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Tn this paper I wee measurey of childhood growth to assess from both ap
evelutionary theeretical and an applied public health perspeciive the lin-
pact of polygyny oo maternal-child welfare arpung the Tatoga pastoralists
of Tanrania. I repart that the growth and bady compesibeom of children
varies {n such 2 way as ko suggest that polygyny 1s not generally beneficial
o women in teray of offspring quallity. Crnss=sectional analysis of covari-
ance by matemnal marmiage stahus revealed that children of frsl and second
wlves in polygynms mardfages grow relatively poorly, thal this ls corre-
Yated with matenel phyalral statums, snd that the patlern is not modified by
household wealth, T discugs how the dynanics of sexaal cunflicts nperak-
ing during the formatlon and maintenance of marriages may he hnporant
factors in the eliology of ponr child growth in thisv populaton, leading to
complex patierns of varlatlon in anthropametric mdleaturs of both woemen
and children. The theoretical conclusion s that jmpraved evolutinmaty
models of polygyany should be designed to examine the patential for adap-
tive tradeotfs bebween the currenciaa of vffapring quality end quentity for
all types of parenty in a polygynous population. The practical conclusion
igthat a better understanding of the relatinnships between marmage prac-
lices and health outeopnes wonpld asgist In the development of cultueally
apptoprlate health and nutrillan inlerventions.

ey waens: Africa; Darwloian Qtness; Herding Household resruree
allocation; Martiage wystems; Undernuirilion; Wealth.
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INTRODUCTION: POLYGYNY, FASTORALISM, AND
FUBLIC HEALLH

Anthropologists have reasomned that, in many modemn populaticns, indi-
vidual women (or their kin} selectively choose wealthier men a9 marriage
partners rather than choesing bachelor males when Lhey stand to gain ac-
cess b preater Tesources (Borgerboff Mulder 1988, Iruns 197Ya, 1983). This
"female choice™ mechanism may underpin the cross-coltural findings that
pulygyny is often asgociated with social and economic stratification (Betzig
1980), that ordy the wealthier or iete prestigious men in “poly pyhous” so-
vieties becorme pofvgynous (Chagnon 1979), and thal polygynists usually
falher nore childeen (Casitmir and Koo 1993, However, il is nol clear
whether this wealth, prestige, or status ranslates inte better health or ma-
trition among wives and children or whether its effecta are dilured within
larger farnilies (Borgerhoff Mulder 1992¢: Borgerhoff Muider and Sellen
15494; Jellen 19493). Although there are likely o be tradeofis between off-
spring numbers and the gquality of care or itvestment of resources available
for offspring in many human populations (Blurton Jones 1997, Hewlatt
1988, 1992; Firdy 1992; Tutke 19H8), such tradenffa have hardily been mea-
sured within pelygynous famibes (Brabip 19684; Sellen ef al. 1999; Strass-
mann 19971 In fact, since very few studies cxamine whether children of
polviymous martisges growy more or a5 healthily as the children of manog-
amnus parents oF survive to aduftheod at simdlar rates, the public health
implicatonsof polyegyny remain pootly investigated. This is surprising be-
cause social scientists and public health workers are interested in how so0-
cial relatons and resource ¢omtrol relate to individual measures of
well-being. The practiceof polygyny is one dimension of such complexities
it tnany modern populations, but itis rarely comsiderad an impoctant fac-
tor in public health approaches to child welfare (Dettw yler 1992).,

Wiany pastoral aocieties in Africa maintain radifional subsiatence and
sucial practices and are politicslly and economically marginal within the
stabe, under-served by health care intrastructuces, and of poor nutritional
status {DJowler et al. 1986; Sellen 1996; Switt ef al. 199Q). African pastoral
pirpulations have also been more robust to changes in marriage practices
than other popuiations with a history of polygynous marmiage (Spencer
1998}, The vory persistence in this region of this particular association be-
twecn marriage pattern and form of subsistence suggosts it is advanta-
geous toab least some members of the society, Tndecd, eveolutionary
ecological anthropologists have found a number of demegraphic indica-
finns that polymyny entails few costs in terms of tertility amony East
Aftican pastoral and apropastoral populations (Borgerhoff Mulder 1988,
1992a, 1992, Cronk 19910). In an cffort to complermnent and extend theae
studics, T [ooked {or cross-sectional evidence that costs of polygyny vaiy
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with the position of a wornan within a polygynous imarrage in one com-
muanity of pastoralists, the Datoga of the Evasi Basin in northeagtern Tan-
rania. Rather than luoking only at fertility rates, § focused on child growth
performarnce as a key outcome and matermnal anthropometric status 4s
pusaible intervening vanable,

Evolutionary Predictions of the Biosugial Correlates of Polygyny

Evidencs that polygyny was quite common across past haman societies
{Retzig 1988) has led to suggesiivns that the practive had adaptive value
ungder a range of conditiogns, and that this remains loue for individuals in
populations where it persists, Behavioral ecological anthropologists have
propused a number of evolutivnary explaniations fur The lunction of polyg-
yiy {Bongerhoff Mulder 19%2b) The inost satisfying models measume: the
Darwinian benetits of polygynous martdage as increased fertility or de-
creased mortatity of offspring and distinguish sitwations in which thesc
arcrae to men, 1o women, or b particular men and women. They also con-
sider competition for both mates and resounces ina comnpiex and dynamic
sucial and economic envirowmertl. I short, they problematize the concept
of a fixed marmage system and emphasize the patential tor conflict be-
tween e sexes during maling and marriage formaticn.

One cluss of behavioral ecofogical movdels links mating systents to re-
spurce distribulions and predicts higher palygyny amony; that subset of
males ina population which successfully acquire certainty pes of resourges
as a precursor for higher fitness {Eralen anc Oring 1977, Searey and Yaku-
sawa 12582, Applying this reasoning to the human case, we edpect potyg-
vy ko increase the reproductive success of indisidual men through
ingreas=d fertility. Fthnographic data apparently support this prediction.
First, there is croos-cattural evidence that the vunber of wives men marry
is usually associated with their differcntial respiwee holding power,
whether in terms of matetial goods or comieel of the labor of others (Betzig
1986; Chagnon 1978 Dunbar 1991, Trons 197U, 19790, Kaplan 1985, Lan.
caster andd Kaplap 1992; also see reviews in Detziy 1988, 1997, Flinnand Low
1986}, Second, within certain populations with some degree of polygyay it
hasbeen observed that individual levels of polygyay among mea vorrelale
with high siatus (Berzig 1992 Malinowski 19681; Spencer 1950), prestigs
{ agimir aned Rap 1903), headmanship [Chagnon 1929}, chielly rank (Turke
and Petzip 1985), personal violence (Chagnon 1988}, gerontocralic coercion
([ hisholmand Burbank 1991], hunting success {Kaplan and Hill 1985}, ard
wealih boldings (Borgerhoff Muider 199; [rons 13792}, Third, bigher re-
souroe awnersldp among rore polygynous men ks a more likely determi-
nant of individual levels of polygyny than their wives” and childoen's
productivity (e.g. Borgechoft Mulder 1959h; Clronk 19%a).
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Few analy«ts have suypreesied that polvgyny is “adaptive” for aiil, Claarly,
the above results show that the institution end practice of polyaynous mar-
tiage and mating lowers filness for some men. The filngss payalfs for
wormen ane less clear and have boen the subject of mawch recent abtention,
lichavinral ecnlogical medels which incorporate conflicts of inletest be-
bween male and female animals (Searcy and Yakusawa 1989 Vehreneamp
and Bradbury 1984; Vorner smd Willson 1966) and tocds o payeotfs 1o fo-
males [Altmaon et al. 1977, Cashdan 1996; Stnuts 1993; Westneat and Sar-
geret 1996} predict more complex patterns (Davies 1989, 1992; Smuts and
Smouts 1993 Rocs and | larvey 1997 A growing ndunber of shedies sug gests
thesc patterns exist among humang (Cronk 1992 Borgerhcit Mulder
1992b; Smith 1993} and may underpin larger aspects of social structure
{Redseth et al 1997). Demographic ovidence aceumulates that in some eir-
cumgtances women's chaice for resource-helding men is also mmportant in
structering marriage sysirma (Borgerboff Mulder 19394, 5490; Vidand and
Engel 1990). The existrnce of a “polyvgyny threshald” {wwhen conditions are
surh that some men with provious wives have more to offer prospective
wives than bachelors; Borgerhoif Mulder 1988, 1992¢) ot low vosts of polyg-
ynv owing ko relatively high temnale productivity (] fantes 1996) have been
showm to rosult in reproductive benchits to fndividual wornen or their de-
seendents (Josephson 1993), Male coercion, often exerted through male
kin groups and atiances (Gowaty 1992 Smuils 153935), may undetlie some
tormes of hurpan polygyny (Chigholin and Burbank 1991; Gowaty 1992;
Stragsmann 1997), Althouygh trder simiple havetn-delense polypypy male
cocrcion would result in a preater fittess payolt to males than fernales
{Clutten-brock and Farker 1993), evidence suggests that in some popula-
tintis the potentinl negative effects on famala litess can be mitigated by co-
wife cooperation (Chisholm and Burbank 1991; frons 1983).

We can conclude thal observations of ultimate (demographic) measures
of fitness have condirmoed a basic suite of evolubonary prodictons abant
the individual consequences of human marriage patterns, Data oxist
which suppart evolutionury theoretical predictions that, under some con-
ditiens, polygyny offers advantages in terms of Darwinian fitness both {o
men presented with broad, and to women faced with limited, marital
chpicgs. The fitness advantages accrue rathor cbviously for men throwugh
increased fertility with multiple purtners, They accrue rather less obvi-
ously for women, and we can suggest that coercion by men and judivicus
choice and strategy by women coexist in most humran populations. To date
most studies do not examine possible tradenifs betwern the number and
quality of men’s offspring. In some citcumstances, the quality of offspring
of polypynous males may becorne poot enough to offset the fitness ad-
vantages of larger numbers, Wherever such lradeoffs have been indicated,
mMenag@nty appears to be common {Hewlatt 1088 Harlado and, Hill 1992,
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Nurtado et al. 1992), Nevertheless, the precise relatonslip between quan-
tily and quality of paternal offspring warrants hurther investigation within
and between polygynous populations,

Application te Human Affairs

{Une goai of evolwtionary anlhropology 15 1o predict the strategies of in-
dividuals and their asseciated fitness pavoffs based on an understanding
of the consteaints imposed by gender, class, and available sccial nptions. To
[he exlent that variation in the companents of fitness can be mapped on 1o
variation in the outcome measures used in public health, it should be pos-
sible to apply these cvolutionary mwdels in =pecitic populations so as
ler predict the pattern of difforences in human well-being. [n the case of
palyEyienis marriage systerns, this has invelved a recent shift fowards
determmning the mechanisms by which marital status affects tradeotfs
betweer various comporents of fitness (Lancaster and Kaplan 1#92; Strass-
munn 1997 Sellen et al. 1999). These components include measunes perti-
nent to public health, such as offspring numbers (fortility) and effspring
quality [sturvival, mrowth performance, funclional capacity: Strassmann
19%7; Sellen et al. 1999, Evolutionary anthropolorists are curnently dewel-
oping and testing a number of inodels dealing with the distribution ot
esvential resources both within and betwecn polygynous households
(Borgerhofi Mulder 1992b),

I household resources are distributed egually within puolygy nous mar-
riages, and or-wifc characteristics dor not vary inany syslematic way, we
would not cxpect appredable differences in health, nutrilien, or huooan
rapilal among co-wives inpolygynous macriages (Bogzerhofi Mulder 1983,
1992c: Sellen 1995). At the papulation or comrmundly level, i women aoe so-
cially, spatially, and temporally unuwmstrained in their dioice of marriage
partners, and can chivsc among bachelors snd already married men sa a3
tor provmote fheit gwn esk Interests, we would not expect aggregate differ-
ences in health, nutrition, or human capilal among mothers o monoga-
mous and pelygynous unions (Borgerhoff Mulder 1990, 195417, Sellen et
al, 1999, 1lowever, if there s cormpelition for resources amaong wises in
polygyhions marnages, there may be both overall differences in fitness or
well-being and differences in the alloeation to components of litness or
well-being, Darwinian [T1ness and phenotypic health differentrals may also
obtain where women are unable (o exereise choires based on assessment of
the husband's resources (e g, “enforced” marriages, by a variety of definl-
tions im luding coercion and constrained apporlunity).

The potential exists tor the application of evolutiona iy medels of human
hehavior in predicting patterns of inequality arising from differential re-
sOUICH Aaccess and framing solutiors at the kevel of soual reconfiguralion
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and bohavioral change In public health work, unlested assumprions
ahout the relative costs and benefits of polypynous markiage in terrmes ok
malemal-child health indicators ave rife (Gage-Brandon 1992). Pew studies
invastigate reproductive ar health outcomes in relation to marital slatus
within palygynous univns, and hardly any have examined the priwimate
wechanisms leading to these measured consequences. Cmly a handfl
have examined mortality (Chuojnacka 1980; [saac and Feitberg 1952; Strass-
mann 1997 Sellen et al. 19993 or mcasures of child growth (Brabin 1984;
Brelzchmmder 1992: Strassmann 1997} in relation toestimates of polygyny.
Sy far as this author is aware, no studies specifically examine whether the
srawih ot children differs by thr marital status of their polvgynously mar-
ried mothers, Thisis surprising beeause polygynous marriage today wecurs
in very poot settings where access to food and health care is limmited, Where
such crvironments constrain the growth of swne children, any differences
among ea-wives In work aclivities, patterns of child cac and hygiene, and
cantral over household fued and health cate expendibure may resull in
geowth and other functional differences amony children. From a theareti-
cal perspective, examination of differential grnwth, morbidity, and morlal-
ity among children of women in different types of union would help us
undorstand the mechaniams that exert the ultimale evolutionary #ffects of
polygymy on reproductive success. From an applicd perspective, an un-
derstanding of the proximate public beulth implications ol polygyny
would improve the targeting and cultural sensifivity af public health in-
terventions [ ettwyler 1992).

STUDY 511G

The commnunity studied inhabits the Fyasi Basin and Yaeda Depressionaim
northern Tansania, approxiniately between latitudes 47 and 4730° 5 and
longitudes 34°%)' and 36 E. Lake Cyasi is a seasonally filled suda lake and
les at 1031 m above sca level on the floor of the East Rift Valley. The cli
rnate within the valloy system is generally Lot [daily masima ranging from
19 tp 42° ) and windy. The area conlains a wide variely of atid vegetative
reyimes and terrain. Rainfall averages A5 mum per vear { fanaka 1968)
and has been characterized as falling bimedally in November to Decem-
ber [xhert rains)and April to June [kng 1ains) wich long and short dry sea-
sans in between. There is substantial year-te-year vaciation, ard in some
yvears the rains fail completely.

Ethnographic Background

The Tatoga define themselves as “people who herd catile,” but herding
may b combined with a variely of other subsistence strotogies. The pop
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ulation subsists onherds of cattle, sheep, and goals, Livestock provide rasw
materiats for household mplements and milk, blood, tat, and meal for the
diet. They are alsu sold o generate cash ot the purchase of maire, cloth,
shoes, wonien's jewelry, tobacco, homey [for brewing beer}, o vetetdnary
medicines. Maize cuitivation has Deen atempted by a fow households
since at least the 1960s (' lomikawa 1973), but productivity is extremely low
tuday. The social system is based on segmentary pairilincal kinship, pa-
trikoeality, and clan exogamy. Marriage and family firmation invalves a
comnplex system of callle exchanges and bridewealth, This system s still
poorly understood by outsiders, bur in marked contrast to most olher East
Aftrican pastoral groups, it appears to give wornen some control over live-
stock [Porgerhoff Mulder 1991; Klima 1%64). Widcr social networks are
alsobased von the exchange af livesiock, Applving the ctiteria suggested by
(McCabe 1994:86), most modern Daroga maintain « highly “traditional”
pastoral lifestyle in terms of subsistence.

The Datoga are linked to the Kalenjin cluster of the Southera Nilobc ex-
pansion on lingulsric grounds, with a pustulated split from the major
Kalenjin groups occwrring approximately LIOD years age (Dorgerhoit
Mulder et al. 19891, They occupied large areas of Tanzania and southern
Kenya for much of the past milenniuvm (Formikawa 1979, Ahistory of loss
of land rights before, during, and after the colonial period means thal
tuday they live only in northwest Tanzania. No sdequete census dala cxisl
tor the Daloga, and tolal popiaton estimates vary substantially from
30,000 Lo 2000600 (Borgerhaolf Mulder 1992a).

The Eyasi Datoga are hut pormancntly seltled mthe type of villages
common throughoul rural Tanzania, and they have becn characlerized as
“semi-nemadic” (Tomikawa 1979; Umesae 1963), Distined, named settle-
ment atgas ot “neighborhoomls” (gesendamajege) are found in clusters of
up 1 3¢ homesteads, scaltered 0.3-88 km apart. A typical homestead
(ghed) serves as physical “hone” 10 one or more men (usually agnates),
sorne or all of their wives ard children (a “faimily”), a few collateral ki,
and their respective liveslock. In this siudy, a Datoga “houschold” was
operativnally defined as al! those individuals dependent on the herd-
managemen! Jecisions of an individual man, the “household head” (Borg-
erhoif Mulder and Hellen 1354, A houschold therefore consists of o group
of “famities” who share 2 commen herd ond semipermanent living siruc-
tures. All households fission as parl of the household cyele, eventually
mewing o another neighborhood altogethee. Migration bebween grameda,
which may be from 3 to 100 miles 2part, occars voughly every 1to 5 years.

Asinglewifewilkina family and any living children she may have form
lie smallest domestic unit [ga). At any pgiven rime, 40% of farnilies are
poly gynous (Tigure 1), Al adubt women are matricd (even it only tua de-
ceased hustand’s kinsman), 5% in peiyrynous unions and 33%. as the
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first-matried (scnier} wife within a polypynous union, Within households,
wurk lasks are delepzated o housebwld members depending on their age
ard scx, Men are responsible for henling, digping wells to obtain water,
Aearing bush, and conatracting homesteads, They are alsn responsible for
masl of the sales of Bvestock and purchasing of grains, clothing, and
househol] poods, Much of their ime is spent iraveling between home-
stead and markets. Children of both sexes begin herding sheep, young
calves, and goats for short periods in the vicinily of the ghed at about 4
years of age. As they grow and their abilities improve they are given
charge of more and larger livestock for lunger periods of the day, Women's
work achvities inchade direct child came; fetching water and firewond;
milking and walering, cattle; procgssing and cooking maize, milk, and
meat; and maintaining the living stucture (Seff n.d.), Each womarn 15 ex-
pected to provide for the needs of her own children, Her nutritional con-
tribution depends on the milk from her own cows (donated at marriage by
relatives ur designatesd for her use by the husband), the amount of maize
alloeated to er by her husband, and the producls of her cwm work efforts
in grinding the maize kernels. Meat consuraption is infrequent and usu-
ally dependy on the allocation from the husband, but sometimes women
may consume small stock that hey themselves own. In a polygynous fam-
ily wives fake tuims cooking for the husband and bis visitors.

Houselwlds vary preatly in sizge and wealth (Table 1), although » major-
ity are very poor in cothparison to other East African pastoralists (Sellen
1995; ch. 71, [Household heads vsually build several homesteads for their
families over a lifetime, Cattle and tamily members are moved strategi-
cally between them to mest changing productive, reproductive, cenlogical,
healtk, and social needs. High rates of mortality and fertility, movements
of individuals in response to both daily and seasonal economic and herd-
ing demands, frequent and prolonged sodal visiting, and the practice of
both palygyny and child fostering precipitate frequent changes in house-
hold residence, Highly palygynouss men may establish more than one
homesicad al any gne time, dividing their lamilies among them b maxi-
mire herding etficiency or reselee conflicts,

Local Condityns and Varfation In Child Growth

Material conditions are extremely simple and unhygienic for all Hyasi
Datoga and do not vary with wealth in livestock. There is no permanent
water supply, and cooking 15 fueled by foraped wood, creating s smoky in-
door envirerument, All living structutes are built entirely from bush mate-
tials, with dirt Nrors, thick dirt roofs, and no doers, and are infested with
a variety of arthropods, reptiles, and rodents. Bite rates from fleas, ticks,
and flying mseris are high tor all human inhabkitanis, pepecially after rain.
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Figure I Mrovalence of polveytious marsage amony a saznple of Dukopa Families,
[ recorded the total nuenber of wives ever married by 0670 1y mg e, Soine of
thee wives tabulated here were not present in the houzehols ewing to death
and dworee, Higher lovels of polyimeny were teported for some deceascd meon,
but sinwe tiwit households had alneady disbunded L'l_‘,.' the lime of the feld-
work, they wenr nol meloded in this sample,

Mo form o fatrine 34 ossd; people detecatein the surrounding bush by day
and in the cattle contals by night. Small animals (cabs, dogs, chickor,
goats, sheep, and vy calves) are always housed with the people, and
despite repular sweeping, anitmal feces are often observed e Qoeors and in
the courtvards, No households visited during the Ame of this study had
radios, funcioning wrist watches, or westerr:-style furniture. Health edu-
cation and health care facilities are very limiled, and no regular forms of
molor lransport, such as buses or supply leacks, vistt the area, A primmary
gchiool, some pootly provisioned stores, o monthiy market, 4 nudimentary
clinic, and dint roads connecling Lo the main Tanzanian road nelwork aic
available at wjanurg {development) villages aboot 30 kin away. Missinary
huwpitals prowvide sporadic flying doctor seevices.

As might be oxpecied given such conditions, the growth of DJatoga
children 1% gemeraily poor when assessed against curtent interrational
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Iible 3. Houschold Residents and Thomentic Livestock Holdings

M 5., Retirn
Total persoms 0.4 5.7 -9
Adulis B3 1A 2-18
Chularet: gl 23 2-T1
Ilen 1.5 1.0 1-h
Wiotren 35 .2 113
019 pears 2 1.7 1=
5-15.4 years 33 1.7 =7
Total amnall stock 108 0.0 64
{rvats 130N 173 02
Sheep 38 54 (24
Cattie 13.6 128 (¥ |
Dorndueys a7 17 -4
ILC & Tropical [ivestock Units (TR 12.6 il.7 1618
[0 Livestock Lindes (L) 125 116 DG-400

et Tiguras ghowrn aue based on oonthly census of 20 housshelds over 4 10 month
perind in 1992, arud are adjusted for days of absence and fuctoationy i el sice, For
irternational liveasnck unit comversion sehemes, S0 Food wnd Agrloilbural Chpaniss-
Fat 1987 Inbermaticnal Liveskock Cromemisston for Afea 1981

references (Sellen 1999 Approximately 35% of all chiidren 1-18 yvear: are
underweight (ie., have achieved a [ow weight tor their ape), betwecn 3
and 35% are prowih stunted (e, have achieved a low height for theirage),
and between 10 and 15% are wasted (e, have achieved a low weighteven
for their achieved height: Scilen in press). Fiowever, the primary focus of
this analysis is whether there is any systematic variation n chiid growth
status within the population, and whether some of this is associated with
the miarital situation of mothers. My aim was o test the nuii prediction
that [2atoga children’s growth has no independent associations with the
marital status of tmothers after controlling for potentially confounding
variables,

METHODS

Simple assumptions about the ideal frec distribution of mothers among
unioms in a pely gynous society would predict no differences in the growth
performance of children by the precise status of mothers in various types
of union and wealth of households. I tested the null hypothesis that we
should pot detect systematic differences in achicved growth or anthropo-
metric status of children by the position of the mother within the parental
nrion or by household wealth, We collected anthropometric measures of
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a cross-sechonad samiple of 444 childrer and 230 women living around
Lake Eyasi from Aprif to June 1939 and from janua oy (o March 1991 {Sellen
et al. 1003} We made all messurements following standard proceduses
{Trisancho 1950; Gibaon 1990; Jelliffe and Jelliffe 1989). Bare-fooled stand-
g height was measuted to the nearest millimeter nsing a portable an-
thropometer {Model 101, Seritex Inc, New Jersey} Body weights wene
meagured lo the nearcst 011 kg using a digital scales {1969 survey 1 12V
battery-operated Weylux Model 85; laber surveys: AA batlery-vperated
Sochlner Model 7701; bolly seales available feum CMS Wetghing, 18 Cam-
den High St., London}, Whens necessary, dedactiona were made for cloth-
ing and jewelry worn at measurement. Mil upper aron circumference
(MUALCY was measured 1o the fearest millimeter using a small steel tape
(Rabone Chesterman Lid ). Triceps skiniold thickness (TRISE) and sul-
scapular skintold thickness (SLTBSE} were measured to the nearest 0.2 mm
with 1 Harpenden skinfold caliper {Hemre Corpuration, Holland, Michi-
yan), taking the average of three separate veadings.

Since na birth records exist for the population, year and month of birth
of children measured in the surveys were oblained from interviews with
parents or other family members using standard crosschecking methods
(Blurton Jones etal. 1992; Borpgerhoff Mulder 1992,; Ferpington and Harp-
ending 1993), ledarmants were azked to place he date of birth of cach child
on a local calerudar of cvents developed by previous researchers and up-
dated by tha pregent author (Sellen et al. 1993, We estimated childmen’s
age W the nearest month, bul were aware that e rnargin of error -
creased with age. While ditferant lamily mermnbers showed 100% conpcog-
dance in reeollecting the month of birth of youny children (=5 years), and
comeordance of estimates was Common g to approximately 9 vears of age,
it dimvinishved greatly for older children. Unless the child had been bomn in
a parlicularly memorable month, ape ectitmatos of most children over 12
years were acourate only within aboul & rnomths. Sinre are Jifferences
amng women of reproductive age were less culturally marked and
women rarely lived with older kin, we eould not reliably asvertain the age
of mathers. Theretore, we poolad data on women of ull ages for analysis,

For children, data on height, weight, afre, and sex weore used to derive
standardized measures of offspring quality by COMmparison o the appro-
priafe reference sample in the CIXC/NCLHS A WHO tables {Depariment af
Health, Education, and Welfare 19773, 19778 These sutrmatize the crose.
sectional growth patterns observed in a probabilistic US. sample, Since
elites in most cthnic groups show similar cross-sectional prowth patlerns
hefore adotescence (iabicht ot al. 1974; Martoral] aned Habicht 1986) these
growth curves are assumed to reflact the genclic potential for human
growth. They provide benchmark (not necessarily “ideal™ means and dis-
tributions at every age and sex to gimplify cumparisons belween studies
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and are consequently used as an internativnal “reference.” The relative
grosvth pevformance of any child at the tine of mearurement was ex-
pressed in terms of deviation from the appropriate reference value 7-
scare = (Cbserved — Referendeag b ¢ 5 puence The weight-for-ape
Z-scores (WAL of all children for whom a reliable age and weightwas ob-
tained, height-ior-age Z-scores (HAZ) of all children for whom a tel iabla
age and height was obrained, and weight-for-helght Z-scoves {WELZ) of ail
childten for whom height and weighl was obtaincd were caloulated for
st clildren using a computer program (Centers for Phsease Control
19913, The distribution of height-lor-age Z-scores was examined for the
croms—aectional sample, and cases with extreme values were excluded on
the assumplion that age reporting had been inaceurate, In order to recagve
any potential confounding from vartability in ages at puberty onaet
{which appears late on average among the Datuga), we excloded alt mwa-
lIres On teenagers,

we calculated a bady ruass index (MBML, as weight/height”) for cach
wernan from measares of weipht (MWT) and height (MHIT). Measures of
triceps skinfold {MTRISF) andd mid upper arm circumference (MMUAL)
were used to cstimate the cross-seotional area of fat and muscle in the
upper arm for cachwoman {MLUFA, MLMAY, follow ing the method of Fri-
sancho (19900 and others, seith an adjustment for eslimated bone asea. We
then calodated arm fat ndes {MAFT) by expressing, the estimated fatarca
as a peicentage ot the estimated total cross-sectional area of the upper avtn
and sumined friceps and subsca pulaz skinfelds for all subjects {MSUBSIE,
We did net transform skinfold data for statistical compartsons, because
they were normally distributed in this population.

Diescriptive statislics were caleulated using either SA% [SAS Instilute
1989 or SPSS (SPSS Inc. 1997 on a personal computer. The analytic strat-
ey Was to test for associations between mather's maternal ma rital slatus
{MKS and each measure of child growth and bady COmponitian using a
series of ANCOVA models controllmy, for any potentially confounding as-
sociations with age (A0 EMON), sex (SEX), child ‘s birth order ["ARIT), sea-
sony of mneasurement (SURYEY), and houschield wealth {WLTHCAT, We
used the PROC GLM program undey SAL/PU (SAS Institide, L3868} or the
(ieneral Factorial subroutines inS0ES and made statistical decisions at the
5% level of significarce, Tnitial models included age in months as a contin-
uous variable, sex, and sarvey (a proxy for season of measurement} as di-
chotomous vatiables, and birth order as a cotegorical variable wath 12
evels. Maritah stabus and howsehold wealth were coded ag categorical van-
abics. Data on marital and Familial relationships wrere obtained for each
measured individual through interviews conducted in Kiswahili. For
woimen, marial s1atus was tecorded as the order of marriage to the current
huskand, For children, mother's marital stabas [MMS) was recended inthe
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same way. Unions were also categarized as monogamous o1 pelygynous
according to whether the current hnsband had onc or mare wives al the
Hute of measurement. Since few women married as the fourthor bater wifc,
data on sieeh women and their children were pooled to redure the aumber
of degrers of freedem in the model. Inthis anal yais marita statas was thege-
fore designated as M1 (first and only wifch, P {liest wile ina pulygynous
martiage), P2 (secomd wite in a polygynous marriage), '3 (third wife In a
pulygynous marriage), and P44 (fourth or later-arred witein a polyey-
nous marriage). For a subsample of the vhildren measnred, an iindex of
household wealth wos ostimable from informnation on the total number of
animais in the father's househotd herd collccted by structured interview.,
Livestock tunmbers were expressed in Tropical 1ivestock Units (TLL), a
measure by which cattle, sheep, and goats can be tallied in terms of their
mutual exchange value (inketnational Liveskick Commission for Africa
1981), This index was uged to cateporize households aabeing tvher {upper
toreile], medium (middle terciled, or poorer (lower tercile) in wealth
(WLTHUAT) All two-way interaction #ffcets were included in the initial
mdels, and non-sipnificant ermes sequentially removed.

KRESULIS

Reluable anthropometric data on 253 chjldren ond 190 mothers o kiown
to he pregnant at the tine of meanurement were retained for analysis. Ap-
proximately 13% ol children measured were ftom monogamous families
(in which the mother was the tirst and only wife to enter a mariage with
the fathier: M1 children). The remaining children from polypyious families
were approximalely evenly distributed among mothers who were firat,
second, thied, and fourth or higher-order wives. As a group, the children
of polygynous marrages were found ko have stightly poorer growth
scores than the children of menoganwns mantiages, bat the difierences
wete not statistically significant (Table 2). Examinatdon of the mean 7-
scores of diildren by mother's marital status revealed that children of the
first bwo wives in pulygynous marriages werc smaller in weight and
slature af all ages (Figure 7). The association with marifal status remained
statistically stgnificant alter adjusting for sex, age. survey, and birth order
by analysis of covariance and excluding dhildren measured in bolh sur-
veys sec logend, Figure 2). Similar patterns weee seen in the data on body
compasition. Mid upper arm cireumnierence, an index of lean body mass,
and summed skivfolds, a measure of adiposity, were lower among chil-
drer. of [irsl and second wives in polygynuus marriages for both girls and
buys (Tigure 3). However, the adjusted differences wore of small nagni-
tude and were not statistically significant after controlling tor agce.
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Tabde 2. Ceonprameon of huan Geovebh Scores and Toelicatems of Body Comprestion oetereen
Chikdren (0119 Yeara} ot Aonogamons grd Folygynous Farilies

e of et oS fmfics of Budy Compusition.
Linien WAZ  AAZ WHZ MUAD TRISY SLIB3C SUMST LITA AlT
Moo o P - pEF =D8R 1455 742 N 127L 443 2unRz
hy 2 1 15 27 ry ? ay Iy b
A Ias 247 &% I8 2 143 278 Lan .11
Fulysmous L3 - 18 -0 147 ~n 4 87 1.us 47 37040
N i2n Ins 1o 28 23 ng x:q 726 225
I 136 104 .93 I.49 24T 138 3.7 Tan ik
Ml eusrnbned ~L.a35 1.2 -89 171 7.14 1491 1203 dHL 2RI
M 53 184 173 155 o 106 56 255 ez
£5 1.37 158 O.Hir 1.44 2,32 137 s 1.5 g.d0

Nata on houzehold wealth were avatlable for 182 child ren anad 178 moth-
ers. A sigrifivant proportion of the variation in weight, stature, summed
akinfold, and arm circumiference of childeen was associated with the
wealth of the househald in which each child lived. Therefore, step-wise
analyses of covariance were repeated after including wealth tercile as a
main effect and alzo its nteractons with age, sex, season of measurernent,
bivth order, and mother’s marital status, Moasures of akinfolds and artn
circumference on children under 2 vears were excluded. Although stature,
sutnmed skinfolds, and arm circtumference remiained sigrtficanily posi-
tively associated in these modela with wealth, arul weight marginally so,
the assuciations with marital status were aot entirely remaved (Table 3).

Figure 2. (Facing page} Marital status and groseth scores of surviving children
(-10.9 years, # — 2500, Bars show means and standard deviations by position
0 the: mntet in ber current marriage after adjustng Lor s, hirkh onrdor of the
child, and season of measurement by snalysis uf covarianee (50455 fnc. 1997,
Median lengths and weights of American children would fall on the y = 0 ref-
erence ling. Marital statis 1s designated as M1 (frst and only wite), P1 {first
wife ina polygyneus marnage), 12 (second wife in 2 polvgymons marriagy), 23
{third wife in & pobygynors masrdage), T4+ (Fourth ve later-marmied wike in a
polygynous marriage]. The ANOVA modeds included age in months ey a oo-
variake, sex of child and season of purvey a3 dichotormons variables, and kbitth
eder o= a fined fachor with 12 levels. (o Redative weight for aye (WAZ score)
was sgnificantly wssociated with marital status (partial Fy o0 —2.520, p - 0041).
{k} Relakve height for age (HAZ store) was also significantly associated with
marital status (parkial By g, — 27868, p = 0028). Growth seores were not signifi-
cantly associated witl: sex, birth order. ot season of measusertent, and only
WAZ was significantly associated with age ipartial Fy ag, = 312, o= 0.019),
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Tdie 3. Pachots Aseocioted with Growth Indicators for Children (=11,
frars of du

2119 prst

- T st MITAC SUMEE
Mudel Puvimeters aF  War HAL Lirly Hoye Girls Hoys
Sumple s 182 147 g fiv 8 a7
ipirls, hoys) (108, BT} (B2, ARY
Adijusted Hab A2 b RN 453 el
Wodel I retin 471 12930 18253 1083F  2la% 14752
Muodel p valuc B S T S L I P Ay B U B PN
Fartial p walues:
Marital status of & L2 SILE 239 ST Y G
mather (MRS
Wialth of houswe- 2 JIR A5 2R T2 Sl 7
hold (W LTHILAT)
Age (AGFMONS) 1 L A3Y 0T A0 <07 il
ey (5EX) 1 NET) 034 — - - —
AGTMOMNG My - — 22 — - -

FARCOVA, Ty I11 2 a0 aqaares, bolh sexes aggrepated. Mo dn e Hiomg were slgnilicant.
FANCOWA, Type Hlsumed squams. disapgregated by sex. Coly sueei ficant fiteiactions aers
tnctuded in e odels

114 - lweaght Dor age d—score; WAZ — weight for wge £ wonny WHA = weight for haight
E=scare; MUAL = mid upper arm ciroumberenge (oml; SUMSE vwe of diceps and sale
scitpudar skanfolds Dound.

Muother's marital status explained an appreciable amount of the variation
in achieved stature, and was more strongly associaled wilh weight than
was wealth category of the houschold. Importantly, there was no signiki-
cant interaclion between molher’s marital statos and household wealth in
these data for any cutcome measured ‘Thus, the same association with
mother’s mmarital status was paralleled In all wealth strata. When the pat-

Fipure . (Facing page) Mtarital stams and indicator: of body composition ameng
surviving, children ({4 L4 years, n = 2500 Bars show ineans and standard de-
viafions by position of the mother in buer cucrent -marriage after adjusting tor
ape, sex, Bicth geder of the child, and seasen of survey by atalysia of covazi.
ance (SPRE Tne. 1997, Varlables were deiimed and endered in the ARNCOVA
models a4 in Figue 7 (6] Swomed snbscapular and trceps skinfulds
(SLMSEL () Wi upper arm circunmderence (MUTAC), Conkpasts by mavital sie-
tus of the mother were not stalistically wignificant after coantrolling for signifi-
canl associations with age (F_ . — 93288, p < 0001 and by oo = 10297,
DAL tar SUMAF and MUAL, respectiveiyh,
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terns of dhild growtn and budy composition were reexamined after ad-
justing for weallh, in each wealth tercile children of first and second wives
in polygynous unions were found to have poorer weight scores (Figure 4a)
and poorer hedght seores [Figure 4b) than othets. 'Fhe same patlerns were
vepeated across wealth categorics for skinfolds and arm cirtumferences of
bath sexes (Figure &), althuugh apain the independent cffect of marital sta-
tus was not statistically significant in these models.

Weasures of child growth performance were highly correlated with ma-
ternal anthropometric indicators after covarying out the effects of sex,
birth arder, and age of child in months, maternal height, and wealth of
houachold (Table 4). There werc aiso systematic differences in maternal
anthropometry by marital staius that paraileled those in children’s an-
thropemetry. Mothers who were first and sccond wives within polygy-
nous utians presented with lower body weights, body mass indices, and
indicators of adipusity {1able 9. Mothers who were first wives in monog-
amous marnages welghed on average 2.1 kg more than polygynously
married mothers {iy, .- = 144, p = 0154}, which comresponded to g signifi-
cant difference in BMI of 1.42 kgs m- {tqer = 329, p = 000Z). Differences in
indicators of lean body mass and fabrwss suggested that much of this
weight difference was due t greater adiposity among the monogamous
mmothers, Indicators of peripheral body fat were miarginally greater (MTR-
19K tyy g = LAA, p = 0243 MAFL tay, o — 1.54, pr = 0.128) and indicators in-
vorporaling a measure of central body [at were significantly greater
(MSUBSE: f3940r = 378, p - D001 MSUMSE: £y » = 304, p = (1.004) among
these mothers. Although upper arm circumferences were similar
{MMUAC: tyy o = 0790, p + 0.43]1), upper arm muscle arca was estimated
1o be greaber amony the mothera in polyvgynous marriages (MUMAL £y 5,
= —1.33, p = U130, Comparison of moihers whe were first and second
wives within polygynous unions revealed a slightly different pattern of

Fignre 4. (Facing paged Associabion of growth indigatoms with houschold wealth
and marttal statas amony surviviog childrend- [1% yvears, # = 188). Bars rep-
resenit astithabd residual means and standard ermows after adjushing for uge
und 2&x ol the child by analysis of covarianca (51755 T, 19497). Marilal status
of the mother is designated as o Figere 2 The data are categorized according
ta tle repocted size of the household herd at interview (poorer Wil <17
TLLT; medivinercibe, 17-534 TLU; nicher berelle, =54 TLL ). The ANCOVA mod-
els alss Inchaded gen of ¢hild and age In months as covariates and axe sum-
marized in lable 2. (o) Relative weight for age (WAL soore) nemained
significantly assoriabed with marital status after controlling for wealth of the
household. €0 Relative heighd for ape (HAY avare] was significantly associ-
e with woealtty and sex of the child
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Figure 3. Asanciatwn ol Indicatora of body compesition with housthold wealth
and roarital status among survlving childeen (2-11.9 years, n = 1734, Bars 1ep-
yearnt estinated residnal ineans and standard errors after adjusting for ageof
the child by analven of covariunee {SPSS Ine. 1967). Varlables defined as in
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Figure Tand significance of main effects and inberac lioomm summarizged in Lajsly
2. ¢a) Md upper arm circumference (MUAC) of bairys P=128 years; (b Mid
upper ann drcumference (MUACY ol wirls 2-11Y9 years: () Sumined sib-
scapular anc triceps skin/olds {SLMSF) of hoys 2-119 years. () Summed sub-
scapular and triceps skinfolds (SUISE) of gicks 2-11.9 veara.
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Table 4. Associations between Matemal Andbwopomelry and Maastices of Chikd
{rowhh Pegformance and Body Cumposition

Cleild Measares

Muternnl Measires WAF, AT MrUiAac

SIS F
bPRAY 4013 LA 54 —.%ed
I3 naa 1111 230 247
KT A2 ANN 177 — .73
[ Nog Ap1f 198 L.
mIMLIAL 120 LY 1323 131
5 o) AW 146 217
MSUIMSE SHZ7 AR U — (805
I .00o A0 e e
M AF] 2TTH SR Lahy - 1{Fl
[ 002 g 466 23

MitMdl = malemal body mase indes ik /o0’ MWT = maleoal weight (kgd: BOWLAC ©
wrleraal sl wppes atm circumbgtenee [com), MYUNVISE = materil sum of ticeps and aoh-
sxaprular skinfolds (maon): MAFT = madeeoal arom fae imd e

Muresbess shoswn arg \he Prarson pardal comclation after samtrlliag B son and age ol ehilid
in menths, birdywides, mateind” heegbil ond weealth et Rowsehnld and Hhe p=valwe of the proes
Laa! agsaciativne,

anthropometric differences. Although the second wives (P2} weighed on
average 1.7 kg less than firstwives (') and had very low average BWI val-
ues, the ditferences were net stutistically sigmficant. Their significantly (oo
marginally siymificantly) greater skinfodd measurcments a: all sites sug
gested that Jdifferences in lean body mass and stature exploined most of
the differonce in weipht and 031

Anthropametric differences ameng mothers were not an artifact of
wealth differentials amonyg, househnlds, Zero-order correlations between
wedlth and mieasures of maternal anthropemetry showed no linear as-
sociations. Although in ANCOVA models most maternal anthropocttic
measures were wrakly associated with wealth insofar as molhers in
midd le-wealth housemelds were heavier and more adipose than olhers, all
measures remained strongly independently associated with marital status
{Table &), The pattern of difference by marite| statuy was not parallsl across
wealth strata, and all measures showed 4 significant interaction betiween
wealth and tarital status. Pair-wise cowparison: by marital status after
adjnstity for thain etfect and interaction of wealth reviealed that although
maoskindicaters decreased slightly from M1 to Pl to I1'2 in all househelds,
third wives 1) in middle-weath houschalds were significantly taller and
beavier and kad higher BMI and mrasures of lean bady mass and adipos-
ity Thus, in comdeast to child anthropometry, the relationship bebween ma-
ternal anthropomet oy and marital stafus 1s nedified by wealth,



dable 5. Comparison af Anthospeanctric Indicators amang Mothers o

Marilal
Anihropomzivie Mogsurcst M1 m
" K 47
Ieight fcm) IS7T1 36 1801 +50 {1
Wizl (k) 451+ 59 470 =70 {-
Rody Mass Indes (kg /m 199 =19 185318
Mid upper arm circumderence {con? 243 € 23 21& -2, i
Lpper arm muscle anca {m?} 12338 145 e48 |
Triceps skinfeld (m) a7 £ 50 AR 33
Subscapeular skindold (o) 93x 1% a5+ 15
fum of skinfulds {mm) Wl cal a8 - 43
At fat inglex (% cm®) 223454 75 |

FInchudes easuns on women ret known tobe pregnant durng tw o cross-a
a. Sigmificant difference between Arst wives in polygyrons marriages and mon
b Spralcan? difivoemoe Detwiern et and soconud wives i poly,my oo maniag
< Significant diffcrenme bebwvoen sl wives in palygynoas rurqages sod wom
d. Gignilicant diferem bobwern first and sooonad wives in pelepgynons miarnay
o Hgmificand i iononos Petw e first wives in polyinmous marmiages an-d e
F. S gniticant Jiffremee behaism first and second wives inpalyeynous mariag



Tatle £, Ueteerminants «f Anthropomeltiz indicalors of Moth

Aeliriin Efferint df MHT MWT MedD LML
liartial pralues

WLTHCAT 2 Ay 208 s D5
M5 4 L 01 <01 N
WLTIIC AT *M MG 7 i <001 <l <M
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bAH T = shatume; MAWT = osfimaed body secphl; teifitd] — Lwady 11umss
YUK A = upper aom Siuside aiea; MTREF  iriceps skinfald; MSLUTS
1w skindolds; AT = arm %t wivx (% fal i uprper are).
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DISCUSSION

The simplest interpretation of these data is thal, confrary o our null hy-
pothesis, the praciice of polygyny is associated with sigrhificantly reduced
growth of swme children. Buth houschold wealth and the posilion of the
maother within het marriage influenee the grosth performance of Datoga
children. Children present with lower growth scopes if their mothers are
currently the firsl or secomd wives i a polygynous marriage. Although
children from wealthier households presomt with relatively better phiysical
irubicalors, he assaciation with mother's marital status appears in all
wealth strala.

Specifically, three types of anlhrepumel ric outcoTe APPEAT Lo b axsoci
ated with maternal marital statuy: children's achieved weight and height
(growth Z-acores): children’s lesn muscle mass and adipostty (arm cir-
cumforence and skinfolds); and indicators of maternal energy balance
(BMI and measures of adipesity). Children’s growth and fatness are
strongly zsrociated with both maternal marital slatns and fouschold
wealth, In tum, raternal anthropometric status is moee strongly related to
position within the marriage than household wealth, Women who are the
first or second wives in polygynous marriages are lighter and leaner than
others are, and a proportion show sigis of chironic energy deficiency. It is
the children of these women who are lighter {low WAZ), thinmer {low
MUALD, and leaner {low SLUMSF) than other children, and appear 1o have
grown mote poorly as a result of more severe or more pernicious chrunic
unidertadeition (low 1LAZ ar “stunting“}. Thus, lhe associations between
matertis) antheopometric stalus and child growkh and anthropoimetric sta-
tus suggest that maternal marital statues is an intervening variable that cap-
tures sormething about the social factars influsncing variation in children’s
grow th buth within and between households,

Undermuirition in both adukts and children can avise through complex
interachons between low nutrient intake, high energetic expenditure, high
susarptibility to infection, and grealer severity and duration of infiections,
The puttern of lower anthropometric scores among mothers with o small
nurnber of co-wives and their children is comsistent with the hypothesis
that howsehold resoures dilution and inequalily in the allecation of food
respurces, health providers, caregiving, and labor are part of Lhe underly-
ingr tnechanism. If corvect, such an interpretation Las both theorelical and
practical muplications. | lowever, before discussing this interpretation it ix
wise to congider several problems with the research design.

Limitations af the Study

Firsl, it is pussible (hat 1he apparant differences among children of first
arl secomd wives in polyg pnous marriages versus oiners are an arifact of
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nnmessured and unconirolled facters. Second, currenl data do not allew
us to decide wheiher the level of difference in child growth is sufficient
to produce differences in child morkidity and survival, Thivd, the cross-
scctional study design precludes direct obsetvation of the mechanisms by
which the ohaerved difforences in children's growth arise. The indications
of a proximate or ultimate “cost” to polygyny for some wormer must there-
fore be interpreted with caution.

With regard to the first prablem, we must evaluate the success of the
methads and models it rainimizing the effects of « number of sampling bi-
aMes and poatential confounds. Andheopometric measures are visual Iy agso-
ciated with age and sex, and 5o both the nature of the relationshic and the
way in which these associations are feased aparl lrom any other assoma-
tions of internst dernands careful attention. In the present study, visual in-
spectiom of the raw data did not suggest any particular biases in the e O
sex distripition of children by mother s marital status or wealth catepory.
Boys were found to be smaller, leamar, and thinner at all a ges relalive tu the
relerence than girls, so thal dissggregating by sex or including sex as a
control variable in the analyses was appropriate. As in many traditiunal
populations cross-soactional data on Z-seores indicate a decrease with age
hetween birth and 2 years, and little change between 2 and 114 years
{Sellen in prese). For both sexes rnid uprpar urn circurniberence shonved an
approximately linear increase and skintolds showed an approximately lin-
ear docrease aver the (-12 age range. Control for age tor the nearest month
and the use of Z-scoring corrected for allornetric effects and wabalanced
samphing, To the extent that age ostimates were accu rate, the offects af age
were apparendly weli controlled in the modela. Indesd, the magnitude ot
the differences in skinfolds and derived measutes of adiposily between
children of difterent sexes and ages was small because vivtually all indi-
viduals were exceptionally lean. Moreover, although there wers sorme dif-
ferences betweon the two surveys in ihe dispersion o anthropometric
indicators, there were no appreciable differences in mean valuss and brie
of survey was not a significant effoct in the ANCOVA models (sse Sellen in
review for 4 discussion of seasonal buffering in Datoga childrwny).

The potential influence of maternal age and parity (a proxy for maternal
age] was less clearly controlled, Since birth welght 15 & strong predictor of
postoatal yrowth performance, maternal depletion (Merchant and Mar-
torell 1988; Winkvist & al. 1992) might be an important determinant of
child anthropometric siatus. Malernal depicton has bean obuerved in
many popilatinns with poor autrition and high diseasc load [Adair and
Popkin 1992; Adair et al. 1943; Garner et al. 1994; Harrisen et al, 1973; Mor-
chant et ab. 19904, 15900; Tracer 1991 see Millor 1988 Winkvist ot 3] 1904
far exceptiona), inchiding African pastoradiats {Catay 1995, Little et al.
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1942). 1If a negative assaciation between parity and birth weight exisis
amarys the Fyasi [2atoga then the ditferences in child antheoponetry re-
ported here may derive from age and parity difforences between ruothers
of dillerent marital status rather than fram other differences ameong them.
The available evidence sugpests this is unlikely. Firgt, there was no assoeci-
atich between bieth order of children measured in the present study and
mother’s marital status (F, |, - 1.622, p— 0.171). Second, although we have
no dutd of birth weights, there was in fart no significant independent as-
sociation of artheopomeltic indicators with birlh order of the child in
these data. Third, no assoclation between age and marital status wus
found in a different sample of 49 mathers fram the same population
{Sellen 1995: Table 817 Therefore, while the chserved differences in child
antheopometry by marital skatus weve asspciated with differences it ma-
ternal anthropomeatey, these were probably not apuricusly attributable to
svslematic differences in aga of parity ameng mothers,

The results may have been influcnced by vther sampling biases inherent
in the cress-sectional design. For oxample it is possible that the apparently
poeorer growih of sarne choldren from pelygynous families is an oriifact nf
improved survival of severely malnourished children in polvginous fam-
ilies rather than o result of diminished maternal-child health conditions
within thase familivs. [n other words, if children of first wives in monoga-
mous marriages were achually at greater risk of death tharn others, then the
average yrowth scomes amony the survivars would be infllated by sam-
pling bias owing to oxress deaths among the severely growlb-gstunted. The
large epidemivlogical sample needed to besl for this possibility 15 not yet
available for thw Eyasi Datoga, However, Jongitudinal measuremnents on a
sample of children under 3 years of age provide little indication of a cohort
elfect whereby cluldren with extramnely low growth scores do not survive
hovond The first lew yoars (Sollen |WH) Retrowpective demographic data
also indicate that mortality risks prioy to the fith birthday do vt differ ap-
precigbly by marital stamus {although Hwey are greater among women in
poor households with a simgle co-wite at the time of the irth Sellen et al.
199,

Since neduta were available en marital listories ofmolhers in this sam-
ple, the possible effects of stepparenting on child prowlh are not exam-
ineed, 1t is therefors pogsible that some mothers in the sample had mamricd
polveynously to the current hushand afler falled earlier marriages had ai-
ready affected their children's growth. Tndeed, il this were true, the data
should net be interproted as showing costs to polygyny, bat as evidence
that many current sconnd wives have escaped wndovorable martriages.
Hirwrgvor, participant observatinn did not produce any evidence for such
palterns, cxcept perhaps in the case of women married by levirale, whose
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children were exeluded from analysis, The large numbers of women mar-
rying polygynously in the population (Figure 1} and thelarge sample mea-
sured in the surveys render such sampling triases unlikely.

The Relevance of Altemnative Causal Explanations to
Thenry and Fraclicc

1f we assurme the findings are robust ko these potential problems, then
they arc consistent with the general hypothesis that polygyny is costly to
wuotmen among the Fyasi Tatoga, Since the costs were estimated in the cur-
rency of offspring quality using slandardized measures of growth perfor-
mance and anthropomettic status, we must consider the possible
implications for fimess, which is usually estimated in the currency of off-
spring numbers using relative demographic measures of offspring pro-
duction and survival. In order o better evaluate competing by potheses to
account for the origin and maintenance of polygyny among the Datoga,
and to draw inferences aboul other polygynous or pastoral socichies, we
must also ask by what mechanisms the poorer growth of children of
polygymously married women comes about, Knowledge of these mecha-
nismy might help us understand why Datuga women tolerate marrying
polygynously if the prow:ih of their children is compromised. Under-
standing the canse of associations betwesn children’s growth and mar-
riage patterns will not only contribute fn our understanding of the
evolution of human polygymnous systews, it may also have implications far
the design o public health interventions among the Datoga and other
African pasturalisls,

Whatare Lhe fitness consequences of poor growth and physical slatua of
children? There are good grounds tor mterpreting such indicatars of
human otspring quality as a proxy for parental fitness in traditional and
developing socicties {Sellen nd.a). In traditional or develaping sctings
with high intrinsic morlality rates, child growth status is 2 very strong pre-
dictor of risk of death, impaired adult functional capacily, relatively poor
copnitive performance, and reduced physical work capaeity {1laas and
Habicht 1990; Waterlow et al. 1577, World Health Orpanization 1986,
1945}, There are methedolagical limitations when age ia not precizely
known (Boerma et ab, 1992; Cole 1993 Dibley et al. 1987; Corstein 1989, van
Loon ct al, 1956) and the achieved size of young children is 2 nonspecitic
rather ihan a precise indicator of risk of unfavorable cuteowwes {Allen 1943
Beatim el al. 199¢; Grantharm-MeGregor 1993; T'elletier et al. 1994}, Nover-
theless, those children identifisd in this study as being of paorer physical
status may less Likely to survive inte adulthood, and those who do may
have lower lifctime reprodactive success. A mean difference of almost ore
standard deviation in helgdt-lor-age values between children ot first and
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secongd wives in polyynous marrages 1s probably of biotegirally signifi-
cant magnitude given the adverse conditions under which all Natoga chil-
dren Bve. Follow-wp studies have yet to be conducted, but il is likely that
ihe children of monegamons wives will have Yower mortality and greater
functional capaciry. Their hetter growll stabus suggests thal they were
meore resistant to pathogens prior Lo incasurement and also that they will
be more able 1o survive Hlness and otber eovitonmental insults subse-
guienl to e surement.

What are tho mechanisins that resnltin peorer physicar stabus of children
uf first and sccond wives I pulvgynous marriages? Given that growth of
young hutmans i highly sensifive t parental manipulation, we might ex-
pert children’s yrowth 1 be associated with mether’s marital sivation if
wOer's position within a polygynous marriage influences either hee own
anthropomettic status or her ability to {eed and provide care {or her chil-
dren. The fact that prowlh appears to be compromised amneng childeen of
both first and second wives in polygynous marmiages sugpests thot re-
source dilution may be uperating and is consistent with ethnoegraphic
cvidence against patemnal favoritism for first wives or initial systematic dif-
ferences among women who eiter inomogamaous or pelygynous marrages.

Comparison uf the offs pring growth performance and physical status uf
first wives who are the only wile (M2} and firstwives who musl share with
co-wives [P1) provides 4 way to tease agrrt ihe etfects of wile seniority
versus competilion for tesources. On average, the addilion of a second
wite appears to hiave a negative effect on the giow th of firal wite's children
arnung (he Eyasi Datoga (Figure 3). In additien, the lower BMT and skin-
folds among P elative to M1 mathers suggests the nutritional status of
firsl wives decreases when (hey are joined by co-wives. ln contrast, there
is 1ittle indication thal those womeen who married as first wives were ini-
tially in better nutritional status than other women, tor eaample because
they came from wealthier familics. On average there were no differences
in heigld armonp, wamen of difierenl marital status. Moreever, the anthro-
pumetric diffcrences bebween mothers of different wiarilal stahas were oot
sulely atributable to systenatic differences by houschold wealth.

A mwore plausible explanation is that additier of 2 second wife to a mar-
Liage chlails a reduction in the per capita availability of foud for wives andl
iheic children, increased discase, increased workloads, ec sorme combing-
tiem 01 |hese factors [“resource-dilufion” Lypothesis). Lhe observation of
even greater relative costs e forms of reduced child growth ter the secord
Wives ia comsistent with a hvpothesis of reseurce dilution, but also sog-
pests Lhat the seniot wife is more successtul in reducing these costs 1o her-
self and her children. Paic-wize comparizons Indicabed that although The
differences belween the growth of children of moenopameus wives and
first wives il polygynous marriage (M1 va, PL} were marginally statisti-



R Hurmnan MNaluee, ¥al. 10, Blo, 4, 1999

cally significant, children of second wives in polygynous Marrages
showed significantly poorer growlh than children of monogamously mar-
ried women (P2 vs, M1, Ronferroni test differences in WAZ, p = 0.003; Ban-
terroni Lest differences in HAZ, p = 0.081). These differences paralle] thosa
pbserved in & longitudingl study of very young, children (Sellen et al.
1999). Such diffcrences are espevially intriguing given ethnographic vh-
servations ol equal treatment of wives within pulygynous families. Male
elders and younger adults of hith sexes repeatedly siress that tradifional
Datoga law forbids polygynists to {avoer one wife over another with re-
speck ko allocation of livestock, cash, food, and other resources, Indesd,
men can be tried In “women’s courts” {garamaneda kaw) it they breach this
code and are fined in cattle if judyged guilty of acting without fair cause.

T§ it is true that co-wives receive cqual investment from the husband
within Daloga families, there may be ways in which the first wife might be
better able to niitigate the cost of the presence of a sreond wifc., First wives
may be able Lo co-opt the labor of the junior wife, or they may receive more
help trom their natal family members, They may be able to return to their
parents home more often o1 tur longer perieds than other women {perhaps
thraugh greater proximity}, or they may be visited by female relatives
mone frequently as a result of their marital status. Rither way, the net effect
may be an increased level of help with work tasks that interfere with child
care. Recruinng kin or co-w ives to help wath felehmg water and cullecting
fuelwood may be particularly crucial. Dataga mothers always leave young
children behind at the homestead when they perform these tasks. If re-
peated for long periods on an almost daily basis, such work may mduce
breast-feeding duration for young chuldeen and reduced health care soek-
ing behaviors by mathers of weanlings (Sellen 1998). Growth deficits
pccurting amang pardially breast-fed and early weaned infants of polygy-
nous women may never be recowped, and could underlie the patterns re-
ported here. The significantly lower avm muscle areas of M1 wives in the
presence of significantly greater weight for height and skinfnlds {Table 5}
lend support te the hypotheris Lhat they work less ard unualy, and so de-
vielop less arm musculature and remain in more positive enefgy balanee.

The apparent lack of such negative cffects on Lhird and higher-order
wives und their children demands explanation, On the face of it, one might
expect that the association belween howaschold wealth and levels of polyy-
yny in this population would mean that women who marry as third and
higher wives arc better uff because their husbands arc sufficiently wealthy
as to mitixate any resource dilution effects. However, the pattern remained
after adjustiog for absolute househald wealth straturmn. There are gevaral
testable hypothesces as ko why the negative cffects uf palygyny are not ob-
served among late-married wives in highly polygynous unions, ail of
which would require cellection of additional data. Women who marry
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wealthy men as high-erder wives may receive more cattle gifts from their
parents and kin (Sieff 1995), perhaps to compensate for their marital sta
tus. They snay also enter households at a morc favorablz point in the
hewsehald cycle, Most Dstuga men have a distinet carcer i terms of rela-
tive size of household herd and family, and middie-sized or mid-career
tamilicr appear to enjoy relatively better household food supply and labor
ratins (Sellen n.d )

It showdd be notedd that the analysis does not compare relative growth of
children born to mothers within the same family, but rather cross-sectional
samples of women and children drawn from many unions. Further inves-
tigations will atternpt to measure within-farnily cifects and control for other
systermatic differences among families, such aa those caused by deaths and
divorees of wives in polygynous marriages and by numbers of helpers. The
eross-sectional design also makes it difficult to interpret the correlation be-
tween maternal and child anthropometry and their parallel associations
with marital status and weslth, On the one hand, those women who are
able tomaintain higher pliysical status will, on average, conceive at higher
pre-pregnancy welphts, show preater pregnancy weight gains, and give
birth to higher birth weipht bubies, Ceteris paribus, such babies will have
higher groswlh seores at all apes, and we would model the effects of marital
stabus on child growth sy mediated through effects on maternal physical
statna. On the othwr hand, the physical status of mothers and children may
simiply teflect common condiBions within the household, and would thus
be bost ewarnined in a maltivariate analysis of househeld conditions. Until
longitudinal studics can peonride data to teage these two mechanistic path-
ways apart, it is mst parsimonious bo assume thal maternal phygsical sta-
tuz 13 both a covariate and a predictor of child growlh.

What are the implications for evolubonary explanations lor Datoga
Folygyny? Recently, evolubiomary anthropologials have developed and
tested a number of models dealing with the distribution of eagential re-
gources both within and betwean polpgynous houschalds Taken togethar,
the pattemns of growth and anthropametric status among [aioga childeen
and their mothers force us to roject a straightlorward “female choice®
model to explain the evelution and maintenance of Batoga palygyny
Wormen in polygynous unions accrue costs in terms of reduced offspring
quality. These vary by marital stabus for reasons that are not yet clear, and
in a comyplex pattern. In the absence of richer ethnographic and observa-
tiomal dats we therefore cannot rule out covertly unequal division of
hrusehold resources among multipla wives as a pessible mechanism un-
clerlying the reported patterns (“unequal rescurce-dilution” hypothesis).
Dratoga mothers are alzo likely to be employing a number of compensating
virategies which can only be properly understoed in diachronic porapee-
tive (Borgerhoft Mulder 1992¢; Borgerhoft Mulder and Sollon 1994
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In zum, although ethnographic observabions suypest that Latoga
women whe marty a polygirmist may not differ in any systernatic way
fromn women who matry bachelors, and are not overtly discriminated
against by husbands, we are forced to reevaluate evolubionary explana-
Hons for the maintenance of Datoga polygyny by anconstrained ferale
choice, Thesa data clearly suggest polygyny serves male interests but not
bernale intorests. At the time of the study wealthy men were more likely to
be polvgymaus (Figure 5a) and to father more offspring (Figure 6b). How-
over, oven in wealthy families the children of some women in polvgynous
marriages grew mare pootly than children of monogamous woemen. This
is an tndication that thore may be tradeodfs between offspring guality and
quantily sven tor tien, [F fower of their children survive, then the social
and Darwinian bemefits to polygymy for men, usually reported as having
many descendents and a large family laper force, will be diminished. In
this zense, polvgyny might also be mterpreted as costly to men.

Such conflicting results make it clear that both the devision of a Llatoga
woman te marry polvgvnously and it various consequences are conli-
tioned on a complex of factors. Studies desigmed to discover themn will be
more productive than simple comparisons of monogamous versus polyg-
ynous marriages. It 1z also apparent that uge of different sutconw mwea-
sures {e.g,, fertility vs, children’z growth performance] might lead to very
different conclusions. Studiss irvolving a variety of measuees will be o
informative. Un the bazis of present evidence we can supgest that the av-
erape Datoga woman should choose 1o marey a bachelor it the opportunity
arises, and 4 wealthy one il possible. Howoever, the dynamics of conflict
with the hwshand's reproductive inlemrsts and wath these of incoming co-
wives will make it hard for her Lo peodict the outeome of this dovigion i
termme of materoal-child hweallh,

CONCLUSIONS

Significant associahons of variaten in ackieved weight, stature, and indi-
cators of lean hody mags of Datoga children with meaternal marital status
suggest that the position of mathers within henseholds intluenices groveth
performance and nutritional status of children in this population. Chil-
dren of first and second wives in polvEynous unions appear to prow mine
poarly relative to other children. This patrern is consistent with the hy-
pothesis that the practice of polygvny is associated with adverse (uatromes
fon sorme minthors in torms of poor growth and physical stams of their chil-
dren. Since the pattemn is not simply attributable to greater wealth, and
presumably better nutrition, hygiene, and care in pelygynons households,
it suggests () that semne women are constrained into polveyny and {b) thar



Cument rerbar of wivea
r (L]
-
| ]
[ ]
W
[ ]
[ ]
]

1' b ES bkl N aw -
i
ia} T . I B = e '
Reported wealth of housahald {TLLY
M-
L ]
[ ]
§ = ] )
} . .
[ ]
: . o
¥ o L] =
L |
i L | [ ]
* "
& H
i o3
& - T T * T -
{b] o 1 i 1 4 5 I ?
Humbrer of whros over marrked

Figure 7. Asgociations between svcalth urwl fertility among Dataga man in the
Evasiarca. {2) Bulutionship between absolute waalth of 2 bousehold and nwm-
ber of wives ever married by the household head. (h) Relativnship between
number of wivea over marricd by househald heads and the number of chil-
dren attribubed Lo Uiern.



362 TIuman Nature, Yl 100, M, 4, 195

a iraden(T botwoon numbers and quality of cffspring may be operating
amuang pal v yicus men,

Understanding, 1he mechanismis underlying the observed patterns pre-
semts a4 majur Lhallenge. Clearly, proper interpretation of these Aindings
will only be possible after vicher ethnographic and obzervational data be-
cume available. Most impoetant, those data should not be used in argu-
ment: decrying (he practioe of polygyny, but as part of attempts to
understaned the wider implicationa of traditiomal social adaptations. The
resulty mnay be indicative of an indigennus system under stress since the
colonial Périu_xj rather than of institubonalized inequalities. However, if
this pattern stands upr (o move rigorous investigation and is found in other
African pastoral societies where polygyny is prevalent, then it will be of
concern to those involved in maintaining or improving the health and wel-
fate of pastoral pupulations, nal least the people themselves. Tt is in this re-
gard that evaluticna ry anthmpn!ng}r will inberface with 'P'..lbliv: health. The
broader inference (rom the prosent study is that the practice of polyymy
has potentially important public health implications. A renewed research
focus on Lhe public health implications of polygyny among African pas-
toral populations might prove fruitful. If similar patterns were conuis-
tently lound in other populabiong, it might be desirable to target chaldren
in palygynous familics for public health interventions. In testing a ypecibic
twidel devived from evelutionaty theory (that polygyny has no codts in
terms of young child growth) using established public health mdicators
(anlhropemebic status), | demeonstrate the usefulness of evolubionary an-
thropalogy in the applied domain,

Thanks to the Tanvcanian Research Councl for Scicnee and lechnology (L TAFTTT)
and local village cnarmen for granting resima ok pn:-rmissic-n and to the many
Caboga tamilies who allowed me o worle ammemy them. Lrants fron the Wenaer-
Cren boundatbon for Anthropological Reaearch, the Royal Anthropological Insti-
rute of Grear Britain, andd the Leverhulme made the work pogsitle. The Progracm in
{rberuasienal Nutrition at the University of Calibermia, Davis provided inshha-
tional support during analysis. Momoye Raslyge i Muras, Monique Borgerhodf Bul-
der, and Daniela Sief} shared inforeation on ages of childmwn and assistnl with
dauter eullectivg. Discussions with Monique Torgerbatt Mulder, Kristen Havrkes,
and Mick Blurtun [ones strenglhened the design and analysd. Janet Feerson and
Kathryn Deswey advised on statstical appruaches, Thioe anonymous reviewers
made helpiul conuments o the mamisenpt.

Lrariel Sellen (5.4, M. A Zoology, Universiby of Owford, 1987 MUA Anthropology,
Uruverity uf idichigan, W% hD. E¢ology and L1 E. Internaponal Wutrition, Uni-
‘.-n_:51t1,,f of Calizornda-Travis, 19951 15 an assistant ]'Jrnfvﬁm1r o Lhe Departmﬂit of
Anth rupulug}- at Fmuory o rhity; adjunel prolcssor in the Departm-ent of leters
national Health, Rollins Sehoal of Pubtic Health: and a visitng fellow in the Pub-
fic: Hemalth Nutritive Unit at the Londen School of | lygiene aad Trgpical Medicine,
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Hig research lntenesks are in nutrilional veolugy; the relations between subaistene,
marriage sygtemns, and denagraphy; and the evolution and current Jiversity of
young child feeding and caregiving practices. In addifion to work on the Dialenga,
be has published A phylogenetic analysiz of the relallooship between fertility and
miode of subsistence™ (Currenf Anthropoloey 30.978-AR%, 1997, with K. Mage} and
“Terminatinn of reprocuection in rum-heman and Burnan female prrisutes” {Inter-
mational fournal of Primatolugy 16:205-220, 1945, with Caro, Rarish, Trank, Brown,
Yulaned, and Borperhotf Mulde).
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