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Ecological and social determinants of birth

intervals in baboons
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Birth rates in primates have long been proposed to result from an interaction between ecological and social factors. We analyzed
a variety of social and environmental variables to determine which ones best explain the observed variation in interbirth intervals
across 14 baboon populations. Both the number of females in the group and mean annual temperature were found to be
important, and a multivariate equation containing the quadratic components of both these variables accounts for almost all the
observed variance in interbirth intervals. The quadratic relationship with temperature is explained in terms of the energetic
costs of maintaining a stable body temperature at both low and high temperatures. The quadratic relationship with number of
females results from relationships with both food availability and the costs of increasing intragroup competition as group size
increases. Although females may be able to exert a certain degree of choice in their reproductive scheduling decisions, they
are ultimately constrained by limits imposed upon them by the complex interactions between their ecological and demographic
environment. Key words: baboons, birth rate, interbirth interval, intragroup competition, Papio, thermoregulation. [Behav Ecol

11:560-564 (2000)]

or mammals, birth rate is one of four key factors that un-
derlie a female’s lifetime reproductive output (Dunbar,
1988) and is affected by both ecological and social elements.
In terms of ecological correlates, a number of studies have
reported an association between food availability and birth
rate (California vole, Microtus californicus: Ford and Pitelka,
1984; African rodents, Arvicanthis nioticus, Mastomys natal-
ensis: Taylor and Green, 1976; Japanese macaques, Macaca
fuscata: Mori, 1979; long-tailed macaques, Macaca fascicularis:
van Schaik and van Noordwijk, 1985; baboons, Papio cynoce-
phalus: Hall, 1963), in which birth rate declines during peri-
ods of reduced food availability. Among klipspringer antelope
(Oreotragus oreotragus), ambient temperature has been iden-
tified as the key factor influencing interpopulation variability
in birth rate (Dunbar, 1990). Similar trends have also been
observed for gelada baboons (Theropithecus gelada), in which
altitude, which is highly correlated with ambient temperature,
was found to correlate negatively with birth rate (Dunbar,
1980; Ohsawa and Dunbar, 1984). Furthermore, litter sizes
have been reported to decline with altitude in the golden-
mantled ground squirrels (Spermophilus lateralis: Bronson,
1979), providing further evidence of a thermal constraint on
reproductive options. It has also been suggested that environ-
mental seasonality influences birth rate through its effect on
reproductive synchrony, which often results in oscillations in
birth rate from year to year (Dunbar, 1988). Goldizen et al.
(1988) demonstrated that rainfall (probably acting via fruit
production) correlates with the monthly distribution of births
in saddle-back tamarins (Saguinus fuscicollis), and Lycett et al.
(1999) and Wasser and Norton (1993) found similar trends
for baboons. Similarly, Stravistava and Dunbar (1995) report-
ed that birth rates and rainfall seasonality are negatively re-
lated for Hanuman langurs (Presbytis entellus), while Dunbar
(1995) found that interbirth intervals increase with latitude

Address correspondence to R. A. Hill. E-mail: r.a.hill@liverpool.ac.
uk.

Received 7 June 1999; revised 24 November 1999; accepted 24 Jan-
uary 2000.

© 2000 International Society for Behavioral Ecology

(and hence environmental seasonality) in South American
callitrichids.

Social factors are thought to influence birth rate through
the demographic structure of a group. Van Schaik (1983) re-
ported a negative correlation between the number of off-
spring per female and the number of females in a group for
the majority of Old and New World monkey species reviewed.
Kumar (1995) found a similar relationship for Japanese ma-
caques, with birth rate linearly decreasing with group size.
These data were taken to support van Schaik’s (1983) asser-
tion that birth rates should decrease as group size increases
due to intragroup competition. However, Wrangham (1980)
predicted that birth rate should exhibit a humped curve
against group size due to the interaction between intragroup
and intergroup competition. In a recent paper, Takahata et
al. (1998) found general support for this idea with data from
Japanese macaques.

Other demographic factors have also been implicated. Dun-
bar and Sharman (1983) found that, for baboons, the more
females per male in a group, the lower was the mean birth
rate. They explained this relationship in terms of female—fe-
male competition for access to male coalition partners as a
means of reducing harassment from other group members.
Srivastava and Dunbar (1996) found that birth rates increased
with the proportion of groups containing a single male in
hanuman langurs, possibly because overt competition be-
tween males in multimale groups adversely influences female
fertility. Dunbar (1987) reported a similar relationship for Af-
rican colobines. In the langurs, birth rates were also negatively
associated with female group size confirming the adverse ef-
fects of stress due to between-female competition (Srivastava
and Dunbar, 1996). Wasser and Starling (1988) provide evi-
dence from baboons to support this, since attacks from female
coalitions led to reproductive suppression in the attacked in-
dividuals.

More recently, Lycett et al. (1998) examined the influence
of predation risk and the relationship between care-depen-
dent and care-independent sources of mortality on female re-
productive scheduling. They found that for mothers with sur-
viving infants, the range of interbirth intervals across nine
baboon populations could be partly accounted for by the level
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Table 1
Climatic, demographic, and interbirth interval data
Mean Mean
Interbirth annual annual
interval temperature rainfall Altitude Group No. of No. of
Species/site (months) (°C) (mm) (m) size males females References®
Papio cynocephalus anubis
Chololo, Kenya 23.5 22.9 476 1661 43.3 5.3 10.7 1
Gilgil, Kenya 26.5 18.1 691 1768 65 5.2 22.1 2
Shai Hills, Ghana 30.3 25.9 1229 100 30.3 3.2 7.1 3
Papio cynocephalus cynocephalus
Amboseli, Kenya 24 23.4 335 1127 42 10 17 4
Gombe, Tanzania 25 24.5 1380 680 38.3 8.8 9.5 5
Mikumi, Tanzania 21 25.3 851 550 51.7 7.7 16 6
Ruaha, Tanzania 26.3 21.7° 298 1230 72 7 19 7
Tana River, Kenya 27.9 28.1° 494 55 78.8 4.6 21.8 8
Papio cynocephalus hamadryas
Erer Gota, Ethiopia 24 24.2 665 1200 83 12 22.5 9
Papio cynocephalus wursinus
Cape of Good Hope, S. Africa 27.7 17.9 631 10 85 12 26 10
De Hoop, S. Africa 25 17.0 428 10 44 2 12 11
Drakensberg, S. Africa 38 14.6 1149 1800 19.2 3.4 6.6 12
Mkuzi, S. Africa 20 22.4 630 480 47.3 6.0 11.3 13
Moremi, Botswana 24.6 23.6° 457 300 69.7 14.3 19.7 14

References: 1, Kenyatta, 1995; 2, Nicholson, 1982, Harding, 1976; 3, Depew, 1983; 4, Altmann, 1980, Bronikowski and Altmann, 1996; 5,
Collins et al., 1984, Ransom, 1981; 6, Rhine R]J, personal communication, Wasser and Wasser, 1995, Hawkins D, personal communication; 7,
Lee PC, personal communication, Oliver JI, personal communication; 8, Bently-Condit and Smith, 1997, Marsh, 1978; 9, Sigg et al., 1982; 10,
Davidge, 1978; 11, Barrett et al., 1999, Hill, unpublished data; 12 Lycett et al., 1998, 1999; 13, Henzi SP, personal communication, Gaynor,

1994; 14, Bulger and Hamilton, 1987.
Temperature estimated based on Dunbar (1992a).

of predation risk at that site. Females living under conditions
of low predation risk are able to care for infants for longer
periods; longer interbirth intervals are consequently a feature
of these habitats. Where the risk of care-independent mortal-
ity to offspring is high, the emphasis shifts to producing off-
spring at a faster rate, and thus interbirth intervals are re-
duced. However, the degree to which females are able to ex-
hibit this behavioral plasticity will ultimately depend on their
ecological and demographic situation.

In this study we considered a number of demographic and
environmental variables that might influence interbirth inter-
vals across baboon populations. We used data from the orig-
inal baboon data set analyzed by Lycett et al. (1998), as well
as data from additional Papio baboon studies that were not
available at that time.

METHODS

Papio baboons are widespread throughout sub-Saharan Africa
and inhabit a wide variety of habitats including forest, swampy
woodland, savannah, desert, coastal scrub, and high montane
slopes. Their ecological flexibility is paralleled by variation in
demography and social organization, with baboons forming
social groups ranging from small one-male units to large co-
hesive multimale groups and females generally remaining in
their natal group throughout their lives.

Data on interbirth intervals are available for 14 populations
of Papio baboons (see Table 1). Data were extracted from the
literature, with populations only included for which data had
been collected from unprovisioned troops for a minimum ob-
servation period of 12 months. Where data on actual inter-
birth intervals were not available, alternative estimates of

mean birth rates were obtained by summing the total number
of adult female-months studied and dividing by the number
of infants born in those troops over that time (sensu Dittus,
1975; Dunbar and Dunbar, 1975). Although these estimates
may not equate precisely to observed interbirth intervals, they
are unlikely to be significantly biased. Where possible, we also
took climatic and demographic data from the sources from
which the interbirth interval data were obtained. Where the
original sources did not contain these data, we took values
from literature relating to the same study period. Where cli-
matic data were not available from these sources, the data
were taken from Dunbar (1992b).

All data were log, transformed to ensure normality for para-
metric analysis. We used regression analysis to determine the
relationships between interbirth intervals and the indepen-
dent variables. However, many of the relationships with inter-
birth intervals were quadratic, and thus stepwise procedures
could not be used because the linear and quadratic compo-
nents did not always have significant independent effects. As
a consequence, a combination of enter and backward regres-
sion was used to determine the best fit equations where nec-
essary. All tests are two tailed. This paper follows convention
in considering the five Papio species as subspecies of a single
superspecies, Papio cynocephalus (e.g., Dunbar, 1992b; Jolly,
1993), and thus no distinctions are made on the basis of phy-
logeny during analysis.

RESULTS

With respect to the demographic variables, there were signif-
icant quadratic regressions between interbirth intervals and
both number of females (#* = .753, F,, = 16.774, p < .001)
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Figure 1

The relationship between interbirth interval and the number of
females in the troop.

and group size (# = .741, I, = 15.769, p = .001), although
there were no significant relationships with number of males
(= 148, I5,, = .955, p > 0.40) or the adult sex ratio (»* =
025, F , = .308, p > .55).

It is possible that the highly significant correlations with
number of females and group size may result from a strong
linear interrelationship between these two variables (* =
876, Iy, = 84.579, p < .001). Incorporating the quadratic
components of both of these independent variables into a
backward regression reveals that number of females is the
principal factor because only this quadratic relationship re-
mains significant (see Figure 1). The best-fit equation is:

In(IBI) = 8.533 — 4.096[In(F)] + 0.772[In(F)]2 (1)

where IBI is the interbirth interval (in months), and F'is the
number of females in the group.

Of the climatic variables, only temperature shows a signifi-
cant relationship with interbirth interval, and again the best-
fit equation was quadratic (Figure 2; # = .633, F,,, = 9.482,
p = .004). This relationship is independent of the number of
females because there is no correlation between temperature
and the number of females (»* = .026, I, ;, = 0.318, p > .55).
The best-fit equation with respect to temperature is:

In(IBI) = 31.480 — 18.413[In(T)] + 2.992[In(T)]2  (2)

where 7'is the mean annual temperature (°C). No significant
linear or quadratic relationships were found with respect to
either rainfall (linear: »* = .110, F, ,, = 1.487, p > .20; qua-
dratic: 7 = .195, F;,;, = 1.331, p > .30) or altitude (linear: »*
=.006, I, ,, = .076, p > .75; quadratic: * = .070, F, ;; = 0.415,
p > .65).

Entering both temperature and the number of females into
the same regression model yields the following best-fit equa-
tion:

In(IBI) = 20.736 — 2.914 In(F) + 0.553[In(F)]?
— 8.953 In(T) + 1.452[In(T)]? (3)

Including both variables results in a significant improvement
in the proportion of variance explained (»* = .839, I, =
11.682, p = .001).
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Figure 2
The relationship between interbirth interval and mean annual
temperature (°C).

DISCUSSION

Mean annual temperature and the number of adult females
in the group between them explain 84% of the variance in
interbirth intervals across baboon populations. Interbirth in-
tervals showed a significant quadratic U-shaped relationship
with the number of females. Because group size is a function
of the number of females in the group, there is a superficial
relationship between birth rate and group size that appears
to conform to the predictions of Wrangham (1980). [Note
that in this analysis we are considering interbirth intervals and
not birth rates as originally discussed by Wrangham (1980),
so the predicted direction of the relationship is reversed.]
Wrangham (1980) proposed that interbirth intervals should
initially decrease with troop size because larger troops have
advantages in intergroup competition over smaller troops;
however, interbirth intervals should then increase again as in-
tragroup competition becomes more intense as group size in-
creases, resulting in a U-shaped relationship.

Although Wrangham’s (1980) hypothesis may have some
explanatory value within populations (e.g., Japanese ma-
caques: Takahata et al. 1998), it is difficult to see how this
relationship can be extended across populations, at least with
respect to intergroup competition, since most of the param-
eters are population dependent. Both the competitive advan-
tage that a troop can expect to gain and the intensity of in-
tergroup competition for a troop of a given size will depend
on the range of group sizes that exist within that population.
Because the range of realizable group sizes is a function of
the environmental conditions experienced by a population
(Dunbar 1992b, 1996), the pattern observed here may not
reflect the levels of competition proposed by Wrangham
(1980) but instead reflect differences in group sizes between
sites due to differential resource availability.

Both number of females and group size show significant
quadratic relationships with rainfall (number of females: 1 =
474, F, ) = 4.952, p < .03; group size: ©* = 435, F, |, = 4.238,
p < .05), with these effects being independent of the rela-
tionship between interbirth interval and temperature, since
there is no relationship between rainfall and temperature (7
= .002, F;, = 0.021, p > .85). This quadratic relationship
can be explained by a trade-off between two opposing effects;
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namely, the effects of resource availability on the one hand
and intragroup competition on the other.

Rainfall is known to be a reliable predictor of primary pro-
ductivity in sub-Saharan habitats (e.g., Deshmukh, 1984; le
Houérou, 1984). Populations with low group sizes and num-
bers of females are likely to be occupying habitats with low
primary productivity. Female mammals must attain a mini-
mum nutritional plane before they can ovulate; consequently,
irrespective of the physiological mechanism involved, physical
condition is likely to be a key factor determining female fer-
tility. Females occupying poor-quality habitats are thus likely
to have longer interbirth intervals. Some evidence to support
the relationship between interbirth intervals and the resource
base comes from the observation that birth rates decline in a
number of primate species once provisioning is removed (Jap-
anese macaques: Mori, 1979; baboons: Hall, 1963; long-tailed
macaques: van Schaik and van Noordwijk, 1985), and this re-
duction in birth rates is attributed to correlated declines in
female body weight and condition.

Food availability does not completely explain the relation-
ship with number of females, however, because it cannot ac-
count for the observed increase in interbirth intervals with
large female group sizes. If food availability alone was under-
lying the relationship, then interbirth intervals would decline
linearly as habitats become increasingly richer. Furthermore,
because primary productivity is related to rainfall, we would
also expect interbirth intervals to be directly related to rainfall
if food availability was the sole explanation. Since the ob-
served relationship does not conform to either of these pre-
dictions, other factors must be important.

Intragroup competition is likely to be significant in this re-
spect. Irrespective of the level of resource base, increasing
female group size inevitably leads to increasing levels of intra-
group competition. Even where resources are not monopol-
izable and competition is primarily of the scramble type, larg-
er group sizes result in increased within-group competition.
Some evidence for this comes from baboons in Drakensberg,
South Africa, where females in larger troops spent more time
feeding and may have taken lower quality food items, despite
the shallow resource gradient in this mountain population
(Henzi et al., 1997). Furthermore, competition levels may be
independent of resource availability. Dominance rank signifi-
cantly influences interbirth intervals of baboons at Gilgil
(Smuts and Nicholson, 1989); although nutritional factors
may underlie this relationship, stress mechanisms are also like-
ly to be important. Evidence from baboons in the Masai Mara
National Reserve indicates that, for males at least, levels of
stress hormones differ markedly with dominance rank (Sa-
polsky and Ray, 1989). Similar patterns have been observed
for gelada, in which birth rates declined with declining dom-
inance rank (Dunbar, 1984). This relationship is also likely to
be stress related because subordinate individuals experienced
much higher rates of attacks than dominant animals (Dunbar,
1984), despite the virtual absence of contest feeding compe-
tition in gelada due to the nature of their grazing lifestyle. In
situations where intragroup feeding competition is more in-
tense, however, these relationships become even more pro-
nounced. At Mikumi, Wasser and Starling (1988) reported
that female attack coalitions served to reproductively suppress
their recipients, such that they experienced more cycles to
conception and lengthened interbirth intervals. Wasser and
Starling (1988) suggested that the attack coalition behavior
among females functioned to reduce competitive conditions
likely to be faced by the attackers’ offspring, through a de-
crease in birth cohort size.

Although the relationship between interbirth intervals and
number of females reported here may in part reflect the pat-
tern predicted by Wrangham (1980), we would argue that
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these findings probably provide better support for the van
Schaik (1983) model. We suggest that, rather than reflecting
intergroup competition as proposed by Wrangham (1980),
the initial decline in birth intervals with increasing group size
has more to do with the fact that resource availability limits
the range of permissible group sizes for populations occupy-
ing poor-quality habitats. In other words, the apparent cor-
relation between small group size and long interbirth intervals
is actually due to the fact that poor-quality habitats indepen-
dently constrain both group sizes and female fecundity. This
factor may not be reflected in the data sets analyzed by van
Schaik (1983) and Kumar (1995), and this may account for
their more straightforward linear results.

We found no evidence for the relationship between inter-
birth intervals and adult sex ratio reported by Dunbar and
Sharman (1983). However, Dunbar and Sharman (1983) con-
cluded that their relationship also reflected female—female
competition, specifically in this respect for access to males,
and that this relationship may also have been underpinned
by a relationship with rainfall. Furthermore, although Dunbar
and Sharman (1983) found no specific relationship between
birth rate and number of females, their linear correlational
approach would have masked any quadratic effects that might
have been present in their data. The findings of Wasser and
Starling (1988), demonstrating a proximate role for female—
female competition in reproductive suppression in baboons,
further supports this suggestion.

Environmental factors, through their influence on primary
productivity and thus female group size, therefore appear to
be important determinants of birth interval variation in ba-
boons. However, climatic factors may also have direct effects
on baboon physiology and condition, and the influence of
temperature and its costs in terms of thermoregulation are
significant in this respect. We found a significant quadratic
relationship between interbirth interval and temperature,
with birth intervals being longer at extremes of low and high
mean annual temperature. This also seems to reflect a trade-
off between two temperature-related effects. Thermoregula-
tory considerations appear to impose energetic costs on fe-
male baboons: at low temperatures, females experience ele-
vated energy expenditures to maintain a stable body temper-
ature, the costs of which are reflected in longer interbirth
intervals as ambient temperatures decline. Ohsawa and Dun-
bar (1984) showed that for gelada, reduced birth rates at low-
er temperatures were a consequence of the females’ inability
to carry fetuses to term when low temperatures placed heavy
energetic demands on them. Similar results have been re-
ported for klipspringer (Dunbar, 1990). At the same time, it
seems that the energetic costs of keeping the body cool
(Mount 1979) have the reverse effect (interbirth intervals in-
crease with rising temperature), resulting in the pattern of
birth intervals observed in this study.

Differences in interbirth intervals between baboon popu-
lations thus result from a complex interaction between envi-
ronmental factors (notably temperature and food availability,
which place energetic constraints on female condition) and
demographic considerations (especially female group size,
which results in increased female—female competition and el-
evated stress levels). These factors serve to constrain a fe-
male’s maximum reproductive rate for a given population and
group size. While females may then exhibit a certain degree
of plasticity in birth rates in response to factors such as pre-
dation risk (e.g., Lycett et al., 1998), they are ultimately con-
strained by the limits imposed upon them by their ecological
and demographic situation. Differentiating Equations 1 and 2
indicates that, for baboons, mean birth rates are maximal in
groups containing on average 14.2 females in populations
with a mean annual temperature of 21.7°C. These values
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might serve to define optimal habitat for baboons, at least
with respect to reproductive output.

We thank two anonymous referees for comments on an earlier drafts
of this manuscript. J.E.L.. was supported by an Economic and Social
Research Council (ESRC) program grant for the Economic Learning
and Social Evolution (ELSE) Research Centre.

REFERENCES

Altmann J, 1980. Baboon mothers and infants. Cambridge: Harvard
University Press.

Barrett L, Henzi SP, Weingrill T, Lycett JE, Hill RA, 1999. Market
forces predict grooming reciprocity in female baboons. Proc R Soc
Lond B 266:665-670.

Bently-Condit VK, Smith EO, 1997. Female reproductive parameters
of Tana River yellow baboons. Int ] Primatol 18:581-596.

Bronikowski AM, Altmann J, 1996. Foraging in a variable environ-
ment: weather patterns and the behavioural ecology of baboons.
Behav Ecol Sociobiol 39:11-25.

Bronson MT, 1979. Altitudinal variation in the life history of the gold-
en-mantled ground squirrel (Spermophilus lateralis). Ecology 60:
272-279.

Bulger J, Hamilton, W] III, 1987. Rank and density correlates of in-
clusive fitness measures in a natural chacma baboon (Papio ursinus)
troop. Int J Primatol 8:635-650.

Collins DA, Busse CD, Goodall ], 1984. Infanticide in two populations
of savanna baboons. In: Infanticide: comparative and evolutionary
perspectives (Hausfater G, Hrdy SB, eds). New York: Aldine; 193—
215.

Davidge C, 1978. Ecology of baboons (Papio wrsinus) Cape Point.
Zool Afr 13:329-350.

Depew LA, 1983. Ecology and behaviour of baboons (Papio anubis)
in the Shai Hills Game Production Reserve, Ghana (MSc Thesis).
Ghana: Cape Coast University.

Deshmuhk IK, 1984. A common relationship between precipitation
and grassland peak biomass for east and southern Africa. Afr J Ecol
22:181-186.

Dittus WPJ, 1975. Population dynamics of the toque monkeys, Macaca
sinica. In: Socioecology and psychology of primates (Tuttle RH,
ed). The Hague: Mount; 125-151.

Dunbar RIM, 1980. Edemographic and life history variables of a pop-
ulation of gelada baboons (Theropithecus gelada). ] Anim Ecol 49:
485-506.

Dunbar RIM, 1984. Reproductive decisions. An economic analysis of
gelada baboon social strategies. Princeton, New Jersey: Princeton
University Press.

Dunbar RIM, 1987. Habitat quality, population dynamics and group
composition in colobus monkeys (Colobus guereza). Int J Primatol
8:299-329.

Dunbar RIM, 1988. Primate social systems. London: Croom Helm.

Dunbar RIM, 1990. Environmental determinants of fecundity in klip-
springer (Oreotragus oreotragus). Afr J Ecol 28:307-313.

Dunbar RIM, 1992a. A model of the gelada socio-ecological system.
Primates 33:69-83.

Dunbar RIM, 1992b. Time: a hidden constraint on the behavioural
ecology of baboons. Behav Ecol Sociobiol 31:35-49.

Dunbar RIM, 1995. The mating system of callitrichid primates. II. The
impact of helpers. Anim Behav 50:1071-1089.

Dunbar RIM, 1996. Determinants of group size in primates: a general
model. In: Evolution of social behaviour patterns in primates and
man (Maynard Smith J, Runciman WG, Dunbar RIM, eds). Oxford:
Oxford University Press; 33-57.

Dunbar RIM, Dunbar P, 1975. Social dynamics of gelada baboons.
Basel: Karger.

Dunbar RIM, Sharman M, 1983. Female competition for access to
males affects birth rate in baboons. Behav Ecol Sociobiol 13:157—-
159.

Ford RG, Pitelka FA, 1984. Resource limitation in populations of the
California vole Microtus californicus. Ecology 65:122-136.

Gaynor D, 1994. Foraging and feeding behaviour of chacma baboons
in a woodland habitat (PhD thesis). Natal, South Africa: University
of Natal.

Goldizen AW, Terborgh ], Cornejo F, Porras DT, Evans R, 1988. Sea-

Behavioral Ecology Vol. 11 No. 5

sonal food shortage, weight loss and the timing of births in saddle-
back tamarins (Saguinus fuscicollis). ] Anim Ecol 57:893-901.

Hall KRL, 1963. Variations in the ecology of the chacma baboon,
Papio ursinus. Symp Zool Soc Lond 10:1-28.

Harding RSO, 1976. Ranging patterns of a troop of baboons (Papio
anubis) in Kenya. Folia Primatol 25:143-185.

Henzi SP, Lycett JE, Weingrill T, Byrne R, Whiten A, 1997. The effect
of troop size on travel and foraging in mountain baboons. S Afr ]
Sci 93:333-335.

le Houérou HN, 1984. Rain use efficiency: a unifying concept in arid-
land ecology. ] Arid Environ 7:213-247.

Jolly CJ, 1993. Species, subspecies, and baboon systematics. In: Spe-
cies, species concepts and primate evolution (Kimbel WH, Martin
LB, eds). New York: Plenum Press: 67-107.

Kenyatta CG, 1995. Ecological and social constraints on maternal in-
vestment strategies (PhD thesis). London: University College Lon-
don.

Kumar A, 1995. Birth rate and survival in relation to group size in
the lion-tailed macaque, Macaca sileus. Primates 36:1-9.

Lycett JE, Henzi SP, Barrett L, 1998. Maternal investment in mountain
baboons and the hypothesis of reduced care. Behav Ecol Sociobiol
42:49-56.

Lycett JE, Weingrill T, Henzi SP, 1999. Birth patterns in the Drakens-
berg mountain baboons (Papio cynocephalus ursinus). S Afr J Sci
95:354-356.

Marsh C, 1978. Ecology and social organisation of the Tana River red
colobus (Colobus badius rufomitratus) (PhD thesis). Bristol, Eng-
land: University of Bristol.

Mori A, 1979. Analysis of population changes by measurement of body
weight in the Koshima troop of Japanese monkeys. Primates 20:
371-397.

Mount LE, (1979) Adaptation to thermal environment: man and his
productive animals. London: Edward Arnold.

Nicholson N, 1982. Weaning and the development of independence
in baboons (PhD thesis). Cambridge: Harvard University.

Ohsawa H, Dunbar, RIM, 1984. Variations in the demographic struc-
ture and dynamics of gelada baboon populations. Behav Ecol So-
ciobiol 15:231-240.

Ransom TW, 1981. Beach troop of the Gombe. Lewisburg: Bucknell
University Press.

Sapolsky RM, Ray JC, 1989. Styles of dominance and their endocrine
correlates among wild olive baboons (Papio anubis). Am ] Primatol
18:1-13.

Sigg H, Stolba A, Abegglen J-J, Dasser V, 1982. Life history of hama-
dryas baboons: physical development, infant mortality reproductive
parameters and family relationships. Primates 23:473—487.

Smuts BB, Nicholson N 1989. Reproduction in wild female olive ba-
boons. Am ] Primatol 19:229-246.

Stravistava A, Dunbar RIM, 1995. The mating system of Hanuman
langurs: a problem in optimal foraging. Behav Ecol Sociobiol 39:
219-226.

Takahata Y, Suzuki S, Okayasu N, Sigiura H, Takahashi H, Yamagiwa
J, Izawa K, Agetsuma N, Hill D, Saito C, Sato S, Tanaka T, Sprague
D, 1998. Does troop size of wild Japanese macaques influence birth
rate and infant mortality in the absence of predators? Primates 39:
245-251.

Taylor KD, Green MG, 1976. The influence of rainfall on diet and
reproduction in four African rodent species. ] Zool 180:367-389.
van Schaik CP, 1983. Why are diurnal primates living in groups? Be-

haviour 87:120-144.

van Schaik CP, van Noorwijk MA, 1985. Interannual variability in fruit
abundance and the reproductive seasonality of Sumatran long-
tailed macaques. J Zool Lond 206:533-549.

Wasser SK, Norton G, 1993. Baboons adjust secondary sex ratio in
response to predictors of sex-specific offspring survival. Behav Ecol
Sociobiol 32:273-281

Wasser SK, Starling AK, 1988. Proximate and ultimate causation of
reproductive suppression among female yellow baboons at Mikumi
National Park, Tanzania. Am J Primatol 16:97-121.

Wasser LM, Wasser SK, 1995. Environmental variation and develop-
mental rate among free ranging yellow baboons (Papio cynocephal-
us). Am ] Primatol 35:15-30.

Wrangham RW, 1980. An ecological model of female-bonded primate
groups. Behaviour 75:262-300.



