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Regardless of what these attempts to
characterize the magnets produce, only
our behavioral experiments can establish
whether or not bees actually use these Primate Infant's Effects on Mother's Future Reproduction
magnetic crystals for orientation.
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Parental care expended on current off- showed great variability. We shall conspring can reduce a parent's future re- sider each of these in turn.
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groups of provisioned Japanese macaques (Macaca fuscata), nonnursing females were more likely than were nursing females to have shorter (1-year) interbirth intervals (95 percent and 9
percent, respectively, in Tanaka's
study). In none of these other field studies were effects on the different phases of
the reproductive cycle identified, although several of the authors suggest
that these effects resulted from changes
in the length of postpartum amenorrhea.
Gombe Stream chimpanzees may experience shorter postpartum amenorrhea if
their most recent infant dies (11, 12). The
role of lactation in extending the period
of postpartum amenorrhea in humans
has been well documented.
Infant survival also affected time spent
cycling before conceiving. We now have
12 cases of infant death and 22 cases of
infant survival for which data are available on the length of time the mother
subsequently spent cycling before again
becoming pregnant. For females whose
previous infant had died before the female's next conception, both mean and
median values for time subsequently
spent cycling were 60 days or two estrus
periods; the modal number of estrus periods for this group of females was one.
In contrast, mothers with surviving infants cycled for a mean and median of
124 and 121 days, respectively, or four
estrus periods, which was also the modal
value. We used a sign test in which we
asked whether the 12 values for time
spent cycling in the case of infant death
fell equally on the two sides of the median value (121) of the other group. We
found that 10 of the 12 values fell below
the median, an unlikely result (P < .02)
under binomial assumptions. (A t-test
comparison of mean cycle time of females with a surviving infant versus
those without gave P < .01, but the assumptions of that test may not be ade,quately fulfilled.) In short, females with

rying and suckling the infant, it would be
a direct function of these variables,
which are only imperfectly correlated
with infant age. From the standpoint of
parental investment, it is important to
consider whether variability in some
component of maternal care, such as the
amount of time an infant is allowed in
contact with its mother, affects the female's future reproductive success. For
example, in a recent study of baboon
mothers and infants (13), we found that
infants of nonrestrictive mothers were I
to 2 months ahead of their restricted
peers when the time spent out of maternal contact and the age of weaning were
measured. The nonrestrictive mothers
experienced shorter postpartum amenorrhea than did the restrictive ones. As is
consistent with the trend described
above, however, these nonrestrictive
mothers spent a longer time cycling before becoming pregnant, resulting in no
difference in interbirth interval between
the two groups, and thus negating the potential advantage of early cycling in reducing the interbirth interval. Perhaps
that advantage is realized only in years
of particularly good rainfall or food supply. If so, nonrestrictive mothers would
then have shorter interbirth intervals.
Additional longitudinal data will be required to clarify these interactions. In order to elucidate the nature and cost of
maternal investment, we are analyzing
data from a subset of infants for whom
we have maternal contact and nursing
data, in addition to reproductive data for
their mothers.
One consequence of more rapid conception after loss of an infant is that it
enables individuals and populations to
recover rapidly from periods of high infant mortality. Infant loss will have a
greater impact on shortening interbirth
intervals in species with year-round
breeding than in those with discrete
breeding seasons. Furthermore, several
surviving infants cycled significantly authors have proposed that more rapid
longer before becoming pregnant (about conception after loss of an infant might
twice as long on the average) than fe- provide the opportunity for development
males whose previous infant had died. of infanticide as an adaptive male reproFurther, for mothers of surviving in- ductive strategy. For example, a male
fants, there was a nonsignificant tenden- that takes over a one-male group from
cy for those that resumed cycles early to another male and then kills the infants in
take longer thereafter before becoming the group, as in some langur monkeys
pregnant, a result produced primarily by (14), might benefit doubly: by eliminating
the complete absence of conception in his predecessor's offspring and by infemales with infants less than a year of creasing the number of his own infants if
age.
the females soon come into estrus -and
Perhaps the relation between infant conceive (I5). In general, the potential
age and maternal conception rate is effectiveness of infanticide as a reprospurious: infant age may not be the prox- ductive strategy will depend not only on
imate variable. If the effect of surviving its effectiveness in shortening the time to
infants on maternal conception rate re- the infanticidal male's successful matsults from energy cost expended in car- ings but also (i) on the length of time that
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a male is in a position of high reproductive status (16) and (ii) on some mechanism, social or otherwise, for ensuring
that males do not kill their own offspring.
In contrast, male infanticide generally
will be selectively disadvantageous to females, because it reduces their reproductive success. Relatively promiscuous
mating occurs in the multi-male, multifemale groups of many primate species,
including the savannah baboons discussed here. The resulting uncertainty
over paternity may be advantageous to
females in that it reduces or precludes a
selective advantage to male infanticide.
In summary, if an infant dies, its
mother resumes cycling within 1 month
and becomes pregnant again within 3
months of infant death. The presence of
an infant under 1 year of age severely
limits and perhaps eliminates the chance
that a female baboon becomes pregnant
during that time, that is, with both postpartum amenorrhea and cycling time
lengthened compared to the values under
the condition of infant death. In effect,
the result is a period of complete sterility, which lasts approximately 12 months
and is followed by several months of partial sterility or somewhat lower conception rate than that for females whose previous infant has died; young infants have
the effect of a perfect contraceptive, older ones an effect more like a faulty contraceptive. However, available evidence
does not support the idea that variability
in mother-infant relationships, such as
the rate of infant independence or the
time of weaning, affects the mother's future reproduction success and could thus
be considered variability in maternal investment.
JEANNE ALTMANN
STUART A. ALTMANN
University of Chicago,
Allee Laboratory of Animal Behavior,
Chicago, Illinois 60637
GLENN HAUSFATER
Cornell University,
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Competitive Interactions Between Neotropical
Pollinators and Africanized Honey Bees
Abstract. The Africanized honey bee, a hybrid of European and African honey
bees, is thought to displace native pollinators. After experimental introduction of
Africanized honey bee hives nearflowers, stingless bees became less abundant or
harvested-less resource as visitation by Africanized honey bees increased. Shifts in
resource use caused by colonizing Africanized honey bees may lead to population
decline of Neotropical pollinators.
If two species compete for a resource,
it must be limiting in such a way that an
increase in resource harvest by one species corresponds to diminished harvest
by the other. Competition also occurs if
resource harvest remains stable but harvest cost increases. The evidence of interspecies competition for food is usually
circumstantial, and, despite extensive
treatment of the subject, few field studies
clearly demonstrate its importance (1).
The Old World honey bee Apis mellifera
is thought to displace native pollinators
from both floral resources and geographic areas (2). During a study of competition between Africanized honey bees
(feral hybrids of African and European
A. mellifera) and native pollinators, I
manipulated the number of Africanized
honey bees foraging on certain flowering
plants in French Guiana, South America.
The experiments demonstrated that Africanized honey bees sometimes compete with native bees by diminishing
their foraging success at flowers. Previous studies on the impact of introduced
A. mellifera on the foraging activity of
indigenous pollinators have not been
made (3).
My study was conducted along a forest-savanna transition zone near
Kourou, French Guiana, between November 1976 and June 1977. Introduced
European honey bees were rare in
French Guiana, and Africanized honey
bees arrived in 1974 (4). The density of
Africanized honey bee colonies was
quite low at the time of the experiments.
Feral Africanized honey bee swarms
were captured and transferred to hives;
1030

each contained 6,000 to 15,000 bees
when used in the experiments (5).
Hives of Africanized honey bees were
introduced and later removed near
patches of flowering plants visited by Africanized honey bees as well as stingless
and other bees, wasps, and flies (Table
1). During periods when Africanized
honey bee hives were present and absent, numbers of floral visitors were recorded in plots of Mimosa pudica (Fabaceae), Melochia villosa (Sterculiaceae), Rhynchospora globosa (Cyperaceae), and Borreria species (Rubiaceae) (6). I used different sizes and numbers of plots within patches of each
plant species, and this permitted sufficiently large but accurate counts of foragers on flowers differing in spatial distribution (6). Foraging bees collected only
pollen from Rhynchospora and Mimosa,
but collected both nectar and pollen from
the other flowers. Africanized honey
bees from feral colonies foraged on all
flowers except Rhynchospora when the
experiments began, but had been in the
area less than 2 years.
I began to take a census of foragers in
the morning as flowers opened or first
presented pollen and nectar. Bees depleted Rhynchospora and Mimosa pollen
by midmorning, and few bees collected
pollen on Melochia and Borreria after
this time. However, the Borreria continued providing nectar and were visited in
the early afternoon. During each day,
forager counts were made at regular intervals for 80 to 180 minutes. Thus, five
to ten separate counts were obtained on
a daily basis of foragers in each plot
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within a larger patch of each plant species. Plots of Mimosa varied greatly in
floral density over time, and flower
counts in each were made daily. Floral
densities remained stable in other species patches. Estimated mean total flowers in combined plots ranged from 843 in
Mimosa to 27,000 in Borreria.
Additional measurements of pollen
harvest were taken for stingless bees visiting Mimosa and Africanized honey
bees foraging on Rhynchospora. I hypothesized that duration of floral visits
varied with pollen abundance on Mimosa and measured the time spent visiting five flowers for 50 bees of the Melipona species with Africanized honey bees
present and absent. Measurements were
made during the first hour of foraging on
16 days when Africanized honey bees
foraged and 4 days during their absence.
Pollen harvest by two Africanized honey
bee colonies visiting Rhynchospora was
quantified by counting the number of foragers returning to each with pollen of
this species for two 1-minute periods
every 20 minutes.
Stingless bees became less abundant
when Africanized honey bees increased
in numbers on Melochia villosa (Table 1
and Fig. 1). Removal of Africanized honey bee hives led to reversal in abundance
trends among Africanized and stingless
bees (P < .05 in a nested analysis of variance; nested groups were comprised of
days when Africanized honey bee hives
were present or absent). The mean daily
number of foraging Africanized honey
bees dropped from 111.3 to 72.0 and that
of stingless bees increased from 23.3 to
61.0 after Africanized honey bee removal. Figure 1 illustrates the relationship
between Africanized and stingless bee
abundance on Melochia (7). At low densities of each forager class, usually occurring at the first observations made at
recently opened flowers, there was no
negative numerical interaction. But at
high densities of Africanized honey bees,
their numbers increased as stingless bees
became less abundant.
Africanized honey bee numbers
changed significantly on Rhynchospora
and Mimosa during the experiments
(Table 1), but no significant change in
numbers occurred within patches of Borreria, and competitive effects could not
be assessed at this resource. The daily
mean number of bees returning to Africanized honey bee hives with Rhynchospora pollen was 5187 ± 423 (S.D.).
These were the only Africanized honey
bees foraging on Rhynchospora, and
their removal should have affected pollen availability, but no significant regresSCIENCE, VOL 201, 15 SEPTEMBER 1978

