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Age and Sex Differences in the Impact of
Seasonal Energy Stress Among Andean
Agriculturalists

William R. Leonard!

1t has been widely argued that children and females are most severely affected
during periods of food scarcity. This proposition is tested using dietary and
anthropometric data from the Andean community of Nurioa, Peru. Contrary
to expectation, children (ages 12 years and under) are relatively protected from
seasonal food scarcity while adults experience severe caloric stress,
Anthropometric measures of nutritional status corroborate the dietary analysis,
indicating significantly better nutritional status in children. Sex differences in
dietary adequacy are not evident. Adult males, however, have significantly
poorer measures of nutritional status than adult females. These differences in
dietary adequacy and nutritional ‘status reflect adaptations to marked
seasonality in work demands and energy availability.

KEY WORDS: energetics; seasonality; nutritional status; adaptation; Peru.

INTRODUCTION

Seasonal fluctuations in food availability have exerted persistent stress
on human populations throughout our evolutionary history and continue
today to present significant problems to rural populations throughout the
world. Although anthropologists have long recognized “seasonal hunger”
among subsistence-level populations (Richards, 1939), they have only re-
cently begun to examine the problem in a rigorous and systematic way (de
Garine and Harrison, 1988; Huss-Ashmore, 1988; Ferro-Luzzi, 1990).
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Consequently, we still know very little about variation in biological and
behavioral responses to fluctuations in food availability.

Within a population, it is unlikely that food scarcity affects all sectors
of the population equally. Age and sex have been cited as two particularly
important axes of variation. Some observers have argued, for example, that
children are the most severely affected group during periods of food scarcity
since the limited resources must be preferentially allocated to the more “pro-
ductive” members of the household (Gross and Underwood, 1971; Schofield,
1974; Chen et al, 1979). A similar argument has been made for a genera]
“male bias” in food allocation during times of stress (i.e., preferential allo-
cation to the “producers” of the household) (den Hartog, 1972; Chen et al,
| 1981; Nelson, 1986). Yet, despite the perception that food js generally pref-
- erentially allocated to adults and males during periods of scarcity, very little
- quantitative data have been collected to evaluate this issue. Indeed, severa]
~ recent studies have indicated that adult and male biases in food allocation
~ may not be as prevalent as previously thought (Basu et al, 1986; Brahmam
et al, 1988; Wheeler and Abdullah, 1988; Leonard, 1989).

Thus, the purpose of this paper is explicitly to test the hypothesis
that children and women in an agricultural population of the Peruvian An-
des are subjected to greater levels of caloric deprivation than adult males,
Dietary and anthropometric data are used to determine if there are age
and sex differences in caloric adequacy and physical nutritional status (i.e.,
measures of body size and composition) in this population. The results are
then compared with those from other populations in order to generate an
ecological model of variation in adaptive responses to seasonal food stress.

METHODS
Research Location

This work was conducted in the Andean (Quechua-speaking) com-
munity of Nufioa, Peru. The community is located in the altiplano region
of the southern highlands at an elevation of 4000 m (13,100 ft) and has a
population of about 4500 individuals (Carey, 1988). Most households within
this community participate in small-scale farming and animal herding as
well as off-farm wage labor or commercial activities, The primary crops
grown in this area are several varieties of tubers and cereals. The five An-
dean tubers grown in the Nufioa district are oca (Oxalis tuberosa), papa
isas (Ucullus tuberosa), izarios (Tropaeolum tuberosum), and the dulce and
imarga potatoes (Solanum andigenum and §. curtilobaum, respectively). Ce-
eal grains include the indigenous Chenopods, quinoa (Chenopodium qui-
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noa) and cafiihua (C. pallidicaule), as well as Old World spe({ies such as
barley (Hordeae spp.) and wheat (Trticum spp.) (Thomas and Wmterhald_er,
1976). Domesticated animals include the llama, alpaca, and sheep, which
graze in areas unsuitable for agriculture.

Precipitation in the southern Peruvian altiplano averages 830 mm{yr
and is almost entirely limited to September through April (Thomas and Win-
terhalder, 1976). This restricted distribution of rainfall over the course of
the year severely limits agricultural production. All planting occurs between
late September and November at the beginning of the wet season. The crops
are harvested in late April through early June when the dry season begins.

Given the highly seasonal nature of agricultural production, resource
exchange and food storage techniques have traditionally been quite impor-
tant in the Peruvian highlands (Werge, 1979, Masuda et al., 1985). In
Nuiioa, the production of freeze-dried potatoes (e.g., churio, moraya) after
the harvest is still widely practiced. These items, along with dried llama
and alpaca meat (charqui), compose a significant portion of the diet during
the lean periods of the year (Leonard, 1988).

The present study was carried out between January and Augusf .of
1985. It was planned to take place over a period when food availability
could be expected to vary significantly (i.e., the last few months before tl?e
harvest through the post-harvest). Due to late frosts, cereal production in
Nuiioa was poor in 1985. Production of potatoes and other tubers, on the
other hand, was above average.

Sample and Measures

These data were collected in the context of a larger study that exam-
ined the biosocial responses to illness in this population (Thomas et al,
1988) Seasonal health and demographic surveys were conducted in 1983-
1984 on a random sample of 96 Nufioan households (11% of the total
population) (Leonard, 1987; Leatherman, 1987; Thomas et al., 1988; Can'ey,
1988). Of these, a subsample of 33 households was targeted for more in-
tensive time allocation (Tucker, 1987) and nutritional (Leonard, 1987) sur-
veys in 1985. , -

The present study examines dietary and anthropometric data from 2§
Nufioan households of lower socioeconomic status (SES) that were moni-
tored from January through August of 1985. Lower SES families were de-
fined as those with a head of household who did not have a steady source
of off-farm income (Leonard and Thomas, 1988, 1989). Analyses were car-
ried out only on those individuals for whom there were both dietary and
complete anthropometric data (n = 101) (cf. Leonard and Thomas, 1988).
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Individual daily food consumption was monitored by direct food
weighings. Prior to each meal, the amounts of each food item were
weighed. During the meal itself, individual portions and amounts uncon- «—
sumed were weighed as well. Caloric and nutrient intakes were calculated 5 Qo ~ o9
using standard nutritional tables for Andean food items (Wu Leung and % AR VIV
gc;rge;s, 1961; Collazos et al, 1975; Ministerio de Previsién y Salud Publica, S ; a g g | E § § g § g z
. < :
Anthropometric measures included height, weight, mid-arm circum- %
ference and triceps, and subscapular skinfold thicknesses. Age and sex-spe- sz
cific means and standard deviations for these measures are presented in gl e 2M9e Qg Ngen
Table 1. All individuals were measured in their homes with clothes but 5 ‘_'g HOHH HoHHHHH
without shoes. Correctioqs for the weight of clo.thing were made using the : o LR E g E]' 2 5 £ g
procedure outlined by Frisancho (1969) from his previous anthropometric E| %
study of this population. E
H5
2l E on® Qoxeen
— o (a2} wv — o
RESULTS ={%| H+H+H+H HOoH H O HH
2lE[mamn  mmaanna
slElvdds |Eggmens
Energy Consumption and Dietary Adequacy ol @
a.
E
There are dramatic caloric reductions during the last few months be- % £
. ~ . ” ~
fore the harvest in Nufioa. During the pre-harvest months, daily energy s 2 2&m e IRIA3S
intakes (mean + SE) for adult males and females are 1468 + 83 and 1327 8 'g.o e mmnmma
65 kcal/day, respectively, as compared to 2068 + 158 and 1919 * 170 Blzldesn | IR93IR3R )
kcal/day during the post-harvest period (to*= 3.36, p < 0.01; £ @ = 3.26, g g
p < 0.01). Figure 1 shows the seasonal changes in average daily caloric in- SlElmnan aeSnen £
takes for all age/sex cohorts. Note that for each cohort, energy intake dur- v e ‘:I ‘:l ':I ':I : ‘:I o : 3 -
ing the post-harvest is greater than that of the pre-harvest. However, the ElBlegaa gxaalda| =2 g
magnitude of these changes, both absolutely and relatively, is far greater g 2|82 |BRET880 | £ 8
in adults than in children. The adolescent pattern appears to be more simi- ) a w3
lar to that of the adults. However, this latter pattern remains somewhat g cevng | mrrnaza “3 E
equivocal because of the small sample size in this age cohort. : . e & g
It theref hat child P §2ya
t therefore appears that children experienced relatively less seasonal 2 s54°
energy stress than adults. To test explicitly this proposition, daily energy: ] ) EEEE 99 g §
requirements for each member of the sample were estimated following the . G| EEEE gSE>
. . . 283w
general protocol outlined by Leslie et al. (1984). Information on age, sex, Bgog
and body composition were used to estimate resting metabolic require- & g& ;§
ments (Tortn, 1984). Energy costs of daily activities, thermoregulation and g ge5 3
4 o snegenagellcsd
reproductive factors (i.e., pregnancy and lactation) were estimated from 3;, 732 NI SR i LI>350
o~ N = Nt~ N Jgw v

data presented in Leslie ef al. (1984, Tables I, IV, and V). From estimates:
of daily energy expenditure, caloric adequacy for individuals in the sample :
was calculated as:
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Fig. 1. Daily energy consumption (kcal) during pre- and post-harvest periods for a
sample of individuals from Nuinoa, Peru. Values are given as means with the 95%
confidence intervals,

Adequacy = [Daily Energy Intake]/[Predicted Energy Expenditure]

Data on individual caloric intakes and expenditures for the pre- and
post-harvest periods are presented in Figs. 2a and b. Daily energy intakes
are plotted against predicted energy requirements for each of the seasonal
samples. The solid lines delimit the thresholds for caloric balance (i.e.,
Intake = Expenditure). From these graphs, two points are quite clear: (1)
energy stress is much more pronounced during the pre-harvest phase, and
(2) adolescents (13-19 yr) and aduits (20 yr and older) are subjected to
greater caloric deprivation than children (2-12 yr).

Table Il provides a summary of the data presented in Figs. 2a and
b showing the mean caloric adequacy for children (ages 2-12 yr) and adults
(20 yr and older) during the pre- and post-harvest periods, respectively.
Note that during the post-harvest period, both cohorts, on average, exceed
their daily energy requirements (1.26 and 1.06), and do not significantly
differ. Dietary consumption during the pre-harvest, however, is adequate
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Fig. 2. Plot of energy intake vs. energy expenditure (kcal/day) during the (a) pre- and (b)
post-harvest periods for a sample of individuals [rom Nufioa, Peru. Solid lines delimit the
threshold for meeting caloric needs. Thus, individuals above the line are in positive energy
balance, while those below the line are in negative balance. Note that during the pre-harvest
period, caloric adequacy is much higher in children than it is in adolescents and adults.
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Table II. Comparison of Caloric Adequacy in Nufioan Children and Adults
During the Pre- and Post-harvest Periods”

Children Adults

Sample n Mean SE n Mean SE
Pre-harvest:

Males 15 098 0.08 14 072 0.06

Females 21 1.08 0.06 20 0.77° 0.04

Total 36 1.04 0.05 34 0.74° 0.03
Post-harvest

Males 18 123 0.07 17 1.04 0.08

Females 24 1.29 0.08 21 1.08 0.10

Total 42 1.26 0.06 38 1.06 0.07

4 Caloric Adequacy = {Daily Energy Intake)/{Predicted Energy Requirements).
b Significant difference between children and adults, p < 0.05.
¢ Significant difference between children and adults, p < 0.001.

only among the children (1.04 times predicted needs), while the intakes of
adults are less than 75% of their predicted needs and are significantly lower
than those of the children (¢t = 4.98, p < 0.001).

The same patterns are evident when the child—adult comparisons
were restricted to individuals of the same sex. Caloric adequacy at pre-har-
vest is significantly greater in young boys than in men (0.98 vs. 0.72; ¢ =
2.50, p < 0.05). Likewise, young girls have a more adequate pre-harvest
diet than women (1.08 vs. 0.77; ¢t = 4.60, p < 0.001).

Sex differences in caloric adequacy, on the other hand, are not ap-
parent in either of the cohorts. As seen in Table I, caloric intakes for boys
and girls under age 12 are comparable, averaging 98% and 108% of pre-
dicted needs, respectively, during the pre-harvest period (¢ = 1.17; n.s.)
and 123% vs. 129% (¢t = 0.57; n.s.) after the harvest. Similarly, adult males
and females do not differ in dietary adequacy during either seasonal phase
(0.72 vs. 0.77 [t = 0.75; n.s.] at pre-harvest; 1.04 vs. 1.08 [t = 0.28; n.s.] at
post-harvest).

Therefore, contrary to expectations, children appear to be relatively
protected from pre-harvest food scarcity, while adolescents and adults ap-
pear to experience higher levels of caloric stress. There is, however, no

evidence of a male bias in nutritional adequacy. In fact, adult males, the . '

group most often viewed as being “preferentially fed,” have the lowest ca-
loric adequacy of the four cohorts examined in Table I

i
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Table 1II. Comparison of Anthropometric Measures of Nutritional Status
Between Nufioan Children and Adults”

Children Adults
Measure (n = 47; X £ SE) (n = 45; X £ SE)
Weight-for-age -0.89 + 0.14 -1.20 £ 0.11°
Height-for-age -2.16 £ 0.22 -2.20 + 0.14
Weight-for-ht +0.28 £ 0.14 -0.44 £ 0.07°
Sum of skinfolds -0.55 £ 0.16 -1.30 £ 0.08°
Arm muscle area -1.16 £ 0.07 -0.99 £ 0.11

“ Anthropometric measures of nutritional status (weight-for-age, height-for-age,
weight-for-height {BMI], sum of triceps and subscapular skinfolds, and arm
muscle area) are standardized as Z-scores reltaive to U.S. norms presented in
Frisancho (1990).

bsignificant difference between children and adults, p < 0.05.
¢ Significant difference between children and adults, p < 0.001.

Anthropometric Measures of Nutritional Status

The physical implications of these food allocation patterns are evalu-
ated using the anthropometric data. To assess relative nutritional status,
the anthropometric measures were standardized as Z-scores (standard de-
viation units) relative to U.S. age- and sex-specific norms established by
Frisancho (1990).

Table IIT presents five measures of nutritional status for children and
adults: weight-for-age, height-for-age, weight-for-height, sum of triceps, and
subscapular skinfolds and mid-arm muscle area. For three of the five an-
thropometric measures, the children are significantly closer to their U.S.
counterparts than the adults. For summed triceps and subscapular skinfold
thicknesses, a good measure of overall caloric/nutrient reserves, Nufoan
children average 0.55 standard deviation units below their U.S. peers, while
the adults are about 1.3 SD units below their U.S. counterparts (¢ = 4.22,
p < 0.001). Likewise for weight, children have a mean Z-score of -0.89 vs.
~1.20 for adults (¢ = 1.92, p < 0.05). Weight-for-height shows the same
pattern with children averaging above the 50th U.S. percentile (Z = +0.28),
while adults fall almost half a standard deviation below their U.S. coun-
terparts (Z = -0.44, t = 4.46, p < 0.001). Physical status of the children is
thus demonstrably better than that of adults, corroborating the results from
the dietary data.

Similarly, Table IV demonstrates the general lack of a sex difference
in growth patterns for children ages 12 and under. Z-scores of height-for-
age, weight-for-age, weight-for-height, and sum of skinfolds do not signifi-
cantly differ between males and females. Arm muscle area is the measure
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that differs significantly, with males showing lower relative musculature
(-1.33 vs. ~1.01; ¢ = 2.37, p < 0.05). These results are therefore consistent
with our finding that there was little difference in dietary adequacy between
male and female children, particularly during times of stress.
- As for the adults, the anthropometric measures indicate that males
v gl N 5 are being subjected to more severe stress. Table 1V shows that Ijor three
- RIS 89 g |5 of the measures of nutritional status (weight-for-age, weight-for-height, and
@ Ll VR Eg arm musculature) men are significantly worse than women. Most notable
2 285098 APE is the difference in relative musculature which is more than a full standard
s |of &fTTVITTRE deviation unit (Z = —1.59 vs. -0.51; ¢ = 7.85, p < 0.001),
s |3 = g-s:“} Seasonal fluctuations in body weight for adult males and females
§ < a - o 8 averaged 1.8 and 1.2 kg, respectively, or roughly 2.5-3.5% of body
2 H| S5 é ES g 9 weight. Females tend to lose the weight as fat, as was seen by the large
& Al TR zrs'z changes in upper arm fat (seasonal change in arm fat area = 2,42 cm?).
é E‘Ic"" "f§ g A E”,g Males, on the other hand, show declines in lean muscle mass, as evi-
» < ! T o8 denced by the changes in arm muscle area (seasonal change = 1.49 cm?
RS = £E (Leonard and Thomas, 1989). Both the magnitude of declines and the
:‘2 3 2 E ) tendency for females to lose fat while males lost lean tissue are consis-
‘ZEE @l cmsh g‘;,,g g tent with previous work on energy-stress populations of Latin America
5 @ oM 3338258 v (Stini, 1972, 1975) and Africa (Rosetta, 1986). Females also show an
g 8 E R TR oy g S age-related decline in body fatness as triceps skinfold measures are
Z2| (&8 g§°§:§ Be S E negatively correlated with age among the women of this sample (r =
s° s : TET %5 ; 9 -0.455, p < 0.02). This decline is probably attributable to the cumulative
283 7 2 S h: metabolic costs of pregnancy and lactation combined with effects of sea-
£216| @, . - a5 eg sonal food scarcity.
g wsaZ8= 188 2B Overall, differences in anthropometric measures of nutritional status
° Coocog|jaow ~
= R T4 %73 are consistent with those seen in dietary adequacy. Children have substan-
< =g E E § 9 M2 Zg A,'E E tially better nutritional status than adults. Sex differences in physical status
‘s i TTTTT s %8 § § are not evident in the children’s cohort. Among adults, however, males have
§ = g :_‘j: ] poorer nutritional status than females, with reduced muscularity of adult
H 8 g--g 8y males being particularly notable.
g 58588
> FoiEE
E P 52 -; z g DISCUSSION
3 1 I8 . loBE88
& I ESEE<|EeGESE . L
gl 898es Ehe 155 These results can be understood by looking at how they fit within the
SN2z 3<4|T6apn context of the subsistence ecology of this population. In particular, two

characteristics of the subsistence economy seem to be relevant. First, there
is a lack of well-defined sexual or age-related division of labor. In other
words, there are very few subsistence tasks that necessitate male labor
(Thomas, 1973). At harvest time all family members except the youngest
children help out in the field. Herding the animals and collecting fuel for
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Fig. 3. Comparison of mid-arm muscle area for males and females of Nufioa and U.S. samples.
The data indicate differential reduction of muscle mass in adult Nufioan males—males fall
below the 5th percentile relative to U.S. norms whereas females fall between the 25th and
?Oth ;))erccmilc. Nufioa data are from Leatherman (1987) and U.S. data are from Frisancho
1990).

cooking fires is generally the responsibility of older children (age 9-12;
Tucker, 1987). One of the few tasks that truly requires the strength of adult
males is the preparation of fields for planting.

The second, corollary aspect, of this economy is the high seasonality
of adult (particularly male) work requirements with periods of high labor
demand being very restricted. Specifically, the pre-harvest period is a time
of very low agricultural work requirements with more time being spent
sleeping and in low energy activities such as spinning wool. Critical year-
round household maintenance activities such as herding animals and col-
lecting fuel for cooking fires are carried out by children (Leonard and
Thomas, 1989).

Therefore, by reducing their activity and drawing on their own physi-
cal reserves during times of food scarcity the adults (particularly males)
are able to protect their children from severe energy stress. The biological
cost of this strategy, however, is evident in Fig. 3 which compares arm mus-
cle area from a sample of over 1500 Nufioan residents (Leatherman, 1987)

TN RS T T S A S A e 8 A S S 5 S A 9
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to the U.S. reference values compiled by Frisancho (1990). Note that
throughout childhood (under age 12 yrs), there is little sexual dimorphism
in muscularity in either the U.S. or Nufioan samples. During the adolescent
years, however, Nufioan males depart much more sharply from their U.S.
counterparts than do the Nufioan females. Among Nufioan adults, male
muscularity falls below the 5th U.S. percentile while females fall between
the 25th and 50th percentiles. Hence, severe seasonal energy stress among
adolescents and adults appears to be contributing to delayed maturation
and reduced sexual dimorphism in muscularity (cf. Frisancho and Baker,
1970; Leonard et al, 1990).

Stini (1972, 1975) has argued that reduction of male muscularity dur-
ing periods of nutritional stress represents an adaptive strategy for “scaling
down” populational energy requirements. Since muscle tissue is more me-
tabolically active than adipose tissue (i.e., has a larger blood supply and
uses more oxygen), reduced muscularity in 'males serves to substantially re-
duce the total energy requirements of the largest members of the popula-
tion. Such reductions, however, place limitations on male strength and
working capacity (Spurr, 1984), and therefore would seem to be “adaptive”
only under conditions in which the subsistence economy does not place a
premium on male strength (i.e., well-defined sexual division of labor), as
is the case in Nufioa. Under conditions that dictate well-defined division
of subsistence activities, we therefore expect to find preferential feeding of
males to promote pronounced sexual dimorphism in muscularity.

The first set of conditions appear to be evident among African pas-
toral populations as well as Andean agriculturalists. These populations dis-
play great flexibility in household social organization in adapting to
environments characterized by low productivity and unpredictability (for
the Andes, see Thomas, 1979; Guillet, 1983; for African pastoralists, see
Galvin, 1985). In both groups, children and adolescents are responsible for
several aspects of household production, most notably the herding of live-
stock. Moreover, the pattern of preferential food allocation and higher nu-
tritional status in children has recently been reported for several African
pastoral groups (Benefice et al, 1984; Galvin, 1985)2 and other Andean
populations (Graham, 1987). ‘

The second set of conditions seem to be found among populations
of southern India where agriculture is dependent upon the seasonal rains
of the monsoons (Maclachlan, 1983; Stini, 1988). Maclachlan (1983) has
argued that among the Yaavahalli villagers of the Kolar district of southern

Galvin’s (1985) results on the Turkana pastoralists of Kenya are strikingly similar to those
presented in this paper in that: (1) children have more adequate diets, (2) nutritional status
is significantly better among children, and (3) physical status, particularly muscularity, is poor
among adult males.
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India, high nutritional status of adult males (i.e., large body size and high
muscularity) is critical to the survival of the population since agricultural
activities require great strength and working capacity. According to
Maclachlan’s thesis, adaptation to seasonal constraints involves socio-cul-
tural practices that accentuate male/female differences in activity patterns
and body composition. Under these conditions one would expect that ado-
lescent and adult males would recejve preferential food allocation. Recent
work by Edmundson and Edmundson (1988) in a similar monsoon-based
agricultural region of India confirm this: energy consumption and nutri-
tional status were found to be substantially better in adult males than in
adult females.

In sum, these comparative data clearly indicate that there is consid-
erable variation in the ways in which subsistence-level populations cope
with seasonal fluctuations in food availability and labor requirements. Simi-
larly, there is not a consistent male or adult bias in the impact of food
scarcity across populations. Rather, it appears that intra-populational vari-
ation in nutritional stress is a direct correlate of a population’s adaptation
to its particular environmental constraints. ~

CONCLUSIONS

In conclusion, it is evident that within this Andean agricultural com-
munity adults, rather than children, are subjected to higher levels of sea-
sonal caloric stress. Children have a more adequate pre-harvest diet and
better physical nutritional status than adults. Sex differences in nutritional
adequacy or physical status are not apparent among children. Among
adults, however, males appear to be subjected to greater amounts of stress
as evidenced by their very low pre-harvest energy intakes (averaging only
72% of predicted needs) and poor measures of nutritional status.

The differential impact of nutritional stress on this population is ex-
Plained in terms of an integrated strategy in response to seasonal food scar-
city (Fig. 4). Under conditions of seasonal energy stress, adult dietary
consumption declines sharply and produces reduced activity levels and a
negative caloric balance. The children’s diet, on the other hand, is relatively
more adequate, allowing them to maintain a positive caloric balance while
continuing to carry out critical household activities such as pasturing ani-
mals and collecting fuel. Thus, minimizing seasonal fluctuations in energy
intake for children: (1) helps maintain adequate nutritional status among
the most physiologically vulnerable members of the population (Frisancho,
1981), and (2) allows for important household chores to be carried out at
the least energetic cost to the household (Thomas, 1976). The cost of this
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Responses to Seasonal Food Stress
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Fig. 4. The flow diagram depicts the adaptive strategies used by small farmers in
Nufioa, Peru in response to seasonal food stress. During periods of pre-harvest food
scarcity, adults and adolescents are subjected (o severe caloric deprivation whereas
children are relatively protected. Adults and adolescents respondcd to this stress by
reducing daily activities and utilizing fat and muscle stores for cnergy. Children, on
the other hand, were better able to carry out their daily activities while maintaining
positive caloric balance. Overall, such a strategy allows for,_critical activities (e.g.,
herding the animals, collecting fucl) (o be maintained at the least energetic cost (o the
household. Moreover, it produces relatively higher nutritional status in children who
are developmentally immature and thus more susceptible to environmental insults,

strategy, however, is poor nutritional status in adolescents and adults (par-
ticularly males) of this population.
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Herd Composition in an Aymara Community
of the Peruvian Altiplano: A Linear
Programming Problem

Lawrence A. Kuznar!

A model of herd management is presented for Aymara alpaca herders in the
south central Andes. Linear programming methods and subjective utility values
are used to model how pastoralists choose the size of their herd and the species
they raise. These decisions are modeled in light of the land and labor resources
available to pastoralists, and the products Andean herders must derive from
their herds (meat, wool, and dung). The model predicts typical herd size in
the community of Chinchillape, and has implications for social and economic
changes seen in the Andes today. Specifically, pastoralists in Chinchillape are
pursuing maximizing strategies, optimizing herd value by concentrating on
alpacas, and decreasing the proportion of llamas in their herd in response to
expanding transportation systems. Finally, results of the models indicate that
sheep are a very poor option for Andean herders. This explains the reluctance
of indigenous herders to adopt sheep herding in some areas of the Andes.

KEY WORDS: Andes; pastoralism; Aymara, linear programming; utility theory.

INTRODUCTION

Anthropologists have proposed ecological models of Andean adaptations
(Baker, 1979; Thomas, 1973; Bush, 1977), and computer simulations have been
employed to examine how environment and population interact in Andean
ecosystems (McRae, 1982). While these models have been successful in elu-
cidating the ecological relationships between human subsistence systems,
population, and the environment, they have not examined how these factors
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