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RESEARCH ARTICLE
Interspecific and Temporal Variation of Ant Species Within
Acacia drepanolobium Ant Domatia, a Staple Food of
Patas Monkeys (Erythrocebus patas) in Laikipia, Kenya
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The ants that live in the swollen thorns (domatia) of Acacia drepanolobium are staple foods for patas monkeys (Erythrocebus patas). To obtain
a better understanding of these insects as resources for patas monkeys,
we sampled the contents of 1,051 swollen thorns (ant domatia) over a
22-month period from December 1999 to September 2001, in Laikipia,
Kenya. First, we confirmed that of the four species of ants that live on
A. drepanolobium, Crematogaster sjostedti, the competitively dominant
ant in this system, does not rear significant brood in the swollen thorns
and is therefore not a major food item of patas monkeys. Second, across
the other three species that do use swollen thorns for rearing their brood,
C. nigriceps, C. mimosae, and Tetraponera penzigi, the number of worker
ants per swollen thorn increased with increasing competitive dominance.
Third, although there was considerable month-to-month variation in the
number of workers, immatures, and especially alates (winged reproductives) within species, there was less variation across species because ant
production was asynchronous. Variation in domatia contents was poorly
related to rainfall for each of the three species. Finally, distal thorns held
more alates and fewer workers than interior thorns, and branches higher
off the ground held more alates and more workers than lower branches.
For the numerically dominant C. mimosae, higher branches held
significantly more immature ants than did lower branches. Ants are
reliable food resources for patas monkeys, and are probably more reliable
than many plant resources in this highly seasonal environment. We
estimate that patas monkeys may get as much as a third of their daily
caloric needs from these ants year-round. As ants and other insects are
widely consumed by primates, we suggest that greater consideration be
given to species differences in animal food choices and that further
studies be conducted to examine the degree to which ants influence
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INTRODUCTION
The majority of insectivorous mammal species are small-bodied because
insects and other arthropods usually represent small, highly dispersed resources
[Kay, 1984]. However, larger body size does not preclude the consumption of
insects. Indeed, individuals of many larger-bodied primate species not normally
considered insectivorous, e.g., chimpanzees (Pan troglodytes), gray-cheeked
mangabeys (Lophocebus albigena), and patas monkeys (Erythrocebus patas),
spend considerable time eating ants, for example [Isbell, 1998; McGrew, 2001;
Redford, 1987; R.L. Chancellor, unpublished data].
Ants are estimated to constitute as much as 30–40% of the diet of patas
monkeys in East Africa, and they are consumed year-round [Isbell, 1998].
Hocking [1970] estimated that in the Acacia drepanolobium ecosystem characteristic of the ‘‘black cotton’’ soils in East Africa, there are more than 4,000 kg
of ant biomass per km2. This makes acacia ants one of the dominant animals in
this ecosystem. They are thus likely to have profound effects on the ecosystem
they inhabit, as predators of their invertebrate prey, as tenders of scale insects, as
consumers of plant nectar, as protectors of their host trees, and as food items for
their own predators.
Patas monkeys are, in fact, the major mammalian predators of the ants that
inhabit the swollen thorns (ant domatia) of A. drepanolobium [Isbell, 1998]. As
insectivorous larger primates [females: 4–7.5 kg; males: 7.5–13 kg: Haltenorth &
Diller, 1977], patas monkeys surpass the proposed threshold of about 1,000 g for
the upper size limit for insectivorous primates [Richard, 1985:185], partly
because the ants that inhabit A. drepanolobium represent an abundant resource
and occur in fairly large ‘‘parcels’’ readily accessible for any mammal that can
reach and break into the swollen thorns that house them [Isbell, 1998; Isbell
et al., 1998a; Pruetz & Isbell, 2000]. Although adult acacia ants are chitinous and
produce a variety of chemicals, e.g., alkaloids, that may serve as deterrents
[Garraffo et al., 2001; Laurent et al., 2003], it is likely that their broods (eggs,
larvae, pupae, and alates, the winged reproductives) are less protected, and are
potentially rich dietary sources of proteins, fats, and carbohydrates [Auger et al.,
2004; McGrew, 2001].
Patas monkeys live in highly seasonal, semi-arid environments in which
plant productivity increases with rainy periods and decreases with dry periods
[Chism et al., 1984; Enstam & Isbell, 2007]. Primates living in seasonal
environments often have seasonal reproduction, and patas monkeys are no
exception [Butynski, 1988; Cords, 1987; Enstam & Isbell, 2007]. However, patas
monkeys are also prolific breeders both relative to other guenons and for their
body size, with individuals consistently reproducing every year [Enstam & Isbell,
2007; L.A. Isbell, unpublished data]. Seasonal yet reliably annual (or shorter)
reproduction is more typical of the more classically insectivorous primates, e.g.,
Demidoff’s bushbabies (Galago demodovii) and gray mouse lemurs (Microcebus
murinus) [Bearder, 1987; Richard, 1987]. Their convergence with insectivorous
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smaller primates in having short interbirth intervals suggests that ant eating may
help patas monkeys sustain their high reproductive rates. They may compensate
for the shortfall that a highly seasonal plant diet creates by consuming a food that
is presumably available year-round.
Whether ants are indeed continuously available is unknown, however.
Although the feeding behavior of the monkeys suggests that ants are available in
the swollen thorns throughout the year [Isbell, 1998], and casual observations
indicate that adult ants are ubiquitous on trees, it is unclear how much temporal
variation exists in the availability of ants, particularly the more nutritionally
valuable immature ants. The uncertainty arises partly because it is impossible for
observers to identify exactly what or how much the monkeys consume as they eat
the contents of swollen thorns and partly because tropical environments with
distinct rainfall patterns, as are found in Kenya, may affect insect reproduction
and availability [Kaspari et al., 2001b; Rhine et al., 1986]. Indeed, previous work
has shown that ant colonies in the ecosystem inhabited by Kenyan patas monkeys
contract during dry periods, even abandoning smaller trees. These trees are then
reoccupied (either by new colonization by alates or by existing colony expansion)
during wet periods [Palmer et al., 2000]. Thus, there could be periods during the
year when nutritious, immature ants are not available.
At an average density of 1,335 trees/ha, A. drepanolobium accounts for 490%
of the woody cover in the study area in Laikipia, Kenya [Young et al., 1997, 1998].
In Laikipia, individual A. drepanolobium trees are occupied by one of four species
of ants (in order of their successional series, increasing colony size, and increasing
competitive dominance): Tetraponera penzigi, Crematogaster nigriceps,
C. mimosae, and C. sjostedti [Palmer, 2004; Young et al., 1997]. Virtually all
trees larger than seedlings are occupied by one of these species, and all four
species co-occur at fine spatial scales at the study site. Colonies of the first three
species inhabit swollen thorns produced by the tree. In contrast, colonies of
C. sjostedti rarely use the swollen thorns, instead raising brood in dead woody
crevices and the excavations of long-horn beetle (Cerambycidae) larvae [Palmer
et al., in prep]. Since patas monkeys get most of their ants from the swollen
thorns of A. drepanolobium, C. sjostedti appears to be less attractive than the
other ant species as foods for patas monkeys. Other differences in ant behavior
may also contribute to their differential consumption. For instance, C. mimosae is
far more likely to tend scale insects than the other two species that inhabit these
domatia [Young et al., 1997]. Though rarely emphasized as food items for
primates, scale insects are eaten nonetheless. Chacma baboons (P. hamadryas
ursinus) and Hanuman langurs (Semnopithecus entellus) even pass up their
normal foods to eat scale insects during scale insect outbreaks [Hamilton et al.,
1978; Srivastava, 1991].
After several decades of investigating the plant foods of primates, we have
learned a great deal about their food choices when those choices involve plants
[Lambert, 2007]. Unfortunately, our understanding of food choice is not as
sophisticated when animal foods are involved. We do know, however, that
variability exists among primates in the extent of ant-eating, the ant species that
are consumed, the temporal consumption of ants, and the means by which they
are procured [e.g., Deblauwe et al., 2003; Ganas & Robbins, 2004; McGrew, 2001;
Schöning et al., 2007; Tutin & Fernandez, 1992]. Black and white colobus
monkeys (Colobus guereza), for example, do not eat any ants whereas sympatric
gray-cheeked mangabeys do [Struhsaker, 1978; Waser, 1977]. Mangabeys
frequently eat the arboreal, vine-dwelling ant, Tetramorium aculeatum, but
rarely eat army ants (Dorylus spp.) [R.L. Chancellor, unpublished data]. On the
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other hand, chimpanzees invest much time, effort, and ingenuity to obtain army
ants [Hamle & Matsuzawa, 2002; McGrew, 2001] whereas gorillas (Gorilla gorilla)
use little ingenuity and simply scoop them up with their hands [Watts, 1989].
To more fully understand the choices of primates for different animal foods,
it is important to examine the behavior of the animals they eat, because food
animals undoubtedly differ in ways that affect their desirability. Here we help to
fill the gap in knowledge about the behavior of food animals of primates by
relating temporal and small-scale spatial variation in the abundance of four ant
species associated with A. drepanolobium in Laikipia, Kenya, to the feeding
behavior and reproductive characteristics of patas monkeys. Our broader goal is
to encourage others to examine ant species eaten or avoided by primates at their
own study sites for greater understanding of the choices primates make about
their animal foods and the repercussions of those choices.
STUDY SITE AND METHODS
The research was carried out over 22 months as part of a long-term research
project on patas monkeys and vervets (Cercopithecus aethiops) (the long-term
project was approved by the UC Davis IACUC and the Kenya government) on
Segera ranch (361500 E, 01150 N; elevation 1,800 m) on the Laikipia Plateau in
north-central Kenya. Segera Ranch is a cattle ranch that encourages a wide
diversity of wild animals typically found in semi-arid or dry habitats. In addition
to vervets and patas monkeys, olive baboons (P. h. anubis), and lesser bushbabies
(Galago senegalensis) occur there. Other mammal species characteristic of East
African savannah-woodlands also occur there, e.g., lions (Panthera leo), leopards
(P. pardus), zebras (Equus burchelli and E. grevyi), Grant’s gazelles (Gazella
granti), giraffes (Giraffa camelpardalis), and elephants (Loxodonta africana) [see
also Young et al., 1998]. The ecosystem is semi-arid, with variable annual rainfall,
but with a mean annual rainfall of 600–700 mm. Two tree species predominate at
the study site: Acacia xanthophloea (fever tree), which occurs along streams and
rivers, and A. drepanolobium (whistling thorn acacia), which occurs away from
streams and rivers on vertisolic soils of impeded drainage (‘‘black cotton’’ soil)
[Ahn & Geiger, 1987].
At regular intervals from December 1999 to September 2001, individual
swollen thorns were collected from A. drepanolobium trees in and around the
4,000 ha home range of a group of patas monkeys that was systematically studied
from 1992 to 2002 [Carlson & Isbell, 2001; Enstam & Isbell, 2004; Isbell, 1998;
Isbell et al., 1998b]. Each sampled tree was carefully approached, and the exit
holes of the targeted swollen thorns were sealed by inserting thorn tips to keep
ants from leaving the domatia. The swollen thorns were then removed with
clippers, placed in a plastic bag, and then deposited at the end of the day in a
freezer, which killed the occupant ants. At the time of collection, we recorded the
ant species identity, height of each tree (with a meter stick), height of the branch
from which each swollen thorn was taken, and the location of the swollen thorn
along that branch (distance from branch tip, and distance from the canopy
center). One to three swollen thorns were sampled on each tree. No attempt was
made to select trees systematically; with a density of about 1,335 trees/ha, it was
not difficult to sample individual trees only once. Swollen thorns were chosen
randomly without regard to ant activity that indicates the presence of ants in the
swollen thorns.
At a later date (within several weeks for each collection), we opened the
swollen thorns and counted the ants inside. Initially we attempted to distinguish
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between eggs, pupae, early and late instar larvae, and workers, but counting eggs
and early instar larvae (the smaller larvae) proved impractical. Therefore, after
the first 120 swollen thorns (out of 1,051), we counted workers, small alates
(males), large alates (females), and ‘‘immatures’’, which were pupae and later
instar larvae. Over the 22-month sampling period, data are available from all
months except May–July 2001. We also recorded from each swollen thorn the
presence of other material: carton (plant material modified by ants to create
multiple floors, or levels, within a single dwelling), frass (insect excreta), leaves,
unidentified (usually large lepidopteran or coleopteran) larvae, and spiders’ webs.
Statistical Analysis
Data were analyzed with JMP statistical software. Mean ant contents per
swollen thorn were calculated for each tree. Differences among ant species were
analyzed with one-way analysis of variances, and individual means were
compared with Tukey’s HSD tests, with sample size being the number of trees
sampled. Relationships among quantitative traits were analyzed with Pearson
product-moment correlations, both for all species combined, and for each species
separately. Thorn contents of other materials were scored on a presence/absence
basis, and compared across ant species with w2 analysis. Statistical significance
was set at an a level of 0.05.
RESULTS
Frequency of Ant Life Stages in Swollen Thorns
We counted 60,152 workers, 30,085 immatures, and 8,148 alates from 1,051
swollen thorns harvested from 817 individual trees. Less than 1% (n 5 2) of the
trees had more than one ant occupant (trees in successional transition). These are
not included in the following analyses.
The average numbers of workers, immatures, and large (female) and small
(male) alates differed among ant species (Table I). As anticipated, swollen thorns
on trees occupied by C. sjostedti contained very few ants at any life stage. The
remaining results reported here are restricted to the other three species. These
species were similar to each other in their use of swollen thorns for brooding,
averaging 30.0–37.3 immatures (F 5 1.91, P 5 0.15), and 7.6–9.6 alates per
domatium (F 5 1.02, P 5 0.36). In contrast, the mean number of worker ants
per swollen thorn increased with increasing competitive dominance (T. penzigi,
39.9; C. nigriceps, 60.4; C. mimosae, 74.2, F 5 28.2, Po0.001).

TABLE I. Mean Contents (71 SE) of Swollen Thorns for Trees Occupied by Each
of the Four Ants Inhabiting Acacia drepanolobium
Ant
C.
C.
C.
T.

sjostedti
mimosae
nigriceps
penzigi

Workers
23.074.9
74.273.7
60.472.8
39.972.5

Immatures

Female alates

(28)
1.070.6 (28)
0.570.5
(331) 37.372.9 (331) 1.670.3
(265) 30.072.4 (265) 2.770.4
(191) 35.273.5 (191) 1.370.3

(28)
(271)
(230)
(181)

Male alates
0.170.1
8.171.0
4.971.0
6.471.2

(28)
(271)
(230)
(181)

Total alates
0.670.5
9.771.1
7.671.1
7.771.3

(28)
(271)
(230)
(181)

Sample sizes (number of trees, in parentheses) differ slightly within species because, for a few initial samples, we
did not count alates.
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Temporal Variation in Ant Life Stages Within Swollen Thorns
There was considerable month-to-month variation in the presence of
workers, and in the production of immatures and alates (Fig. 1). Significantly
more monthly variation existed in the number of alates than in the number of
workers or immatures (F 5 24.6, P 5 0.006), and there was a non-significant
tendency for T. penzigi to have more temporal variation in the number of alates,
workers, and immatures than the two Crematogaster spp. (F 5 4.1, P 5 0.11).
However, because variation in domatia contents was asynchronous across ant
species, coefficients of variation across the entire community were lower than for
any particular species (Fig. 2). Although eight out of nine correlations between
rainfall and the three life stages of the three ant species in thorns were negative,
all relationships were weak and none was statistically significant (all P
valuesZ0.25).

Small-Scale Spatial Variation in Ant Life Stages Within Trees
Across all three ant species, distal thorns (more toward the branch tips) held
more alates than interior thorns (F 5 3.59, P 5 0.05) and branches higher off the
ground held significantly more immatures and workers than lower branches
(immatures: F 5 11.6, P 5 0.0007; workers: F 5 73.0, Po0.0001). For the
numerically dominant C. mimosae, branches higher off the ground also held
significantly more alates (F 5 4.36, P 5 0.04).

Fig. 1. Temporal variation in rainfall and the contents of swollen thorns, by ant species. In addition
to the 2 months where there were no data for any of the species, there were 2 months when our
collections did not include any trees occupied by T. penzigi.
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Fig. 2. Coefficients of variation (across 18 months) for the contents of swollen thorns. For the ‘‘All
spp. combined’’ category, all three species were weighted equally.

Variation in Non-Ant Contents of Swollen Thorns by Ant Species
The swollen thorns on trees occupied by different ant species also differed in
other contents (Table II). Swollen thorns occupied by C. mimosae were far more
likely to contain carton and unidentified larvae of other species than were other
ant species (Table II). Swollen thorns occupied by C. nigriceps were virtually the
only ones in which we found the leaflets of A. drepanolobium. Swollen thorns
occupied by T. penzigi uniquely contained frass. Spiders’ webs were found in all
three species that brood their young in swollen thorns.
DISCUSSION
The four ant species that inhabit A. drepanolobium are major components
of the wooded grassland habitats that dominate the impeded drainage (‘‘black
cotton’’) soils of East Africa. Patas monkeys mainly consume ants of three
of the four species—those that rear their brood in the swollen thorns of
A. drepanolobium. Our data indicate that although there is large temporal
variation in the number of workers, immatures, and alates within each of these
three ant species, together they provide patas monkeys with a consistent supply of
all life stages throughout the year, even during dry periods. The adult ants
and their brood contained in these swollen thorns thus represent an abundant
and reliable resource for patas monkeys.
As the reproductive members of ant colonies, alates are a particularly good
source of dietary fat [Redford & Dorea, 1984], and may even provide the highest
quality insect foods [McGrew, 2001], since there is more energy in fat than in
other macronutrients per unit weight. For this reason, it is notable that although
the monthly presence of alates varied more than workers or immatures, there was
no consistent relationship between rainfall and alate presence for any ant species,
and no consistent pattern across ant species. This contrasts with some neotropical
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TABLE II. The Number (and Percent) of Swollen Thorns that Contained Different
Material, by Ant Species
Ant
C.
C.
C.
T.
w2
P

sjostedti
mimosae
nigriceps
penzigi

N

Carton
(%)

35
8 (23)
341 190 (56)
301 23 (8)
243 11 (5)
273.3
o0.0001

Frass
(%)

Leaves
(%)

0 (0)
0 (0)
5 (1)
7 (2)
3 (1) 106 (35)
168 (69)
1 (0.5)
553.8
172.1
o0.0001 o0.0001

N
26
192
152
99

Unid. larvae
(%)

Spiders’ webs
(%)

1 (4)
17 (9)
3 (2)
2 (2)
11.05
0.012

0 (0)
5 (3)
8 (5)
3 (3)
2.92
0.40

Italicized numbers highlight sources of significant interspecific variation. Sample sizes were smaller for the last
two traits.

plant ants, which match alate production to seasonal temperatures [Frederickson,
2006] or rainfall [Kaspari et al., 2001b] and show synchrony among some species
[Kaspari et al., 2001a,b]. In addition, more alates were found on higher branches
and in more distal swollen thorns. Although patas monkeys feed mainly from the
ground [Pruetz, 1999] and thus eat more swollen thorns from lower branches,
they are also more likely to eat distally located swollen thorns and so increase
their chances of consuming alates.
The consumption of ants by patas monkeys could very well compensate for
seasonal fluctuations in plant foods, enabling them to maintain their high
reproductive rates while living in highly seasonal environments. In particular,
the high protein and energy content of immatures and alates [McGrew, 2001]
remains obtainable throughout the year, even during dry periods, in part because
the different ant species are not synchronous in their brood production. Similarly,
the other primary food of patas monkeys in the habitat, acacia gum, appears to
be fairly reliable [Isbell, 1998]. Although no comparable systematic data are
available on the seasonal availability of other foods of patas monkeys, the
monkeys readily eat these other foods (e.g., seeds, fruits, flowers, and mushrooms)
as they become available, and such reproductive plant foods are far less constant
over time than the brood of acacia ants in this highly seasonal ecosystem. The
reliability of ants (and gum) throughout the year may even protect patas monkeys
during frequent droughts when many other wildlife and domestic animal species
become less robust [personal observation] and suffer population declines
[Georgiadis, in press]. Indeed, patas monkeys show no physical signs of
nutritional distress during droughts nor are their reproductive rates negatively
affected [Isbell & Chism, in press; L.A. Isbell, unpublished data].
Just how much energy do ants provide patas monkeys? Using previously
published data [Pruetz & Isbell, 2000], we calculated that each adult female patas
monkey in the study group eats on average the contents of 44 swollen thorns per
day (% swollen thorns eaten from A. drepanolobium ! no. trees fed on per
hour ! 12 h daylight). From data on body weights of ants in Hocking [1970]
(means of 0.00135 and 0.00155 g per worker for C. nigriceps and C. mimosae,
respectively) and the numbers of ants per swollen thorn found in this study, we
estimated that individual female patas monkeys minimally eat 6 g of ants per day
(assuming immatures weigh at least as much as workers), with the additional
assumption that they choose swollen thorns as randomly as we chose them. The
behavior of patas monkeys suggests, however, that they do not choose swollen
thorns randomly. In a sample of 88 trees that were examined directly after patas
monkeys fed on them, ants occupied 87 trees (98.9%) [Isbell, 1998]. In contrast,
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when we sampled 183 trees and 573 swollen thorns without regard to the
behavior of the monkeys, ants and other insects were found on 153 (84%) of the
trees and in only 333 (58%) of the thorns [Isbell, 1998].
The average C. nigriceps thorn had 95 ants, and the average C. mimosae
thorn had 121 (Table I). If patas monkeys are discerning enough to only open
thorns in the upper halves of these distributions, they would average 152
C. nigriceps ants and 188 C. mimosae ants, or about 60% more ants per thorn
than the average found through random sampling, i.e., about 11 g of ants daily.
If the monkeys were even more discerning, this number would increase further.
The upper 25% of thorns had 109% more C. nigriceps ants (199), and 126% more
C. mimosae ants (261) than their means, resulting in the consumption of about
15.3 g of ants daily. Note that these are underestimates because T. penzigi is not
included.
With ants averaging 5,361 kcal/kg [Ramos-Elorduy & Pino, 1990, cited in
DeFoliart, 1992], 11–15 g of ants would generate about 57–82 kcal/day/adult
female patas monkey. Although data on energy requirements for patas monkeys
are not available, comparable data for female rhesus macaques (Macaca mulatta)
weighing 6 kg (this is within the weight range of adult female patas monkeys),
estimates metabolizable energy requirements of about 277 kcal/day [CAN,
2003:46]. Assuming the energy needs of patas monkeys are roughly similar,
11–15 g of ants could provide adult female patas monkeys with about 20–30%
of their daily energy requirement. The energetic contribution from ants is
substantial, and could contribute to their consistently annual reproduction.
Interspecific variation in domatia contents other than ants and their brood
(Table II) may also influence the food choices of patas monkeys. It is doubtful that
patas monkeys benefit much, if at all, from eating leaflets inside the domatia of
C. nigriceps (which are also readily available and fresher outside the domatia),
frass (insect excreta) inside the domatia of T. penzigi, or carton inside the domatia
of C. mimosae. On the other hand, non-ant larvae and scale insects are more often
found in the domatia of C. mimosae than in those of other ants [see also Seufert &
Fiedler, 1996; Weeks, 2003; Young et al., 1997] and they are undoubtedly eaten by
patas monkeys in the course of eating C. mimosae. These non-ant foods may help
to explain why, of all the ant species in the study area, patas monkeys disturb the
domatia of this, the most aggressive ant species, most often [Isbell, 1998].
In conclusion, the combination of ant species that are eaten by patas monkeys
provide a significant and reliable food source for them throughout the year and
help to buffer them from fluctuations in plant foods during dry seasons and
droughts. Although insectivory has traditionally been emphasized in small
primates, larger-bodied primates eat insects as well, and even show preferences
for certain species. Our results suggest that it may be time to investigate animal
food choices in primates more closely and to consider the degree to which insects,
especially the widely consumed ants [Redford, 1987], influence nutrient and
energy intake, and therefore reproduction, in these larger primates.
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