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Reproductive Strategies of Primates: The Influence of
Body Size and Diet on Litter Size

C. A. CHAPMAN, S. WALKER, & L. LEFEBVRE
McGill University

ABSTRACT. The frequency of multiple births, life history parameters, body size, and diet charac-
teristics were obtained from the literature for 70 primate species. The general pattern within the
primate order is to have single infant litters, yet multiple births regularly occur in a number of spe-
cies in specific phylogenetic groups. Primates which have large litters tend to be small, have short
gestation periods and give birth to small infants, which are weaned quickly, and mature rapidly.
Species in which multiple births are common also have short interbirth intervals and in the Calli-
trichidae have males which exhibit paternal care. In addition, they are commonly insectivorous. Al-
though it is difficult to isolate the effects of diet on litter size, independent of body size, analyses
suggest that after the influence of body size is statistically removed, as the proportion of insects in
the diet increases, animals have larger litters. We suggest that by adopting a mixed diet of insects
and fruit primates may be able to ensure access to a seasonally stable food resource that is not greatly
restricted by the presence of toxins. This diet would allow a relatively high metabolism and facilitate

large litters.
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INTRODUCTION

Despite considerable conjecture, the factors governing the size of mammalian litters re-
main unclear. The documentation of strong relationships between body size and litter size
(WESTERN, 1979 EISENBERG, 1981 ; PETERS, 1983 ; CLUTTON-BROCK & HARVEY, 1983; HARVEY
& CLuTTON-BROCK, 1985; HARVEY et al., 1986) has led to the suggestion that litter size may
not be set by the direct action of selection, but is instead a consequence of allometric varia-
tion in body size. Some authors have considered potential phylogenetic constraints on the
size of litters (LEUTENEGGER, 1973, 1976, 1979), while still others have suggested that food
habits, working through metabolic rates, influence, if not set, a number of reproductive
traits, including litter size (EISENBERG, 1981 ; McNAB, 1980, 1986).

The comparison of allometric relationships between mammal groups which have different
litter sizes and different food habits faces a number of difficulties. A group of mammals must
be found for which there is sufficient documentation of diets and where there is sufficient
variation in diet to facilitate comparisons. Difficulties in interpretation can be minimized by
selecting closely related species within a small taxonomic group so that divergence in un-
related traits does not create undue confusion (HaARVEY & CLUTTON-BROCK, 1985).

Primates are a suitable group for examining relationships between litter size and life his-
tory parameters, allometry, and feeding patterns, for their study offers an opportunity to
minimize the above mentioned difficulties. As a group, they are well studied, and there are
a large number of investigations which report their feeding patterns using similar method-
ologies. In addition, within this order there are species which are almost exclusively insectivo-
rous, while others eat primarily fruit or leaves.
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Traditionally analyses of determinants of litter size have used the modal value for the
species. For primates, this ignores potentially significant variation in litter size and creates
a somewhat arbitrary dichotomy between species with a mode of one and those with multiple
births. Some of the species which are categorized as having a litter size of one, when the mode
is considered, fairly frequently give birth to twins. but at a rate which is slightly less than 50 %
(e.g., Lemur catta, Hapalemur griseus, Lorisidae). The variation that is being obscured may
be associated with variation in other life history traits, or with behavioural traits such as
diet, paternal care, or social organization. In this paper, we use a measure of litter size that
circumvents these problems to document aliometric relationships between litter size and life
history traits. In addition, we describe how litter size is influenced by behavioural traits, such
as social organization and paternal care. Lastly, particular emphasis is placed on examining
empirical relationships between variation in the incidence of multiple births for primates
and their diet.

METHODS

An extensive survey of the literature was conducted to obtain information on the incidence
of multiple births, life history traits, body size, and feeding patterns for as many primate
species as possible. As mentioned earlier, the standard measure of primate litter size has
been the mode. Alternative traditional descriptors are the median and the arithmetic mean.
Each of these measures is in some way inadequate. In many species, the mode and the
median may obscure significant variation. For primates, the arithmetic mean is not a good
measure of central tendency because the distribution of litter size is highly skewed towards
one. Such a distribution is difficult to use in regression analyses. Researchers working on
group size have similar problems and, as a solution, have represented central tendency with
a statistic called “typical size” (JARMAN, 1974). This measure represents the group or litter
size experienced by the average animal, not the average group or litter size seen by the ob-
server. Typical size is given by
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where N is the number of litters and g is the size of each litter.

The advantage associated with the use of typical size can best be illustrated by an example
analogous to the one given by JARMAN (1974; see his Appendix 2). Imagine two sets of three
litters: set A has litters of size 1, 1, and 8, while B has litters of size 4, 3, and 3. The modes
of the two sets are respectively | and 3, while the arithmetic means are equal at 3.33. The
medians are 8 and 3. In set A the modal litter size represents only two animals out of ten,
while the means represent the average litter observed, not the litter size the average animals
finds itself in. The medians are a more adequate representation of central tendency, but they
also obscure a large part of the variation in the data. In contrast, the typical litter sizes of
the two sets are 6.6 and 3.4, respectively, values which yield much better estimates of both
variation and central tendency.

Typical litter size was thus calculated in all cases where litter size varied within a species.
Species that had been adequately studied for which no reports of multiple births were ob-
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tained were assigned a typical litter size of 1. Those species for which reports of multiple
births were found, but a frequency was not given, were not assigned a typical litter size.
Many studies reported information on birth frequencies in primates; where more than one
frequency of multiple births was found, a weighted average was calculated at the species
level.

Data on adult female body weight, the period of gestation, age at weaning, interbirth
interval, neonate weight, and age at sexual maturity (averaged for males and females) were
extracted from NAPIER and Napier (1967), DEVORE (1965), Buss (1971), Harez (1971),
CHIARELLI (1972), ArpITO (1976), CLARK (1977), HERSHKOVITZ (1977), KLEIMAN (1977),
DovLe and MARTIN (1979), EISENBERG (1977, 1981), MILLAR (1981), HARVEY and CLUTTON-
Brock (1985), and LEFEBVRE (1983).

Paternal care was considered as any behaviour performed by an adult male which relieves
the mother of an energetic burden associated with infant care. We thus defined paternal care
in terms of carrying, baby sitting, etc. Behaviours such as grooming, playing, predator warn-
ing, and territorial defense were not considered as direct paternal care. The primary sources
for this data were VoGt (1984) and TAuB and REDICAN (1984). A species was categorized as
either exhibiting paternal care or not.

Four categories of social organization were considered; solitary, monogamous, single
male, and multimale-multifemale. Data were collected primarily from HARCOURT et al.
(1981), KLEIMAN (1977), Ri1CHARD (1985), and NaPIER and NAPIER (1967). When a species
was considered to have more than one type of social organization, if one type obviously
dominated the other, only the more dominant type was considered in the analysis. However,
if a clear dominance was not evident the following protocol was used. If a species was called
solitary and monogamous, it was considered monogamous, if a species was labelled as both
monogamous and single-male, it was considered single-male, and finally if a species was
called single-male and multimale-multifemale, it was considered multimale-multifemale.

All primates were classified by diet as insectivorous, frugivorous, or folivorous. Data on
food habits were primarily collected from JorLLy (1972), CLuTTON-BROCK and HARVEY
(1977a, b), and RICHARD (1985). Although different field studies employ various methods
to estimate this parameter, diet provides a useful means to separate animals in terms of
energy intake. The percentage of the diet that each category comprised was obtained from
CLuTrTON-BrOCK and HARVEY (1977a, b) and RicHARD (1985). If studies provided different
estimates for a species, the values were averaged.

The literature survey produced a data set of 70 species. This compilation contained a num-
ber of potential shortcomings typically associated with such surveys. Since academic interest
is not divided equally amongst all species in the primate order, particular species have been
studied more than others, and thus may have exerted undue influence on the relationships
presented. Also, the accuracy with which litter size was estimated varied among species. In
order that this potential bias can be assessed, the number of births from which litter size was
calculated are presented in Table 1.

ANALYSES

To examine inter-relationships between continuous life history variables and relation-
ships between body size and life history variables we used least-squares regression analyses.
Logarithmic transformations of both axes were used to fit a linear model. Regression analyses
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assume that there is negligible error in the measurements of the independent variables (SOKAL
& ROHLF, 1981). However, the importance of this source of error decreases when the inde-
pendent variables cover a broad range of values (PETERS, 1983), as is the case with the majority
of our variables with the exception of litter size.

Analysis of variance was used to identify differences in litter size between species with
different social organizations, with or without paternal care, and with different diets. How-
ever, certain types of diets have been shown to be limited to certain sizes of primates; e.g.,
small bodied species cannot obtain the energy required to maintain their metabolism by
eating energy poor, often toxic, leaves (Kay, 1984). Thus, multiple regression analyses were
used to examine the effect of diet on litter size, with typical litter size as the dependent
variable and body size and the percentage of the diet which one of the three diet categories
(leaves, fruit, insects) comprised, as the independent variables. In these analyses the partial
correlation coefficients were examined. The percentage of the diet was arcsin transformed
(SokAL & RoHLF, 1981).

RESULTS
BASIC PATTERNS

Many of the life history parameters examined showed considerable variation across the
primate order (Table 1). The mode for typical litter size was one, however it ranged from
1.0 to 2.5, and a considerable number of species were found to regularly have multiple births.
The occurrence of multiple births was not evenly distributed through the order (F = 28.8,
p<0.001 analyzed at the Family level). Typical litter size was largest in the prosimians (Strep-
sirhini, mean = 1.40) and in the New World Callitrichidae (mean = 2.02). For the remainder
of the Haplorhini, excluding the Callitrichidae, the average typical litter size was 1.02. Simi-
larly, the other life history variables exhibited considerable variation across the order (Table
2).

The litter size for species exhibiting paternal care (mean == 1.783) was significantly higher
than that of species with no paternal care (mean = 1.239; 1 = 3.28, p = 0.002). The potential
energetic burden on the female of raising young is probably proportional to the number of
offspring. Thus, it may be advantageous for the male to provide care for the young to increase
their probability of survival (TERBORGH & WILSON GOLDIZEN, 1985). Species with monoga-
mous or solitary social organizations had a higher litter size than species with a multimale-

Table 2. The mean and range of typical litter size, life history parameters, and body size for a sample
of primate species. Also an indication of whether these variables differed between the categorical
variables considered.

Mean Range Paternal care Mating system Taxon Diet
Typical litter size 1.287 1-2.5 * * *
Gestation (day) 165 60-269 —_ * * —
Weaning age (day) 346 25-1413 — * * *
Interbirth interval (day) 555 152-1825  — * * *
Neonate weight (g) 397 6.6-3300 — * * *
Age at maturity (day) 1469 257-5888 — * * *
Body weight (kg) 7.6 0.2-95.1 — * * *

*The variable differed between the categories; —: the difference was non-significant.



8 C. A. CHAPMAN et al.

Table 3. Product moment correlations of a series of life history variables and body size for a sample
of primate species.

Litter Body Gestation Weaning Interbirth  Neonate Age at

size weight period age interval weight maturity
Litter size — —0.63* —045* —0.71* —0.65% —0.66* —0.55%
Body weight — 0.52* 0.81* 0.85*% 0.96* 0.88*
Gestation period — 0.59* 0.74* 0.46* 0.31
Weaning age — 0.91* 0.88* 0.83*
Interbirth interval — 0.83* 0.81*
Neonate weight — 0.95*

Age at maturity _

*The relationship has a p<2.0.05. Not all sample sizes are the same because of missing values for some varia-
bles.

multifemale social organization (F = 2.98, p = 0.0205; Scheffe<0.10). The species that
were solitary were all prosimians. The larger litter sizes found in these animals may represent
the maintenance of an ancestral trait (LEUTENEGGER, 1979). Although these strategies re-
present the trend across the order, monogamous primates do not all have large litters (e.g.,
Aotus, Callicebus, Indri, Tarsius, Hylobates). However, the monogamous callitrichids do
have large litters. Similarly, primates with male paternal care do not have large litters, only
callitrichids do. Apparently, for callitrichids it is a package deal, large litters are associated
with small body size, monogamy (or polyandry), and male paternal care. Other primates
may have one or more of these components in association with increased litter size, but they
are not so closely associated as in the Callitrichidae.

The food habits of the primates also had an impact on litter size. The litter size of insecti-
vores was significantly larger than that of either folivores or frugivores (F = 6.99, p = 0.002;
Scheffe<<0.05).

ALLOMETRIC RELATIONSHIPS

A number of previous studies have demonstrated strong relationships between body size
and life history parameters (WESTERN, 1979; EISENBERG, 1981 ; HarVEY & CLUTTON-BROCK,
1985). Body weight in primates covers a broad range, from Tarsius syrichta weighing 0.14 kg
to the gorilla, Gorilla gorilla, which weighs 95.1 kg. The correlation matrix for the logarithmic
transformed life history variables and body weight are presented in Table 3. Two major
patterns are evident in this table. First, the life history parameters are correlated with each
other and with body size, with the exception that the length of the gestation period is not
related to age at maturity. Secondly, species who have large litters, tend to be small primates
which have short gestation periods, produce small infants, which are weaned quickly, and
then mature at a young age. Following the birth of a litter, females from small sized species
are capable of quickly becoming pregnant and producing a second litter.

INFLUENCE OF DIET ON LITTER Si1ZE

We have just shown that litter size differs between species categorized as having different
diets (Table 2), and that litter size is reiated to body size (Table 3). However, diet also varies
systematically with body size (F = 6.99, p = 0.002, tested between diet categories, fruit,
leaves, and insects). As a result it is difficult to separate the effects of body weight and diet
on litter size. However, to examine this question we preformed multiple regression analyses



Primate Litter Size 9

with typical litter size as the dependent variable and body size and the proportion of the
diet which one of the food types comprised as independent variables. Subsequently, we
examined the partial correlation coefficients. This analysis can be interpreted as the correla-
tion between litter size and the proportion of the diet composed of a certain food type, when
the linear effects of body size have been removed. When the percentage of leaves (r = —0.246,
p = 0.358) or fruit (r = 0.039, p = 0.882) changed in primate diets, there was no change in
litter size when the effect of body size was removed. However, when there was a change in
the dependency on insects, there was a tendency for litter size to also change, when body
size was held constant (» = 0.701, p = 0.079).

DISCUSSION

We have demonstrated that, in general, primates which have large litters, are small, have
short gestation periods, and give birth to small neonates, which they wean rapidly and mature
quickly. Similar observations have been made for primates and other mammals (HARVEY &
CLUTTON-BRrOCK, 1985; LEUTENEGGER, 1979; EISENBERG, 1981; Tuomi, 1980). The most
direct energetic link between these findings and diet concerns the metabolic rates of these
primates. Animals expend energy in activities such as maintenance and reproduction. Many
authors have stressed that metabolic rates are set by body size and diet and may strongly
influence a number of life history parameters (McNaB, 1969, 1980, 1983, 1986; HENNEMAN,
1983; Tuowmi, 1980). Thus, animals attempt to have the highest possible metabolism as can
be maintained by the quality and quantity of the foods they eat. In this fashion food habits
determine the amount of energy that can be allocated to reproduction. MCNAB (1969) docu-
mented that the metabolic rates of bat species which were frugivorous, nectivorous, or
carnivorous were higher than those of insectivorous species. Similar relationships between
diet and basal metabolic rates have subsequently been demonstrated for members of other
mammals (EISENBERG, 1981 ; McNAB, 1980, 1986; RASMUSSEN & IZARD, 1988). Low metabolic
rates are thought to be associated with a diet of nutritionally poor or toxic foods, or foods
exhibiting great seasonal fluctuations in abundance (McNAB, 1983). Insectivores are faced
with a resource that can be both highly toxic and very seasonal. For instance, some tropical
insect communities live in habitats which experience long severe dry seasons, where little if
any rain falls for six to seven months of the year. In such situations there are marked changes
in abundance of insects between seasons (JANZEN & SCHOENER, 1968; JANZEN, 1973, 1987).
Many insects have elaborate chemical defences to deter predation. Some insect species store
toxins that may compose up to 20 9; of their body weight (SCHMIDT, 1979). Folivores are also
faced with a resource that can be very toxic. Leaves frequently contain toxic chemicals which
may serve to deter insect or vertebrate damage (JANZEN, 1978). However, the effect of many of
these toxins on specific vertebrates is often unclear. For example, black colobus consume
large quantities of Rauvolfia vomitoria leaves which contain alkoloids toxic to man (McKEY
et al., 1981). In contrast, many tree species produce attractive fruits which are designed to
encourage their consumption by certain vertebrates, once they are ripe, and thereby ensure
the dispersal of the seeds contained in the fruit (JANzEN, 1978). Depending on the type of
forest, the availability of fruit may be relatively constant or may exhibit marked seasonal
fluctuations (CHAPMAN & CHAPMAN, in prep). Such seasonality can have strong influences
on the timing of reproductive events (RASMUSSEN, 1985) or the structuring of primate popula-
tions (MILTON, 1982).

Unfortunately, the data on basal metabolic rate in primates are extremely limited (MULLER
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et al., 1983; HILDWEIN & GOFFART, 1975). McNaAB (1978) suggested that arboreal mammals
which feed on leaves should have low basal metabolic rates. To our knowledge, this prediction
has only been examined twice with primate species. MULLER et al. (1983) found that captive
colobus (Colobus guereza), which are considered to be folivores, had basal metabolic rates
that were 859% of the value predicted from body mass. In contrast, MILTON et al. (1979)
measured the metabolic rates of howler monkeys (Alouatta palliata), the most folivorous
New World monkey, and rejected McNAB’s prediction. These authors found that the meta-
bolic rate of howlers was 5% higher than that predicted from body size. These conflicting
findings may result from the fact that both Colobus guereza and Alouatta palliata have
mixed leaf-fruit diets, and the prediction of how basal metabolic rate is affected by mixed
diets is not clear. For instance, a high metabolic rate could result from a mixed diet if leaves
are eaten as nutritional supplements and energetic requirements are met by eating fruit. On
the other hand, a low metabolic rate may result if leaves are eaten seasonally when fruit is
unavailable and metabolism is set by the worst conditions (MCNAaB, 1986).

Our results suggest that when the effect of body size is statistically removed, litter size in-
creases as the proportion of insects in the diet increases. This was not initially expected since
insects are often toxic and their abundance fluctuates seasonally. We suggest that this un-
expected result stems from the fact that the majority of the species classified as insectivores
really have mixed insect-fruit diets. By exploiting fruit resources these animals may find
adequate food resources when insects are not abundant. Also, they may be able to avoid
problems associated with the toxins found in insects by switching to eating fruit when toxins
derived from eating insects in a day build up to a potentially hazardous level. Also, in many
environments the peak abundance of insects coincides closely with the onset of the rains and
is fairly predictable. Thus, it may be possible for animals to time the periods of peak energetic
demands on producing females, so that they correspond with the time when food resources
are most abundant. RasMuUsseN (1985) has shown that a similar scenario does occur with
frugivorous lemurs. The timing of births in 11 species of lemurs coincides with the end of
the dry season.
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