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ABSTRACT Life history is influenced by factors both
intrinsic (e.g., body and relative brain size) and extrinsic
(e.g., diet, environmental instability) to organisms. In
this study, we examine the prediction that energetic risk
influences the life history of gorillas. Recent comparisons
suggest that the more frugivorous western lowland
gorilla shows increased infant dependence, and thus a
slower life history, than the primarily folivorous moun-
tain gorilla to buffer against the risk of starvation dur-
ing periods of food unpredictability. We further tested
this hypothesis by incorporating additional life history
data from wild western lowland gorillas and captive
western lowland gorillas with the assumption that the
latter live under ecological conditions of energetic risk
that more closely resemble those of mountain gorillas

Life history refers to the rate at which animals
mature and reproduce with key life history traits includ-
ing gestation length, interbirth interval, size and num-
ber of offspring, age at weaning and first reproduction
and life span (Charnov, 1991; Stearns, 1992). Life his-
tory traits are often highly intercorrelated, resulting in
general characterizations of fast or slow life history
schedules (although some recent analyses demonstrate
exceptions to the slow-fast continuum, e.g. Ross and
Jones, 1999; Godfrey et al., 2004; Bielby et al., 2007,
Borries et al., 2011; Leigh and Blomquist, 2011). For
example, species with smaller body sizes and high mor-
tality rates generally are characterized as having fast
life histories whereas species with slow life histories are
generally larger and have low mortality rates (Purvis
et al.,, 2003). Other factors—including diet, patterns of
non-maternal care, degree of arboreality, metabolic rate,
habitat use/type, and environmental instability—can
also interact to affect life history schedules (Janson and
van Schaik, 1993; Ross and Jones, 1999; Kappeler et al.,
2003; Godfrey et al., 2004; Harcourt and Stewart, 2007;
Borries et al., 2011).

Primates have some of the slowest mammalian life his-
tories, characterized by long gestations, the production of
large neonates with slow postnatal growth rates, late
ages of maturity, long life spans, and low reproductive
rates (Harvey and Clutton-Brock, 1985; Harvey et al.,
1987; Kappeler et al., 2003; Bielby et al., 2007). Yet con-
siderable interspecific variation in primate life history
traits exists (Lee and Kappeler, 2003). Although a num-
ber of factors likely contribute to these differences, stud-
ies have focused primarily on the role that body size,
relative brain size and diet likely play. Larger body and
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and thus should show faster life histories than wild
members of the species. Overall, we found captive west-
ern lowland and wild mountain gorillas to have faster
developmental life histories than wild western lowland
gorillas, weaning their infants approximately a year ear-
lier and thus reducing interbirth intervals by a year.
These results provide support that energetic risk plays
an important role in determining gorilla life history.
Unlike previous assertions, gorillas do not have substan-
tially faster life histories, at least at the genus level,
than other great apes. This calls for a re-evaluation of
theories concerning comparative ape life history and evo-
lution and highlights the need for data from additional
populations that vary in energetic risk. Am J Phys
Anthropol 000:000-000, 2013. © 2013 Wiley Periodicals, Inc.

relative brain size generally correspond with slower pri-
mate life histories (Harvey et al., 1987; Kappeler et al.,
2003). The role of diet is less well understood. In their
ecological risk aversion theory, Janson and van Schaik
(1993) hypothesized that frugivorous species that experi-
ence greater variability in the temporal availability of
food, either from seasonal variations in quantity or qual-
ity or from high levels of intraspecific feeding competi-
tion, should experience slower life histories to reduce
energetic needs and buffer against the risk of starvation.
Alternatively, folivores, which are generally thought to
experience lower feeding competition and to have greater
access to abundant, high quality feeding resources that
are temporally and spatially predictable (Leigh, 1994),
are predicted to have faster life histories to minimize pre-
dation risks. Early studies of 42 species of captive
anthropoids supported this hypothesis, finding faster
growth rates in folivorous as compared to frugivorous
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species (Leigh, 1994). However, several subsequent data-
sets have not supported the ecological risk aversion
hypothesis (small bodied platyrrhines: Garber and Leigh,
1997; lemurs: Godfrey et al., 2004; Asian colobines and
macaques: Borries et al., 2011), perhaps because many
foods of folivorous species are more seasonally con-
strained and/or folivores experience more feeding compe-
tition than originally realized (Koenig et al., 1997;
Borries et al., 2011). Clearly, more comparative data, par-
ticularly of closely related species or populations of the
same species living under different ecological conditions,
would be useful in determining the relative role of energy
risk on life history (Garber and Leigh, 1997; Lee and
Kappeler, 2003; Breuer et al., 2009; Chapman and Roth-
man, 2009; Borries et al., 2011).

Gorillas (genus Gorilla) provide an excellent opportu-
nity to further investigate the link between energy risk
and life history traits. Eastern (G. beringei) and western
(G. gorilla) gorillas live in a wide range of habitats that
vary considerably in the distribution of vegetation and
the presence/abundance of fruiting trees (Doran and
McNeilage, 2001; Doran et al., 2002; Masi et al., 2009).
The two best-studied subspecies—mountain and western
lowland gorillas—live under significantly different eco-
logical conditions. Mountain gorillas are specialized foli-
vores that feed primarily on abundant, high quality
herbaceous vegetation with very little seasonal variation
in food quality or availability (Watts, 1984, 1988). Feed-
ing competition is low and appears to have little impact
on female reproductive success (Robbins, Steklis et al.,
2007). In contrast, the diet of western lowland gorillas is
less predictable in both time and space. Western lowland
gorillas are seasonally frugivorous, which increases feed-
ing costs and presumably contest competition (Doran
and McNeilage, 2001; Masi et al., 2009). When fruits are
not available, western lowland gorillas rely on terrestrial
herbaceous vegetation, which occurs at substantially
lower densities than in mountain gorilla habitat (see
summary in Doran et al., 2002; Rogers et al., 2004; Masi
et al., 2009). Recent studies comparing mountain and
western lowland gorillas have argued that these ecologi-
cal differences are responsible for several differences in
social organization, behavior, brain development and life
history traits observed between the species (Doran and
McNeilage 2001; Robbins et al.,, 2004; Nowell and
Fletcher, 2007; Breuer et al., 2009; McFarlin et al.,
2012). In particular, studies of infant development and
maternal investment have reported longer periods of
infant dependency and slower physical maturation in
western lowland gorillas as compared to the Virunga
population of mountain gorillas (Nowell and Fletcher;
2007; Breuer et al., 2009). The authors have argued in
favor of the ecological risk aversion hypotheses, suggest-
ing that the temporally variable and widely dispersed
nature of western lowland gorilla food resources requires
longer investment by mothers to buffer infants against
starvation risk, particularly during periods of fruit scar-
city. These energetic risks may also be enhanced by
larger and more variable energy costs, at least in terms
of travel. Western lowland gorilla day journey lengths
and home ranges are approximately two to three times
those of mountain gorillas (see summary in Doran and
McNeilage, 2001) and thus, not surprisingly, western
lowland gorillas spend more time traveling and less time
resting (Masi et al., 2009). Western lowland gorillas also
show significant seasonal variation in day journey
length, home range size and activity budgets whereas
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mountain gorillas do not (Tutin, 1996; Watts, 1996;
Remis, 1997; Doran and McNeilage, 2001; Masi et al.,
2009). Thus, western lowland gorilla infants likely face a
greater energetic risk of starvation from both food scar-
city and increased costs related to travel.

Further testing of the hypothesis that energetic risks
affect life history in gorillas requires additional data
from western lowland gorillas for comparison with the
relatively robust dataset on mountain gorillas. In this
article, we present interbirth interval (IBI) data for a
population of wild western lowland gorillas. In addition,
we present data on weaning age and IBI for captive
western lowland gorillas. We argue that both captive
western gorillas and mountain gorillas live in environ-
ments with lower energetic risks of starvation because
food is predictable in space, time, and quality. This is
not to say these populations experience the same ener-
getic costs, as we would expect travel, food processing,
climbing, thermoregulation, and even digestion costs to
be higher in mountain gorillas. Rather our argument is
that given the predictability of their environments these
populations experience lower levels of energetic risk,
which should enable females to wean offspring at an ear-
lier age with less chance of starvation. Thus we expect
to see plasticity in western lowland gorilla development
such that captive individuals diverge from their wild
counterparts to show developmental life history trajecto-
ries that are more similar to those of wild mountain
gorillas.

METHODS

Data collection on interbirth intervals and
weaning

IBIs in captive western lowland gorillas. Data on
IBIs were extracted from the Association of Zoos and
Aquariums Gorilla Species Survival Plan© studbook. To
ensure that we included only interbirth intervals that
would be representative of surviving interbirth intervals
in the wild (e.g., where previous infant survives until
birth of next infant), we distributed questionnaires for
each birth that examined the housing situation of the
female, rearing of the infant, etc. This enabled us to
limit our analysis to IBIs for which: (1) the female was
able to get pregnant during the IBI (e.g., living with a
male, not on birth control); (2) the infant was reared and
weaned by its mother.

IBIs in wild western lowland gorillas. We collected
data on IBIs at Mbeli Bai, a 12.9 ha forest clearing
where gorillas come to feed in the south-west of the
Nouabalé-Ndoki National Park, Republic of Congo (see
Parnell 2002, Breuer et al., 2009 for description of site
and animal identification). The gorillas are not habitu-
ated to humans and thus are observed only when they
come to the bai to feed. The gorillas are observed with
the help of telescopes from a 9 m high observation plat-
form overlooking the forest clearing. Identification of
gorillas is based upon features such as shape of brow-
ridges, ears, nose-prints, and pelage (Parnell, 2002).
Some gorillas have been observed within 1-2 days after
their birth. When gorillas were first observed beyond
that age, their birthdates were estimated by comparing
their morphological and behavioral characteristics with
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TABLE 1. Assigned weaning ages of captive western lowland gorillas

Mother able to

Infant Parentage (dam X sire) Sex get pregnant Weaning age
Olympia Mia X Willie B F No 4.0
Lulu Kuchi X Willie B F No 4.8
Sukari Choomba® x Willie B F No 5.7
Kidogo Machi x Willie B M No 4.2
Macy Kudzoo X Taz F No 4.1
Gunther?® Sukari X Taz M No 5.2
Average 4.6
Kazi (twin) Kuchi X Taz F Yes 3.4
Mia Machi X Ozoum” F Yes 3.4
Kashata Machi X Ozoum® F Yes 3.6
Kudzoo Choomba® x Willie B F Yes 3.6
Kekla Paki® X Ozoum” M Yes 3.4
Kali (twin) Kuchi X Taz M Yes 4.2
Charlie Banga® X Ozoum” M Yes 4.6
Mbeli Banga® x Ozoum® M Yes 4.7
Average® 3.8

Weaning age was assigned based on last observed suckling.

2 Still nursing at very low rates at end of data collection and so not included in calculation of weaning age.
b Represent wild caught individuals. Remaining parents are first generation born in captivity.
“Value calculated with each female contributing a single data point.

other gorillas where age was already determined (Parnell,
2002; Nowell and Fletcher, 2007; Breuer et al., 2009).

Wild western lowland gorilla IBIs were calculated for
surviving interbirth intervals, as was done for the cap-
tive data and previously in mountain gorillas (Robbins
et al., 2006; Robbins et al., 2007a,b). However, for both
these latter populations, females are observed daily and
thus all births are captured. Alternatively, in the bai set-
ting, there are gaps in observation time between bai vis-
its, creating the potential for a birth to be missed if it
occurs and the infant then dies during a gap period.
Because this could lead to overestimations of IBIs, we
also examined IBIs in conjunction with nursing data, as
females generally wean infants before their next parturi-
tion. We removed any IBIs where the time difference
between the last observed nursing bout for the first
infant, which defined weaning (Breuer et al., 2009), and
next recorded birth was greater than two gestation
lengths (gestation length of 256 days; Harvey et al.,
1987).

Weaning age of captive western lowland gorillas. Age
at last observed suckling has been used to determine
weaning age for both mountain (Stewart, 1981; Fletcher,
1994, 2001) and western lowland gorillas (Nowell and
Fletcher, 2007; Breuer et al., 2009). This methodology
was also used to determine weaning for 14 infants born
at Zoo Atlanta. All infants born at Zoo Atlanta are part
of a longitudinal study and thus are observed from birth
until death or departure from the zoo. For this analysis,
we included data up until six years of age (or current
age if less than six years; see Table 1), as nursing has
not been observed past this age. Behavioral observations
on nursing patterns were conducted one to two times
per week between March 1989 and August 2011 using
focal animal sampling (Altmann, 1974). Data from year
one of an infant’s life were collected using a mother-
infant ethogram (30-minute observation period). Data
from years two through six were collected using a
broader gorilla ethogram (10-minute observation period;
see Hoff et al., 1994 for description of ethogram) but

with maternal-infant interactions still recorded. Obser-
vations occurred while mother-infant dyads were in their
groups in outdoor enclosures, usually between the hours
of 1000 and 1400. Enclosures ranged in size from 1,445
sq m to 2,725 sq m (see Stoinski et al., 2001 for descrip-
tion of enclosures). Infants were born into one of three
groups, which ranged in size and membership over the
course of the study but were no smaller than five and no
larger than nine individuals. Parentage information on
infants is provided in Table 1.

Data analysis

IBI data. Because a previous study found gorilla inter-
birth intervals to vary as a function of infant sex and
maternal rank (Robbins et al., 2007), we examined all
sex ratios to ensure there was not a bias in one dataset
towards longer IBIs simply as a function of differences
in the underlying sex ratio. All sex ratios approximated
50/50: wild western lowland (6 females, 8 males); captive
western lowland gorilla (30 females, 34 males); moun-
tain gorilla (47 females, 44 males).

Weaning data. We were able to assign an age of
weaning for 13 captive individuals; one individual was
still nursing at the end of the study, and his data were
not included in the analysis but are included in Table 1.

Eight of the captive mother—infant dyads lived in
groups consisting of a single silverback, multiple females
and nonadult offspring; six mothers lived without a male
at the approximate age of infant weaning or were on
birth control and thus could not become pregnant. We
predicted these latter individuals would have Ilater
weaning ages than their counterparts whose mothers
could become pregnant. A one-tailed Wilcoxon-Mann-
Whitney U test was used to compare age of weaning in
the two subsets to see if a female’s ability to become
pregnant influenced weaning age. When comparing
weaning age across the three gorilla populations, we
used two-tailed Kruskal-Wallis tests followed by
Wilcoxon-Mann-Whitney U post hoc tests to identify
which populations differed from each other.
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TABLE 2. Interbirth interval data for Mbeli Bai

Time between last
observed suckling
and next birth (years)

Name of Mother IBI (years)

Alberta 5.0 2.0
Bessie 4.7 0.8
Eleanor 5.0 1.0
Fulani 4.8 0.7
Hilary 4.5 na
Jakala 7.6 1.8
Jewel 7.4 na
Jodie 5.4 na
Khoisan 4.8 0.7
Leah 5.2 1.3
Matkah 7.6 1.7
Misty 4.3 na
Motaba 8.2 3.0
Nagaira 9.0 2.9
Niari 5.8 na
Pansy 6.1 14
Petunia 5.4 1.2
Ramona 4.2 na
Simone 5.0 na
Tina Turner 8.1 2.3

Individuals in italics were not used in the calculation of IBI
given that the time between last observed suckling and the
next birth was greater than two gestation periods.

RESULTS
Interbirth interval

Captive western lowland gorillas. Data were avail-
able for 64 IBIs from 36 mothers. Including each birth
as an individual data point produced an overall mean
IBI of 4.2+ 1.3 years (median 4.0 years; range, 2.0-8.2
years). Because previous studies have found consider-
able individual heterogeneity in IBIs (Jones et al., 2010),
we also calculated these variables using a single value
for each female (mean values used for females with mul-
tiple births; Brewer Marsden et al., 2006), which pro-
duced an overall mean IBI of 4.3 = 1.1 years; median 4.1
years; range 2.4-7.0 years.

Wild western lowland gorillas. Data were available
for 20 interbirth intervals representing 20 females
(Table 2). Using this entire dataset, the overall mean
interbirth interval was 5.9+ 1.5 years (median=>5.3
years; range=4.3-9.0 years). When we excluded six
IBIs for which the length of time between the last
observed nursing bout of the previous infant and the
birth date of the next infant was greater than two gesta-
tion periods, the mean IBI dropped to 5.2+ 0.8 years
(median: 5.0; range: 4.3-6.1, n=14). This dataset
included eight IBIs for which no data were available on
the date of last suckling for the first infant. Thus, we
also calculated IBI using only the six IBIs for which we
knew that the length of time between the last observed
nursing bout of the first infant and birth date of the sec-
ond infant was two gestation periods or less and found
essentially the same results: mean=5.2+ 0.5 years;
median: 5.0 years; range: 4.7-6.1 years.

Weaning age

Captive western lowland gorillas. For all calcula-
tions of weaning age, each female contributed a single
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data point. Including data for all 13 fully weaned indi-
viduals, the mean and median weaning ages were 4.1
years (range: 3.4-5.7 years; Table 1). However, when we
only include females who were able to become pregnant
again around the time of weaning, the mean age
dropped to 3.8 £0.5 years (median: 3.6 years; range:
3.4-4.6 years). Alternatively, the average weaning age
for infants whose mothers could not get pregnant was
4.6 0.7 years (median 4.2; range: 4.0-5.7 years;
includes infant that was not fully weaned as its age at
the end of the study was 5.2 years and thus already
greater than the mean). As predicted, the weaning
age of this latter group was significantly older (Mann-
Whitney U test n1=6; n2=5; U=23; P=0.03). To most
closely represent the situation for surviving IBIs in
the wild, we consider the weaning age of 3.8 years to
be appropriate for comparison with wild gorilla
populations.

Population comparisons

We compared IBI length and weaning age across all
three populations. Weaning data for wild western low-
land gorillas (n = 30) was from Breuer et al. (2009) and
Breuer (unpublished). Weaning data for wild mountain
gorillas (n=11) was from Stewart (1981) and Fletcher
(1994, 2001). Interbirth interval data from wild moun-
tain gorillas (n = 39 females representing 91 IBIs) were
extracted from the Dian Fossey Gorilla Fund’s Karisoke
Research Center based on Robbins, Steklis et al. (2007).
Kruskal-Wallis tests revealed significant differences
between groups (IBI: H=16.5; df =2; P <0.001; weaning
H=15.9; df=2; P<0.001) with post hoc analyses
revealing greater weaning ages and IBIs in wild western
lowland gorillas as compared to both mountain and cap-
tive western lowland gorillas (Mann-Whitney U tests;
P <0.005 for all comparisons) but no differences between
the latter two groups (Mann-Whitney U tests; P > 0.05).

DISCUSSION

We hypothesized that gorillas living in environments
where food is predictable in space, time, and quality
would show faster life histories than those living in envi-
ronments with greater energetic risks. The comparisons
in Table 3 support this hypothesis, showing earlier
weaning and faster resumption of reproduction in moun-
tain gorillas and captive western gorillas as compared to
wild western lowland gorillas. One of the benefits of our
comparison groups is that they largely control for other
factors that can influence the timing of life history, such
as body and relative brain size and arboreality. As men-
tioned earlier, the populations do likely differ in ener-
getic costs with both wild populations experiencing
significantly higher costs than captive gorillas given
their increased time spent locomoting, thermoregulating,
and even digesting a more fibrous diet. Thus, our finding
of similar life history trajectories across populations that
differ considerably in energetic costs but not risk further
emphasizes the role that risk likely plays in gorilla life
history schedules.

One element that our study did not address is preda-
tion risk, which the ecological risk aversion hypothesis
also posits should affect life history through increased
juvenile growth rates in species experiencing higher pre-
dation (Janson and van Schaik, 1993). Given their large
size, predation risk is low for gorillas as compared to
other primate species. Rare predation on gorillas by
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TABLE 3. Comparison of weaning and interbirth intervals across three gorilla populations

Mountain Gorilla®
(Gorilla beringei beringei)

Western Lowland®
(Gorilla gorilla gorilla)

Western Lowland®
(Gorilla gorilla gorilla)

Wild
Karisoke, Rwanda
4.1yrs; 4.1 yrs
(3.2 yrs to 6.1 yrs)
(n=39)

3.4 yrs®; 3.7 yrs
(1.8 yrs to 5.2 yrs)
(n=11)

Location

Interbirth interval:
avg; median (range)

Weaning®: avg;
median (range)

Wild
Mbeli Bai, Rep of Congo
5.2 yrs; 5.0 yrs
(4.3 yrs to 6.1 yrs)
(n=14)
4.7 yrs; 4.7 yrs;
(3.0 yrs to 6.1 yrs)
(n =30)

Captivity

4.3 yrs; 4.1 yrs
(2.4 yrs to 7.0 yrs)
(n =36)

3.8 yrs; 3.6 yrs
(3.4 yrs to 4.6 yrs)
(n=5)

For all datasets, n = number of females as a single average value is used for females with multiple data points.
#Weaning data: Stewart (1981); Fletcher (1994, 2001); IBI data: adapted from Robbins, Steklis et al. (2007) using the Karisoke

long-term database.
b Current study.

¢Weaning data: Nowell and Fletcher (2007); Breuer et al. (2009) and Breuer (unpublished). IBI data: current study.

9Defined as age last observed suckling.

¢For four infants reported by Fletcher (1994, 2001), weaning occurred between 40 and 44 months. To be conservative, the upper
limit of 44 months was used for these three individuals to generate the average.

leopards has been reported for both western and moun-
tain gorilla populations (Schaller, 1963; Robbins et al.,
2004), although leopards are thought to have been extir-
pated from the Virungas sometime in the last few deca-
des. Infanticide represents another predation risk; it has
been observed in rare cases in captive western lowland
gorillas and is strongly suspected but has yet to be
observed in wild western gorillas (Robbins et al., 2004;
Breuer et al., 2009). Although infanticide was a signifi-
cant cause of infant mortality for mountain gorillas in
the 1970s and 1980s (Watts, 1989), its frequency during
this period may have been elevated by social instability
resulting from high levels of poaching, which has also
been suggested for Grauer’s gorillas (Yamagiwa et al.,
2012b). This hypothesis is underscored by the absence of
infanticide observed in the Karisoke population during
an extended period (10+ years) of group stability (Kari-
soke long-term records).

Re-evaluating comparative ape life histories

The dataset now available on gorillas enables hypothe-
ses of gorilla life history as compared with other apes to be
readdressed. Based on the limited data previously avail-
able, gorillas are repeatedly described in comparative
analyses as having faster life histories than chimpanzees
and orangutans (Kelley and Schwartz, 2010; Robson and
Wood, 2008). What the data now clearly demonstrate is
that mountain gorillas may indeed have faster life histor-
ies but that this is not true for the genus as a whole. The
wild western gorilla data presented here, which are con-
sistent with preliminary data from two other western
gorilla sites (Doran-Sheehy et al., 2012; Yamagiwa et al.,
2012a), suggest that developmental life history patterns of
western gorillas are potentially quite similar to those of
chimpanzees (Boesch and Boesch-Achermann, 2000;
Emery Thompson et al., 2007; Breuer et al., 2009; Jones
et al., 2010). This finding is critically important to our
understanding of the evolution of hominid life history, par-
ticularly as many previous analyses specifically highlight
the “faster” life histories of gorillas to explain how social
and environmental factors may influence life history
schedules (see below).

Second, earlier studies comparing captive western low-
land and wild mountain gorilla IBIs had suggested that
gorillas differ from other apes in that they reproduce at

the species “genetic potential” (Tutin, 1994) or near
“maximum rates” in the wild (de Lathouwers and van
Elsacker, 2005). Our results clearly show that this is not
true, at least for wild western lowland gorillas. What is
interesting, particularly as relates to the role of ecologi-
cal risk in the timing of life history, is that mountain
gorillas appear to be the only ape where an unprovi-
sioned wild population shows developmental life history
patterns that are similar to captive animals. In western
gorillas, chimpanzees, and orangutans (data are unavail-
able for bonobos; although Knott (2001) reports IBI data
for unprovisioned bonobos, these data were indirectly
estimated from birth rates rather than by direct obser-
vation of sequential births (Fruth, personal communica-
tion) and are thus not comparable to available data on
the other apes), captive populations consistently show
shorter IBIs than unprovisioned wild ones (Fig. 4). From
a comparative perspective, mountain gorillas likely have
the highest quality and most abundantly available diet
of all the apes, and thus we would argue that this fur-
ther emphasizes the role that ecological risk plays in ape
life history schedules.

Finally, it has been argued that gorillas have a
decreased plasticity in life history as compared to chim-
panzees and orangutans (Anderson et al., 2008). The
three comparison groups presented in the current study
show that there is actually considerable phenotypic plas-
ticity in life history schedules within the genus Gorilla.
For example, the gorilla weaning ages and IBIs pre-
sented here vary by roughly 25%, which is similar to
variability seen across populations and locations in other
apes (see, for example, Anderson et al. 2008). Bonobos
have also been hypothesized to have decreased life his-
tory plasticity based on a lack of difference between pro-
visioned wild and captive populations (de Lathouwers
and van Elsacker, 2005; Anderson et al., 2008), but data
from unprovisioned wild bonobos are needed before the
extent of variability in bonobo life history can be
assessed. Bonobos will be a very interesting species on
which to have additional data because of their potential
increased reliance on terrestrial herbaceous vegetation
as compared to chimpanzees (Malenky and Wrangham,
1994; Wrangham et al., 1996).

In addition to diet, it has been hypothesized that goril-
las have relatively faster life histories as a result of their
social organization. For example, Tutin (1994) suggested
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that the more cohesive nature of gorilla groups as com-
pared to chimpanzees might enable earlier weaning in
gorillas through continued protection and socialization
opportunities outside the mother. Similarly, it has been
hypothesized that gregariousness enables earlier wean-
ing in that individuals do not need to have full ecological
competence to be weaned, with the inverse relationship
for orangutans, chimpanzees and gorillas between grega-
riousness level and weaning age cited for support (van
Noordwijk and van Schaik, 2005; Robson et al., 2006;
Robson and Wood, 2008). As with previous studies, these
hypotheses were based on mountain gorilla and/or cap-
tive western lowland gorilla data. With the data now
available for wild western lowland gorillas, the sug-
gested relationships between ape social organization and
the speed of life history are less clear. Comparisons
between chimpanzees and western lowland gorillas—
species that inhabit more similar ecological niches than
do chimpanzees and mountain gorillas—show similar-
ities in both weaning age and IBI despite differences in
social organization (Breuer et al., 2009; Boesch and
Boesch-Achermann 2000; Emery Thompson et al., 2007;
Jones et al., 2010; Pusey 1983). We do know that west-
ern gorilla groups show lower levels of social cohesion
than mountain gorilla (summarized in Doran and
McNeilage, 2001), although they are not considered to
have the fission-fusion social structure of chimpanzees.
Still, it would be useful to examine what role social orga-
nization and cohesion may play in developmental life
history schedules at a level of detail finer than the
overarching categories (e.g., cohesive groups versus
fission-fusion communities versus semi-solitary) that are
generally applied to the ape species. This could be par-
ticularly relevant for shedding light on the evolution of
developmental life history patterns in humans: despite
having the slowest life history among the apes, humans
have the shortest IBIs and earliest weaning ages, which
is often attributed to social factors (Robson et al., 2006).
In addition, more comparisons like those of van Noord-
wijk et al. (2010), which looked at the timing of other
measures of infant development, such as independent
locomotion, foraging, and technological development,
and the relationship to sociality would be useful.

Disentangling energetic and predation risk

The general pattern across apes argues for a strong
role of energetic risk in shaping ape developmental life
history schedules with the more frugivorous species
(chimpanzees, western gorillas, and orangutans) matur-
ing more slowly than the primarily folivorous mountain
gorilla (Table 4). However, more intraspecific compara-
tive data from wild populations are needed to disentan-
gle the relative roles of energetic versus predation risk.
For example, orangutans nicely fit the ecological risk
aversion model when comparing across apes: orangutans
are weaned at later ages than the African apes (Knott,
2001; van Noordwijk and van Schaik, 2005), and ecology
likely plays a significant role as southeast Asian rainfor-
ests have low mean productivity and considerably
greater intra- and inter- annual variation in productivity
as compared to African rainforests (Terborgh and van
Schaik, 1987; Knott and Kahlenberg, 2007). However,
recent interspecific comparison of wild orangutan popu-
lations show the opposite pattern as relates to energetic
risk: interbirth interval lengths are longer in Sumatran
than Bornean orangutans, despite the latter living in
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TABLE 4. Comparison of surviving IBIs in hominids

Wild Captive Hunter-gather
Chimpanzee (sp) 5.8 (5.4-6.1) 4.4 X
verus subsp 5.6 (5.4-5.8) X
troglodytes subsp 5.8 (5.6-6.1) X
Western gorilla (sp)
gorilla subsp 5.2 4.3 X
Eastern gorilla (sp) 4.3 (4.0-4.6) X
beringei subsp 4.1 X
graueri subsp 4.6 X
Bonobo na* 4.9 X
Sumatran orangutan 8.8 (8.2-9.3) 5.2 X
Bornean orangutan (sp) 6.8 (6.1-7.7) 5.0 X
wurmbii subsp 7.4 (7.1-7.7) b'e
morio subsp 6.3 (6.1-6.5) X
Humans X X 3.7 (3.1-4.1)

Values represent average IBI length in years where previous
infant lived until birth of subsequent infant; where data for
multiple populations were available, average values and ranges
for the species or subspecies are presented.

Chimpanzee: wild: Emery Thompson, personal communication
based on Emery Thompson et al.,, 2007; Boesch and Boesch-
Achermann, 2000. Captive: de Lathouwers and van Elsacker,
2005.

Western gorilla: wild: current paper; captive: current paper and
Sievert et al., 1991.

Eastern gorillas: current paper based on Robbins et al., 2007
sample; Yamagiwa and Kahekwa, 2001.

Bonobo: only comparable data are from a wild, provisioned pop-
ulation, which showed an IBI of 4.8 years: Furuichi et al., 1998;
Furuichi and Hashimoto, 2002; captive: de Lathouwers and van
Elsacker, 2005.

Sumatran orangutan: wild: Wich et al., 2010; captive: data col-
lected for this paper using same methodology applied to gorilla
IBI data (n =2 females and IBIs) but similar to median values
reported by Wich et al., 2010.

Bornean orangutan: wild: Wich et al., 2010; captive: data col-
lected for this paper using same methodology applied to gorilla
IBI data (n =3 females, 4 IBIs) but similar to median values
reported by Wich et al., 2010.

Humans: Kaplan et al., 2000; Robson et al., 2006; Robson and
Wood, 2008.

less productive habitats (Wich et al., 2010). Captive
orangutans show little variation between the species,
suggesting the difference is not genetic (Anderson et al.,
2008; Table 4). van Noordwijk et al. (2010) proposed that
different sources of mortality between the two species,
specifically increased predation risk in Sumatran orang-
utans, could drive the observed differences in early life
history. Others have suggested that there is no evidence
for species differences in infant mortality (Anderson
et al., 2008). This hypothesis remains an important one
to be tested both in orangutans and other apes by com-
paring life history strategies from sites with similar ecol-
ogies but varying degrees of predation pressure.

CONCLUSIONS

We found earlier weaning ages and shorter IBIs in pop-
ulations of gorillas that experience lower levels of ener-
getic risk. This is consistent with the ecological risk
aversion hypothesis (Janson and van Schaik, 1993), which
posits that decreased ecological risk should be associated
with faster life histories. These results, as well as compar-
ative analyses across the apes, suggest a considerable
influence of ecology, and in particular the ecological risks
associated with seasonal variation in food abundance and
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or quality associated with frugivory, on the timing of ape
life history. What role social organization may play in
determining ape life history remains to be determined,
although the similarities between western lowland goril-
las and chimpanzees suggest it is not as large as previ-
ously hypothesized. Contrary to previous assertions,
gorillas clearly show plasticity in life history schedules
and, at least for western gorillas, do not have considerably
faster life histories than chimpanzees. The current find-
ings highlight the importance of comparative data for
understanding ape life histories and, in particular, the
need for more data from different populations living
under variable ecological—both with respect to energetics
and predation—and social conditions.
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