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Many hypotheses have been proposed for the evolution of fat deposition in women.
Here we examine the empirical basis of the deceptive fat hypothesis. The available
evidence suggests that body fat has direct effects on reproduction in women regardless
of whether or not it is a signal of condition.
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INTRODUCTION

number of proposals have been advanced to explain the evolu-

tionary significance of sex-specific fat distribution in women, fo-

cusing primarily on the premature development of breasts in nul-

liparous human females and consequent permanent breast
enlargement (e.g., Cant 1981; reviewed in Caro 1987). Recently, Low et al.
(1987; henceforth referred to as LAN) (see also Low et al. 1988) proposed
the hypothesis that the sex-specific distribution of fat on women'’s breasts
and on hips deceives men as to their bearer’s reproductive status (see also
Alexander 1971; Low 1979). Their argument is properly based on the indi-
vidual as the unit of selection. They work from the assumption that *‘breasts,
hips and buttocks evolved in the context of females competing for the at-
tention and parental commitment of powerful resource-controlling males.”’
Then, arguing that fat laid down in the pelvic and breast areas is ambiguous
because it could be confused with a wide pelvis or with glandular tissue,
respectively, they reason that fat storage in such areas, respectively, de-
ceives men of the ‘‘ease’’ with which parturition occurs and the ability to
produce and store milk. In contrast, they believe that steatopygia (fat de-
posits on the buttocks) is an unambiguous and, therefore, honest display of
fat reserves because it cannot be confused with other tissue. Through de-

Received April 13, 1988; revised March 21, 1989.

Address reprint requests to: Dr. Tim Caro, Evolution and Human Behavior Program, Rackham
Building, University of Michigan, Ann Arbor, MI 48109-1070.

Ethology and Sociobiology 11: 51-66 (1990)
© Elsevier Science Publishing Co., Inc., 1990 0162-3095/90/$3.50
655 Avenue of the Americas, New York, NY 10010



52 T.M. Caro and D. W. Sellen

ception, it is argued, certain females (with intrinsically lower reproductive
potentials relative to nondeceivers) attempt to enhance their reproductive
output by attracting either ‘‘high quality’’ males or males particularly willing
to invest in raising offspring.

In this article, we argue that there are theoretical reasons for questioning
whether deception in particular, and sexual selection in general, can have
been an important evolutionary force in shaping and maintaining the distri-
bution of fat in women. Then we examine the validity of a number of as-
sumptions of the deceptive fat hypothesis. In the last section, we briefly
review the evidence that accumulation of body fat on women has direct
effects on fertility independent of effects on mate choice.

Before proceeding, we take as given that there is a human female pattern
of fat distribution different from that of human males and that from other
female primates, although no satisfactory functional explanation for these
differences has yet emerged. With specific reference to breasts, we will not
be concerned with the arguments over the signal value of the presence versus
the absence of breasts, but with the signal value of variations between in-
dividuals in breast morphology. Last, as in the study of nonhuman animals,
discussion of mate preferences does not imply conscious decision making
by males.

THEORETICAL WEAKNESSES OF THE DECEPTION
HYPOTHESIS

A Point of Clarification

There are two possible interpretations of the ‘‘Deception Hypothesis.” In
the first interpretation, breast size is thought to predict lactational output,
and latero-pelvic width to predict the size of the birth canal (and, hence, the
“*ease’’ of parturition) for the majority of women. Under such starting con-
ditions, a minority of women, who sequester fat in these regions of the body,
could thereby mimic these signals of reproductive capability without actually
being able to provide the same milk supply or give birth as successfully. In
the second interpretation, breast size is thought honestly to have predicted
lactational potential, and hip width ease of parturition in the past, but no
longer in contemporary populations. These two possibilities are central to
LAN’s arguments, but it is helpful to separate them in order to devise ap-
propriate tests of the hypothesis. If, for example, it was found that breast
size is a predictor of lactational output in some women but not in others,
then this would clearly distinguish their first possibility from the second,
which predicts no relationship between breast size and lactation in any con-
temporary women.

Irrespective of which scenario is proposed, morphological features that
function as dishonest signals (Trivers 1985) are not likely to be evolutionarily
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stable because selection will eventually favor receivers of the signal (here,
conspecific males) who come to recognize that the signal conveys dishonest
information (see Krebs and Davies 1987). Increasing numbers of cheaters
in a contemporary population would severely reduce the associations be-
tween body characteristics and both lactational output and ease of birth.
Hence, the strength of selective pressures on males to choose these large-
breasted women or women with wide hips would soon diminish.

In proposing that female fat distribution deceives males of females’
‘“‘reproductive probability,”” LAN implicitly assume that it is extremely dif-
ficult to men to detect ‘‘cheating’’ females and that, for women, the costs
of cheating are relatively low compared to its benefits. These assumptions
are now examined in the light of the available facts.

Detecting Cheating Females

Physicians can assess the degree to which hips are composed of fat by tactile
means. There is no reason to think that there has been insufficient evolu-
tionary time for men to evolve ways to make such assessments. Nor are
such judgments a costly activity in view of the amount of touching and
squeezing that occurs during courtship and prior to copulation in those so-
cieties sampled (Broude and Green 1976; Frayser 1985).

Consider however, that there has indeed been insufficient time for males
to be able to judge the composition of breasts by tactile means. Then it
would pay even truly well-endowed women (with abundant breast glandular
tissue) to deceive men by laying down increasing amounts of fat in this area.
If we assume that there is some cost to having too much fat (e.g., Seidell
et al. 1985), and males chose mates on the same criterion, we might expect
to see females converge on some optimum shape. The observed wide varia-
tion between individuals in fatness, weight, and shape implies that this has
not occurred. In fact, rates of change of fatfold thicknesses per unit gain (or
loss) of weight remain similar over a wide range of body weights and total
body fatnesses at several sites, suggesting that there is no approach to an
optimum fatfold value in any body region (Garn et al. 1987).

Alternatively, if we assume there is no cost to being fatter than com-
petitors but only a benefit of attracting ‘‘high quality males,”’ we might
expect the vast majority (perhaps all) women disproportionately to sequester
fat in breasts (and on hips) so as to enhance their true dimensions in these
regions whenever they can. We know of no evidence that suggests that this
happens when an individual woman gets fatter. The only relevant data pub-
lished shows that 1) lower trunk sites (abdominal and iliac) have higher rates
of change than upper body sites (triceps, subscapular) and that 2) there is
no sex difference in this pattern of slightly preferential deposition at lower
trunk sites (Garn et al. 1987). Certainly, we can conclude that when women
put on fat, it is not only deposited on breasts and hips. We need to analyze
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the anthropometric data to determine whether the fat is preferentially de-
posited on breasts and hips as opposed to the other female-favored areas.

In sum, the fact that women do not simply deposit fat on their breasts
and hips as opposed to other female-favored areas, such as buttocks and
thighs, is strong evidence against breasts and hips acting as signals of de-
ception. Nevertheless, the theoretical possibility that breasts signal their
bearer’s reproductive potential after they cross some size threshold and that
further fat is deposited elsewhere in the body cannot be dismissed.

Costs of Cheating

If the costs to a female of having fat in breasts and on hips are minor com-
pared to having less or no fat in these regions, then it follows that selective
forces acting on males to be able to discern breast and hip composition will
have been weak. This is because their potential mates will be little affected
by the extra fat deposits they carry. As the ratio of costs to benefits dimin-
ishes, the role of deception (and the Deception Hypothesis) is reduced, and
the importance of honesty increases. To our knowledge, it has not been
shown that large breasts impose costs on their bearers. The observation that
large-breasted women are under-represented among top athletes in most
track and field events, although supportative, may be an artifact of differ-
ences in hormonal physiology associated with low total body fat (Graham
1985; Malina 1983). The only data available that suggest a cost associated
with fatness are concerned with the various pathological conditions asso-
ciated with clinical obesity (e.g., Keen et al. 1982; Larsson et al. 1984; Seidell
et al. 1985) which are probably of minor import in most populations and so
are not relevant to this discussion. However, even these morbid conditions
are associated with male (upper body) patterns of fat deposition rather than
the characteristic female (lower body) patterns. With no evidence to show
that breast and hip fat is costly, it is difficult to perceive that the benefits
will have favored deception.

ASSUMPTIONS OF THE DECEPTION HYPOTHESIS

The Deception Hypotheses aims to combine several interesting models from
evolutionary theory in an attempt to produce a complex hypothesis. The
attempt necessarily involved making many assumptions. Here, we make
some of these assumptions explicit and examine the empirical evidence for
them.

Evidence that Males Universally Invest Heavily in Offspring

Two important assumptions of the Deception Hypothesis are that a man
invests considerable resources in raising his wife’s children (his own), caus-
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ing him to exercise care in choosing his spouse, and that men who invest
in their offspring have higher reproductive success than those who do not.
(We take LAN’s opening clause ‘‘when males invest parentally’’ to mean
more than just providing sperm. Their argument can only apply to those
contexts where a male will subsequently invest in offspring and not to those
many situations where investment only takes the form of copulations.)

There is no strong evidence to show whether males did or did not invest
in their offspring in the period of humankind’s evolution when breasts and
fat on hips were thought to have appeared. Among extant hunter gatherers,
an arguable analog for these extinct societies, there is little property, either
real or moveable, that can be transferred to offspring (Gray and Wolfe
1981). Regarding other forms of investment among hunter gatherers, Ache
men, for example, do not preferentially feed their own wives or children in
comparison to other members of the group (Kaplan and Hill 1985), although
they may protect their offspring from other males (Hill and Kaplan 1988).
Similarly, among the Ye’kwana, male parental investment in offspring is
low, and time and effort is preferentially spent on increasing mating oppor-
tunities (Hames 1988). Among other extant societies in which resources are
inherited, there is great variability in the degree to which men invest in their
own offspring. The important point to note is that considerable male in-
vestment in offspring in these and other societies cannot be taken as the
rule, and the question of the extent of male parental investment in prehistoric
human societies must remain open. Finally, although humans are charac-
terized as a species where male parental investment is high (Strassman 1981),
we know of no studies where quantitative data unequivocally show that male
investment in offspring increases their reproductive success.

Locomotory Costs of Wide Pelvises

LAN state that ‘“‘extremely wide pelvises might interfere with locomotion
deleteriously, especially before the establishment of a pair bond.”” From an
analysis of the mechanics of pelvic dimorphism, La Velle Moerman (1981)
suggested that sex differences in pelvic anatomy were not sufficient to pro-
duce differences in the mechanics of locomotion. Observational evidence
also indicates that contemporary women do not have locomotively inefficient
pelvises. Women in almost all traditional subsistence societies show high
work output (Ember 1983). In hunter-gatherer groups, women walk consid-
erable distances to achieve high foraging returns (Estioko-Griffin and Griffin
1981; Lee 1968). In cases where sexual division of labor exists in such groups,
it is due to women with children undertaking the less risky activities, not
those that are less physically demanding (Hurtado et al. 1985). The high
work load undertaken by women in nearly all societies suggests that women
are not impeded by their pelvic anatomy, questioning whether males might
have gained by favoring wider pelvises than were advantageous to women
in the past.
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Evidence that Fat Deposits are Signals to Males

A third assumption is that breasts, hips, and buttocks serve as sexual signals
to males. In support of breasts acting as signals, there is evidence from
several sources to show that some men in certain subsets of Western so-
cieties find breasts attractive (e.g., Wiggins et al. 1968). However, the extent
to which males in other socicties find breasts and hips attractive is not
known, and cross-cultural data on men’s preferred female body builds have
not yet been collected.

In fact, breasts are tremendously variable between individuals on a
range of measures (Boston Women’s Health Book Collective 1984). For the
same individual, premenstrual changes in breast volume are marked in non-
pregnant women {Johnston and Everitt 1984), which suggests that any choice
involving fine discrimination based on breast volume may be less reliable
than structures not influenced by hormonal cycling. A separate point con-
cerning the signal function of breasts is LAN’s suggestion that males will
prefer ‘*moderate to pale pigmentation of the nipples (e.g., breasts typical
of nonpregnant young women).”’ There are no data to support this as yet,
and it may not be applicable across societies because the importance of
nipple pigmentation diminishes in very dark-skinned populations.

Perhaps the most important issue here is that the Deception Hypothesis
ignores the possibilities of choice for other criteria. Among the Kipsigis of
Kenya, men pay higher bride-prices for generally plump women (Borgerhoff
Mulder 1988). Among the Kel Tamasheq nobles of Mali, men find fat and
the number of fatfolds on the upper arms highly attractive (D. Sieff, personal
communication); upper-arm fat is the most unambiguous predictor of total
body fat in women (Garn 1979). Skin texture, muscle tone, lively demeanor,
and an assessment of a woman’s mother’s and sisters’ reproductive success
(all of which could correlate with fitness) might easily be used by males in
choosing their mates. Given these and other possibilities, there is a need for
systematic studies of the culturally specific criteria on which men choose
mates. Furthermore, such studies must discriminate between the factors that
men use in the choosing of wives, and in the choosing of mates, which may
not always concur. Until such studies are performed, it is premature to
suggest that breasts, hips, and buttocks are particularly salient criteria of
choice in view of the many other criteria on which mate choice is made
(Buss 1989).

Evidence that Female Fat Deposits Deceive Males

The Deception Hypothesis hinges on the assumption that fat laid down in
breasts or on hips is not advantageous to the bearer independent of its pu-
tative effects through mate choice. As yet, there is no evidence in support
of this. It is equally reasonable to argue that men may be choosing for fat
per se, that fat on the hips is easy to see because it forms the body’s outline
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when viewed from the front or behind, and that fat deposited on the breasts
of a normally flat-chested individual will provide an unambiguous display
of fat stored over the rib cage. To provide empirical evidence for the De-
ception Hypothesis, it needs to be shown that men cannot discriminate be-
tween females who have wide pelvises and those who have fatty hips. More-
over, it needs to be demonstrated that in contrast to breast and hip fat, fat
stored in other regions (on the buttocks, inner thighs, shoulders, and upper
arms) does not deceive males of their bearer’s reproductive potential.

Evidence that Breast Volume Predicts Lactational Output

One interpretation of the Deception Hypothesis requires that breast size
correlates with the ability to store and produce milk in some women but not
in others. It is surprising that there is so little information on the relationship
between breast size and lactational ability. However, the limited data show
that breast volume is not associated with milk production. In nulliparous
women, glandular development is an arrested state but during early preg-
nancy, the entire ductular—lobular—alveolar system undergoes considerable
hypertrophy (Johnston and Everitt 1984). Although increases in breast vol-
ume during pregnancy do correlate with subsequent lactational performance
(Hytten 1954), no studies have been carried out to determine whether this
recruitment of glandular tissue during the first trimester of pregnancy is
proportional to prepregnancy breast size. In all probability, nulliparous
breast size bears little relationship to lactational performance (Hytten and
Leitch 1971).

During the third month of pregnancy, breast volume of primiparous
mothers did not correlate positively with milk produced on day 7 postpartum,
but the number of individuals measured was admittedly small (N = 9, r;, —
0.24, NS, calculated from Hytten 1954).

After parturition, the rate of secretion of milk by the alveolar cells of
the breast is under the control of prolactin released during feeding as a result
of nipple stimulation (McNeilly 1977). The frequency and strength of suck-
ling by the infant in part determines subsequent rate of secretion (Prentice
et al. 1983), as does maternal nutritional intake (Louden et al. 1983), so that
even postpartum alveolar size may not be a very good predictor of lactational
output. Indeed, empty breast volume on day 7 postpartum was only signif-
icantly positively correlated with milk output on the same day in primiparous
mothers (N = 86, r, = 0.31, p < 0.01) but not in multiparous mothers (N
= 23, r, = 0.35, NS); nor was there any relationship between breast volume
on day 7 and milk quality on day 7 (Hytten 1954). It is true that these results
are difficult to interpret because sample sizes were small and milk yield on
day 7 may be a poor indicator of overall milk yield and quality during the
course of lactation. However, relatively invariant milk output in the face of
nutritional stress (Delgado et al. 1982), compensatory milk output in women
with unilateral breast dysfunction (Prentice et al. 1986) and adjustments of
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lactational output to the death of a twin, size of the infant, and its rate of
growth (e.g., Bowen-Jones, et al. 1983) all suggest that the association be-
tween breast volume and milk output really is weak.

Although limited, the empirical data suggest that the version of the
Deception Hypothesis that demands breast size predicts lactational potential
in the majority of contemporary women is not supported. In view of this,
only if all women in Western societies are deceiving men of their ‘‘repro-
ductive probability’’ could the Deception Hypothesis work, yet considera-
tions outlined in the previous sections suggest that it is unlikely this can
occur.

Data Show Pelvic Width and Iliac Canal Width Are Not Linked
to Obstetric Complications

The Deception Hypothesis requires that “hip width’’ either correlated with
ease of giving birth in the past (which we take to mean the probability of
cephalopelvic disproportion [CPD] preventing parturition) or does so now-
adays in the majority of women. It is not explicit as to which of several
possible measures of pelvic diameter the model refers. In fact, there are three
questions that must be teased apart: 1) whether the architecture of the birth
canal or ‘‘true pelvis’ (internal pelvis below the plane of the inlet) is as-
sociated with ease of parturition; 2) whether any of the various dimensions
of the external pelvis have any statistical association with the dimensions
of the birth canal; and 3) which of these external dimensions of the pelvis
have thick fat deposits over them, which increase the apparent dimensions
to an observer. We consider these in turn.

I. CPD undoubtedly causes complications during birthing, irrespective
of the presentation of the fetus, with problems arising at the pelvic inlet, the
midpelvis, or the pelvic outlet (Llewellyn-Jones 1982). CPD can result from
a great number of factors, reducible to any factors that produce a large-
headed infant or an unusual shape to any part of the birth canal. However,
the latter is more complex than simply ‘‘size’’ of the birth canal. For ex-
ample, using the Caldwell-Moloy classification of pelvic shapes, in women
with ‘‘android”>’ pelvises (small anterior—posterior diameter, especially at
the outlet), there may be difficulty when the baby’s head is rotated into the
vertical plane (occiput posterior presentation) during the rotation phase of
labor, while in women with ‘‘platypoid’’ pelvises (small lateral diameters),
there may be arrest in the extension phase of labor (Oxorn 1986). Although
the pelvic midplane and outlet exert the most critical effects on birth outcome
with respect to CPD (Greene and Sibley 1986), shoulder—pelvic disproportion
can be the most important factor if the pelvic inlet is small in the transverse
plane relative to fetal shoulder girth. Trevathan (1988) notes the possible
importance of this in the evolution of the human reproductive system. It is
important to specify to which zones of the birth canal the model refers.

In fact, width of the birth canal does not predict complications during



Fat in Women 59

ac of antenatal radiooerams have ¢
€S Of ante al radiograms have s

shown that pelvic size is
not correlated with the incidence of difficult outcomes of labor (e.g., Russell
and Richards 1971), because there are so many other causes of birth com-
plications. Furthermore, actual CPD cannot be predicted even when a ra-
diograph taken at the start of labor shows the fetal cranial size to be greater
than the maternai iniet diameter (Russell 1973). Successful birthing is quite
llkely because during parturition a) the pelvic ligaments relax under the
1984), and b) and the fetal cranium is moulded greatly because 1ts sutures
are not fused allowing the bones to overlap by between 5-10 mm (Kriewall
and McPherson 1981).

In addition, there is good evidence that size of the neonate is strongly
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canals) give birth to smaller neonates mediated through reduced placental
weights (Frisancho et al. 1977; Naeye 1981) and are unaffected by paternal
size (S. Garn, unpublished data.). This immediately reduces the cost to a
male of mating with a woman with small pelvic dimensions.

Finally, within a population, CPD affects short women more frequently
than tall women (Kennedy and Greenwald 1981), because of the greater
influence on infant size of maternal wmoht than of maternal stature (see

Rosenburg 1988 for a discussion). If there really was an advantage for males
to choose mates with a low risk of suffering CPD in particular, height appears
to be the best predictor measured so far. Moreover, the incidence of CPD
varies between populations, independently of nutritional and socioeconomic
effects (Llewellyn-Jones 1982), and it must have some genetic basis. Eu-
ropean populations are more susceptible than some A51an and African ones.
According to the Deception Hypothesis, we might expect Europeans with
small pelvises to deposit more ‘‘deceptive’” fat on hips than smali-hipped
women from other populations, but we know of no evidence for this,
There is one further caveat to add here. In modern humans, physical

‘‘ease of parturition’’ may not be the most important factor affecting the

success of parturition. Trevathan (1987) discusses the important effect of

assistants at every stage of human labor, which differs from the typical
primate pattern of labor in ways that make it more difficult for a human
mother to complete it successfully on her own. There has been evolutionary
change in the orientation of the fetus and, hence its entire emergence pattern
contingent upon the evoiution of the more *‘gynecoid’” femaie peivis asso-
ciated with bipedalism and encephalization. The care of the ‘‘extero-gestate’’
human fetus also involves a complex social support network for the mother.
If these factors really are as important in hominid reproductive success as
some would argue, the influence of physical attributes of a woman are re-
duced, and the relative benefits to human males choosing such are dimin-
ished.

7 Repardine the cecand anestion lann Faoos thic oo La
2. Regarding the second question, it is clear from this discussion that

the dimensions of the ‘‘false pelvis’® must have little effect on the ease of
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parturition, even if correlations with internal dimensions are strong. Many
obstetrical texts mention some degree of correlation between internal and
external pelvic dimensions; many also note that the outer dimensions have
little obstetrical importance. However, the evidence for the former has been
based largely on very small samples from rather atypical skeletal populations
of women; more data are needed to establish correlations applicable to the
general human population. What seems relevant here is that within any pop-
ulation, there is great variation in inlet pelvic shape at any given pelvic size
(giving rise to terms such as gynecoid, etc.)

Certainly, in the earlier years of a woman'’s reproductive life span, cor-
relations between internal and external pelvic dimensions are weak and de-
pendent on many factors. A longitudinal radiographic study of well-nour-
ished young women showed the inlet and outlet of the birth canal were
significantly smaller at menarche, when about 90 percent of adult size has
been achieved for several iliac widths, than at age 18 (LaVelle Moerman
1981). Much growth, excavation, and molding occurs in the pelvic basin
through late adolescence, which is not externally detectable (LaVelle Moer-
man 1982). Thus, the association between iliac width and size of birth canal
changes with age. Moreover, transverse iliac widths and circumferences of
the iliac canal are contingent upon complex growth patterns of the joint
cartilages, maturational timing, and response to changing hormone levels,
all of which vary greatly between individuals, and correlations between them
are therefore weak or nonsignificant at all ages of adolescence (LaVelle
Moerman 1982).

3. The last question, regarding the location of female fat pads, is un-
answerable at present because of a lack of data. We can find no clear study
or discussion of the fat deposits at various locations over the human female
pelvis, and it seems they have never been measured for any population.
Most studies employ measures of fat folds above or behind the iliac crests,
or on the upper legs (e.g., Sjostrom et al. 1972), but not of fat folds directly
over the iliac crests (which sometimes constitute the most widely separated
points of the pelvis in men and some women), over the articulation of the
femur and pelvis, (which is usually the widest dimension of the bony pelvis
in women), or over the posterior pelvic insertion of the gluteus maximus
(the area most women concerned about their weight or body imagery de-
scribe as the fattest part of their body). This lack of data makes it difficult
to draw conclusions about exactly which pelvic dimensions are most ac-
centuated by fat deposits in women of any given body shape at any given
fatness level. If the variability is as great as it appears, it will obscure clear
relationships and, thus, reduce the possibility of dishonest signaling to po-
tential male mates.

EVIDENCE THAT BODY FAT HAS DIRECT EFFECTS ON
REPRODUCTION IN WOMEN

In a variety of mammal species where the effect has been studied, the moth-
er’s body weight is correlated with offspring survival and age at onset of



Fat in Women 61

reproduction, probably because heavier mothers give birth to heavier off-
spring (e.g., Sacther 1985). In women, the available data suggest that access
to resources (reviewed by Borgerhoff Mulder 1987), socioeconomic status
(Garn et al. 1977; 1978; Nabarro 1981) and body fat (Bongaarts 1980) are
related to a number of components of reproductive success, including off-
spring survival and age at menarche. Therefore, at this stage it is more
parsimonious to consider that fat is of direct advantage to the individual
fitness of the female, independent of its effects through mate choice.

In humans, the most important determinant of neonate size is weight
gain during pregnancy (Garn and Pesick 1982), and this strongly correlates
with an increase in percent of body fat (Keys et al. 1972). These factors, in
turn, depend on maternal prepregnancy weight and body fat (Frisancho et
al. 1971; Garn and Petzold 1983) as well as nutrition and fat-dependent en-
ergetic expenditure during gestation, i.e., after selection by the male (Pren-
tice and Whitehead 1987; Prentice et al. 1987). Heavier and fatter babies
remain the taller, fatter, and heavier individuals in their cohorts through
much of childhood and grow faster (Garn 1985; Garn and Keating 1980; Garn
and LaVelle 1985a; Garn et al. 1983).

Clearly, maternal size and fatness have a powerful effect on the size
and fatness of children long after birth. Recent longitudinal studies in pop-
ulations under nutritional stress show that children who are thin by anthro-
pometric criteria have an increased likelihood of death (Chen et al. 1980).
Low maternal prepregnancy weight is also a major risk factor for fetal ab-
normality, prematurity, low birthweight and death as outcomes of pregnancy
(reviewed by Garn and LaVelle 1985b), in that it is associated with low fetal
hemoglobin concentrations and long interbirth intervals (but see Garn and
Petzold 1982).

These positive effects of fatness on reproductive success may in some
circumstances be compounded in humans across generations. Daughters of
fatter mothers, as a group, reach menarche earlier than the thinner daughters
of thinner mothers (Garn et al. 1983), they remain fatter throughout life and
give birth to larger babies at each age (because of age-specific effects of
fatness; Beazley and Swinhoe 1979), and evidence from a number of societies
indicates that age at first birth correlates with age at menarche (Udry and
Cliquet 1982).

Thus, maternal fatness does have positive effects on growth, survival,
and reproduction of offspring and grandoffspring. Given that a) breast size
is significantly positively correlated with body weight, percent fat in the
body and most fatfold and girth measurements (Katch et al. 1980); b) women
sequester absolutely more fat in the iliac region when they gain weight (Garn
et al. 1987) and tend to retain fat there when they lose it (Garn and Brozek
1956); and c) fat cells in the iliac region are of a specialized type that only
mobilize their stores during lactation (Rebuffe-Scrive et al. 1985), it seems
most probable that fat in these regions of the body does correlate with
future reproductive success. Whether it also functions as a signal of this to
males is, at present, equivocal.
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It is important to note that many of the studies cited above do reveal
an inverted U-shaped curve of fitness measures with fatness. At low-to-
intermediate levels of fatness, fat is advantageous for reproduction both with
respect to becoming pregnant and the ability to carry the fetus to term. At
the higher levels of fatness, however, menstrual cycles are less frequent and
irregular, and the conceptus tends to be of disadvantageously high birth
weight with respect to survival. Moreover, the points of inflection for con-
ception and various components of reproduction occur at different levels of
fatness. However, we do not expect that the extreme levels of fatness at-
tained by some women in modern Western societies were reached by in-
dividuals during the prehistoric period of human evolution.

CONCLUSION

If there are no effects of breast fat or hip fat on women’s fecundity (e.g.,
factors such as earlier menarche, interbirth interval, or probability of suc-
cessfully giving birth) and on all other measures of reproductive success,
such as prenatal investment (e.g., offspring birthweight relative to mothers’s
weight), postnatal investment (e.g., milk production and length of offspring
dependence), and longevity (e.g., mother’s ability to survive food shortages),
the Deceptive Hypothesis requires serious consideration (Caro 1987). How-
ever, the available evidence strongly suggests that there are positive effects
of hip and breast fat on individual fitness. Therefore, it is most parsimonious
to assume that all differences in pattern of fat distribution in individual
women are either an honest signal of differences in some aspect of their
reproductive performance, as many have argued (e.g., Cant 1981; Gallup
1982; Huss-Ashmore 1980) or simply reflect individual differences in patterns
of fat storage with no signal function at all (Masia-Lees et al. 1986).

We thank Monique Borgerhoff Mulder, Janet Mann, and Alisa Harrigan for advice; and Stanley
Garn, Joseph Manson, Virginia Vitzthum, referees, and particularly Monique Borgerhoff
Mulder and Daniela Sieff for comments. After this manuscript was submitted, Judith Anderson’s
(1988) article appeared in this journal; it agrees with several of the arguments presented here
as well as providing useful additional ones. We hope it will be read in conjunction with this
paper.
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