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Objective: To understand the basics of sleep quality in a pastoralist population and to explore predictors of
this variation.
Design: Cross-sectional.
Setting: Northern Namibia, dry seasons of 2016 and 2017.
Participants: The Himba, a nonindustrial seminomadic agropastoralist population without access to the
electrical grid.
Measurements:Using Actiwatch-2 devices, 75 participants completed 721 days ofwear.We calculated sleep
duration, efficiency, and activity counts before and after sunset/sunrise and onset/offset. Participants were
also interviewed about sleeping arrangements and nighttime disruptions.
Results:Himba show lower sleep duration and efficiency than other populations studied, andmen had sub-
stantially lower duration and efficiency than women. Sex differences were not attenuated when napping

was included with total sleep time. Age predicted longer sleep duration and lower evening and morning
activity levels. Number of adult co-sleepers predicted increased sleep duration and efficiency in women.
Livestock disturbance was not a commonly reported cause of nighttime waking.
Conclusions: These findings support predictions that pastoralist groups may have lower sleep quality than
other subsistence populations, but this does not appear to be a consequence of noise from livestock. Instead,
lower sleep quality appears to be the result of subsistence and social activities, particularly for men and
young adults overall.

© 2018 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Introduction

Recent sleep research has focused on defining normal sleep pat-
terns by conducting observational research among diverse popula-
tions worldwide, especially those who lack access to electric light.
Although electricity’s influence on sleep patterns in postindustrial
and urban populations is both pronounced and undisputed,1,2 much
of the early research in these populations suggest other environmen-
tal factors have similarly impactful influence on sleep duration and
quality in nonindustrial small-scale societies. Moreover, although av-
erage sleep duration does not appear to differ substantially among
these types of populations, nighttime activity, sleep timing, efficiency,
and intraindividual nightly consistency vary considerably.3–9 The ex-
tant diversity in sleep patterns suggests that sleep exhibits pheno-
typic plasticity, whereby variation in an individual’s sleep
by Elsevier Inc. All rights reserved
environment and general life conditions elicits a diverse array of
sleep patterns, regardless of the presence or absence of electric light-
ing or other facets of themodern, industrialized lifestyle. One can ex-
pect significant variation in sleep across small-scale societies,
depending on the type and timing of productive tasks, the opportu-
nity costs of sleep, and the importance of nighttime activities. Fur-
thermore, where men’s and women’s activities differ due to the
sexual division of labor or to differential participation in ritual or
other social activities, we should see gendered variance in sleep pa-
rameters. To establish a more nuanced understanding of human
sleep patterns, a broader perspective is required that explores the
full range of diversity in human sleep ecology and associated sleep
patterns. This study aims to contribute toward this end by providing
the first quantitative description of actigraphically measured sleep
patterns in a pastoralist population.

In addition to the many industrialized populations where sleep
has been extensively investigated, recent studies of adult sleep in
nonelectrified villages and small-scale societies include market
.
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agriculturalists, food-producing agriculturalists, subsistence
horticulturalists, and hunter-gatherers.1,4–6,8–11 To date, sleep pat-
terns in pastoralist groups have not been investigated despite the
fact that nomadic, seminomadic, and agropastoralism remain com-
mon subsistence strategies across Africa, Asia, and Europe, with an
estimated 200million pastoralists worldwide.12 There are many rea-
sons to expect that pastoralist sleep patterns might differ from small-
scale societies that rely on other modes of production. Despite ongo-
ing increases in market integration, loss of grazing lands, and associ-
ated increases in sedentarization, many pastoralists are still highly
mobile, and high mobility can lead to frequent changes in sleeping
conditions.13,14 In particular, transhumance (seasonal mobility) en-
tails frequent camp relocation, especially during the dry season.
This results in lower mobility during the wet season, when livestock
graze closer to central households, and highermobility during the dry
season, when cattle are grazed farther afield.15 However, nonsea-
sonal factors can also result in short- or long-term mobility. Senega-
lese Fulani pastoralists report transhumance as a result of
heterogeneous rainfall, fire, disease, or loss of water at a borehole.16

Variance inmobility is explained by a wide variety of social and envi-
ronmental concerns; for example, Turkana pastoralists have been ob-
served tomove 15 times per year on average,17 and these patterns of
movement intensify in response to raiding concerns.18 The burden of
mobility may be particularly taxing for young men, who spend more
time herding livestock and are highly mobile, traveling between
waterposts, cattleposts, and various grazing areas frequently.16 For
example, Gabra boys and young men may shift frequently between
main settlements and temporary encampments, sleeping on the
ground, whereas girls traditionally only leave the natal household
upon marriage.19 Camp relocation can also cause increased work
for women; women report concern about workload stress associated
with such moves.16,18 Overall, the frequency of changes in sleep
structure, co-sleeper composition, and sleeping location is predicted
to be associated with higher variance in sleep duration, timing, and
consolidation in a subsistence pastoralist population.

Many pastoralists sleep in close proximity to their livestock and
may suffer frequent waking and loss of sleep because of disruptions
such as noise or an animal escaping the kraal (fenced pen).Moreover,
pastoralists may need to maintain vigilance during the night to deter
threats to their livestock, such as predators or theft. This may be an
important predictor of nighttime activity and nightly variation in
sleep patterns among pastoralists. There is some evidence that asyn-
chronous group sleep in small-scale populations may be an evolu-
tionary strategy against predators or hostile persons4, and this may
be a strategy used by pastoralists against loss of livestock as well. In-
deed, Akpa et al20 report that “throughout the night, the pastoral Fu-
lani must keep vigil on the animals, protecting them from night
marauders.” Cattle theft and raiding are common among some pasto-
ralist groups, where they are particularly salient sources of
stress.18,21,22 One solution is the keeping of domestic dogs, which
can alert people to predators or raiders but can also result in addi-
tional sleep disruptions from general barking at night.19 Overall,
nighttime pastoralist vigilance against loss of livestock is predicted
to result in frequent waking and lower-quality sleep.

In general, sleep trades off against otherwakingbehaviors, includ-
ing subsistence, social, and reproductive pursuits. Although it had
long been assumed that the advent of artificial light was responsible
for late onset times, recent work suggests that there are ample night-
time activities that people in small-scale, subsistence societies regu-
larly engage in.3,9,23 These opportunity costs may be particularly
relevant for pastoralists, as subsistence tasks, such as milking,
watering, or pasturing livestock, often begin early in the morning
and can extend late into the evening. For example, in the Maasai,
“cows are milked twice daily by women and girls, at sunrise before
the cattle leave for pasture and at sunset when they have returned
to the kraal.”24 Likewise, Gabra are reported to milk and take live-
stock to pasture before sunrise, to avoid the hottest period of the
day, and again at dusk, resulting in very early wake times and very
late bedtimes.19 Therefore, the labor demands of pastoralism are ex-
pected to modulate sleep times, but this modulation may be age and
sex specific. Pastoralists also often engage in social activities in the
evening, including storytelling and sharing news of the day, as in
other small-scale groups.23

In this study, we conducted the first direct investigation of pasto-
ralist sleep patterns using wrist-worn actigraphy. We first describe
the average sleep onset, offset, and duration for this population.
Based on the ecology and labor demands of pastoralism, sleep inter-
ruption and reduced sleep efficiency may be relevant dimensions of
typical Himba sleep patterns, but these effects may not be the same
formen andwomen due to the sexual division of labor. To investigate
this issue, we compare sleep duration, timing, and efficiency between
men and women and test for any significant age effects. We predict
that pastoralists will have, on average, lower sleep duration and effi-
ciency relative to populations using other subsistence strategies.
Next, we examine the circadian pattern of morning and evening ac-
tivity, focusing on comparing the magnitude of activity in the hour
before and the hour after both sunrise and sunset, to understand in-
dividual variation and sex differences in sleep parameters. Given
the sex-specific labor demands in this population, we predict that ac-
tivity patterns will map onto sleep parameters, resulting in lower
sleepduration formen. Based on these results, we then quantitatively
examinedmen’s andwomen’s sleep ecologies and test for the predic-
tive power of some of these factors for sleep timing, duration, and ef-
ficiency. We further predict that participants will report nighttime
livestock disruptions as causal agents of nighttime waking and that
co-sleepers—and number of children in particular—will be further
linked to sleep disruptions and lower sleep quality.

Methods

Ethnographic context

The Himba are seminomadic agropastoralists living in the Kunene
region of northern Namibia.25,26 In the study area, there is no electric
light or runningwater, although some small solar panels power small
items like cell phones. Households consist of extended families from
10 to 30 individuals, all living within a fenced compound.25 Com-
pounds in this area are slightly larger than in other areas where
Himba reside.21 At the center of the compound (roughly 20-50 ft
from the residence structures) is a corral for livestock, with additional
smaller corrals used for baby sheep and goats. Other domesticated
animals such as chickens, donkeys, and dogs are also all quite com-
mon and similarly reside at night within the larger fenced area. De-
pending on household size, compounds may have a single or, more
often, multiple residence structures made from thick mud and cow
dung. These rounded structures have a single entrance and are
completely open on the inside except for a central support beam.
Typically, a fire is lit at the center for warmth and burns throughout
the night. The majority of huts do not have a chimney, resulting in
thick smoke inside the structure when the fire is lit. The Himba rarely
have sleeping pads or mattresses, and instead sleep on mats made
from cow hides and use wooden headrests.

Households are frequently polygynous, and most include at least
2-3 generations.27 Co-wives each have their own hut, where they
sleep with small children, and their husband rotates between them
while keeping a main residence with his first wife. Young children
co-sleep with their parents, whereas older children will often sleep
together on their own. Women report waking early to begin making
butter from sourmilk thatwas left to sit overnight,whereasmenmay
rise early to take the livestock to water and pasture. These early
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morning tasks may result in sex-differentiated shifts in onset and off-
set times. Age may also be an important factor. Young men and ado-
lescent boys are primarily responsible for the herding and grazing of
livestock, whereas oldermenmay stay in the compound until later in
the day.26 The family reconvenes in the early evening for a meal and
the evening milking. It is common for households to gather around
the fire for several hours after dark, singing and telling stories. Men
are also known to visit their extramarital lovers after dark, at times
traveling substantial distances to do so.28

Data collection

Male and female sleep data were collected in the dry seasons of
2016 and 2017, respectively. Participants were recruited opportunisti-
cally at compounds as part of a separate project.We excluded any par-
ticipants who were visiting or planned to leave the study area within
the span of 2-3weeks. In 2017, in addition to actigraphy,we conducted
short, structured interviews with women at the end of the sampling
period, asking participants to list the number of children and adults
they normally shared a hut with and whether they usually slept with
a fire in the hut. We also asked each participant to free-list any distur-
bances that resulted in nighttime waking. For men, informal notes
were recorded opportunistically about their activity, sleep patterns,
and sleep locations on 54 nights. For all participants, ages were calcu-
lated using a traditional year-name system (see Scelza29 for details).
Sleep data were collected using Actiwatch-2 devices worn on the left
wrist for up to 2 weeks at a time. Because individuals often move to
new locations or travel to visit family in other areas, we asked partici-
pants to return the watches early if they were to leave the study area
before the end of the study period.

Data processing and analysis

The Actiwatch-2 sleep monitor by Philips Respironics relies on
actigraphic measurements of bodily movement to distinguish sleep
from wake for each 1-minute epoch recorded. This method has
been validated extensively against polysomnography30 and has
been used in several recent studies of sleep in nonelectrified
villages1,5,6,8,9,11 as well as in industrialized populations.31–33 When
worn on the wrist, these devices are prone to high error rates for
measuring overall physical activity.34 After raw data actigraphy data
were imported into R, sleep intervals were manually identified and
scoredwith the Respironics algorithm (adapted from Cole et al35) ac-
cording to the protocol detailed in Yetish et al.3 We then calculated
sleep onset (time of first sleep initiation for the night), sleep offset
(time of final sleep termination for the night), “time in bed” (here re-
ferring to the duration of the “sleep period,” which extends from
sleep onset to sleep offset), total sleep duration (total time spent in
bed minus all minutes spent waking after sleep onset prior to sleep
offset), and sleep efficiency (sleep duration divided by time in bed).

Daily sleep was calculated similarly to night sleep but with the
modified criteria of using the “high sensitivity” threshold value to dis-
tinguish sleep from wake for a given epoch and requiring at least 15
minutes of continuous sleep to be distinguished from rest, as detailed
in Samson et al.10 We also implemented additional inclusion and ex-
clusion criteria to reduce false positives for nap identification. If there
wasmore than 1 hour of nonwear that day (identified as 60 continu-
ous minutes with an activity level of 0 recorded), daily sleep data
were considered unknown/unmeasured (100/749 person-days).
Daily sleep, by definition, must occur between sunrise and sunset,
but if sleep offset were later than sunrise, it was not included (11/
649 measured person-days). Sleep onset never preceded sunset in
this database, so this did not produce any false-positive nap identifi-
cations. As an added level of quality control, all person-days with
more than 60 minutes of daily sleep recorded (85/649) were
reviewed graphically. Additional nonwear periods became obvious
in this way when 24-hour activity patterns showed near-0 light ex-
posure values and stochastic but consistently patterned non-0 activ-
ity levels for at least 14 hours. This likely indicates nonwear of the
watch while the watch was kept in a bag or on a vehicle (16/85
data points rescored as unknown/ not recorded). Measures of daily
sleep were added to total sleep duration from the preceding night
for a measure of true total sleep duration.5

Average values for each subject i were calculated for each sleep
parameter μi. In addition, we calculated a measure of intraindividual
variation in sleep parameters for each study participant εi, calculating
the absolute value of the deviation from individual mean for each
nightmeasured and averaging it over the entire period of observation
(Yetish et al3).

All individuals were included in the final analysis regardless of
number of nights of sampling, resulting in data from 75 participants,
for a total of 721 nights of observation,with an average of 9.61 (SD=
2.9) sample nights after data cleaning. Mean age was 35.7 (range =
15-78 years) with 20% of participants age 50 or older. Only 2 partici-
pants had fewer than 5 nights of sleep data (range = 4-14). In addi-
tion to sleep parameters, we also calculated total activity counts as
scored by the actigraphic device 1 hour after sunset and sunrise,
and 1 hour before onset and offset for each individual on each day
of wear. Sex differences in sleep parameters for individual means
were compared using the BayesFactor package with default priors,36

and Bayes factors are reported to reflect these differences, where
values can be interpreted as the strength of the evidence for the alter-
native hypothesis (see Jarosz andWiley37 for further interpretation).
To assess the influence of age and sex on sleep parameters, Bayesian
multilevel models with varying intercepts for individual ID, partial
pooling, and regularizing priors were used to predict standardized
sleep and activity parameters as predicted by sex (where male =
1), and standardized age. Nonlinear effects of agewere also evaluated
but did not increasemodefit, norwere such effects supported by data
visualization. Using female data, we ran similar models to predict
sleep parameters using standardized age, number of children in the
hut, and number of adults in the hut. Because 1 participant left the
area before study completion (leaving the devicewith a familymem-
ber), a final interviewwas not conducted with this woman. For these
data, predictors were instead imputed in the model. Effect of predic-
tors was evaluated by calculating the posterior probability of a nega-
tive (b[prb0]) or positive effect (b[prN0]) on the outcome. All models
were fit to RStan38 using the rethinking package39 with 3 chains of
5000 iterations per chain, including a warm-up sequence of 2000 it-
erations. Model fit was assessed via the Gelman-Rubin convergence
diagnostic.

Free-listing responses for nighttime disturbances resulting in
waking were coded for all women who could remember any cause
of nighttime waking (n = 36, individuals who said “no reason” or
could not recall any specific causewere excluded). In coding these re-
sponses,we separated breastfeeding as a cause forwaking fromother
child disturbances,which included childrenmaking noise,moving, or
otherwise disturbing the subject.

Results

Sleep parameters

Average sleep parameters by sex, and statistical comparisons by
sex, are shown in Table 1 (and see Fig. 1). Average (and standard de-
viation) individual total sleep time was 5.47 hours (1.09). Average
onset time and offset time for all participants were 9:34 PM (0:41)
and 5:48 AM (0:41), respectively (Central Africa Time).

Daily sleep was calculated for 88% of the total days of data when
there were no significant periods of nonwear, and napping was



Table 1
Descriptive statistics

Men (n = 29) Women (n = 46) BF

Age (y) 36.0 (14.5) 35.5 (15.4)
Number of nights 12.3 (2.1) 7.9 (1.9)
Nap duration (min) 53.2 (22.3) 46.6 (26.1) 0.41
Days napped (%) 32.9 27.7 0.33
Onset μi 9:42 PM (0:42) 9:29 PM (0:40) 0.53

ε 0:59 0:50 0.75
Offset μi 5:37 AM (0:19) 5:56 AM (0:24) 42.92

ε 0:32 0:25 4.97
Time in bed (h) μi 7.93 (0.76) 8.46 (0.73) 10.18

ε 1.17 0.99 1.47
Total sleep time (h) μi 4.76 (0.92) 5.92 (0.95) 9161.1

ε 0.86 0.88 0.25
Sleep efficiency (%) μi 60.3 (9.0) 70.2 (8.8) 1359.5

ε 6.9 8.2 1.68
True total sleep time (h) μi 5.06 (0.94) 6.17 (1.00) 1855.4

ε 1.09 0.95 0.27

Mean μi (standard deviation) and mean intraindividual error ε of sleep parameters by
sex. Nap duration refers to average nap length in minutes in any given day where any
nap was detected.
BF, Bayes factor for comparison of sex differences by mean of nights per individual.

Fig. 1.Mean and standard error for 3 sleep parameters. Men in gray; women in black.
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observed on 206/649 person-days. Average durationwas 50minutes.
Twenty-four percent of participants recorded no napping on any day.
Comparisons of means find no support for sex differences in percent
of days napped or napping duration. Napswere observed on 206/649
person-days, with amedian daily sleep value of 45minutes (48.7) for
those that did nap. When daily sleep was included to calculate true
total sleep time, average time increased to 5.74 hours (1.11).

Comparison of means indicates very strong support for sex differ-
ences in these parameters, with women receiving an average of 1.16
hours more nightly sleep. Additionally, women had longer time in
bed. These 2 differences resulted in substantially lower sleep effi-
ciency for men relative to women. Overall, average individual sleep
efficiency was 66.4% (10.1%), with 70.2% for women and 60.3% for
men. There was little sex difference in mean onset time, but men
woke an average of 19 minutes earlier and at more variable times
from day to day (Fig. 2). There was no sex difference in the
intraindividual nightly variation in sleepduration. Linearmodels sup-
port the sex differences found in the statistical comparison;men have
lower sleep efficiency, time in bed, and total sleep time relative to
women (b[prb0] = 100%, 99%, and 100% respectively, Table 2). In-
cluding interactions between age and sex did not impact results or in-
crease model fit, and these were not included in final models
described here.

Age was negatively correlated with bothmean onset (r=−0.42)
and offset (r = −0.30) by individual; older individuals tended to
wake earlier and begin sleep earlier. Age had a modest influence on
all sleep parameters, where older individuals have higher sleep effi-
ciency, time in bed, and total sleep time (b[prN0] = 91.5%, 98.1%,
and 98.5%, respectively), in line with qualitative predictions.

Activity

Participants in this sample show substantial activity after sunset
and before sunrise, and this activity helps explain variance in sleep
parameters by sex and age. To compare these parameters between
men and women, sex and age were used to predict total activity
counts for the hour after sunset, the hour before onset, the hour be-
fore sunrise, and the hour after offset (Table 3). Linear models indi-
cate that men had higher activity both after sunset and before
sunrise (b[prN0] = 95.3%, and 94.4%, respectively), but being male
has no effect on predicted activity in the hours before onset or after
offset (b[prN0] = 41.7%, and 70.2%, respectively). Linear models
also predicted that older individuals have lower activity levels after
sunset, before sunrise, and in the first hour after waking (b[prb0] =
99.8%, 99.9%, and 99.8%, respectively). Similarly, age negatively pre-
dicted activity in the hour before sleep onset and after sleep offset
in women (b[prb0] = 96.6% and 96.4%, respectively). Number of
adult or child co-sleepers had little effect on any activity parameter
(Table 3).

Women’s sleep ecology

Results from the interviews withwomen find that women shared
a hutwith an average of 0.65 adults (range 0-3) and 2.5 kids (range 0-
6), for an average of 3.1 total co-sleepers (range 1-7). Results of linear
models predicting sleep parameters indicate that co-sleeping with
other adults was associated with increased total sleep time and
sleep efficiency (b[prN0] = 95.0% and 96.2%, respectively; Table 2)
but not time in bed (b[prN0] = 59%), whereas number of child co-
sleepers had little impact on either sleep parameter (b[prb0] =
80.0%, 79.8%, and 58.7%, respectively). Nearly all women reported



Fig. 2. Sleep onset (circles) and offset times (triangles) for all nights are plotted for each subject, shown in gray.Mean and89% intervals for posterior predictions shown inblack. Each
horizontal line represents a different subject (women in the top panel, men in the bottom), sorted by difference in predicted offset and onset times. Dotted lines represent mean
sunset and sunrise times during the observation period.
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sleepingwith a fire in the hut (95%), so this variable was not included
in any analyses.

Women reported that waking to urinate was the most frequent
cause of nighttime waking (36.1% reporting), followed by child dis-
turbances (25%), pain (19.4%), and waking to stoke the fire (16.6%).
Contrary to predictions, only 8.3% of respondents reported waking
as a result of livestock disturbances (including animal making noise,
goat escaping its pen, etc; Fig. 3).

Men’s sleep ecology

Opportunistic notes were taken about men’s sleep ecology on 54
nights. These interviews were not as systematic as the women’s in-
terviews, but they do offer some insights into men’s sleep arrange-
ments and possible sources of sleep disruption. Forty-five percent of
the men in the sample were currently married to an adult wife
(50% of these were polygamous marriages) and reported routinely
sharing a hut with one of their wives and young children. The other
55% of men in the sample shared huts mainly with other men or
younger children, whereas 3 slept alone. Strikingly, of the 40 nights
where men reported where they slept, 24 of those nights (60%)
were spent sleeping away from their main residence. This included
Table 2
Results from linear models predicting sleep parameters

Parameter Sleep efficiency Time in be

Men and women
Age 0.10

(−0.02 to 0.22)
0.11

(0.03-0.19
Male −0.69

(−0.94 to −0.45)
−0.34

(−0.50 to −
Women only
Age 0.20

(0.04-0.36)
0.12

(0.00-0.23
Number of adults 0.18

(0.02-0.34)
0.04

(−0.08 to 0
Number of kids −0.09

(−0.26 to 0.09)
−0.02

(−0.14 to 0

Posterior mean and 89% intervals.
spending the night at the sites of rituals (a circumcision ceremony)
and funerals, visiting other communities, with informal romantic
partners, and in the bush tending to livestock activities. It is not
known how these various activities might affect sleep patterns, but
it is possible that each of them could lead to substantial sleep distur-
bances or unusual sleep/wake patterns. In addition, on 7 nights, men
reported sickness or body pain that affected their sleep.

Discussion

Using data from the first study of sleep patterns in a pastoralist
population, we find short mean sleep durations (5.47 hours) and
low mean sleep efficiency (66.4%) among Himba pastoralists. Even
when napping, which occurs at relatively high rates, is included in
the analysis, sleep duration remains the lowest ever recorded for a
small-scale society. These findings provide additional evidence to re-
fute the notion that small-scale, nonelectric populations will have
longer average sleep durations than industrialized populations.
Moreover, it highlights the probability that variability in sleep param-
eters is related to subsistence strategies and cultural norms. We also
found significant sex differences in sleep patterns, wheremen tended
to have shorter sleep, have lower sleep efficiency, and generally be
d Total sleep time True total sleep time

)
0.15

(0.04-0.26)
0.16

(0.06-0.28)

0.17)
−0.74

(−0.96 to −0.52)
−0.73

(−0.95 to −0.51)

)
0.23

(0.08-0.38)
0.26

(0.11-0.40)

.15)
0.15

(0.00-0.28)
0.18

(0.03-0.31)

.10)
−0.08

(−0.23 to 0.08)
−0.06

(−0.23 to 0.09)



Table 3
Results from linear models predicting activity parameters

Men and women After sunset Before onset Before sunrise After offset

Age −0.15
(−0.23 to −0.07)

−0.04
(−0.10 to 0.03)

−0.20
(−0.31 to −0.10)

−0.18
(−0.27 to −0.08)

Male 0.16
(0.01-0.32)

−0.02
(−0.15 to 0.12)

0.21
(0.00-0.42)

0.07
(−0.13 to 0.27)

Women only Before onset After onset Before offset After offset

Age 0.01
(−0.08 to 0.10)

−0.02
(−0.11 to 0.08)

−0.10
(−0.19 to −0.01)

−0.10
(−0.19 to −0.01)

Number of adults 0.08
(−0.02 to 0.17)

0.08
(−0.02 to 0.18)

−0.06
(−0.14 to 0.03)

−0.06
(−0.15 to 0.03)

Number of kids 0.01
(−0.08 to 0.11)

0.00
(−0.10 to 0.09)

0.08
(0.00-0.17)

0.08
(−0.01 to 0.17)

Posterior mean and 89% intervals.
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more active between sunset and sunrise. Therewas no significant dif-
ference in napping duration or frequency by sex. Additionally, based
on reports of co-sleeping, womenwho co-slept with other adults ex-
hibited higher sleep duration and efficiency, but number of children
has little effect.We examine these results in light of the ethnographic
context, highlighting howworkload variability and social activities by
age and sex may influence sleep quality.

Activity and labor demands modulate sleep patterns

Sleep patterns appear to correspond to the times of day that labor
demands are highest in pastoralist populations.Men and boys are ex-
pected to rise early to take the livestock to water before beginning
herding for the day. Himbawomen also have earlymorning tasks, in-
cluding milking and “shaking the calabash” to make milk fat, but
these demands appear to be more variable than that of young men,
Fig. 3. Percentage of respondents (n= 36) who report sleep disturbances by category,
excluding participants who could not recall any specific cause of sleep disturbance.
“Other” includes sleepwalking, dreams, hunger, and socializing. Livestock disturbances
were only reported for 8.3% of respondents.
and milking occurs later in the morning after the cows have been
brought to water. Although “shaking the calabash” requires strenu-
ous use of upper body strength, it does not require much walking
around. It can also be done with one hand, and we expect that
women likely favored their dominant hand (typically right), whereas
watches were always worn on the left. Men’s early evening activities
are again more standardized, bringing the cows back to the com-
pound, whereas women’s work may be more variable, depending
on what is needed to be done that day and how many women
there were in the compound to share the work. Wrist-worn
actigraphy is a roughmeasure of physical activity, but results indicate
a clear pattern ofmen beingmore active in the hours after sunset and
before sunrise, which may correspond with these labor demands.
These results contrast with observations in industrialized popula-
tions, where women report both earlier sleep onset and offset times
than men.40,41 Himba men may face steeper trade-offs in sleep as a
result of subsistence activities. It should be noted that this can occur
even if men’s overall energy expenditure across the day is lower
but concentrated at the beginning and end of the day, whereas
women’s work is more concentrated in the midday hours.

Using linear models, we found that age was associated with in-
creases in both sleep duration and sleep efficiency. This contrasts
with many observations from industrialized contexts, where ad-
vanced age is associated with higher wake after sleep onset and
lower sleep duration and efficiency.42 However, age is also associated
with lower activity before sunrise and after sunset, suggesting that
perhaps the trade-off between work and sleep is skewed toward
greater sleep duration in older men but toward greater activity in
younger men as a function of social and subsistence activities. This
corresponds with labor expectations in Himba culture, where young
men are primarily responsible for herding activities and spend larger
periods of time away from the compound or cattlepost. Conversely,
older men, particularly those with male children or kin, can delegate
labor to others and spend more time at home. Similarly, although
older women are still expected to engage in a variety of subsistence
activities, youngerwomen co-residents are relied upon formany bur-
densome tasks including carrying water and collecting firewood.
Younger men and women are also likely to be participating more
often or more actively in social and reproductive activities. Activity
patterns in this population appear to reverse the usual age-related
trend in measured sleep quality and quantity and emphasize the im-
portance of understanding subsistence-based activity when consid-
ering cultural and environmental variation in sleep parameters.
Additionally, although we were unable to detect a nonlinear effect
of age on sleep parameters, sample size in older individuals is rela-
tively limited in this study. Larger sample sizes of elderly individuals
may yield more insight, particularly on nonlinear effects of age in
predicting sleep duration and quality.
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Sleeping arrangements

The majority of Himba women and men report sharing their
sleepingquarterswithmultiple adults and children. Contrary to predic-
tions, number of children was not significantly associated with before
onset or after offset activity levels, or any sleep parameters, suggesting
that co-sleeping children are not affecting overall sleep quality. How-
ever, one-quarter of Himba women report that they wake at night as
the result of child disturbances, the second most commonly reported
interruption. In laboratory studies, co-sleeping did not impact sleepdu-
ration but did increase arousal frequency.43 Alternately, co-sleeping
with other adults was associated with increased sleep efficiency and
total sleep time. One possible explanation for this pattern is that it en-
ables co-sleeping adults to share responsibilities for nightly tasks, such
as maintaining a lit fire, caring for young children, or maintaining gen-
eral vigilance against danger, thus reducing sleep interruptions and as-
sociated sleep loss. Additionally, multiple individuals sharing a hut
could increase the temperature inside the hut, which then facilitates
higher-quality sleep. Although we did not collect detailed data on the
demographics of co-sleepers beyond distinguishing between adults
and children, the relationship between adult and child co-sleepers on
overall quality is also likely mediated by age and sex.

Cross-cultural comparison in sleep duration and efficiency

The results of this study show that Himba have the lowest average
sleep efficiency and sleep duration of any population studied using
actigraphy (Fig. 4). Although we are not able to investigate all facets
of howpastoralism could affect sleep, these results support predictions
that sleep quality in traditionally living pastoralist groups may be on
the lower end of the spectrum. Further study in other pastoral groups
is necessary to confirm this conclusion. Pastoralists, particularly young
men, may show reductions in sleep quality as a result of activity
Fig. 4. Comparison of Himba sleep parameters with other populations using actigraphy, div
standard deviation for samples from multiple populations which use actigraphy to measure
reported, male (light gray) and female (dark gray) means and standard deviations are sh
and black (square) participants. San and Tsimane values from August sampling, which are
al5 (Hadza) and Yetish et al9 (Tsimane and San). Rural and developing population values fr
dustrialized population values from Carnethon et al31 (USA Chicago Area Sleep Study), Laud
patterns related to herding livestock, frequentmobility, nighttime vig-
ilance, and other nighttime disturbances. Contrary to predictions, self-
reports on sleep disturbances suggest that livestock noise at nightmay
not be the cause of low sleep quality. However, livestock and domestic
dog disturbances may negatively affect sleep quality without respon-
dents’ ability to report these as causes of waking.Women’s sleep qual-
ity, although still on the lower endof the scale cross culturally, is higher
than their male counterparts, indicating that the trade-offs between
sleep and other activities may be less steep for them.

Although mean sleep values reported here are lower than all
others reported, distributions are similar to published values from
Hadza foragers and from a rural population of cash-crop agricultural-
ists in Madagascar.5,6 However, caution must be taken in these com-
parisons, as the studies presented here vary by season of sampling,
temperature, latitude, degree of market integration, and measure-
ment differences like type of actigraphic device, sampling procedure,
and data processing and exclusion of error or nonwear values. It is
possible that many of the differences seen across populations may
be the result of these sampling and methodological considerations.
Of particular value, then, is the comparison of sleep patterns in the
Himba population, and those reported in the San and Tsimane popu-
lations, who live at similar latitudes, were captured in the same sea-
son and had data processed and analyzed by the same researchers.9

Comparisons between San and Himba are particularly insightful, as
they live approximately 550miles apart and share a very similar ecol-
ogy but show stark differences in sleep parameters. These differences
lend weight to the argument that pastoralists subsistence strategies
result in variation in sleep quality.

Future directions

In this study,wewere able to illuminate someof the basic facets of
sleep ecology among theHimba andpropose explanations for the low
ided into small-scale, rural and developing, and industrialized populations. Mean and
sleep parameters. Reported population mean and standard deviation in black. Where
own. Values from the CARDIA study report sex differences between white (triangle)
directly comparable to Himba values. Small-scale population values from Samson et

om Samson et al6 (Madagascar), Beale et al8 (Mozambique), and Knutson11 (Haiti). In-
erdale et al32 (USA CARDIA), and Natale et al.33 (Italy).
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level of sleep quantity and quality that we observed. However, this
study raised several questions that could be addressed in future re-
search. For example, we hypothesized that nighttime disturbances
from animals may be influencing sleep quality, but self-reports pre-
sented here suggest that animal disturbances do not cause frequent
disruption. Focused measurement of nighttime noise correlated
with sleep disruptions would be useful to discern whether animal
and livestock noise at night does cause sleep disturbances, or
whether Himba are acclimated to nighttime noise. Napping rates
were higher than those seen in other nonelectric populations, and fu-
ture research can investigate demographic-, lifestyle-, and personal
condition–related predictors of napping rates. We also found some
evidence that sleep durationmay also vary as a function of reproduc-
tive efforts. Himba culture is somewhat unique in that sexual infidel-
ity and concurrent partnerships are common and protected through
cultural norms, which result in a high frequency of extrapair partner-
ships and a high degree of extrapair paternity.28,44 This infidelity is
manifested in “nighttime visits” by the men to their girlfriends’
huts, often sneaking in after dark and rising to leave before dawn.
In this case, the men may negotiate beforehand to visit a particular
woman or may simply try to sneak into a compound. Himba cultural
norms dictate that when the woman is married, the visiting boy-
friend should not be seen by the husband or other parties, and effort
should bemade to be respectful of the husband. This nighttime activ-
ity may result in significant sleep loss, particularly in men, whomust
travel between compounds after dark and before dawn. This pattern
of behavior may have contributed to lower sleep efficiency seen in
Himba men. Further studies that track sleep, sexual behavior, and
nighttime mobility could address this question in more detail.

Although this studywas useful in adding a pastoralist group to the
suite of sleep studies in nonindustrialized societies, further studies of
pastoralist sleep are needed. Given their divergent patterns of activ-
ity, propensity for nighttime vigilance, and frequent sleep disrup-
tions, pastoralists may have lower sleep quality than small-scale
societies with other modes of production. However, sleep may also
vary across pastoralist populations. Environmental factors that co-
varywith sleep patterns, such as temperature and light exposure, dif-
fer substantially by geography and natural environment. The
importance of nighttime vigilance may depend on the prevalence of
raiding and predators in that area. Other factors like mobility pat-
terns, housing type, and sleep substrate may also vary substantially,
depending on the level of sedentism and market integration. Sleep
studies in other pastoralists would help to highlight the factors that
are most closely associated with mode of production and which are
more a product of living in rural areas with limited exposure to
urban light and noise.

Conclusions

Wepresent thefirst actigraphy-based sleep data on sleep in a pas-
toralist population, which find that this population has lower sleep
duration and efficiency than other small-scale societies. Additionally,
we find sex differences in sleep, with men receiving less and lower-
quality sleep overall, waking earlier, and having higher after-sunset
and before-sunrise activity. Likewise, older individuals tend to have
higher sleep quality, likely due to labor demands shifting to younger
members of the household. Although future study is necessary to un-
derstand the proximate causes of sleep disruption and sleep loss in
this population, we suggest that labor demands and nighttime social
activities may be driving these results, especially for younger adults.
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