 1996, 2000) have 
emphasized the binary model of power and powerless­
ness. As the former governor Sir W. Jackson remarked, 
"Such is the divide between the military and civilian 
community—a fault common in most British colonial 
societies of the nineteenth century—that Gibraltarians, 
no matter how eminent, were not made welcome" (Jack­
son 1990:228-29). Further, the British garrison had pref­
erential access to scarce resources such as housing, plen­
tiful water, and ample fresh and frozen meat. It also had 
access to free and up-to-date medical care in its own 
hospital. The troops lived in barracks with sanitary fa­
cilities superior to those of many Gibraltarians; barracks 
had been subject to steady sanitary improvements be­
ginning in the 1870s (Sawchuk, Burke, and Padiak 2002). 
In contrast, most Gibraltarian dwellings did not have 
running water until after World War II.

This brief sketch fits the model of the powerless in­
digenous peoples suffering imperial domination. If only 
the colonized suffered under colonialism, then one 
would predict higher suicide levels among the civilians. 
If, alternatively, the colonists, too, suffered the "tensions 
of empire," there might be higher levels of suicide among 
the troops.

D A T A  A N D  A N A L Y S I S

Our data were drawn from death registrations and set 
against census counts covering 50 years. Comparing su­
icide rates in different populations is often problematic 
because of the potential for differential reporting. Al­
though these two populations had separate locations for 
death registration, the registrar was the same individual 
at any one time. This singular system eliminated the 
problems typically associated with interpopulation com­

parison (Diekstra 1993, Stack 2000). The death records 
used the term "suicide" from the beginning of the study 
period for cases in which the intent was clear, although 
often the fact of suicide was recorded under the second­
ary or tertiary cause of death, with the mode, such as 
gunshot wound, hanging, or cut throat, being the primary 
cause. There is, however, the potential for underreport­
ing of suicide because of unknown intent (Farberow 
1975). Because Van Poppel and Day (1996), examining 
nineteenth-century data, found that rates of suicide were 
low but rates of death from external causes relatively 
high and suggested that some suicides were falsified as 
"sudden deaths," we examined every sudden death due 
to noninfectious disease. With Gibraltar's unique topog­
raphy, these causes of death were usually fracture of the 
skull (associated with a fall) and drowning. Sudden 
deaths such as these occurred in the two Gibraltar pop­
ulations in roughly equal proportions but at relatively 
low levels. We concluded that there was no evidence of 
masking and that the number of violent deaths deemed 
not suicidal in error would be small.

A number of constraints were imposed in the con­
struction of suicide rates in the two communities. First, 
because suicide is typically positively correlated with age 
and the military population is almost devoid of aged in­
dividuals, our analysis was confined to those below 45. 
Second, because there were so few military wives, males 
only were considered. Third, because suicide is nega­
tively correlated with marriage, the analysis was limited 
to single men. The resultant age-adjusted suicide rates 
per 100,000 single men were constructed around a series 
of decennial censuses, with the first period having a du­
ration of only eight years, from 1878 until 1885, and the 
remaining six being decennial periods running from 1886 
to 1895, 1896 to 1905, and so on until 1945 (table 1, fig. 
3). In order to compare a rare event such as suicide in 
the two communities, we took advantage of the prop­
erties of the Poisson distribution (Beck and Tolnay 1995) 
and the Z-score test (M. Evans, personal communica­
tion): Z  = D/S, where D = [xjn^—[x j n2), S = (xx + 
x2)/[n^n 2), x1 and x2 are the respective suicide counts, 
and n1 and n2 are the respective person-years as estimated
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Fig. 3. Suicide rates in Gibraltar, 1878-1945.

from the census and the number of years in the study 
period. A two-sided Z  score tested the hypothesis that 
the rates in the military population were distributed the 
same as in the civilian population, and these are the p 
values based on a 95 % confidence rate or better.

Over the entire study period, suicides totaled 16 among 
civilians and 74 among the military population, giving 
average suicide rates of 13.38 and 28.36 respectively per
100,000 single males aged 15-45. Table 1 shows the su­
icides by decade and compares the coeval rates in the 
two communities. Average rates for the two communi­
ties over the entire study period proved to be signifi­
cantly different, with the military community showing 
a lower measure of well-being (Z = 3.45 ,p <  0.01). There 
was some variability in the nature and scope of com­
munity differentials over time. Three time periods 
(1878-85,1896-1905, 1926-35) showed differences in su­
icide rates that were substantial but of borderline sig­
nificance. Significant differences between the two com­
munities were observed for 1906-15 and for 1936-45.

Two of these time periods showed no significant dif­
ference. During the period 1886-95, suicide rates fell in 
the military as its community went through its "golden 
age" in Gibraltar (Z = 0.43, p = n.s.). Twenty years of 
improvements to garrison life had resulted in acceptable 
accommodations for the men, with suitable pastimes to 
break the monotony of duty on the Rock. On the inter­
national front, the British were not involved in any of 
the small wars so common during Victorian times, and 
the large ones were yet to come. The garrison was the 
healthiest it had been for the entire century; mortality 
and hospital admissions for all causes were low (Padiak 
2003).

The period 1916-25 captured Gibraltar's great postwar 
depression and marked a significant rise in the civilian 
suicide rate (Z = 1.77,p  = 0.042). The depression struck 
Gibraltarians particularly hard because it followed a pe­
riod of relative prosperity attributable to its importance 
as a coaling station for both the Royal Navy and the

merchant marine. It was a period of high community 
stress, with a downturn in mercantile trade, high un­
employment, long breadlines, and a currency crisis 
(Stewart 1967). It was also a time of considerable worker 
unrest, with demonstrations and strikes (in 1917, 1918, 
and 1919) over the high price of food and low wages. One 
indicator of the hardship faced by the civilian population 
during this period is the dramatic rise in the price of 
bread, the staple food of Gilbraltarians (see fig. 4).

The results of the intracommunity comparisons con­
firm that the forces driving the lack of difference in the 
suicide rates in these two periods lie in changes within 
each community (table 2). When adjacent temporal pe­
riods are compared, it is clear that, in the military com­
munity, it is the drop in the late 1880s and early 1890s 
that is the significant change from the consistently high 
rates. Similarly, in the civilian community, it is the rise 
in rates in the late 1910s and early 1920s that changes 
the pattern.

As to the impact of war on suicide rates, the two com­
munities differed in their reponse to a period of what 
could be conceived as an interval of protracted stress. 
For the civilians, the rates showed modest increases but 
ones that were not statistically higher than in the pre­
ceding nonwar periods. For the military, temporal trends 
were mixed. While suicide rates during World War I in­
creased from 26.1 to 44.6, the values were not signifi­
cantly different from those of the preceding period (Z =
1.006, n.s.). The pattern during World War II was mark­
edly different, with a dramatic and significant rise in the 
suicide rate from 30.4 (1926-39) to 73.8 (1940-45) (Z = 
2.67, p < 0.01). During the war years Gibraltar assumed 
the role of a military fortress, and most of the civilians
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T A B L E  2
Intracommunity Comparisons of Suicide Rates in Gibraltar, 1878-1945

M ilitary Civilian

Tim e Period Rate Difference Z  p  Rate Difference Z  p

1878-85 v s .  1886-95 -21.45 2.18 0 .0 2 -1 .52 0.17 n.s.
1886-95 VS- 1896-1905 + 22.68 2.40 0 .0 1 + 4.3 0.48 n.s.
1896-1905 v s .  1906-15 -2 .85 0.24 n.s. -4 .2 0.46 n.s.
1906-15 v s .  1916-25 +12.96 0.80 n.s. + 25.74 1.77 0.04
1916-25 v s .  1926-35 + 1.66 0.08 n.s. -17 .76 1.03 n.s.
1926-35 v s .  1936-45 + 6.22 0 . 3 3 n.s. +1.43 0.12 n.s.
1906-13 v s .  1914-18 + 18.5 I . O I n.s. +5.0 0.38 n.s.
1926-39 v s .  1940-45 +43.4 2.67 0.01 +18.83 1.29 n.s.

n o t e :  Suicide rates are expressed as per 100,000 unm arried men aged 15-45. Z  scores are computed from raw values in table 
1 .

were forcibly evacuated.6 Life in the fortress became in­
creasingly guarded, with the entire territory on a war 
footing. Movement in and out of the town was strictly 
regulated; the town gates closed in the evening, and there 
was an 1 1  p . m .  curfew. Rationing and price controls were 
imposed. Recreation facilities (a racecourse, football and 
cricket pitches) disappeared to make way for an airfield. 
With little real wartime action, isolation, boredom, and 
monotony set in among the soldiers, and Gibraltar be­
came literally a military prison full of pubs. Drinking 
was hard, fights were commonplace, and the escalating 
tensions between the military and civilians resulted in 
high crime rates and violence. These conditions along 
with easy access to weapons contributed to 17 suicides 
among the military during World War II, 13 of them the 
result of self-inflicted gunshots to the head or body.

C O N C L U S I O N

This study addresses psychosocial parameters in a his­
torical milieu and reasons that suicide is a suitable com­
parable indicator of well-being in a colonial population. 
But just as risk patterns of ill health can vary over time, 
any study that addresses an issue such as colonialism 
must be wary of presenting broad generalizations that 
are indifferent to local contexts or to the potential con­
founding effects of age and sex. Previous work in Gi­
braltar (Sawchuk, Burke, and Padiak 2002) demonstrated 
this heterogeneity, showing infant survivorship signifi­
cantly higher among the military while maternal mor­
tality rates were substantially the same in the two com­
munities during the latter part of the nineteenth century. 
Clearly, then, suicide is but one of a potential battery of 
parameters that can be employed to characterize inter- 
and intracommunity differences in health.

6. A total of 16,700 inhabitants were evacuated. Some 12,500 
women and children as well as men not engaged in essential ser­
vices were sent to the U nited Kingdom and 3,272 to Madeira and 
Jamaica. The rem ainder made their own arrangements and settled 
in Tangier and Spain. W hile some civilians began to return as early 
as 1944, repatriation was not complete un til 1951 because of a 
serious shortage of housing.

In the case of adult males, the results of this study 
show that, on average, the military population suffered 
higher suicide rates than the civilian Gibraltarians, al­
though at times the two populations' rates converged. 
The two populations experienced life on the Rock dif­
ferently. The military men were stationed there tem­
porarily, for a period averaging between two and three 
years, while the Gibraltarians were in their home en­
vironment. Despite the privileges garnered by the mili­
tary at the civilians' expense, it is likely that the strong 
societal, familial, and religious supports of the Gibral­
tarian community enabled them to cope very well with 
the second-class status they had to endure. The people 
of Gibraltar had long been accustomed to their role as 
the colonized and had developed reciprocal support sys­
tems based on local networks and religious affiliation 
(Sawchuk 1996, 2000). Even the single men would have 
been surrounded and supported by their extended fam­
ilies. Their cradle-to-grave society, supported by strong 
community identification, stabilized their lives and al­
lowed them to develop a blueprint for surviving in the 
small space under the control of the colonial govern­
ment, despite the funnelling of scarce resources away 
from the patrimonial community. The Gibraltarians' 
ethos showed the value of social structure for the pres­
ervation of individuals' and hence the society's sense of 
well-being.

Considering the difficult circumstances under which 
the civilian Gibraltarians lived, it is remarkable that they 
were able to maintain the stability indicated by their low 
suicide rates. During Victorian times, despite their status 
as a colonized people and their deplorable living condi­
tions, they clearly did not experience the depths of de­
spair as did their privileged occupiers. Only during times 
of economic strain such as the early 1920s did the pop­
ulation exhibit stress.

At the same time and in the same place, the military 
men enjoyed better housing, better nutrition, better wa­
ter resources, and better medical attention relative to the 
civilians. These same men had already been selected for 
better physical health and strength and were embraced
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by their regiment and offered the camaraderie of their 
fellow men at arms. Yet these well-supplied men suffered 
a rate of suicide more than double that of the native 
Gibraltarians. In contrast, several recent studies have re­
ported higher suicide rates for civilians (Sentell et al. 
1997, Marttunen et al. 1997). We suggest that discipline, 
boredom, and isolation from the native community ex­
acerbated the soldiers' sense of familial separation, while 
language differences further contributed to a sense of 
marginalization. The military men were suffering from 
the position they found themselves in, acting as the bul­
wark of power for the monarchs of the empire. We sug­
gest that this supports the "tensions of empire" model 
of colonization and that the position of colonist was 
stressful and took its toll on well-being.
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