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ABSTRACT
Objective: Here, we compare food availability and relate this to differences in energy intake rates, time spent
feeding, and daily travel distance of gorillas in the two populations.
Comparative intraspecific studies investigating spatiotemporal variation in food availability can help us understand the complex relationships between ecology, behavior, and life history in primates and are relevant to understanding hominin evolution. Differences in several variables have been documented between the two mountain
gorilla populations in the Virunga Massif and Bwindi Impenetrable National Park, but few direct comparisons that
link ecological conditions to feeding behavior have been made.
Materials and Methods: Using similar data collection protocols we conducted vegetation sampling and nutritional analysis on important foods to estimate food availability. Detailed observations of feeding behavior were used
to compute energy intake rates and daily travel distance was estimated through GPS readings.
Results: Food availability was overall lower and had greater temporal variability in Bwindi than in the Virungas.
Energy intake rates and time spent feeding were similar in both populations, but energy intake rates were significantly higher in Bwindi during the period of high fruit consumption. Daily travel distances were significantly
shorter in the Virungas.
Conclusions: Overall, despite the differences in food availability, we did not find large differences in the energetics of gorillas in the two populations, although further work is needed to more precisely quantify energy expenditure and energy balance. These results emphasize that even species with high food availability can exhibit
behavioral and energetic responses to variable ecological conditions, which are likely to affect growth, reproduction,
and survival. Am J Phys Anthropol 158:487–500, 2015. VC 2015 Wiley Periodicals, Inc.
Spatiotemporal variation in ecological conditions for a
species can influence a number of factors such as energy
intake and expenditure (Knott, 1998, 2005), grouping patterns (Wrangham, 1980; Koenig et al., 2013), life-history
characteristics (Altmann and Alberts, 2003), reproductive
performance (Knott, 2001), mortality (Gogarten et al.,
2012), and population density (Chapman and Chapman,
1999; Marshall and Leighton, 2006). Energy balance
(energy intake minus energy expenditure) is intrinsically
linked to food availability, which influences the amount of
energy available for growth, reproduction, and survival.
Despite its relevance for understanding the evolution of
life-history strategies in hominins and other primates
(Brockman, 2005; Kuzawa and Bragg, 2012), few studies
have collected quantitative data to examine how variation
in food availability influences energy budgets, especially
in great apes (but see: Knott, 2005). The goal of this paper
is to quantify the differences in food availability between
the two mountain gorilla populations and to investigate
how such differences relate to some components of energy
balance, specifically energy intake rates, time spent feeding, and daily travel distance of these two populations.
Ó 2015 WILEY PERIODICALS, INC.

Spatial variation in food availability has been shown
to elicit considerable variability in feeding ecology,
growth patterns, and reproductive rates in primates.
Captive primates are an extreme example of how
increased energy intake and decreased energy
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expenditure result in earlier maturation and faster
reproduction rates compared to wild individuals
(reviewed in: Pusey, 2012). Provisioned wild primates,
which have greater food availability, spend less time
feeding, more time resting, and have shorter daily travel
distances than their nonprovisioned counterparts, resulting in faster growth rates, earlier maturation, higher
infant survival, and shorter interbirth intervals (Altmann and Muruthi, 1988; Altmann and Alberts, 2003).
In both wild chimpanzees (Pan troglodytes) and orangutans (genus Pongo), higher food availability has been
linked to shorter interbirth intervals (summarized in:
Knott et al., 2009; Potts et al., 2009; Watts, 2012;
Thompson, 2013). Intergroup variation among smallscale human societies also follows the expected pattern
of better environmental conditions correlating with
faster growth and earlier puberty (Walker et al., 2006;
Kuzawa and Bragg, 2012).
In addition to overall food availability, seasonal fluctuations in food availability are predicted to influence fertility, growth, and mortality. Species that experience
large and unpredictable seasonal variation in food availability tend to grow and reproduce at slower rates than
species with more predictable environments (e.g., Barret
et al., 2006), which is thought to buffer them against the
risk of starvation during periods of low food availability
(Janson and van Schaik, 1993). This “risk aversion
hypothesis” may also help explain why frugivorous species, which are more prone to unpredictable periods of
food availability, have slower life-histories than folivorous species (Janson and van Schaik, 1993; Leigh, 1994).
Even though this relationship has been contested (Lee
and Kappeler, 2003), great apes seem to fit within this
framework, with predominantly folivorous mountain
gorillas having faster life-histories than the more frugivorous chimpanzees and bonobos, while orangutans have
the slowest life-histories and the greatest reliance on
ripe fruit of all extant apes (e.g., Wich et al., 2004).
Gorillas live in a wide variety of ecological conditions
(summarized in Robbins, 2011), and comparisons between
mountain and western gorillas (Gorilla gorilla gorilla)
provide support for the predictions that spatiotemporal
variation in food availability influences activity budgets,
ranging patterns, and life-history characteristics. A lower
density of terrestrial herbaceous vegetation (fibrous foods)
combined with a greater reliance on seasonally available
fruit is thought to explain why western gorillas have longer daily travel distances and larger home range sizes
than mountain gorillas (Doran et al., 2002; Robbins,
2011), which may contribute to the differences in some
life-history characteristics between these two species.
Mountain gorillas mature faster and are weaned at an
earlier age, leading to shorter interbirth intervals than
western gorillas (Breuer et al., 2009; Stoinski et al.,
2013). The slower life-history of western gorillas may be
an adaptation to the potentially higher ecological risks
they face due to higher spatial and temporal variability of
food (Breuer et al., 2009; Stoinski et al., 2013).
Variation in food availability and feeding ecology have
also been observed within and between the two mountain
gorilla populations located only 25 km apart (Watts, 1984;
McNeilage, 2001; Ganas et al., 2004, 2009a; Robbins,
2011). The ecological differences are likely driven by considerable variation in elevation (2,227–4,507 m in the
Virungas vs. 1,160–2,607 m in Bwindi) (Robbins et al.,
2006). Both populations rely heavily on terrestrial herbaceous vegetation that is available year-round (Watts,
American Journal of Physical Anthropology

1984, 1998; Ganas et al., 2009a). Bamboo shoots are the
main seasonally available food consumed by Virunga
gorillas, but do not occur where most of the Bwindi gorillas range (Vedder, 1984; McNeilage, 1995; Robbins et al.,
2006). Moreover, fruit availability and therefore fruit consumption is negligible in the Virungas, whereas fruit is
seasonally available and forms an important part of the
gorillas’ diet in Bwindi (Watts, 1984; Ganas et al., 2004;
Robbins, 2008; Wright et al., 2014). The degree to which
seasonal fruit availability in Bwindi may lead to greater
overall increase in food availability than the seasonal
increase caused by bamboo shoots in the Virungas has
not been quantified. Additionally, overall biomass of terrestrial herbaceous vegetation appears to be higher in the
Virungas than in Bwindi but no direct statistical comparisons have been made (Ganas et al., 2004; Grueter et al.,
2013). Furthermore, a comparison of total biomass may
not reflect a “gorilla’s eye” view of the habitat, as it does
not reflect the importance of particular food items in the
gorillas’ diet (Watts, 1984; Ganas et al., 2008). For example, one of the most abundant plants in Bwindi, Mimulopsis solmsii, accounts for only a small proportion of their
diet (Ganas et al., 2008). Moreover, the nutrient concentrations of staple foods in both populations have been
shown to be similar (with the exception of fruit) (Rothman et al., 2007; Wright et al., 2014), but comparing only
the nutritional values of foods in the absence of a measure of food availability provides an incomplete picture of
the quality and density of the food resources.
Ecological variation within and between the Virungas
and Bwindi seemingly leads to different behavioral
responses. Interbirth intervals are shorter in the Virungas than they are in Bwindi (4 vs. 5 years; Robbins
et al., 2009). Virunga gorillas appear to have shorter
daily travel distances (Watts, 1991; Ganas and Robbins,
2005) and smaller home ranges than Bwindi gorillas
(Vedder, 1984; Watts, 1991; Robbins and McNeilage,
2003; Caillaud et al., 2014). These differences in habitat
utilization may be due to the proposed higher densities
of terrestrial herbaceous vegetation and the near
absence of frugivory in the Virunga gorillas, but differences in methodology used may also contribute to the
variation. In addition, female Virunga gorillas had significantly higher C-peptide levels, an indication of
energy balance, during the bamboo season compared to
outside this period (Grueter et al., 2014). Virunga gorillas are expected to decrease both the time spent feeding
and daily travel distance when bamboo is available, but
this has yet to be empirically tested (Vedder, 1984;
Watts, 1988). In Bwindi, seasonally available fruit provides higher rates of energy return than terrestrial herbaceous vegetation and consequently gorillas spend less
time feeding but have longer daily travel distances during periods of high fruit consumption (Ganas and Robbins, 2005; Wright et al., 2014). It remains unclear
whether the influence of these two seasonal food types
(bamboo and fruit) on gorilla energy budgets is expected
to be stronger in one of the populations.
The aim of this study is to directly compare food availability in the two mountain gorilla populations and
relate this to variability in energy intake rates, time
spent feeding, and daily travel distance as a first step to
understanding the ecological causes of variation in
energy balance and life-histories between the two populations. First, we predicted higher food availability in
the Virungas than in Bwindi. Instead of overall food
availability, we used a measure of energy density
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comprised of the most important dietary items by considering only foods that cumulatively contributed to over
90% of the total energy ingested by each population. We
also compared the seasonal increase in food availability
caused by bamboo shoots in the Virungas and by fruit in
Bwindi. Next, we compared energy intake rates, time
spent feeding, and daily travel distance of each population. We use these results to discuss the link between
ecology, energetics, and life-history in mountain gorillas
and other primates.

METHODS
Study sites
The study was conducted in the Karisoke region of the
Volcanoes National Park, Rwanda, and in Bwindi
Impenetrable National Park, Uganda (Fig. 1). Both sites
are characterized by two dry seasons (June–August and
December–February) and two wet seasons (March–May
and September–November). Annual rainfall outside Volcanoes National Park (elevation 2400 m) for the current
study period was 2066 mm (recorded by staff of the Dian
Fossey Gorilla Fund International’s Karisoke Research
Center) and daily temperatures within the Karisoke
area typically ranging between 3.9 and 14.58C (Vedder,
1984). Annual rainfall in Ruhija in Bwindi (elevation
2400 m) is on average 1176 mm a year and average daily
temperatures range between 13.5 and 19.48C (Ganas
et al., 2009b).

Data collection
Following the regulations of the Rwanda Development
Board and the Uganda Wildlife Authority, daily observations on the habituated gorillas were limited to 4 h/day
and were conducted at similar times (median observation times: 09:31–13:10 in the Virungas; 09:20–13:15 in
Bwindi). Detailed feeding behavior, activity budgets, and
daily travel distance were recorded on three groups from
the Karisoke Research Center, Pablo (PAB), Bwenge
(BWE), Ntambara (NTA), between October 2009 and
September 2010, and the Kyagurilo group (KYA) in
Bwindi Impenetrable National Park, between September
2010 and August 2011. Daily travel distance was
recorded on an additional two Karisoke groups [Kuryama (KUY) and Inshuti (INS); henceforth, the five
groups are referred to as Virunga groups], during the
same study period as above, and on 12 additional groups
habituated for tourism from Bwindi Impenetrable
National Park (henceforth Bwindi groups), between May
2012 and June 2013. Membership of the groups
remained relatively stable throughout the study periods,
although some variation was present due to normal lifehistory events such as births, deaths, and transfers (see
Supporting Information for group size). In the following
analyses, we included the number of weaned individuals
per group as a control variable, which has been shown
to influence the ranging patterns in both populations
(Watts, 1991; Ganas and Robbins, 2005; Caillaud et al.,
2014).
In the analyses that used individual females as data
points, we included dominance rank as a control variable. Dominance hierarchies were based on the direction
of displacements (approach and retreat interactions) and
determined using a normalized David’s score (de Vries
et al., 2006). A statistically significant dominance hierarchy was found for all groups (all P < 0.004). We also

Fig. 1. The two mountain gorilla populations found in the
Virunga massif of Rwanda, Democratic Republic of Congo and
Uganda and Bwindi Impenetrable National Park, Uganda.
Home ranges are displayed for the three Virunga groups (BWE,
NTA, and PAB) and one Bwindi group (KYA), estimated via
minimum convex polygon. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

included reproductive state (cycling, gestation, or lactation) of each focal female as a control variable. We considered females to be gestating for 8.5 months backdated
from the birth of an infant. Females were assumed to be
lactating following the birth of an infant for 3 years in
the Virungas and for 4 years in Bwindi (Robbins et al.,
2009).

Food availability
Our measure of food availability was based on the
energy density of the most important foods for each population, which we defined as foods that cumulatively
contributed to over 90% (range: 91–98%) of the total
energy ingested over the study period. Energy density, a
“common currency” which can be easily compared with
other studies (Knott, 2005), was estimated by multiplying the dry biomass (g DW/m2) of the most important
foods by the energy concentration of each food item (see
Energy intake below). When the gorillas fed on multiple
plant parts of the same species (bark and leaves for
example), the energy concentration was weighted according to the proportion of each part in the total energy
ingested. Because the biomass for terrestrial herbaceous
vegetation does not show significant variation over the
year in either site (Watts, 1984, 1998; Ganas et al.,
2009a), we used values from one sampling period. The
methods for estimating biomass in the Virungas are
detailed in Grueter et al. (2013). Briefly, vegetation
American Journal of Physical Anthropology
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sampling was conducted in 473 circular plots [“extended
area” in Grueter et al. (2013)] and the stem length, number of leaves, or whole plants were counted for each species. A similar method was employed for the Bwindi
group, using 166 vegetation plots, between May 2012
and June 2013 (Seiler et al. in prep). Biomass availability was estimated for each group by considering only
vegetation plots in each group’s home range (vegetation
plots that were located 250 m or less from both the
sleeping sites and where the observers left the gorillas
at the end of the daily observation periods). To obtain
dry biomass estimates (g DW/m2), we used phytometric
regression equations (mathematical functions that relate
dry biomass as a function of a single or a combination of
known plant dimensions) by extrapolating the plant
dimensions collected during the vegetation sampling (as
per Grueter et al., 2013). Phytometric regression equations have been published for the Virunga gorilla foods
by Plumptre (1991) and by Ganas et al. (2009a) for
Bwindi gorilla foods (with the exception of Urera hypselodendron; Seiler et al. in prep). Lastly, it was not feasible to estimate the biomass for the fruit of Rubus
runssorensis shrub in the Virunga vegetation plots
(thought not to be seasonal), so we did not fully account
for this in the energy density estimates.

Temporal availability
Bamboo shoots (Yushania alpina) are the only seasonal food in the Virungas (Vedder, 1984; Watts, 1984,
1998). Because of the difficulties in estimating the biomass of the shoots, we used the biomass estimate of
2.11 g/m2 calculated in a previous study (McNeilage,
1995). In the absence of phenology data on shoot availability, we relied on when the gorillas fed on bamboo
shoots as an approximate indication of availability, using
instantaneous scan sampling (presence/absence of bamboo consumption per group per month).
Among the important foods consumed by the Bwindi
group, two were seasonal fruits Chrysophyllum albidium
and Myrianthus holstii. In the absence of the precise
number of fruits for these two species, we roughly estimated the fruit dry weight in an average sized tree for
each species (see Supporting Information). We monitored
fruit trees on a monthly basis to qualitatively record
fruit abundance [0% = no fruit; 25%, 50%, and
100% = tree crown full of fruit (Ganas et al., 2009a)],
which we applied to the total fruit dry weight estimate;
food availability was therefore a monthly value. We used
the period of fruit consumption by the gorillas as an
indication of fruit availability. During the study period,
fruit consumption showed one large peak during 3
months of the year (referred to as the period of high
fruit consumption), while the rest of the year was characterized as low fruit consumption.

Energy intake
Feeding behavior of adult females was recorded using
focal animal sampling (Altmann, 1974) for 30 min periods in the Virungas and 15–60 min periods in Bwindi
(variation was due to the dense understory vegetation in
Bwindi that made it difficult to follow individuals for
extended periods of time). Priority was given to the individual with the least focal time so as to obtain a similar
amount of focal time on each adult female. We recorded
242 focal feeding hours in total (27 h BWE; 26 h NTA;
69 h PAB; 120 h KYA). The methods to record energy
American Journal of Physical Anthropology

intake were the same in both sites and are detailed in
Wright et al. (2014) and Grueter et al. (in review).
Briefly, we estimated the wet weight ingested by the
focal female based on the number of food units consumed for each species (food units were pre-defined as
being a handful of leaves, one fruit or a certain length of
bark, for example). This was then converted into organic
matter. Plant samples were collected for nutritional
analysis in the Virungas between October 2009 and September 2010 (Grueter et al. in review) and in Bwindi by
Ganas et al. (2008) and Wright et al. (2014). We
assumed that energy concentration of the foods did not
vary significantly, although we do acknowledge that
nutritional content can vary over time (Chapman et al.,
2003; Worman and Chapman, 2005; Rothman et al.,
2012). Nutritional analysis of the plant samples were
conducted in the same laboratory (Leibniz Institute for
Zoo and Wildlife Research in Berlin) by SO. The energy
concentration of each food (predicted metabolic energy)
was based on the amount of crude protein (CP), total
nonstructural carbohydrates (TNC), lipids (L), and neutral detergent fiber (NDF) present, using the following
conversion factors: 4 kcal/g CP; 4 kcal/g TNC; 9 kcal/g L;
1.6 kcal/g NDF [as per Conklin-Brittain et al. (2006)].
TNC was calculated by difference: %TNC = 100- %L%CP- %TA- %NDF (Conklin-Brittain et al., 2006). The
predicted metabolic energy (PME) per gram of organic
matter of each food was calculated using the following
formula as per N’guessan et al. (2009): PME (kcal/
g) = (4*%CP 1 4*%TNC 1 9*%L 1 1.6*%NDF)/100. The
total organic matter ingested was then multiplied by the
PME of each food item to obtain energy intake.

Time spent feeding
Instantaneous scan sampling was conducted every
10 min in the Virungas and every 5 min in Bwindi
throughout the daily observation period to record the
activity that most of the individuals in view were doing
at the time of the scan (feeding, resting, or travelling),
referred to as group activity.

Daily travel distance
Using GPS readings at 30 s intervals, we recorded the
distance each group travelled between consecutive night
nesting sites by following the main trail that the majority of the group travelled. For the Virunga groups, a
team backtracked from the most recent nest site to older
nest sites. For the Bwindi groups, part of the nest to
nest track was recorded by following gorilla trail and
part was recorded during the daily gorilla observation
period. Because considerable error is sometimes obtained
when repeated GPS readings are taken from roughly the
same location (or individuals spend relatively little time
travelling; see Janmaat et al., 2013 for discussion and
similar approach), the daily travel distances were
cleaned to remove large “knots” in the GPS recordings
(daily travel distance when the group was stationary)
using a program developed in R (R Core Team, 2013) by
Roger Mundry to smooth the daily travel distance and
obtain more reliable travel distances.

Food availability analysis
To examine whether food availability varied significantly among the groups, we conducted a Kruskal–
Wallis H-test and Welch two sample T-tests to test the
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significance between each pair of groups. An F-test for
equality of variance was used to test whether food availability had significantly higher variance in the Bwindi
group than the Virunga groups.

Models used in the analysis
To test our predictions, we developed six mixed models. Their structure with regard to the key predictors is
described in the following.

Energy intake rates
To examine the relationship between energy intake
rates and food availability in the two populations, we
ran a linear mixed model (LMM) (Baayen, 2008). The
response variable was the total energy ingested (kcal)
in each focal period per day. The response variable was
not a rate (i.e., the total energy ingested per focal
period was not divided by the feeding duration), instead
we included feeding duration as a control variable
(Wright et al., 2014). The analysis used a separate data
point for each female that was observed on a given day.
The test predictors (variables of interest) were population (Virunga and Bwindi), food availability, and the
interaction between these two variables, as we wanted
to specifically test whether an increased food availability influenced energy intake rate differently depending
on the population. The following variables were
included as control variables: dominance rank, the
interaction between dominance rank and population
(assuming that dominance rank could have influenced
energy intake rates differently depending on the population), reproductive state, group size, day time and day
time squared (to account for a potential nonlinear relationship between day time and energy intake rate), and
feeding duration. We included random effects for focal
female, group ID, and date. To keep type 1 error rates
at the required level of 5%, we included random slope
terms to allow for food availability, reproductive state,
time and time squared to vary in their relationship to
group, food availability, group size, time and time
squared to vary in their relationship to focal and rank
to vary in its relationship to date as well as the correlation parameters between the random slope terms and
random intercepts (Schielzeth and Forstmeier, 2009;
Barr et al., 2013).
In addition to the above model, we ran a further two
LMMs to compare the energy intake rates between the
two populations, specifically testing whether energy
intake rates were a) overall higher and b) varied more
in one of the populations. We did not include a measure
of food availability in these two models, as we wanted
an overall comparison over the entire year, irrespective
of variation in food availability. The response variable
was the mean energy intake rate per female over the
entire study period in the first model and the standard
deviation in energy intake rate per female in the second
model. We thus had one data point per individual in
each model. We included group size, dominance rank,
and reproductive state as control variables in both models and included group ID as a random variable. Because
of small sample size, we did not test for a possible interaction between rank and population, nor did we calculate random slopes.

Proportion of time spent feeding
To test whether the two populations spent different
proportions of time feeding, we ran a LMM. The
response variable was the proportion of time that the
group spent feeding calculated from the instantaneous
scan samples of group activity. The analysis used a separate data point for each group per month. As test predictors we included population and food availability and
the interaction between these two variables to examine
whether the influence of food availability on the proportion of time spent feeding depended on the population.
We included group size as a control predictor and group
ID as a random effect as well as random slope terms to
allow for food availability and group size to vary in their
relationship to group ID. We excluded 5 group-months
because they had fewer than 50 scans each. We recorded
a total of 56,613 group scans (6,093 BWE; 8,454 NTA;
13,431 PAB; and 28,635 KYA). Although we did not use
full-day observations, the comparison of the proportion
of time spent feeding is likely to be valid, because our
times of observation were similar, the gorillas in the two
populations become active at similar times, and they
have comparable cycles of feeding and resting throughout the day (M. Robbins, personal observation).

Daily travel distance
To test the prediction that Virunga gorillas have
shorter daily travel distances than Bwindi gorillas, we
ran two LMMs. In the first of these, we included the
travel distances of three Virunga groups (PAB, BWE,
and NTA) and the one Bwindi group (KYA) as well as
term for food availability. We recorded a total of 508
daily travel distances (75 BWE; 84 NTA; 80 PAB; 269
KYA). In the second model, we included a total of 2123
daily travel distances from the 5 Virunga groups and 13
Bwindi groups, but we did not include a term for food
availability because it was not available for all groups.
The response variable for both of these models was daily
travel distance. In the first model, we included the interaction between population and food availability, to test
whether daily travel distance was influenced differently
by food availability depending on the population. We
included group size as a control variable and included
group ID as a random effect in both models. We included
random slope terms to allow for food availability and
group size to vary in their relationship to group ID in
the first of these models and group size to vary in its
relationship to group ID in the second model.

Data analysis
The models were fitted in R (R Core Team, version
3.11, 2014) and run with Gaussian error structure and
identity link. The models were implemented using the
function “lmer” of the “lme4” package (Bates et al.,
2014). We accounted for temporal autocorrelation (data
points close in time being more similar to each other
than data points further away in time) in all the models,
with the exception of the two models which had one data
point per female. This variable was derived by first
obtaining the residuals of each model. Then for each
data point, we averaged the residuals of all the other
data points in the data set (considering only data points
of the same individual or group in the case of the proportion of time feeding and daily travel distance models),
whereby the contribution of the other data points to this
American Journal of Physical Anthropology
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average was dependent on the temporal distance
between the two data points [see F€
urtbauer et al. (2011)
for more detailed explanation]. This variable was then
included in the models as a control predictor. We z-transformed (to a mean of 0 and a standard deviation of 1) all
quantitative predictor variables. We checked for the
assumptions of normally distributed and homogenous
residuals by visually inspecting q–q plots and the residuals plotted against fitted values and found no violations. We checked for model stability by excluding each
level of the random effects one at a time from the data
and comparing the estimates of each predictor to the
estimates obtained from a model with the full data set;
no influential cases were found. Variance inflation factors (VIF; Field, 2005) were derived using the function
“vif” of the “car” package (Fox and Weisberg, 2011) based
on a standard linear model excluding random effects
and interactions and no collinearity issues were found.
Before interpreting the results of each model, we com-

pared the full model to a corresponding null model (a
model without test predictors) using a likelihood ratio
test (R function ANOVA with argument test set to
“Chisq”), and only when this comparison was significant
we inspected the significance of each individual predictor
variable. This was done using likelihood ratio tests comparing the full models with respective reduced models,
using the R function “drop1”.

RESULTS
Food availability
There was a significant difference in food availability
among the four groups, defined as the amount of energy
(kcal/m2) of the most commonly consumed foods in each
groups’ home range (Kruskal–Wallis H test: v2 = 37.31,
df = 3, P < 0.001; Table 1; Fig. 2). The Bwindi group
(KYA) had the lowest food availability, followed by PAB,
BWE, and NTA (post hoc pairwise comparisons using

TABLE 1. The most important food species for each population (species which cumulatively contributed to over 90% of the total
energy ingested by each population) for the three Virunga groups (BWE, NTA, and PAB) and one Bwindi group (KYA)

Group

Species

Dietary
importance

Cumulative

Biomass
density
(g DW/m2)

Weighted energy
concentration
(kcal/g)

0.7
4.5
2.1
1.5
33.9
2.1
24.5
69.3
0.7
5.1
2.1
2.6
40.5
1.9
7.7
60.5

2.4
2.4
2.4
2.6
2.0
2.8
2.4

NTA
NTA
NTA
NTA
NTA
NTA
NTA
Total
BWE
BWE
BWE
BWE
BWE
BWE
BWE
Total

Galium sp.
Carduus nyassanus
Yushania alpina
Droguetia iners
Peucedanum linderi
Rubus runssorensisa
Laportea alatipes

45.7%
16.4%
11.1%
10.8%
6.4%
4.1%
3.8%

45.7%
62.1%
73.3%
84.1%
90.4%
94.5%
98.3%

Galium sp.
Carduus nyassanus
Yushania alpina
Rubus runssorensisa
Laportea alatipes
Droguetia iners
Peucedanum linderi

43.6%
15.8%
14.4%
7.4%
5.6%
3.1%
2.5%

43.6%
59.4%
73.8%
81.2%
86.8%
90.0%
92.5%

PAB
PAB
PAB
PAB
PAB
PAB
PAB
Total

Rubus runssorensisa
Galium sp.
Carduus nyassanus
Peucedanum linderi
Laportea alatipes
Droguetia iners
Yushania alpina

34.8%
33.6%
17.9%
4.0%
1.0%
0.3%
0.1%

34.8%
68.5%
86.4%
90.4%
91.3%
91.6%
91.8%

12.2
1.6
11.1
10.2
13.1
0.6
2.1
50.8

KYA
KYA
KYA
KYA
KYA
KYA
KYA
KYA
KYA
Total

Urera hypselodendron
Triumfetta sp
Ipomoea involucrata
Chrysophyllum albidium
Momordica foetida
Mimulopsis solmsii
Myrianthus holstii
Rubus sp.
Basella alba

22.7%
14.4%
13.7%
13.6%
10.3%
6.5%
3.7%
3.6%
2.9%

22.7%
37.0%
50.7%
64.3%
74.6%
81.1%
84.8%
88.4%
91.3%

3.0
0.6
3.3
3.1
3.0
14.5
0.7
5.9
0.6
34.7

Energy density
(kcal/m2)

Seasonal

1.7
10.9
5.0
3.9
66.4
5.9
57.5
151.3
1.6
12.0
4.9
7.2
95.2
4.9
15.1
140.8

n
n
y
n
n
n
n

2.9
2.4
2.3
2.0
2.4
2.6
2.2

35.4
3.8
25.2
19.9
30.8
1.5
4.7
121.4

n
n
n
n
n
n
y

2.3
2.4
2.9
3.7
2.9
2.1
2.4
2.7
2.7

7.0
1.5
9.3
11.6
8.6
30.3
1.3
16.0
1.6
87.2

n
n
n
y
n
n
y
n
n

2.4
2.4
2.3
2.7
2.3
2.6
2.0

n
n
y
n
n
n
n

Dietary importance was measured by the proportion of energy each food contributed to the total amount of energy ingested by each
group over the study period. Biomass density (g DW/m2) was calculated separately for each group by considering only vegetation
plots which were within each group’s home range. When the gorillas fed on multiple parts of the same species, the energy concentrations (kcal/g) of the species was weighted by the individual contribution of energy of each part. Energy density (kcal/m2) is biomass density (g DW/m2) multiplied by the weighted energy concentration (kcal/g) of each food. For seasonal species (y = yes,
n = no), the energy density was added to the corresponding months of availability (the energy density value displayed in the table
for Chrysophyllum albidium and Myrianthus holstii is averaged across the 12-month period).
a
The fruit of Rubus runssorensis was not considered in the biomass estimates, therefore the biomass estimate is likely to be higher
than what is shown.

American Journal of Physical Anthropology

493

ENERGETICS OF MOUNTAIN GORILLAS
Welch two sample t tests, all P < 0.002). Food availability for the three Virunga groups was 50–100% higher
than for the Bwindi group. Food availability for PAB
group would likely had been more similar to that of
BWE and NTA group if we had been able to include a
measure of availability for Rubus runssorensis fruit that
is common in PAB’s home range (Table 1; see Supporting
Information for further discussion). Fruit availability
lead to a more pronounced increase in food availability

Fig. 2. Food availability, measured via energy density (kcal/m2)
per calendar month for the three Virunga groups (BWE, NTA, and
PAB) and one Bwindi group (KYA). Rubus runssorensis fruit was
not taken into account in the biomass estimates, which would likely
result in an increase in food availability for the three Virunga
groups, but particularly for PAB, because this shrub was considerably more abundant in its home range compared to the other
groups. Bamboo shoots only marginally increased food availability
in the Virungas, while fruit considerably increased food availability
in Bwindi. Additional very small fluctuations were also apparent in
Bwindi, caused by the non-seasonal availability of Myrianthus holstii fruit occurring at very low density.

in Bwindi compared to the availability of bamboo shoots
in the Virungas (F-test for equality of variance: F = 3.03,
dfnum = 11, dfdenom = 35, P = 0.012; Fig. 2). Mountain
gorillas from both populations heavily relied on relatively few plant species (Table 1). Between four and six
species accounted for over 90% of the total energy consumed by the Virunga groups, whereas the Bwindi
group relied on nine.

Energy intake rates
The rate of increase in energy intake rates with
increasing food availability was the same in the two populations (nonsignificant interaction between food availability and population; Table 2), but due to the greater
overall increase in food availability during the period of
high fruit consumption in Bwindi, energy intake rates in
this population increased to higher overall levels than
those in the Virungas. During the period of high fruit
consumption, Bwindi gorillas had over double the energy
intake rates of the Virunga gorillas (Fig. 3). Outside this
period, energy intake rates were comparable between
the two populations. Of the seven control variables,
group size and feeding duration had a positive influence
on energy intake rates. Dominance rank was positively
correlated to energy intake rates in Bwindi, but not in
the Virunga groups (Wright et al., 2014; Table 2).
The additional model, which compared overall energy
intake rates between the two populations with one data
point per female and which did not consider differences
in food availability, confirmed the finding that energy
intake rates were overall higher in Bwindi (Table 3; Fig.
4). This was exclusively caused by the months of fruit
feeding, as a model without the 3 months of high fruit
consumption did not reveal a significant difference
between the two populations (full vs. null model comparison, without the three high fruit consumption months;
v2 = 0.01, df = 1, P = 0.936).
The model which compared the variance in energy
intake rates between the two populations and that did
not include food availability revealed that Virunga gorillas had significantly lower variance in energy intake
rates over the year than Bwindi gorillas (Table 4; Fig.
5). Of the three control variables, only group size had a

TABLE 2. The influence of population, food availability, and other variables on energy intake rates.
Full vs. null model
Data points = 1090
Intercept
Population
Food availability
Dominance rank
Group size
Reproductive state—lactating
Reproductive state—gestating
Day time
Day time2
Feeding duration
Temporal autocorrelation
Interaction population and rank

v2 = 20.67; df = 5; P < 0.001
Estimate

Std. error

7.16
20.44
0.31
0.14
0.05
20.02
0.02
0.06
20.00
1.05
0.05
20.20

0.11
0.29
0.06
0.04
0.10
0.07
0.07
0.02
0.02
0.02
0.02
0.06

v2

df

10.52

1

P

0.001

5.39

1

0.020

0.36

2

0.83

0.06
1261.81
6.18
7.78

1
1
1
1

0.81
<0.001
0.013
0.005

The estimate and standard error for population is in relation to Bwindi, while the reproductive state lactation and gestation are in
relation to cycling. The interaction between population and food availability was not significant (estimate = 20.26, standard
error = 0.24, v2 = 1.18, df = 1, P = 0.277) and therefore removed from the model. Blank cells are given when values would not be
meaningful, i.e., when the variables are included in interactions or when an equivalent squared term is present in the model.
Quantitative predictor variables were z-transformed
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Fig. 3. The relationship between energy intake rate (kcal/h)
and food availability for the three Virunga groups (BWE, NTA,
and PAB) and one Bwindi group (KYA). The energy intake rate
for each food availability value is displayed (due to monthly variation in food availability, the Bwindi group had seven separate
food availability values, whereas the Virunga groups had two).
The periods of high fruit and bamboo shoot consumption are
denoted in red. Indicated are means (points) with standard
error bars. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
TABLE 3. A comparison of overall energy intake rates between
the two populations, using the one data point per female
approach, which did not include a term for food availability.
v2 = 9.37; df = 1; P = 0.002

Full vs. null model
Data points = 27

Estimate

Std. Error

v2

df

P

Intercept
Population
Dominance rank
Group size
Reproductive state

1280.57
2312.35
26.41
69.47
231.16

65.17
74.50
33.04
31.35
33.24

7.51
0.03
0.58
0.90

1
1
1
1

0.006
0.852
0.446
0.342

Fig. 4. The relationship between overall energy intake rates
(kcal/h) for each population, using the one data point per female
approach and without considering changes in food availability. Solid
lines represent median values, dotted lines are fitted values, boxes
depict quartiles, and vertical lines quantiles (2.5% and 95%).
TABLE 4. A comparison of the variance in energy intake rates
between the two populations, from a model which did not
include a term for food availability.
v2 = 10.83; df = 1; P = 0.001

Full vs. null model
Data points = 27

Estimate

Std. error

v2

df

P

Intercept
Population
Dominance rank
Group size
Reproductive state

735.92
2300.93
237.71
80.33
0.52

55.04
62.91
25.86
27.43
26.68

10.83
2.05
6.45
0.00

1
1
1
1

0.001
0.153
0.011
0.980

The estimate and standard error for population is in relation to
Bwindi. Quantitative predictor variables were z-transformed

The estimate and standard error for population is in relation to
Bwindi. Quantitative predictor variables were z-transformed

significant positive influence on the variance in energy
intake rates (Table 4).

Proportion of time spent feeding
The combined influence of population and food availability only marginally influenced the proportion of time
spent feeding (full vs. null model comparison: v2 = 7.64;
df = 3; P = 0.054; Table 5). Both populations spent similar proportions of time feeding (fitted values for the proportion of time spent feeding were 0.49 and 0.51 for the
Virunga and Biwndi gorillas, respectively). Furthermore,
both populations significantly decreased the proportion
of time spent feeding during periods of either high fruit
or bamboo shoot consumption periods (nonsignificant
interaction between population and food availability;
Table 5). Against expectations, group size was negatively
correlated with the proportion of time spent feeding,
with larger groups spending a lower proportion of time
feeding than smaller groups (Table 5).
American Journal of Physical Anthropology

Fig. 5. The variance in energy intake rates (kcal/h) for each
population, without considering changes in food availability. Solid
lines represent median values, dotted lines are fitted values, boxes
depict quartiles, and vertical lines quantiles (2.5% and 95%).
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TABLE 5. The influence of population, food availability and
group size on the proportion of time spent feeding.
Full vs. null model
Data points = 43
Intercept
Population
Food availability
Group size

v2 = 7.64; df = 3; P = 0.054
Estimate

Std. error

0.51
20.02
20.06
20.04

0.04
0.05
0.02
0.01

v2
0.21
6.03
5.24

df
1
1
1

P
0.645
0.014
0.022

The estimate and standard error for population is in relation to
Bwindi. The estimate for temporal autocorrelation was negative, therefore it was removed from the model. The interaction
between population and food availability was not significant
(estimate=0.02, standard error = 0.07, v2 = 0.12, df = 1,
P = 0.732) and therefore removed from the model. Quantitative
predictor variables were z-transformed

TABLE 6. The influence of population, food availability and
other variables on daily travel distance in three Virunga groups
and one Bwindi group.
Full vs. null model
Data points = 508

v2 = 11.28; df = 3; P = 0.010
v2

Estimate Std. error

Intercept
6.98
Population
20.77
Food availability
0.09
Group size
0.66
Temporal autocorrelation
0.10
Interaction population
0.63
and food availability

0.18
0.49
0.03
0.61
0.02
0.34

df

P

3.45 1 0.063
35.16 1 <0.001
7.05 1 0.008

The estimate and standard error for population is in relation to
Bwindi. Blank cells are given when values would not be meaningful, i.e., when the variables are included in an interaction.
Quantitative predictor variables were z-transformed

TABLE 7. The influence of population, food availability, and
other variables on daily travel distance in five Virunga groups
and 13 Bwindi groups; the model does not include a term for
food availability.
v2 = 6.36; df = 2; P = 0.042
Full vs. null model
Data points = 2123
Intercept
Population
Group size
Temporal
autocorrelation

Estimate

Std. error

v2

df

P

6.70
20.27
0.04
0.19

0.05
0.10
0.04
0.01

5.84
1.23
288.99

1
1
1

0.016
0.267
<0.001

The estimate and standard error for population is in relation to
Bwindi. Quantitative predictor variables were z-transformed

Fig. 6. The relationship between daily travel distance (m)
and food availability for the three Virunga groups (BWE, NTA,
and PAB) and one Bwindi group (KYA). The mean daily travel
distance for each food availability value is displayed (due to
monthly variation in food availability, the Bwindi group had
seven separate food availability values, whereas the Virunga
groups had two). The period of high fruit and bamboo shoot consumption are denoted in red. Indicated are means (points) with
standard error bars. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

Daily travel distance
Overall, Bwindi gorillas had longer daily travel distances than Virunga gorillas, particularly during periods of
high fruit consumption (Fig. 6). However, contrary to
our prediction, Virunga gorillas had longer, not shorter
daily travel distances during the bamboo period. In fact,
the rate of increase in daily travel distances was significantly steeper for the Virunga gorillas during the bamboo period than it was for the Bwindi gorillas during the
period of high fruit consumption (significant interaction
between population and food availability; Table 6). There
was a trend for larger groups to travel further than
smaller groups (Table 6).
The model with the additional groups and consequently
many more daily travel distances, but without a term for

food availability, confirmed that Bwindi gorillas have longer daily travel distances than Virunga gorillas (the fitted
value for daily travel distance was 815 and 625 m for
Bwindi and the Virunga gorillas, respectively; Table 7; Fig.
7). However, there was significant overlap in daily travel
distance both between and within the two populations.

DISCUSSION
Food availability
Rather than using a measure of overall food availability, our study used a refined measure, combining the biomass and energy concentrations of the most commonly
consumed foods to obtain the energy density (kcal) per
square meter (Knott, 2005). Bwindi gorillas have a lower
overall amount and greater temporal variability of food
availability than Virunga gorillas. Food availability was
50–100% higher for the Virunga groups than for the
Bwindi group, which was due to higher biomass of
important terrestrial herbaceous vegetation species in
the Virungas than in Bwindi, as there was no significant
difference in the nutritional content of foods in the two
sites (Rothman et al., 2007; unpublished data). Previous
studies have shown intrapopulation variation in overall
biomass of foods consumed by gorillas both in the Virungas and in Bwindi (Watts, 1984; McNeilage, 2001; Ganas
et al., 2004, 2009a). We also found significant variation
in food availability of important foods among the three
Virunga groups (Fig. 2), but we could not examine
within-population variability in Bwindi because we had
only one study group. However, it is likely that even if
American Journal of Physical Anthropology
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need to follow a risk aversion strategy. The seasonal
availability of fruit represents a major increase in food
availability for Bwindi gorillas and for the vast majority
of other primate populations (Brockman, 2005); however,
it remains unclear to what extent it plays a role in the
life-history evolution of this population.

Energy intake rates and time spent feeding

Fig. 7. The relationship between daily travel distance (m),
presented on a log-transformed scale, and population (Virungas = 5 groups; Bwindi = 13 groups) from a model not comprising a term for food availability. Solid lines represent median
values, dashed lines are the fitted values (accounting for differences in group size), boxes depict quartiles, and vertical lines
quantiles (2.5% and 95%).

we had included additional areas in Bwindi we would
have found lower food availability than in the Virungas
because previous studies in Bwindi found a higher biomass of gorilla foods in the area used in this study compared to other areas (Ganas et al., 2004, 2009b;
Nkurunungi et al., 2004). Given the importance of terrestrial herbaceous vegetation in the diet of all apes
(Wrangham et al., 1991; Harrison et al., 2010; Harrison
and Marshall, 2011) and the fact that they are selective
feeders (Ganas et al., 2008; Hohmann et al., 2010), we
stress the importance of going beyond Knott’s (2005)
suggestion of presenting data on only the energy density
of fruit, but to also incorporate the energy density of terrestrial herbaceous vegetation, to better examine the
relationship between food availability and variation in
behavior and life-history parameters at both the intraspecific and interspecific level.
Mountain gorillas from both the Virungas and Bwindi
are somewhat unique among primates, as they do not
appear to have a period of low food availability. On the
contrary, one could argue that seasonal availability of
fruit in Bwindi and bamboo in the Virungas provides
times of even greater food availability against a background of constant high availability of terrestrial herbaceous vegetation. Fruit availability in Bwindi had a
much larger influence on food availability than bamboo
shoots in the Virungas. During 2 of the 3 months of high
fruit availability, food availability in Bwindi rose to values comparable to those in the Virungas, whereas the
availability of bamboo shoots only marginally increased
food availability in the Virungas. The greater variability,
combined with the lower overall amount, of food availability in Bwindi suggests that Bwindi gorillas live in a
more ecological complex environment than Virunga
gorillas. However, the higher density of terrestrial herbaceous vegetation in Bwindi compared to western
gorilla habitat makes it unlikely that Bwindi gorillas
American Journal of Physical Anthropology
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were similar for most of the year, which is unsurprising
given that the nutritional content of the majority of
foods is similar (Rothman et al., 2007). These results
also suggest that ingestion rates and processing times
also were similar. However, the more pronounced
increase in food availability in Bwindi compared to the
Virungas lead to energy intake rates in Bwindi being
over double the values for the Virungas during the
period of high fruit consumption. Fruit-related increases
in energy intake rates has also been shown in several
other species including western gorillas (Masi, 2008),
orangutans (Knott, 1998; Harrison et al., 2010), and
Assamese macaques (Macaca assamensis) (Heesen et al.,
2013). However, seasonal availability in leaves and other
nonreproductive plant parts may also lead to changes in
energy intake (Koenig, 2000; Harris et al., 2009). The
smaller increase in food availability in the Virungas during the period of bamboo shoot consumption also
increased energy intake rates in this population but to a
smaller extent.
No significant difference was found in the time spent
feeding between the two populations, which could be due
to the lack of differences in both energy concentration of
foods and intake rates. It should be noted that as the
gorillas were observed for only four hours per day in
this study, we may not have captured the variability in
the total time spent feeding. However, the hours of
observation were similar for both populations so the
activity budgets were likely to be comparable during this
time window. Nonetheless, the gorillas may also be constrained by time needed for digestion [“enforced resting”
(McFarland et al., 2014)] and they could be feeding for
the maximum possible time. Mountain gorillas spend a
higher proportion of their time resting compared to
western gorillas, which may be due to the increased
time needed for digesting a more fibrous diet (Masi
et al., 2009). Interestingly, Potts et al. (2011) also did not
find significant differences in feeding time between
neighboring chimpanzee communities living in different
quality habitats.
Gorillas at both sites spent significantly less time feeding during times of higher food availability, which is consistent with findings in western gorillas (Masi et al.,
2009) and is a common strategy in many primates species that is most likely due to increased energy intake
rates (Knott, 2005). Against expectation, larger groups
had higher energy intake rates and spent less time feeding than smaller groups, which may be due to the
intriguing possibility that larger groups have better
quality diets and home ranges, but this remains to be
tested (Seiler et al., in prep).

Daily travel distance
The average daily travel distance of the Bwindi groups
was nearly 25% longer (625 vs. 815 m) than those of the
Virunga groups (Fig.7). Whether this represents a significant increase in energy expenditure is difficult to say
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without more precise measurements of locomotor energetics which at present can only be roughly estimated
(Knott et al., 2009). Using Taylor’s et al. (1982) equation
for energy expended in primates and assuming an average body mass of 85 kg and a walking speed of 0.5 m/s
(Wright et al., 2014), the extra 190 m walked per day by
Bwindi gorillas would incur a further cost of 37 kcal per
day, which seems inconsequential as it would take
Bwindi gorillas an extra 2 min of feeding to achieve this
extra cost. At the same time, Bwindi gorillas are
expected to expend more energy on climbing than
Virunga gorillas due to their considerable higher degree
of arboreality. Climbing is estimated to be over twice as
expensive compared to walking in large primates (Pontzer and Wrangham, 2004).
The increased daily travel distance by Bwindi gorillas may reflect the lower densities of important terrestrial herbaceous vegetation species or the increased
travel distances associated with feeding on fruit. Similarly, a community of chimpanzees with lower density
of important foods was thought to expend more energy
on travel than a nearby community with higher densities of important foods (Potts et al., 2009). However,
primates in general have almost 50% lower total
energy expenditure relative to their body size compared to other mammals and interestingly wild primates do not necessarily expend more energy than
captive primates, which suggests activity patterns may
not always be a good indication of energy expenditure
(Pontzer et al., 2014).
A common pattern in primates is to increase the daily
travel distances during periods of higher food availability (and vice versa) (Hemingway and Bynum, 2005).
Bwindi gorillas increased daily travel distance during
the period of high fruit consumption which is in agreement with the previous findings in this population
(Ganas and Robbins, 2005), and similar to findings in
western gorillas (Goldsmith, 1999; Masi et al., 2009) and
Bornean orangutans (Knott, 1999). Interestingly,
Virunga gorillas significantly increased daily travel distance during the bamboo period, which was against predictions because of the clumped nature of bamboo
shoots. Overall, the relationship between ranging patterns and food availability is complex, and is likely to be
influenced by factors such as the spatial distribution and
quality of foods (Ganas and Robbins, 2005; Hemingway
and Bynum, 2005).

Energetics and life history
Gorillas from the two populations did not differ in
energy intake rates and time spent feeding for most of
the study period, but daily travel distance was overall
greater in Bwindi than the Virungas. This would suggest
that Virunga gorillas may have more positive energy
budgets than Bwindi gorillas for most of the year, but
we acknowledge that additional research using more
refined estimates of energy expenditure and energy balance is necessary to further substantiate this finding.
For example, energy balance can be assessed using urinary C-peptide, an indicator of insulin levels (Knott
et al., 2009). Positive correlations between food availability (or ripe fruit consumption) and C-peptide levels have
been shown in chimpanzees (Emery Thompson et al.,
2009) and orangutans (Emery Thompson and Knott,
2008). Interestingly, the same Virunga gorillas as in this
study had higher levels of C-peptide and therefore
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energy balance during the bamboo period (Grueter
et al., 2014). The higher energy intake rates during this
period likely contributes to more positive energy balance, even though they had to travel further to obtain it.
One potentially important factor mediating energy
expenditure (and energy balance) that we did not measure is the cost of thermoregulation. Though extremely
challenging to measure in the wild, it is a considerable
cost for some primates such as Japanese macaques
(Macaca fuscata), geladas (Theropithecus gelada), and
some baboon species (genus Papio) (Dunbar, 1992; Hill
et al., 2000; Hanya et al., 2004). For example, geladas
residing at higher altitudes spend more time feeding
than populations at lower altitudes and those living at
temperature extremes had longer interbirth intervals
than those living in more temperate regions, which is
thought to be reflective of the cost of thermoregulation
(Dunbar, 1992; Hill et al., 2000). Due to the lower average daily minimum temperature in the Virungas (3.98C
compared to 13.58C in Bwindi) energy expenditure for
maintaining stable body temperature is likely to be
noticeably higher for Virunga gorillas, so future studies
should attempt to measure this variable.
This study provides another example of how primate
populations can respond to differing environmental
conditions despite being in close geographic proximity
(Chapman and Chapman, 1999; Potts et al., 2011).
Such variation in ecological parameters has been
linked to reproductive parameters (Pusey, 2012;
Thompson, 2013). Further study is needed to better
elucidate whether the energy used for thermoregulation combined with the energy used for locomotion,
including climbing, significantly contribute to differences in energy balance between the two populations,
which may explain the longer interbirth intervals in
Bwindi compared to the Virungas (Robbins et al.,
2009). To better understand how variation in ecology
drives diversity in behavioral and life-history patterns
within species, future studies would benefit from documenting the precise energetic responses to spatiotemporal variation in food availability (Borries et al., 2001;
Strier, 2009).
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