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Abstract

For many traditional, non-industrialized populations, intensive and prolonged breastfeeding

buffers infant health against poverty, poor sanitation, and limited health care. Due to novel

influences on local economies, values, and beliefs, the traditional and largely beneficial

breastfeeding patterns of such populations may be changing to the detriment of infant health. To

assess if and why such changes are occurring in a traditional breastfeeding population, we

document breastfeeding patterns in the Bolivian Tsimane, a forager-horticulturalist population in

the early stages of modernization. Three predictions are developed and tested to evaluate the

general hypothesis that modernizing influences encourage less intensive breastfeeding in the

Tsimane: 1) Tsimane mothers in regions of higher infant mortality will practice more intensive

BF; 2) Tsimane mothers who are located closer to a local market town will practice more intensive

BF; and 3) Older Tsimane mothers will practice more intensive BF. Predictions were tested using

a series of maternal interviews (from 2003-2011, n=215) and observations of mother-infant dyads

(from 2002-2007, n=133). Tsimane breastfeeding patterns were generally intensive: 72% of

mothers reported initiating BF within a few hours of birth, mean (± SD) age of CF introduction

was 4.1±2.0 months, and mean (± SD) weaning age was 19.2±7.3 months. There was, however,

intra-population variation in several dimensions of breastfeeding (initiation, frequency, duration,

and complementary feeding). Contrary to our predictions, breastfeeding was most intensive in the

most modernized Tsimane villages, and maternal age was not a significant predictor of

breastfeeding patterns. Regional differences accounted for variation in most dimensions of

breastfeeding (initiation, frequency, and complementary feeding). Future research should therefore
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identify constraints on breastfeeding in the less modernized Tsimane regions, and examine the

formation of maternal beliefs regarding infant feeding.
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Introduction

Breastmilk contains numerous nutritional, immunological, and hormonal constituents that

are tailored specifically to infant growth, metabolism, neurocognitive development, and

pathogenic challenge (Hinde & Milligan, 2011). Initiation of breastfeeding (herein

abbreviated BF) reduces the risk of neonatal mortality (Garcia et al., 2011), and exclusive

BF for the first six months of life lowers the risk of infant morbidity across all economic

scales (Kramer & Kakuma, 2004). Complementary feeding (herein abbreviated CF), i.e. the

provisioning of any non-breast milk solid or liquid, should be initiated around 4-6 months of

age to meet the increasing energy demands of growing infants (Dewey, 1997; McDade &

Worthman, 1998; Nielsen et al., 2011). Prolonged BF in conjunction with CF provides

continued immunological protection (Dettwyler, 2004; Shiva & Nasiri, 2003) and reduces

infant growth faltering (Villalpando & Lopez-Alarcon, 2000), infectious morbidity, and

mortality (Lamberti et al., 2011). Due to these infant health benefits, the World Health

Organization recommends exclusive BF for six months, followed by mixed BF and CF for

24 months or beyond (Wagstaff et al., 2006; WHO, 2011). Promotion of increased BF

initiation and duration of exclusive and mixed BF are preventative interventions included in

the United Nation's Millennium Development Goals to reduce child mortality and eradicate

extreme hunger by 2015 (Wagstaff et al., 2006).

A comprehensive review of ethnographic studies shows that the traditional “intensive” BF

patterns of most non-industrial populations—widespread BF initiation, infant-driven “on-

demand” feeding, sustained periods of exclusive BF, and continued mixed BF for up to two

years or longer—are largely concordant with current recommendations (Sellen, 2001). In

these populations, intensive traditional BF practices may be the most economical, nutritional

and hygienic strategy for buffering infant health against the poverty, poor sanitation and

limited health care they experience (Anatolitou, 2012; González de Cossio et al., 2013;

Kramer & Greaves, 2007; Lutter et al., 2011; McDade, 2005). Biological evidence of infant

digestive and masticatory development further suggest that recommended durations for

exclusive BF and total BF may be the human ancestral norm (Sellen, 2007).

However, widespread variation in BF practices is evident even among “traditional

breastfeeding populations” (Piperata & Gooden Mattern, 2011; Gray, 1995; Vitzthum, 1992)

This should be expected as a suite of individual, cultural, economic, and ecological factors

ultimately influence individual infants’ needs and individual mothers’ beliefs, perceptions,

and constraints (Dettwyler, 1986; McDade & Worthman, 1998). Observable practices in

extant traditional BF populations may also be rapidly changing due to outside contact and

influences on local economies, values, and beliefs. The effects of such novel influences on
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the practices and patterns of traditional BF populations remain largely unexplored and, given

the diversity of changing BF trends in recent decades, are particularly challenging to project.

The mid-20th century saw the widespread adoption of both bottle-feeding and increased

maternal employment outside of the home in many industrialized countries, leading to

drastically altered BF attitudes and behaviors, and substantial numbers of infants who were

never breastfed or breastfed for only short durations (Boerma et al., 1991; Fomon, 2001;

Van Esterik, 2002). Recent global campaigns to promote BF largely seek to reverse these

trends. Perhaps due in part to these efforts, BF rates in the U.S. have steadily increased since

the 1990s (Ryan, 1997; Wolf, 2003), though the former remain well below targeted public

health goals (Forste & Hoffmann, 2008; Grummer-Strawn et al., 2008). Increased adoption

of formula-feeding, shorter BF durations, and the abandonment of traditional BF practices

were also observed in many developing populations worldwide during 1980s and 1990s

(Adair et al., 1993; Akin et al., 1986; Ferry & Smith, 1983 ; Guthrie et al., 1983; Howrigan,

1988; Huffman, 1984; Winikoff et al., 1988). Though BF is currently on the rise in many

developing countries (Lutter & Morrow, 2013), less than half of infants in these populations

are exclusively breastfed for six months (Marriott et al., 2007). Durations of exclusive BF

and total BF have also recently decreased among some vulnerable populations with

historically high BF rates, including indigenous populations in Mexico (González de Cossio

et al., 2013) and urban populations in Laos (Barennes et al., 2012).

BF patterns of developing populations are continually impacted by changes in maternal

education, employment and attitudes and beliefs about infant care - instigated by changing

demographics and economies (Abada et al., 2001; Quinlan et al., 2003; Raphael & Davis,

1985; Rasheed et al., 2009). Historically, the direction and magnitude of change has not

been uniform. Changes in BF patterns can be positive; for example in Ghana from

1988-1998, mean BF duration increased even as large numbers of women entered the

workforce for the first time (DeRose, 2007). Unfortunately, the erosion of traditional BF

patterns is more commonly documented as developing populations experience rapid

urbanization (Brady, 2012; Gracey, 2003; Harrison et al., 1993; Howrigan, 1988; Igun,

1982; Pérez-Escamilla, 2003; Ruel et al., 1999; Solien de González, 1963).

However, rapid urbanization does not reflect the experience of nearly half of the world's

population (UNDB 2007). In Latin America and elsewhere, many populations remain

relatively non-industrialized, living in rural areas and maintaining traditional subsistence

practices such as hunting, gathering, fishing and horticulture (ibid). Among these

populations “modernizing” influences may affect traditional BF practices differently, as

modernization occurs less abruptly in rural, traditional societies than it does in rapidly

urbanizing ones.

Modernization entails acculturation, or prolonged exposure to the values, institutions and

technologies of a mainstream society (Sam & Berry, 2010). When non-industrialized

societies begin to acculturate, subsequent transitions often occur in subsistence, diet, market

integration, epidemiology, demography, and formalized education (Coimbra et al., 2002;

Godoy et al., 2007; Malina et al., 2008; Nyberg, 2009; Piperata et al., 2011; Valeggia et al.,

2010). These transitions often proceed in a prolonged and piecemeal fashion; for example,
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market foods and modern medicine may become accessible to villages still lacking in basic

sanitation and public health infrastructure. While the individual and collective effects of

various modernizing influences may not drive linearly predictable changes in traditional BF

patterns, any change is likely to influence maternal-infant health outcomes. Ongoing and

detailed studies of BF patterns in modernizing traditional populations are therefore crucial,

yet research in this area is lacking.

To address this problem, we document the breastfeeding patterns of Tsimane

foragerhorticulturalists of the Bolivian Amazon. Though the Tsimane remain relatively non-

industrialized, access to modern medicine, village schools, and local markets has increased

in recent decades (Godoy et al., 2005; Gurven et al., 2007; Reyes-García et al., 2010).

Exposure to these novel influences varies across Tsimane villages, contributing to regional

variation in maternal education, maternal-infant health and nutrition, and the adoption of

Bolivian national values and traditions. We expect that intra-population variation in Tsimane

BF patterns will reflect this regional variation in modernizing influences. Although existing

Tsimane subsistence strategies and pathogen exposure (Foster et al., 2005; McDade et al.,

2005; Tanner et al., 2011; Veile et al., 2012) should favor the protective effects of intensive

BF, we broadly hypothesize that novel modernizing influences will contribute to decreased

BF intensity in this population.

In Bolivia and elsewhere in Latin America, national BF rates have risen over the past 20

years, largely due to BF promotion campaigns (Baker et al., 2006; Lutter & Morrow, 2013).

However, BF statistics derived from national-level surveys often obscure cross-cultural and

regional trends, and may not reflect the BF patterns of geographically and linguistically

isolated populations such as the Tsimane. For example, in Bolivia the greatest gains in BF

have occurred in educated urban women (Lutter et al., 2011a; Lutter & Morrow, 2013),

whereas the Tsimane reside in a Bolivian region that is overwhelmingly rural, under-

educated and poor (UDAPEUNDP, 2010). Furthermore, for many indigenous Latin

American populations, the benefits of health care access and health education are limited

due to language barriers (Terborgh et al., 1995). Indeed BF promotion interventions in

Bolivia generally are implemented in Spanish, Quechua, and Aymara, which are not spoken

by the majority of Tsimane women.

Acculturation and BF Patterns

Tsimane women who reside in villages near the town of San Borja (pop~24,000) are more

acculturated than Tsimane women who reside in remote villages. Acculturated Tsimane

women have frequent contact with other Bolivian nationals, more exposure to formalized

education, greater Spanish fluency, and participate more in agricultural labor and the local

market economy. Though the effects of acculturation on Tsimane BF patterns have not been

examined, we expect that they will be associated with decreased BF intensity, particularly in

young Tsimane mothers. Young Tsimane women are beginning to adopt clothing styles of

mainstream lowland Bolivia and other symbols of modernization (e.g. denim jeans, bras,

heeled shoes, make-up and television). A handful of acculturated young women are adopting

other behaviors that mimic the dominant culture, such as prolonged education and birth

control.
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These novel behaviors and symbols reflect changing perceptions of image and status, and

represent a broader adoption of values and beliefs from the mainstream culture. We

speculate that some of these novel behaviors and beliefs may ultimately serve to discourage

intensive BF. For example, the Western clothing styles adopted by some young Tsimane

women are restrictive and prohibit on-demand BF. Additionally, media portrayals of large-

breasted women are common in stores and discotheques throughout San Borja, and the

sexualization of breasts is a Western attitude that is associated with infrequent BF (Harrell,

1981). Finally, powdered baby formulas and plastic baby bottles are prevalent in San Borja

pharmacies and market stands. Breastmilk substitutes were recently implicated in declines in

BF rates in urban Laos (Barennes et al., 2012). Though bottle-feeding remains extremely

rare in Tsimane villages, we expect that young, acculturated women will be most likely to

adopt such a novel practice.

Local Ecology and BF Patterns

As suggested by the “shifting weanling's optimum” hypothesis, cross-cultural variation in

BF patterns will simultaneously reflect the relative benefit of breastmilk to the infant and the

relative cost of BF to the mother. (Sellen & Smay, 2001). In other words, in

epidemiologically risky environments, intensive BF provides infants the best protection

from disease. However, BF also poses time, energy and reproductive costs for mothers.

Because of their pathogenic environment and high infant mortality rate, we expect that

Tsimane women will practice intensive BF despite maternal constraints. We do not assume

these behaviors reflect a conscious decision or understanding of BF benefits, but rather their

historical traditions and economic conditions.

However, even long-standing traditions may change and evolve as novel epidemiologic

conditions shift the costs and benefits of intensive BF, such as health care that improves

infant survivorship. Among Tsimane, health care access (e.g. vaccines, antibiotics and oral

rehydration therapy) is associated with higher infant survivorship (Gurven, 2012). Regional

variation in health care access among the Tsimane leads to regional differences in infant

mortality rates. Assuming little explicit BF education and promotion, increased access to

medical care that improves infant survivorship may contribute to less intensive BF. In other

words, mothers maintain intensive BF out of necessity under conditions of high infant

mortality, but practice less intensive BF when survival costs are lessened by modern health

care; thus, infants survive at higher rates despite less intensive BF.

To test our general hypothesis that modernization will lead to decreased BF intensity in the

Tsimane, we derive predictions using three proxies of modernization. The first proxy is

infant mortality rate, which varies across Tsimane regions and reflects differences in health

care access. We predict that: 1) Tsimane mothers in regions of low infant mortality will

practice less intensive BF. The second proxy is mother's geographic proximity to San Borja,

which is associated with household income and the consumption of market foods (von

Rueden & Jaeggi, 2012). We predict that 2) Tsimane mothers who are located close to San

Borja will practice less intensive BF. The third proxy is maternal age. We predict that 3)

Younger Tsimane mothers will practice less intensive BF.
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MATERIALS AND METHODS

Ethnographic Background

Tsimane Overview

The Tsimane are indigenous forager-horticulturalists residing along the Maniqui River and

nearby environs, in the Beni Department of Bolivia. The total population (~15,000) is

scattered across over 90 villages that vary in size (pop. ~80-500), ecology, and proximity to

the town of San Borja (Gurven, 2012). Tsimane subsistence, household labor structure, and

reproductive patterns have been described elsewhere (Gurven et al., 2009; McAllister et al.,

2012; Winking & Gurven, 2011).

Briefly, Tsimane practice a mixed subsistence strategy of hunting, foraging, fishing and

small-scale agriculture augmented with sporadic wage labor and produce sales. Spouses

extensively cooperate in household maintenance and horticultural production, but sex roles

are well defined. Men acquire game and fish and engage in wage labor. Women are

responsible for providing childcare, processing and preparing food, washing clothes, caring

for the home and making chicha (a fermented drink made from manioc or other local

cultivants). Both sexes collect forest foods, fetch firewood and water, and work in gardens

and agricultural fields.

Tsimane women, on average, reach menarche at 13.9 years, marry by age 16 (Rucas et al.,

2006), and have their first birth by age 18.6 (Walker et al., 2006). Tsimane women have

extremely high fertility (total fertility rate = 9) (McAllister et al., 2012) and spend much of

their lives in cycles of pregnancy and lactation. There are relatively few taboos concerning

diet and activity of pregnant and lactating Tsimane women. Following birth, Tsimane

mothers and neonates spend at least a week resting in a mosquito net. Infants are

continuously held, worn close to the mother in slings, or rocked in a hammock, and

breastfed more or less on-demand while mothers engage in household tasks. Affordable

breastmilk substitutes (powdered milk and formulas) are available and utilized by women in

San Borja, but in our observations, bottle-feeding remained rare in Tsimane villages.

Toddlers and small children may be cared for by fathers, older siblings, and female kin

while mothers participate in subsistence activities.

Time allocation studies indicate that Tsimane women spend roughly 2 hours/day in direct

productive tasks such as agricultural work and an additional 4-6 hours per day engaged in

domestic tasks including childcare (Gurven et al., 2013). Gurven and colleagues used the

factorial method (FAO/WHO/UNU, 1985) in conjunction with accelerometry and heart rate

monitoring (Assah et al., 2011) to construct 24-hour physical activity level estimates (PAL)

for Tsimane men and women. They found that 24-hour PAL for Tsimane women (aged 20+)

was 1.73. This PAL is categorized as “moderate to active” (FAO/WHO/UNU, 2004) and is

only slightly higher than the mean PAL for women in industrialized societies (1.71), but

slightly lower than that of women from other hunting and gathering or farming groups

(Dugas et al., 2011; Gurven et al., 2013).

The Tsimane diet is nutritionally adequate; the mean BMI of a sample of nursing Tsimane

mothers did not significantly differ from that of a lactationally age-matched sample of U.S.
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mothers (Martin et al., 2012). However, limited health care, a high-pathogen environment,

poor sanitation, anemia, and micronutrient deficiencies contribute to frequent infectious-

mediated morbidity and growth faltering in Tsimane infants and young children (Foster et

al., 2005; Gurven, 2012; McDade et al., 2005; Tanner et al., 2009). The Tsimane infant

mortality rate (herein abbreviated IMR) for 1990-2002 (defined as infant deaths in the first

year of life, excluding abortions, stillbirths and miscarriages) was 126 deaths per 1000

births, based on extensive maternal reproductive histories (Gurven et al., 2007). Though the

Tsimane IMR has declined over time since 1950, it remains higher than the Bolivian

national average, which was 49 deaths per 1000 births in 2003, when this study began.

Tsimane IMR is also unevenly distributed across villages with varying access to health care

(Gurven, 2012). The extent that variation in duration of exclusive BF, age at weaning, and

quality of weanling diets varies within the Tsimane population and impacts broader health

and disease patterns is unknown.

Regional Variation

For the purposes of this paper, Tsimane villages are grouped into four regions that vary

geographically and in many aspects of modernization. Three regions, “forest”, “riverine”,

and “mission” are geographically remote, and are variable in their access to San Borja and

to health care facilities. In contrast, “near-town” villages are easily accessible from San

Borja year round by road.

Six villages sampled are forest villages, which are remote, composed of few families, and

are the least accessible of Tsimane villages, as the road leading to them cannot be traversed

during the rainy season (~ December-March). Among Tsimane regions, formal education

and maternal PAL are lowest in forest villages, while IMR is highest (Gurven, 2012; Gurven

et al., 2013). Lower maternal PAL in forest regions reflects their limited participation in

agriculture relative to women in the more modernized regions.

Six villages sampled are riverine villages, which are located in remote regions along the

Maniqui River. Riverine villages vary in their distance to San Borja, but are accessible by

boat for most of the year. Village sizes (number of families) are generally intermediate

compared to near-town and forest villages. IMR is slightly lower and maternal PAL and

years of education are slightly higher in riverine than in forest villages. (Gurven, 2012;

Gurven et al., 2013).

Four riverine villages sampled are located downstream from San Borja and are part of the

Beni Biosphere Reserve. Established in 1982, the Reserve is a nationally protected area

encompassing 1,350 km2 and use of its resources is restricted to Tsimane residents for

subsistence (Miranda, 1995). These villages are a day's walk from Galilea, a small peasant

village with a health clinic located along the main road to San Borja. The remaining two

riverine villages are located upstream from San Borja and can be reached by boat in a long

day's travel. They are also within a five-hour walk from a large upriver village (mission) that

is attached to a Catholic mission and health clinic.

We describe and analyze mission, a large upriver village, as a separate region because it is

more modernized than surrounding upriver villages. While geographically remote, it is a
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large village (225 families) and possesses an airstrip, health clinic, and a well-attended

Catholic church. An Alsatian priest (Martin Bauer) lived there for 50 years, followed by

several nuns who have since resided in the village and provide health care, health education

and family planning advice to Tsimane in this and the surrounding villages, and regular

schooling to residents. As a result, IMR is low, and adults receive more education compared

to neighboring riverine villages (Gurven et al., 2007; von Rueden & Jaeggi, 2012).

Finally, two villages sampled are near-town villages. The near-town villages are closest to

San Borja and -- with the exception of the mission village – have the largest number of

families. Because health care is easily accessible, IMR is lowest of all regions (nearly half

that of the remote forest and riverine villages). Adults have the most education and women

are the most physically active in near-town villages. Higher PAL in near-town villages

reflects their increased participation in agricultural labor (Gurven et al, 2013); agricultural

plots are largest, and yields greatest, in near-town villages (von Reuden & Jaeggi, 2012).

We rank the four regions by modernization based on: 1) Infant mortality rate, low-mortality

= more modernized (Gurven, 2012); 2) Adult education, greater years attained education =

more modernized (von Rueden & Jaeggi, 2012); 3) Village distance from San Borja, closer

to San Borja = more modernized (ibid); 4) Village size, more families = more modernized

(Gurven et al., 2007) and; 5) Women's physical activity level or PAL, higher PAL = more

modernized (Gurven et al., 2013). Regional characteristics are summarized with

modernization rankings in Table 1.

Tsimane Health Care Access

Since 2003, pregnant Tsimane women and children under five years of age have qualified

for national health insurance (Seguro Universal Materno Infantil or SUMI) enabling them to

receive free preventative and outpatient services from local providers (Silva & Batista,

2010) including a public hospital in San Borja. Insured services provided included prenatal

care, vaccinations, and nutritional supplements. However, health care workers do not speak

Tsimane, and only in recent years has the San Borja hospital staffed a Spanish-Tsimane

translator for Tsimane patients. In addition, clinics at the outskirts of San Borja, Galilea and

the mission village, and traveling outreach programs are available to all Tsimane because of

funding from private religious and non-governmental organizations. Clinics and outreach

programs provide vaccinations, contraceptives, antibiotics, and deworming medications

when available. Visitations by outreach programs occur most frequently in near-town

villages (almost monthly) and at intermediate frequency or only annually in riverine and

forest villages. Village outreach visits are brief and are attended by patients en masse. Thus,

while expanded health care services have undoubtedly increased vaccination coverage and

improved some indices of maternal and infant health among the Tsimane, services remain

limited, access can be uneven and sporadic. Health care workers are limited in their abilities

to provide private consultation and counseling on breastfeeding, infant care, and family

planning practices. Tsimane knowledge of modern biomedical etiology, contraceptives and

health care recommendations remains generally poor.
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Study Sample/Data Collection

Since 2002, Tsimane health, demography, ecology, and culture have been studied under the

Tsimane Health and Life History Project (herein abbreviated as THLHP, http://

www.unm.edu/~tsimane). THLHP employs Bolivian physicians, laboratory technicians, and

Tsimane research assistants to deliver medical care to Tsimane patients while collecting

demographic and biomedical data. A multi-national team of anthropologists work in

Tsimane villages collecting additional ethnographic and behavioral data. Researchers

conducted initial demographic interviews from 2002-2005 (see Gurven et al. 2007); the

THLHP medical team has since continually updated village censuses and patient records.

To characterize Tsimane BF practices, we have compiled four separate investigations

collected under the auspices of THLHP, including interviews collected independently by

three researchers and one large observational dataset. The individual researchers' interviews

were collected as part of separate research projects with independent aims. We have

therefore pooled data from the interview studies that overlap methodologically (i.e. same

questions were asked) or thematically (including data relevant to BF behaviors that were

collected across two of the studies but not all three). Specific data collection activities are

summarized in Table 2.

Because BF patterns in traditional populations are generally understood better as a process

than as discrete events (Humphrey, 2010; DW Sellen, 2009; Gray, 1996), we examine the

following four dimensions of BF: (a) reported BF initiation and colostrum beliefs, (b)

reported CF introduction, (c) reported age at full cessation of BF (herein termed ‘weaning

age’) and weaning beliefs, and d) observed BF frequency. BF initiation, CF introduction,

and weaning measures (dimensions a, b and c) are derived from maternal interviews.

Between 2003 and 2011, three of the authors collectively interviewed 195 Tsimane mothers

of children aged 0-36 months (herein referred to as “infants”) in 14 villages regarding past

and present BF practices (see Table 2). However, retrospective interviews are subject to

recall errors and biases, and mothers may not innumerate between token feeding and CF

(Wilson et al., 2006); leading to discordance in reported and actual BF practices (Cosminsky

et al., 1993; Vitzthum, 1994). Due to this methodological issue, interviews are augmented

with a measure of BF frequency (dimension d) derived from observational studies conducted

by THLHP researchers from 2003-2007 (133 infants observed). Data collection methods are

described in detail below.

Prior to data collection, research protocols received Institutional Review Board approval

from the University of New Mexico and the University of California, Santa Barbara.

Consent was obtained from village leaders and individual participants upon initiating

research activities in each village.

Collection and Analysis of Interview Data—At each phase of the study, mothers of

infants (0-36 months) were identified in study villages from household censuses. In 2003

and 2006, Author 1 conducted interviews with 88 mothers in nine near-town, riverine, and

forest villages (total pop ~1272). All mothers of infants were asked to participate, and no

woman declined. In 2009, Author 2 conducted interviews with 51 mothers of infants in a

near-town village (population ~400). All mothers of infants were asked to participate, with
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only one declining. From 2010-2011, Author 3 conducted interviews with 76 mothers of

infants in seven near-town, riverine and forest villages (pop. ~1434). All mothers of infants

were asked to participate, with only three declining.

In all interviews, mothers were first asked if their infants had begun consuming any

nonbreastmilk liquids or solids. Mothers answering “yes” were asked if infants were still

nursing, and how old their infants were when CF began. From this recall, infants were

categorized as “exclusively breastfeeding”, “complementary feeding” or “weaned.”

Multiparous mothers of nursing infants were asked the age that their previous infants were

weaned. Additional questions varied among the authors: Two authors asked mothers when

BF was initiated after birth and if they believed colostrum was “good” or “bad” for infants,

and two authors asked what mothers believed was the “ideal” weaning age. Datasets were

combined where possible.

Statistical analyses were generated using Predictive Analytics Software Statistics version

18.0 (SPSS Inc., Chicago, IL, USA). Regional comparisons of infant age, maternal age and

parity (live births) were performed using one-way ANOVA. Statistical analyses assess all

dimensions of BF for all mothers from all villages who were interviewed from 2003-2011:

BF initiation (practice and belief), CF introduction, weaning (practice and belief), and BF

frequency. Predictor variables were region (an indicator of IMR), village distance from

town, and maternal age.

Though region and distance are correlated, they are examined separately in any analysis in

which Fatima (mission) was sampled (CF initiation and weaning). We conduct separate

analyses because the mission region is geographically remote, but also has a well-established

health post and relatively low IMR. In contrast, regional and distance-related results were

redundant when the mission region was not sampled (BF initiation and BF frequency). We

therefore report regional results for BF initiation and BF frequency only. For all statistical

models, control variables were infant age and a parity-for-age term (either the studentized

residual generated from a parity*age linear regression, denoted Parityage1, or the

studentized residual generated from a parity*age*age2 linear regression, denoted

Parityage2).

In statistical comparisons of BF initiation and colostrum beliefs across regions, riverine and

forest villages were combined due to small sample size, and are referred to collectively as

remote villages. Binary logistic regression models were used to test predictors of BF

initiation and colostrum beliefs. In statistical models for both CF initiation and weaning age,

linear mixed models were used. Because some mothers were interviewed more than once

(during different study periods) regarding CF and weaning practices of different infants,

models controlled for mother ID as a random effect. Ordinary least-squares regressions were

used to compare the actual and ideal weaning age reported by individual mothers.

Collection and Analysis of Observational Data—From 2002-2007, time allocation

studies were conducted by Authors 1 and 3 and other THLHP researchers in nine Tsimane

villages using standard scan-sampling techniques (Gross, 1984; Hames, 1992; Johnson &

Behrens, 1989). Data were collected from two forest villages and two riverine villages from
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2002-2003, a near-town village and a forest village from 2005-2006, and four riverine

villages from 2006-2007 (observations were not collected in the mission region).

Two and three-hour household “time blocks” were conducted in household clusters based on

proximity, which closely matched kinship (Winking, 2005). Clusters were sampled

randomly without replacement for 2 or 3-hour time blocks, covering all hours from 7:00

a.m. to 7 p.m. During time blocks, instantaneous scans were taken every half hour, in which

the activity, location, and social group of all individuals within the cluster were recorded,

resulting in 4-6 time points per person per time block. The individual's activity was

described as best as possible including objects and interactants. Infants were most often

coded as being recipients of direct care (being held, nursed, groomed, bathed, fanned, fed, or

swung) and the identity of their caretakers was noted. Other common infant behaviors

included crying, sleeping, and passive or active play. Locations were standardized, allowing

for houses, kitchens, yards and fields for each family, and a set of village-specific locales.

A subset of infant observations was compiled to model the transition from exclusive

breastfeeding to weaning. Infants included in this subset met the following criteria: (1) aged

0-36 months with verified birthdate; (2) observed in ≥10 in-camp household scans; and (3)

observed BF or CF in at least one of the observations. The resulting sample consisted of 133

infants from near-town (n=35), forest (n=30), and riverine villages (n=68) and 862

consumption observations (averaging 6.5 per infant). Observations were pooled by infant

age (in months) and plotted to observe respective changes in frequency of BF versus CF

over time (Figure 1). A generalized estimating equation was used to model breastfeeding

frequency: “the probability that an infant was observed BF vs. CF from 0-36 months (binary

outcome: 1=BF, 0=consuming nonbreastmilk food or liquids, infant ID controlled as

repeated measure). Predictor variables were identical to those used in models of interview

data: region (an indicator of IMR), village distance from town, and maternal age. Control

variables were infant age, data coder, a parity-for-age term, the studentized residual

generated from a parity*age (denoted Parityage1), or a parity*age*age2 (denoted Parityage2).

RESULTS

Descriptive statistics for the 312 infants and 238 mothers sampled are provided in Table 3.

Mean (± SD) infant age was 15.4 ± 10.0 months, mean (± SD) maternal age was 27.1 ± 8.1

years, and mean (± SD) parity was 4.5 ± 3.1. There were no significant differences in infant

age, maternal age, and parity across regions in post-hoc tests. Mean (± SD) age of CF

introduction was 4.13 ± 2.0 and varied significantly across regions (see Tables 3 and 4).

Reported mean (± SD) weaning age was 19.2 ± 7.3, and did not vary significantly across

regions.

Dimension 1: Breastfeeding initiation

Seventy-two percent of the mothers interviewed (52/72) reported that they initiated BF

immediately or within a few hours following birth. The remaining 20 mothers who did not

immediately breastfeed did so within 1-2 (45%) or 3-4 days (55%). Most reported delaying

BF because their milk had not yet come in or their infant would not suckle. Interviews

revealed no stringent taboos regarding the provisioning of colostrum, and instead suggest a
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degree of cultural consensus on its benefits; 62% of mothers reported that the milk produced

in the first few days after birth was “jäm” (good), while 31% reported it as “jam” (“bad”),

and 7% had no opinion. Eighty-three percent of mothers who reported colostrum was

“good” also reported breastfeeding immediately after birth, compared to only 47% of

mothers reporting colostrum was “bad” (χ2 = 8.24, p = .004).

In logistic regression models, region, but not maternal age, was a significant predictor of BF

initiation and colostrum beliefs after controlling for infant age (model not shown). Mothers

in low-mortality near-town villages were more likely to report immediate BF than were

mothers in high-mortality, geographically remote (forest and riverine) villages (near-town

73%; remote 42%; χ2 = 11.7, p = .001), and were more likely to report that colostrum was

“good” than were mothers in remote villages (near-town 85%; remote 45%; [.chi]2 = 6.36,

p= .012). We cannot isolate regional from temporal differences with the available data,

because interviews were conducted in remote and near-town villages during different study

periods (2003 and 2009, respectively).

Dimension 2: Complementary feeding

Watery stews of plantain or rice, and meat or fish, were common introductory

complementary foods. Among infants <6 months of age, 48% (28/58) had begun CF at the

time of interview. Median reported age of first CF for these infants was 3.0 months. Of all

non-exclusively BF infants (n= 183), the mean (± SD) reported age of CF introduction was

4.1 ± 2.0 months (median= 4.0, interquartile range= 3.0 months). Infant's age at time of

interview and reported age of CF were positively correlated (Spearmans r = 0.176, p = .

017), suggesting reported age of first CF may be inflated with length of recall.

In linear mixed models controlling for maternal repetition (16 mothers interviewed by

Authors 1 and 2 were interviewed by Author 3 following the birth of a new child), region,

but not distance from town or maternal age, was a significant predictor of timing of CF

initiation (Table 4). Mothers from the forest region reported the earliest, and mothers from

the mission region reported the latest age of CF introduction. Mothers from near-town and

riverine regions reported intermediate ages of CF introduction. Infant age, infant age2, and

parityage2 were also significant in the model.

One riverine and one near-town village were sampled twice (2003/2011 and 2009/2011,

respectively). Despite having repeat measures, only 16 mothers were interviewed twice.

These mothers did not vary their CF patterns from one infant to the next: paired t-test of CF

initiation for previous offspring vs. next offspring was non-significant, (t = 0.149, d f= 15, p

= .883).

Of the four dimensions of BF, the largest and most complete sample comes from the CF

interview. We therefore assess CF trends over time by comparing data collected in forest,

riverine and near-town regions in 2003 with data collected in forest, riverine and near-town

regions in 2011. Temporal differences in age of mean CF introduction were not statistically

significant (paired t-tests of CF initiation for 2003 vs. 2011: in near-town region (t = 1.393,

df= 27, p = .175), in riverine region (t = 0.824, df = 24, p = .418), in forest region (t = 1.813,

df= 23, p = .083)), suggesting little temporal change by region. The data further suggest a
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pattern in which regional variation persists through time (Figure 1); in 2003 and 2011, forest

mothers report the earliest CF onset, followed by riverine mothers, and near-town mothers

report the latest CF onset.

Dimension 3: Weaning Age

The average (± SD) age at which previous infants were reportedly fully weaned was 19.2 ±

7.3 months (n = 117). The average (± SD) ideal weaning age (a belief) reported by mothers

was 23.3 ± 6.7 months (n = 57). Actual weaning age (practice) and ideal weaning age

(belief) were correlated (r = 0.421, p = .001), but most mothers weaned their infants earlier

than their reported ideal weaning age (paired t-test of actual vs. ideal weaning: t = -3.885, df

=56, p = .001). This is likely due to a subsequent pregnancy, which most Tsimane women

cite as their reason for weaning. Tsimane mothers thus have a cultural preference for

prolonged BF, but rarely achieve their desired BF duration.

In linear-mixed models controlling for maternal repetition (14 mothers interviewed by

Authors 1 and 2 were interviewed by Author 3 following the birth of a new child), none of

the predictor variables (region, distance or maternal age) significantly predicted reported

weaning age (data not shown). Only a parity-for-age term (parityage1) was a significant

predictor of reported (actual) weaning age (β = -.377, p =.039), such that high-parity mothers

wean sooner at all ages.

As with CF, mothers who were interviewed twice came mainly from a riverine village

sampled in 2003/2011 and a near-town village sampled in 2009/2011. There was no

significant variation in the timing of weaning across infants. Paired t-test of weaning

previous offspring vs. next offspring was non-significant (t= -.559, df = 13, p = .585).

Dimension 4: Observations of BF Frequency

Figure 2 reveals the transition from BF to weaning using relative frequencies of each,

derived from the observational dataset. The earliest CF observation was at one month and

the latest BF observation at 36 months, with substantial variation observed across mother-

infant dyads. Prolonged periods of mixed BF and CF were common. Observed CF

consumption did not begin to exceed observed BF until 13.3 months of age.

In generalized estimating equations (controlling for individual infants as repeated subjects),

region was a significant predictor of BF frequency, and maternal age was marginally

significant after controlling for infant age and parityage1 (Table 5). BF frequency was

highest in the near-town region and differed significantly between forest/near-town regions

and between riverine/near-town regions, but not between forest/riverine regions. BF

frequency observations were conducted during different time periods (2002-2003,

2005-2006, and 2006-2007) in different regions, and no village was sampled twice. We

therefore cannot isolate regional from temporal differences with the available data.

Concordance of Observations with Interviews

Due to sampling limitations, both interview and observational data are available for only a

small subset of the sample (30 mother-infant dyads). In generalized linear models, age of CF
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initiation (derived from interviews) was not a predictor of BF frequency before or after

controlling for infant age, maternal age or parity (data not shown). We therefore see no

correlation between these two separate dimensions of BF frequency (one derived from

interview and one derived from observational data) in this small subset of the sample.

Discussion

In the Tsimane we find evidence of intra-population variation in BF initiation rates, BF

frequency and the timing of CF. However, our general hypothesis that modernization is

associated with declines in BF intensity was not supported. Our geographic proxies for

modernization are instead associated with more intensive reported and observed BF, and

maternal age was not generally associated with variation in BF patterns (see Table 6 for a

summary of results). Region, and to a lesser extent, distance from town, was associated

associated with variation in most dimensions of BF, but not in the direction expected.

Mothers in remote villages have the least intensive BF practices, despites having the highest

infant mortality and the least access to modernizing influences.

Among Tsimane, distance from town generally diminishes access to markets and health

care. However, regional variation encompasses more factors than just distance. For example,

interior forest and riverine regions are both geographically remote. However the forest

villages are much more isolated, especially in the rainy season. This geographic isolation

contributes to higher infant mortality (Gurven et al., 2007), and perhaps, to less intensive

BF. In contrast, the airstrip and health clinic found at the mission village seem to have a

positive effect on infant health and BF patterns in the mission village and neighboring

riverine villages, despite its geographically remote location. Future research should explore

the respective effects of BF patterns and health care utilization on a variety of infant health

outcomes, as we cannot directly link BF patterns to mortality outcomes with the data

available.

Tsimane BF patterns are broadly characterized by high BF initiation, frequent BF, and

prolonged BF duration—all common practices in traditional, non-industrialized societies.

We have, however identified two practices that are potentially risky to infant health. First,

nearly one-fourth of mothers reported delaying BF initiation; and second, most Tsimane

mothers initiate CF prior to the WHO- recommended six months.

Delayed BF initiation is common in some cultures where colostrum is viewed as undesirable

and dirty, and deprives newborns of vital immunological protection (Ergenekon-Ozelci et

al., 2006; Rogers et al., 2011). The phenomenon of early CF is also common to many

subsistence societies (Sellen & Smay, 2001) as well as in the U.S., where 40.4% of mothers

introduce infants to solid foods before four months, often following the recommendation of

pediatricians (Clayton et al., 2013). Exhaustive reviews indicate that exclusive BF for the

first six months is optimal for infant health (Kramer & Kakuma, 2012); still others contend

that initiating CF between 4-6 months is not detrimental under some circumstances (Fewtrell

et al., 2007). Early CF may even be adaptive in extremely resource-scarce settings, where it

reduces the energetic burden BF imposes on mothers (Gray, 1998).
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It is crucial to investigate further how ecological factors and maternal constraints and beliefs

might contribute to seemingly suboptimal BF practices in the less-modernized Tsimane

villages. Regional comparisons of maternal physical activity level do not suggest that forest

and riverine mothers have a higher workload that would be incompatible with intensive BF;

women's daily PAL is highest in the near-town villages (Table 1). We also do not expect

that complementary food availability is a constraint, as commonly used complementary

foods such as plantain are found in all Tsimane regions. With the exception of age at

weaning (which occurred earliest in high-parity women), existing children also did not seem

to pose a BF constraint for Tsimane women. Parity was not associated with BF initiation,

frequency, or timing of CF.

Maternal beliefs may impose constraints on BF practices in the Tsimane, based on two lines

of evidence. First, maternal beliefs regarding colostrum and ideal weaning were significant

predictors of BF initiation and reported age at weaning, respectively. Second, individual

mothers did not vary CF or age at weaning across different infants. Future research should

therefore explore in greater detail the processes by which BF and CF beliefs are established,

and whether forest and riverine mothers retain “traditional beliefs” that have recently

changed in the near-town and mission regions in response to modernizing influences.

This study is limited by possible reporting bias and sampling issues. We cannot demonstrate

conclusively that reports of intensive BF practices reflect actual practices. For example,

near-town mothers may be more likely to report recommended practice, whether or not they

actually engage in it. Furthermore, we cannot directly assess recent changes in Tsimane BF

patterns because of sampling limitations. Still, it is compelling that the regional variation in

reported CF patterns in 2003 (and throughout the sample) resembles the variation in reported

CF patterns in 2011. This suggests that regional variation in CF initiation may be robust

over time. Data are currently lacking to evaluate consistency of this trend across other

dimensions of BF. To better assess the nature of temporal trends, THLHP research efforts

are currently focused on more consistent monitoring of Tsimane BF patterns across villages

and over time.

Despite its limitations, the findings of our study have important public health implications.

Prolonged BF may contribute to longer interbirth intervals, which among Tsimane women

are associated with lower mortality for infants on both sides of the birth interval (Gurven

2012). Early weaning, in contrast is associated with a shorter interbirth interval and with

high fertility. To work toward better maternal and infant health, this information should be

communicated to Tsimane women. Public health messages must be targeted equally at all

Tsimane villages, and should be ongoing. Though mothers in the forest region currently

exhibit least intensive BF patterns, we suspect that changes may be looming in the near

future. BF patterns of near-town mothers may change with progressive modernization;

educated and acculturated women are likely to begin seeking employment outside of the

home.

A possible forum for an intervention is Radio Chimane, a radio station established by New

Tribes Missionaries and run by Tsimane, which broadcasts news in the Tsimane language.

Radios are now present in even the most remote Tsimane regions, and most Tsimane listen
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to Radio Chimane regularly. Messages could emphasize the many positive aspects of

Tsimane BF culture as well as the possible contraceptive effects of prolonging BF. Tsimane

women report having more children than they desire, suggesting an unmet need for more

effective family planning (McAllister et al., 2012). Radio messages could also advise

Tsimane mothers to always feed colostrum, and encourage exclusive BF for six months.

Such an intervention would be affordable and practical, and would encourage women to

maintain their current practices, but adopt small changes that can help improve infant

survivorship and contribute to lower fertility.

On a broader scale, ongoing, systematic documentation of breastfeeding patterns in Latin

American indigenous communities needed. This is particularly important because the health

needs of modernizing indigenous populations are often neglected by national and regional

governments (Montenegro & Stephens, 2006). While modernization is associated with

intensive BF in the Tsimane in our study, Mexico's indigenous populations have

experienced a disturbing decline in BF in recent years (González de Cossio et al., 2013).

Studies of BF trends in indigenous populations should therefore be conducted in a

population-specific manner, and employ quantitative and qualitative data collection

techniques to understand cultural and individual beliefs that inform current practice

(Dettwyler, 1986). These perspectives may be especially helpful in devising educational

strategies that commend and preserve beneficial breastfeeding beliefs and practices while

targeting more high-risk ones.
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• We document breastfeeding patterns in a traditional population, the Tsimane of

Bolivia

• Tsimane mothers in modernized communities practiced more intensive

breastfeeding patterns

• Maternal beliefs predicted the timing of breastfeeding initiation and weaning

• Breastfeeding promotion activities must target communities equally and in the

Tsimane language
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Figure 1.
Mean age of introduction of complementary foods in 2003 (white bars) and 2011 (gray

bars). Means are stratified by Tsimane region, with standard errors.
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Figure 2.
Plot of observed consumption patterns in 133 infants (0-36 months). The Y-axis shows the

proportion of consumption observations in which infants were observed BF (diamonds)

versus CF (squares). BF and CF observations are pooled by individual and by month. Trend

lines for BF (dashed line) and CF (solid line) are shown.
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Table 1

Differences in indicators of modernization across four Tsimane regions. Data are from published and

unpublished previous studies.

Region # of Villages Number of

families 
*

Distance to
San Borja
(km)

Mean years
schooling

(adult) 
*

IMR/1000
**

Women's PAL 
*** Modernization rank

Forest 6 43 (21-66) 31-82 0.6 171 1.66 Low

River 6 65 (37-89) 20-59 2.0 147 1.69 Medium

Mission 1 225 66 2.9 111 Not sampled Medium-High

Near-town 3 165 (161-169) <30 3.0 81 1.81 High

*
Mean (range), von Reuden & Jaeggi, 2012 (years of schooling are age-adjusted)

**
IMR: 1990-2002, Gurven et al. 2007, Gurven 2012

***
Gurven et al. 2013
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Table 3

Top: Descriptive characteristics for 312 Tsimane infants and 238 mothers combined from interview and

observational datasets. Lower: Summarized interview results for CF and weaning.

Descriptive Forest Riverine Mission Near-town Total

Infant n 57 127 15 113 312

Mother n 46 98 15 79 238

Maternal age (years) 26.1 ± 7.7
(15-43)

26.9 ± 7.7 (15-47) 30.3 ± 9.0 (17-46) 27.4 ± 8.7 (15-48) 27.1.0 ± 8.1 (15-48)

Parity 3.9 ± 2.7
(1-13)

4.6 ± 3.0(1-12) 5.4 ± 3.2(1-10) 4.6 ± 3.4(1-14) 4.5 ± 3.1(1-14)

Infant age (months) 14.2 ± 10.5
(0-36)

15.7 ± 10.3(0-36) 11.4± 7.4.(1.6-27) 16.2 ± 9.6 (0-36) 15.4 ± 10.0 (0-36)

Male: female infants 1.3 0.9 0.9 1.3 1.2

Interview

CF introduction (months) 2.9 ± 1.8
(0-7) (n= 26)

4.4 ± 1.8 (0-9) (n= 70) 6.0 ± 0.9 (4-8) (n= 10) ^4.0 ± 2.1 (0-8) (n=
77)

4.13± 2.0 (0-9) (n=
183)

Weaning (actual) 17.4 ± 8.3
(10-36) (n=
19)

17.6 ± 8.2 (5-36) (n=
24)

22.7 ± 7.9 (12-36) (n=
14)

19.6 ± 6.6 (9-42)
(n= 60)

19.2 ± 7.3 (5-42)
(n= 117)

Weaning (ideal) 21.8 ± 4.5
(12-24) (n=
8)

22.3 ± 6.7 (12-36) (n=
24)

25.7 ± 9.5 (12-48) (n=
14)

19.6 ± 6.6 (18-24)
(n= 11)

23.26 ± 6.7 (12-48)
(n= 57)

* Mean, SD (range)
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Table 4

Linear mixed model for introduction of complementary feeding (Marquis et al.), forest=baseline region.

Dependent variable=age of CF introduction (in months).

Parameter Estimate St. Error t-value Sig

Age infant (months) 0.171 0.059 2.899 0.004

Age infant2 −0.004 0.002 −2.474 0.015

Parityage2 −0.203 0.140 −1.449 0.149

Region=Forest 0 n/a n/a n/a

Region=Riverine 1.429 0.430 3.323 0.001

Region=Mission 2.886 0.698 4.135 0.000

Region=Near-town 1.086 0.426 2.834 0.005
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Table 5

Generalized estimating equation with binary logistic outcome, 1=BF (breastfeeding), 0=CF (complementary

feeding: consuming non-breastmilk liquids or solids). Forest is baseline region. Model controls for repeated

measures on infants.

Parameter Estimate St. Error Chi-Square Sig

Age infant (months) −0.185 0.014 167.555 0.002

MomAge 0.031 0.016 3.811 0.051

Parityage1 −0.006 0.127 0.003 0.960

Region= Forest 0 n/a n/a n/a

Region= Riverine 0.164 0.250 0.432 0.511

Region= Acculturated 1.000 0.307 12.617 0.000
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Table 6

Summary of findings across four dimensions of breastfeeding (BF=breastfeeding, CF=complementary

feeding). 0=Variable did not significantly predict outcome; - = Variable significantly predicted outcome, not

in predicted direction; + = variable significantly predicted outcome, in predicted direction.

Variable Reported BF Initiation Reported CF Introduction Weaning Age BFfrequency

1: Distance − 0 0 −

2: Region − − 0 −

3: Mother's age 0 0 0
+

*

*
Maternal age was marginally significant after controlling for parity-for-age.
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