
WHAT	MOTIVATES	THE	FORMATIONS	
OF	COOPERATIVE	RELATIONSHIPS?	
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Returns	to	scale	in	Tsimane	hun+ng	
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Variability	in	Ache	hun+ng	return	rates	creates	returns	to	
sharing	as	risk	reduc+on	

obtained some meat on only 24 per cent of the days that
they foraged, and the frequency of successful prey acqui-
sition among other low-latitude hunter–gatherers appears
similar to the Hiwi or lower—for example, 27 per cent of
all hunting days for !Kung men (Hill & Kintigh 2009); 21
per cent of hunting days for Agta men (Headland 1986),
11 to 30 per cent on individual hunts for Efe men (Bailey
1991, pp. 84–85); and 3.4 per cent on individual hunts
for Hadza big-game hunters (Hawkes et al. 2001, p. 684).

Although healthy modern adults can survive for more
than two months without food, small children in
hunter–gatherer societies, because of lower fat reserves,
parasite infestation and allometrically higher metabolic
rates, can probably only survive for approximately one
week without food (see electronic supplementary
material). A tabulation of the actual amount of meat
obtained by Ache hunters on all days when they hunted
(n ¼ 14 364 total days on 148 hunters over a 27-year
period; Hill & Kintigh 2009) shows that 4 per cent of
all 7-day runs of monitored hunting for individual men
resulted in no meat at all. Because hunted game provides
approximately 78 per cent of the food energy consumed
in Ache society (Kaplan et al. 2000), we might guess
that for about two weeks per year (0.04 ! 52), Ache
breeding pairs require extra-pair food transfers for their
juvenile dependants to remain healthy.

Second, hunters often experience longer runs of hunting
failure owing to injury or illness. Recent analyses of Ache
health records from 1997 to 2000 show that men in one
study settlement were sick or injured in ways that would sig-
nificantly limit hunting effort on 21 per cent of all days (n ¼
27 470 man days; see electronic supplementary material).
Runs of debilitating health ranged in length from 3 to 360
days for morbidity the onset of which began during our
sample period, and 11 of 29 men experienced a run of
poor health lasting at least 30 days. One man in the
sample was permanently disabled after falling from a tree
prior to the start of the study period, and another (not in
the sample) was permanently disabled from tuberculosis.

Although this health sample is drawn from reservation-
based hunter–gatherers exposed to modern infectious
disease as well as traditional health insults, interviews
with older men suggest that similar or worse rates of com-
promised health plagued the Ache in the pre-contact
period (rates of trauma were apparently higher, while
rates of some infectious diseases appear lower). This pro-
blem is ubiquitous in all foraging populations. Bailey
(1991) showed that Efe men from 1981 to 1982 were
injured or sick on 21 per cent of all days sampled, and
Sugiyama (2004a,b) documented frequent serious injury
and long runs of disability among Yora (8% of all days)
and Shiwar hunters of the Amazon, with a large impact
on economic productivity (Sugiyama & Chacon 2000).
Likewise, M. Gurven (personal communication, 2008)
found in interviews that 75 per cent of Tsimane adults
(n ¼ 570) had been incapacitated by illness or injury in
the previous three months (10% of all days).

Significant fluctuations in mean hunting return rates
caused by bouts of poor health can be detected by continu-
ous monitoring of Ache men over a multi-year period.
From 1996 to 2003, 9 of the 12 best hunters in our
sample experienced at least one three-month period of
hunting success of less than 10 per cent of their long-
term average rate (figure 1; electronic supplementary

material). Health-related production failure is even more
pronounced among lower-return hunters. Data from the
Arroyo Bandera Ache community shows that 42 of the 49
men who resided in that study community during these 7
years experienced at least one 90-day period with 0 kg
meat acquisition. Interviews suggest that most of these
periods were associated with poor health (A. M. Hurtado
2007, unpublished data). Not surprisingly, Ache hunters
cite the fear of disability as an important reason why they
willingly conform to the conventions of band-wide and
need-based food sharing. Importantly, systematic obser-
vations on the reservation confirm that Ache men who are
more generous in food sharing obtain more help from
others when they are sick or injured (Gurven et al. 2000b).

4. FOOD TRANSFERS ARE REQUIRED TO BUFFER
PREDICTABLE LIFE-HISTORY SHORTFALLS
The third time scale of energy shortfall experienced by
breeding pairs is associated with the human life history.
Because energy harvest rates and accumulating offspring
dependency loads do not follow the same age curve in
hunter–gatherers (Walker et al. 2002; Gurven & Walker
2006), breeding pairs can generally expect to be net produ-
cers of food during some periods and net consumers at other
times. Most importantly, because of the age structure of
need, we hypothesize that those who provide food to families
with energetic deficits at one point in time may not receive
shares back later from the prior recipients. If true, this
would imply that food providers are often ‘helpers’ rather
than reciprocity partners. In order to test this hypothesis,
and determine the age–sex structure of food provisioning,
we have estimated production and consumption patterns
for the Ache and Hiwi during time periods when both
were dependent on foraging and displayed population age
structure and family composition of full-time foragers.

The 1970 pre-contact, forest-dwelling Ache popu-
lation contained 142 adult females, 167 adult males and
236 dependent children (15 years or less; Hill &
Hurtado 1996). Despite high fertility and long
offspring dependency, only 69 per cent of women and
54 per cent of men had any surviving dependants

0

25

50

75

100

125

150

175

200

225

250

1996 1997 1998 1999 2000 2001 2002 2003

kg
 to

ta
l 

year

Figure 1. Tri-monthly total meat acquisition for the top three
Ache hunters from 1996 to 2003 at the Arroyo Bandera
settlement. Each point represents the 90-day total meat
acquisition. The dotted horizontal line represents approxi-
mately 10 per cent of the mean 90-day meat acquisition.
See electronic supplementary material for more hunters.
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Extent	of	Ache	sharing	depends	on	the	size	of	prey	
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Specialized	roles	among	Tsimane	forager-hor+culturalists	



Variability	in		
returns	
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WHAT	DRIVES	TRANSITIONS	IN	SOCIAL	
ORGANIZATION	FOR	COLLECTIVE	
ACTION?	
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WHAT	CONDITIONS	FAVOR	THE	
EMERGENCES	OF	TERRITORIAL	
COALITIONS	AND	HIERARCHY?	
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Territoriality	

Ecological	factors:	
1.  Resources	concentrated	in	space	
2.  Resources	predictable	in	8me	

	DYNAMICS…?	



Simulated	Territorial	Compe++on	
•  Ecology	varies	in	whether	
resources	are:		
– dispersed	and	unpredictable,	or		
– concentrated	and	predictable	

•  Ecology	varies	in	whether	
coal+ons:		
–  increase	figh+ng	power,	or	
– do	not	affect	figh+ng	power	

•  Hierarchy	allows	groups	to	
maintain	higher	rates	of	
coopera+on	within	coali+ons	

Resources	are	dispersed	
and	unpredictable	

Resources	are	concentrated	
and	predictable	

Darker	patch	=	higher	mean	produc+vity	



Simulated	Territorial	Compe++on	
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ECOLOGY:	Resources	are	dispersed	and	unpredictable	
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ECOLOGY:	Resources	are	concentrated,	and	coali'ons	are	effec've	
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