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FIG. 12.1 Age-specific fertility rate among Tsimane women.
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FIG. 12.2 Regional variation in age-specific fertility rate.

12.3.1 Parity Progressions for Parous Women

Table 12.1 shows the results of a Cox proportional hazards analysis of 1,159 risk, intervals
for the progression from one birth to the next birth among parous women in 14 commu-
nities (of which 659 intervals terminated with a birth). Model A examines the variance
captured by the individual- and community-level random-effect terms w i t h no pre-
dictor variables, and shows that the individual-level variance is much greater than the
community-level variance. Model B examines the ability of individual-love! variables
to predict fertility. It shows that (a) rates of progression decrease with a woman's age,
radically after age 35 (see Figure 12.33 for the corresponding functions); (b) the death of
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FIG. 12,6 Total fertility rates of Tsimane and Bolivia by vear.

production of surviving offspring through the optimal combination of f e r t i l i t y and
parental investment. The transition to the next birth is affected by both energy stores
and whether there is an existing living infant to invest in. Most birth intervals are longer
than two years; holding energy stores constant, having a shorter interval results in
increased mortality risk.

The effects of secular change also provide support for this view. Mortality has been
decreasing rapidly over time. Given the observed regional effects on mortality, it appears
that much of the secular trend in mortality rates is due to increased access to Western
medical treatment, especially antibiotics and rehydration therapy. One remote area that
is served by a medical post with itinerant teams visiting the villages had s imi la r infant
mortality rates to villages near the town of San Borja, where there is a hospital.

The multilevel models developed here provide additional insights into the pro-
cesses determining fertility and mortality in natural fertility populations. Results show
that the effects of community-level variables are quite weak. Most determinants of
fertility and mortality modelled here operate on the individual level, with the excep-
tion of regional effects on mortality. Both infant and child mortality from 1950-2000
increased with distance from San Borja. This does not mean that there is l i t t l e scope
for social effects on demographic rates among the Tsimane (and similar groups). We
have shown in other papers that kin—especially post-reproductive kin—play a major
role in providing the food energy to support reproduction (Hooper 2011; Kaplan et al.
2010). It appears to be the case that, in the present setting, the social effects on fertil-
ity and mortality are achieved through social assistance, with impacts on energy and
care, rather than through cultural effects based on conformity or other process of value
transmission.



There are no significant differences between
the sexes during this period, although the
point estimates in Table 2 show a slightly lower
mortality rate for women.

Interestingly, the overall regional effect is in
the opposite direction from the common pattern
encountered among other age groups, with the
more remote communities exhibiting lower mor-

Fig. 5. Siler-estimated survival curves (lx) and age-specific mortality rates (hx) for males and females across the
lifecourse, 1950–1989. Dashed bold line shows raw male lx curve.

TABLE 4. Logistic regression of adult mortality

Variable Comparison Estimate Sig
Odds
ratio

95% C.I.

N

Model fit

Lower Upper !2LogL Chi2 Wald P value

(A) Early adult mortality, ages 16–39
Age 1 year 0.027 0.009 1.028 1.007 1.049 30,027 2,476 41.6 <0.0001
Sex Female vs. male 0.146 0.035 1.340 1.021 1.759
Region Forest vs. near San Borja 0.257 0.024 2.399 1.538 3.741

River vs. near San Borja 0.335 0.002 2.593 1.673 4.018
Fatima vs. near San Borja 0.026 0.855 1.904 1.151 3.150

Decade Pre-1990 vs. 1990þ 0.244 0.002 1.629 1.197 2.218

(B) Middle Adult mortality, ages 40–59
Age 1 year 0.057 0.0002 1.058 1.027 1.090 9,477 1,381 40.3 <0.0001
Sex Female vs. male !0.130 0.142 0.772 0.546 1.091
Region Forest vs. near San Borja 0.005 0.972 0.704 0.453 1.094

River vs. near San Borja 0.055 0.707 0.740 0.475 1.153
Fatima vs. near San Borja !0.417 0.044 0.461 0.254 0.839

Decade Pre-1990 vs. 1990þ 0.459 0.0001 2.506 1.680 3.738

(C) Late adult mortality, ages 60þ
Age 1 year 0.080 0.0001 1.083 1.043 1.125 1,878 750 40.5 <0.0001
Sex Female vs. male !0.189 0.075 0.685 0.451 1.039
Region Forest vs. near San Borja !0.076 0.657 1.454 0.754 2.804

River vs. near San Borja 0.061 0.723 1.668 0.861 3.231
Fatima vs. near San Borja 0.465 0.010 2.498 1.271 4.910

Decade Pre-1990 vs. 1990þ 0.451 0.0001 2.467 1.599 3.805
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analysis shows that expected mortality de-
creases by about 30% with each advancing
year over the age range 1–4 as children grow
and their immune systems develop.
Again, there are no significant effects of sex.

Mortality appears to have improved over time,

with mortality prior to 1990 being 1.6 times
higher than after 1990 (Table 2). However,
there is a stronger effect of region. Controlling
for sex and time period, mortality is 2.4 times
greater in the remote villages than in the vil-
lages near San Borja (Table 3, part B).

TABLE 2. Mortality rates (per 1,000 individuals) by abridged age groups, geographical region, and time period

Time frame Fatima Forest Riverine Near San Borja Overall Mortality ratio

Age <1
1950–1989 157 160 179 112 153 1.22
1990–2002 111 171 147 85 126

Ages 1–4
1950–1989 20 23 26 9 20 1.60
1990–2002 8 17 18 8 12

Ages 5–14
1950–1989 6 7 8 6 7 1.89
1990–2002 5 4 5 1 4

Ages 15–39
1950–1989 7 8 12 5 8 1.79
1990–2002 4 7 6 2 5

Ages 40–59
1950–1989 12 17 19 25 19 2.59
1990–2002 4 7 8 10 7

Age 60þ
1950–1989 94 80 87 34 77 2.25
1990–2002 42 33 30 36 34

Fig. 4. Probability of survival to age " (lx) and age-specific mortality rates (hx) for males and females under age
15, 1950–1989.
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FIG. 12.5 Infant mortality rates of Tslmane and Bolivia by year.

earlier first birth and shorter intervals between subsequent births. As expected from
models positing a causal relationship from mortality to fertility, the loss of the previous
infant hastens the transition to the next birth, presumably due to the te rminat ion of lac-
tation and faster resumption of ovulation (Wood 1994), as expected by models positing
a causal relationship from mortality to fertility.

There is also evidence that fertility affects mortality. In remote areas with minimal
access to medical services, a short interval between births increases the mortality risk
to the subsequent infant about fourfold. Age of first birth also has a significant effect
on mortality rates, reducing the mortality risk of the earlier-born infant by a quarter
for each additional year that a young women delays reproduction, Thus, with respect
to production of surviving offspring, there is a clear trade-off between fert i l i ty (both its
initiation and its resumption following a birth) and infant survival.

Physiological energy stores also appear to affect mortality. Greater maternal BM1 is
associated with a lower risk of infant mortality for higher-order births. For first births,
the results were counter-intuitive, since maternal BMI is associated with a higher risk of
infant mortality. One possible explanation of this result is that there is more competi-
tion between maternal and infant energy stores when mothers are adolescents and still
increasing in body weight (which continues past age 20 among Tsimane girls), liarly
maternal physiology may be sequestering more resources for itself at a cost to the infant.
It is possible that some of the increased risk of mortality for firstborn children is due to
this energy competition, and not just due to the inexperience of young mothers. This
counter-intuitive finding does have precedent in developed societies: in the US, obese
women experience more neonatal mortality, regardless of weight gain during preg-
nancy, due to more pregnancy complications related to short gestation and low birth
weight, pre-eclampsia, and prolonged labour (Chen et al. 2009).

Taken together, these results provide support for the view that natural selection has
acted on the physiological mechanisms governing human fertility to maximize the



reproductive histories (e.g., if more than one
sibling is interviewed), allowing for cross-vali-
dation of information. On the basis of these
interviews, all living and deceased Tsimane’ in
the sample were assigned estimated ages. The
Tsimane’ have no taboos against speaking the
names of deceased relatives, including small
children. In consultation with a team physi-
cian (Dr. Daniel Eid Rodriguez), causes of
death were assigned using a system based on
the International Classification of Disease ver-
sion 10 (ICD-10) (WHO, 1990). No cause could
be determined for 13% of the 1,442 deaths in
our complete sample, due more to a lack of in-
formation by informants than inexplicable
symptoms. The number of cases of undiag-
nosed deaths is distributed proportionally
among 1950–1989 and 1990–2002 time peri-
ods. Our estimates of the percentages of
deaths due to specific causes, and of cause-spe-
cific death rates, are underestimates of their
true values because deaths with unknown
causes are included in the denominator but
never in the numerator. Cause-specific death
rates were calculated by dividing the number
of deaths due to specific causes by the appro-
priate number of risk-years.
Years of birth and death were assigned

based on a combination of methodologies

employed by researchers among the !Kung
(Howell, 1979), Ache (Hill and Hurtado, 1996)
and Hadza (Blurton Jones et al., 2002). These
include using known ages from written re-
cords, relative age lists, dated events, photo
comparisons of people with known ages and
cross-checking of information from independ-
ent interviews of kin. Catholic missionaries
have recorded the dates of 1,110 births among
the Tsimane since 1952, many of the deaths
occurring during the same period, and age
estimates for an additional 120 individuals
who were baptized as small children or as
young adults during the early 1950s. These
records are invaluable because they include
many residents of Fatima, three additional
study villages, Cachuela, Munday, and Cosin-
cho, and other migrants now dispersed in
other communities. We have also obtained
birth records for an additional 310 individuals
associated with the Evangelical Mission, La
Cruz.

For individuals born prior to record keeping,
four procedures were used to ascribe ages to
individuals from the reproductive histories. For
children, age at death was estimated using de-
velopmental stages (e.g., just born, still breast-
feeding, crawling, walking), comparisons to
living children of known ages, and seasons of
birth and death. For each pair of consecutive
siblings, the birth interval was estimated. For
pairs in which the older sibling was alive when
the younger one was born, the elder’s age at
birth was estimated, using the above methods
for assigning age at death. For pairs in which
the older sibling died before the birth, the time
interval between death and birth was esti-
mated using information on the ages of other
living children in the family and seasonality.

The second method ranked all individuals,
both living and deceased, in the sample of re-
productive histories by relative age, beginning
first with 5-year estimated age classes for rela-
tive age rankings. Multiple informants were
used for each age class and inconsistencies
were investigated and resolved. In addition, sig-
nificant age-related relationships were investi-
gated to augment the relative age lists. These
include ‘hip-child’, hunting mentor, and play-
group companions.

Third, ages were also estimated using histor-
ical information and known historical events. A
Catholic missionary, Father Marcelino, began
working with the Tsimane’ in 1952, and Father
Martin Bauer in 1958. Both missionaries
are widely known among most Tsimane in
the Maniqui region. Another missionary was

Fig. 2. Tsimane age-sex pyramid based on censuses
in 18 study village censuses during 2002–2003 (n ¼
2,291 individuals).
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Which	kind	of	model	will	work	
depends	on	your	response	variable	
Dura%on	response	

variable	
Yes/no	response	variable	 Con%nuous	response	

variable	

•  Survival	analysis	
•  Requires	knowing	about	

censoring	
•  For	plots	and	comparing	

2	groups:	Kaplan-Meier	
model	

•  For	mul$ple	predictors:	
Cox	Propor$onal	
Hazards	

•  Can	include	random	
effects	for	mul$-level	
data	(e.g.	mul$ple	
observa$ons	per	
individual,	or	per	
community	etc.)	

•  Logis$c	regression	
•  Can	include	random	

effects	for	mul$-level	
data		

•  Generalized	linear	
models	

•  Possible	link	func$ons	
•  Normal	
•  Poisson	(for	well-

behaved	count	data)	
•  Gamma	(for	badly	

behaved	count	data)	
•  …	
•  Can	include	random	

effects	for	mul$-level	
data		



Survival	Analysis	Exercise	
	
1.	Navigate	to:	
hSps://centre.santafe.edu/complex$me	
Ø  Mee$ngs		
Ø  Popula$on	and	the	Environment	
Ø  Agenda	tab	
Ø  Paul	Hooper	(SFI)-	Modeling	complex	popula$ons	

2.	Download:	
Related	files	-	First	Birth	Data	For	Course.csv		
	
3.	Go	to	this	website:	
Reference	material	–		
***	Access	the	Emory	CASAS	Cancer	Survival	Analysis	Suite	here:	***	
hSp://bbisr.shinyapps.winship.emory.edu/CASAS/		
		
	
	


