
same material increases linearly with the
applied field until saturation is reached at
about 1.8 x 103 Oersteds. The presence
of magnetite in three live bees was tested
by freezing them to - 196°C in liquid ni-
trogen, and then continually monitoring
the remanence as they warmed up
through the isotropic point of magnetite
(- 143°C). In each case, the remanence
decreased slightly near this temperature,
indicating the presence of magnetite (19).
Regardless of what these attempts to
characterize the magnets produce, only
our behavioral experiments can establish
whether or not bees actually use these
magnetic crystals for orientation.
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Primate Infant's Effects on Mother's Future Reproduction
Abstract. Female savanna baboons (Papio cynocephalus) had a longer post-

partum amenorrhea and thereafter cycled longer before conceiving if their previous
infant survived than if that infant died. Among mothers of surviving infants, dif-
ferences in maternal care produced differences in age of weaning and age of inde-
pendence but did not result in differences in interbirth intervals.

Parental care expended on current off-
spring can reduce a parent's future re-
productive success if such activities
delay subsequent reproduction. Such ac-
tivities are "'parental investment," in
that they increase one offspring's
chances of surviving at the expense of
the parent's ability to produce other off-
spring (1). The recent speculative and
theoretical literature on parental invest-
ment (2) highlights the paucity of rele-
vant data from natural populations. In
this report we present evidence that, in
savanna baboons (Papio cynocepha-
lus), infants reduce their mothers' future
reproduction success by effecting a delay
in her subsequent reproduction through
effects on two phases of her reproductive
cycle.

Primate interbirth intervals consist of
three main phases: (i) a period of post-
partum amenorrhea or sterility; (ii) a pe-
riod of cycling, itself consisting of one or
more estrus (menstrual) periods, each of
which usually includes ovulation; and
(iii) a period of gestation. We now have
sufficient longitudinal data from yellow
baboons inhabiting Amboseli National
Park, Kenya, to examine effects of in-
fants on phases of their mothers' repro-
ductive cycles. Of the three phases, only
gestation length is subject to virtually no
variability in Amboseli baboons (the
mean was 177 days from onset of last de-
turgescence of the sexual skin, the stan-
dard error of the mean was 1 day, the
standard deviation was 4 days, and N was
25). Thus gestation length can be as-
sumed to be essentially unaffected either
by a female's current infant or by other
potentially important factors, such as
maternal age or habitat quality. In con-
trast, both amenorrhea and length of
time spent cycling prior to conception

0036-8075n78/0915-1028$00.50/0 Copyright X 1978 AAAS

showed great variability. We shall con-
sider each of these in turn.
Female baboons in Amboseli resume

cycles approximately 3 weeks after in-
fant death, regardless of the infant's age
at death, a value in striking contrast with
that for females with surviving infants,
for whom the range of postpartum amen-
orrhea is 6 to 17 months with a mean of
12 to 12.5 months (3). In contrast, labo-
ratory and zoo reports suggest that the
comparable value in such confinement
but without separation of mother and in-
fant is about 5 to 6 months (4). These re-
sults suggest that some of the reported
differences in populations may be ac-
counted for not only by infant presence,
but also by nutritional effects and dif-
ferences in energy demands [see Jain et
al. (5) for similar differences that corre-
late with socioeconomic class in hu-
mans]. Baboons in Amboseli appear to
experience shorter periods of post-
partum amenorrhea in years of good
rainfall, but the patterns are not clear-cut
nor are the data yet adequate for statisti-
cal testing.
From laboratory work on primate re-

productive physiology (6), it has long
been recognized that the presence of an
infant can delay resumption of menstrual
cycles, thereby delaying a female's next
conception. More recently, several re-
searchers (7, 8) have reported that non-
nursing females in two free-ranging, pro-
visioned groups of rhesus monkeys (Ma-
caca mulatta) produced infants approxi-
mately 1 month earlier in the birth sea-
son than did nursing females. In that
population, earlier births are associated
with higher infant survival and with
greater probability of mothers giving
birth in the following year, (8). Kawai (9)
and Tanaka et al. (10) reported that in
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groups of provisioned Japanese ma-
caques (Macaca fuscata), nonnursing fe-
males were more likely than were nurs-
ing females to have shorter (1-year) in-
terbirth intervals (95 percent and 9
percent, respectively, in Tanaka's
study). In none of these other field stud-
ies were effects on the different phases of
the reproductive cycle identified, al-
though several of the authors suggest
that these effects resulted from changes
in the length of postpartum amenorrhea.
Gombe Stream chimpanzees may experi-
ence 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 avail-
able on the length of time the mother
subsequently spent cycling before again
becoming pregnant. For females whose
previous infant had died before the fe-
male'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 pe-
riods for this group of females was one.
In contrast, mothers with surviving in-
fants 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 medi-
an 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 fe-
males with a surviving infant versus
those without gave P < .01, but the as-
sumptions of that test may not be ade-

,quately fulfilled.) In short, females with
surviving infants cycled significantly
longer before becoming pregnant (about
twice as long on the average) than fe-
males whose previous infant had died.
Further, for mothers of surviving in-
fants, there was a nonsignificant tenden-
cy for those that resumed cycles early to
take longer thereafter before becoming
pregnant, a result produced primarily by
the complete absence of conception in
females with infants less than a year of
age.

Perhaps the relation between infant
age and maternal conception rate is
spurious: infant age may not be the prox-
imate variable. If the effect of surviving
infants on maternal conception rate re-
sults from energy cost expended in car-
15 SEPTEMBER 1978

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 fe-
male'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 mater-
nal contact and the age of weaning were
measured. The nonrestrictive mothers
experienced shorter postpartum amenor-
rhea than did the restrictive ones. As is
consistent with the trend described
above, however, these nonrestrictive
mothers spent a longer time cycling be-
fore becoming pregnant, resulting in no
difference in interbirth interval between
the two groups, and thus negating the po-
tential advantage of early cycling in re-
ducing the interbirth interval. Perhaps
that advantage is realized only in years
of particularly good rainfall or food sup-
ply. If so, nonrestrictive mothers would
then have shorter interbirth intervals.
Additional longitudinal data will be re-
quired to clarify these interactions. In or-
der 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 con-

ception after loss of an infant is that it
enables individuals and populations to
recover rapidly from periods of high in-
fant 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
authors have proposed that more rapid
conception after loss of an infant might
provide the opportunity for development
of infanticide as an adaptive male repro-
ductive strategy. For example, a male
that takes over a one-male group from
another male and then kills the infants in
the group, as in some langur monkeys
(14), might benefit doubly: by eliminating
his predecessor's offspring and by in-
creasing the number of his own infants if
the females soon come into estrus-and
conceive (I5). In general, the potential
effectiveness of infanticide as a repro-
ductive strategy will depend not only on
its effectiveness in shortening the time to
the infanticidal male's successful mat-
ings but also (i) on the length of time that

a male is in a position of high reproduc-
tive status (16) and (ii) on some mecha-
nism, social or otherwise, for ensuring
that males do not kill their own offspring.
In contrast, male infanticide generally
will be selectively disadvantageous to fe-
males, because it reduces their reproduc-
tive success. Relatively promiscuous
mating occurs in the multi-male, multi-
female groups of many primate species,
including the savannah baboons dis-
cussed 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 post-
partum amenorrhea and cycling time
lengthened compared to the values under
the condition of infant death. In effect,
the result is a period of complete sterili-
ty, which lasts approximately 12 months
and is followed by several months of par-
tial sterility or somewhat lower concep-
tion rate than that for females whose pre-
vious infant has died; young infants have
the effect of a perfect contraceptive, old-
er ones an effect more like a faulty con-
traceptive. 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 fu-
ture reproduction success and could thus
be considered variability in maternal in-
vestment.
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If two species compete for a resource,
it must be limiting in such a way that an
increase in resource harvest by one spe-
cies corresponds to diminished harvest
by the other. Competition also occurs if
resource harvest remains stable but har-
vest cost increases. The evidence of in-
terspecies 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 geograph-
ic areas (2). During a study of com-
petition 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 Af-
ricanized honey bees sometimes com-
pete with native bees by diminishing
their foraging success at flowers. Pre-
vious 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 for-

est-savanna transition zone near
Kourou, French Guiana, between No-
vember 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;
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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 Af-
ricanized honey bees as well as stingless
and other bees, wasps, and flies (Table
1). During periods when Africanized
honey bee hives were present and ab-
sent, numbers of floral visitors were re-
corded in plots of Mimosa pudica (Fa-
baceae), Melochia villosa (Sterculia-
ceae), Rhynchospora globosa (Cyper-
aceae), and Borreria species (Rubia-
ceae) (6). I used different sizes and num-
bers of plots within patches of each
plant species, and this permitted suffi-
ciently large but accurate counts of for-
agers on flowers differing in spatial distri-
bution (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 de-
pleted Rhynchospora and Mimosa pollen
by midmorning, and few bees collected
pollen on Melochia and Borreria after
this time. However, the Borreria contin-
ued providing nectar and were visited in
the early afternoon. During each day,
forager counts were made at regular in-
tervals 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 spe-
cies. Plots of Mimosa varied greatly in
floral density over time, and flower
counts in each were made daily. Floral
densities remained stable in other spe-
cies patches. Estimated mean total flow-
ers in combined plots ranged from 843 in
Mimosa to 27,000 in Borreria.

Additional measurements of pollen
harvest were taken for stingless bees vis-
iting Mimosa and Africanized honey
bees foraging on Rhynchospora. I hy-
pothesized that duration of floral visits
varied with pollen abundance on Mi-
mosa and measured the time spent visit-
ing five flowers for 50 bees of the Meli-
pona 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 for-
agers 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 hon-
ey bee hives led to reversal in abundance
trends among Africanized and stingless
bees (P < .05 in a nested analysis of var-
iance; 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 remov-
al. Figure 1 illustrates the relationship
between Africanized and stingless bee
abundance on Melochia (7). At low den-
sities of each forager class, usually oc-
curring 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 ofBor-
reria, and competitive effects could not
be assessed at this resource. The daily
mean number of bees returning to Af-
ricanized honey bee hives with Rhyn-
chospora pollen was 5187 ± 423 (S.D.).
These were the only Africanized honey
bees foraging on Rhynchospora, and
their removal should have affected pol-
len availability, but no significant regres-
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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
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