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a b s t r a c t

Mutualistic interactions are open to exploitation by one or other of the partners and a diversity of other
organisms, and hence are best understood as being embedded in a complex network of biotic in-
teractions. Figs participate in an obligate mutualism in that figs are dependent on agaonid fig wasps for
pollination and the wasps are dependent on fig ovules for brood sites. Ants are common insect predators
and abundant in tropical forests. Ants have been recorded on approximately 11% of fig species, including
all six subgenera, and often affect the figefig pollinator interaction through their predation of either
pollinating and parasitic wasps. On monoecious figs, ants are often associated with hemipterans,
whereas in dioecious figs ants predominantly prey on fig wasps. A few fig species are true myrmeco-
phytes, with domatia or food rewards for ants, and in at least one species this is linked to predation of
parasitic fig wasps. Ants also play a role in dispersal of fig seeds and may be particularly important for
hemi-epiphytic species, which require high quality establishment microsites in the canopy. The inter-
section between the figefig pollinator and anteplant systems promises to provide fertile ground for
understanding mutualistic interactions within the context of complex interaction networks.

� 2013 Elsevier Masson SAS. All rights reserved.
1. Introduction

Mutualistic interactions are ubiquitous in nature, and are ecologi-
cally and evolutionarily important. However, the long-term exchange
of resources between mutualistic partners attracts a large variety of
other organisms that exploit themutualism (Bronstein, 2001; Yu, 2001;
Morris et al., 2003; Schatz et al., 2008). Hence, instead of isolated in-
teractions, mutualisms are increasingly seen as being integratedwithin
complex interaction networks (Blüthgen and Klein, 2011).

Among mutualistic interactions, the fig (Ficus) e fig pollinator
interaction is often considered a model system (Herre and Jandér,
2010; Hossaert-McKey et al., 2010) and recent advances in the
taxonomy of figs (Berg and Corner, 2005), their pollinators and non-
pollinating fig wasps (NPFWs) (Cruaud et al., 2010, 2011) render
easier investigations of the interactions among insect communities
supported by figs. The interaction between figs and their pollina-
tors have frequently been the subject of both evolutionary
(Weiblen, 2002; Cook and Rasplus, 2003; Kjellberg et al., 2005;
Agroforestry Center (ICRAF),
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Dunn et al., 2008; Cruaud et al., 2010; Herre and Jandér, 2010) and
ecological study (Harrison, 2005; Hossaert-McKey et al., 2010).

Figs are primarily tropical taxa and are an important component
of tropical plant assemblages (Harrison, 2005). Ficus is also a globally
diverse genus with at least 700 species (Berg, 1989; Berg and Corner,
2005). Several authors have suggested that figs are keystone re-
sources in tropical forest because of the diversity of vertebrates that
depend on their year-round production of fruits (Shanahan et al.,
2001). Their ecological success is presumed to have arisen from the
mutualistic association between figs and their pollinators; an inter-
action that is at least 60 Myrs old (Rønsted et al., 2005).

Mutualistic interactions are special cases of mutual exploitation
in which both partners receive a net benefit in terms of reproduc-
tive success from the exchange (McKey and Hossaert-McKey, 2008).
However, within the interacting populations, different individuals
may receive net positive or negative payoffs. Moreover, the payoffs
betweenmutualistic partners are often affected by other organisms
(Yu, 2001; Bronstein, 2001, 2003; Morris et al., 2003; Ashman and
King, 2005; Nahas et al., 2012).

In this review we focus on the interactions between figs and
ants (Hymenoptera: Formicidae). Ants are a ubiquitous component
of tropical forests and constitute a diversity of interactions with
plants that range from obligatemutualism through parasitism. Ants
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occur widely on figs and are known to affect the interactions be-
tween figs and other symbionts, in particular their pollinating
wasps. We explored the different types of interactions that have
been studied between ants and figs, and discuss how these in-
teractions may have affected coevolutionary processes between
figs and their other symbionts.

There are over 12,000 ant species (Bolton et al., 2006) and these
display an incredible range of feeding habits, associations with
others species, in particular plants and other insects, and live in
diverse habitats (Hölldobler and Wilson, 1990). It has been sug-
gested that the radiation and success of ants in various ecosystems
is due to the rise of the angiosperms, which released ants from a
dependence on predation (Wilson and Hölldobler, 2005). In ex-
change for food rewards, ants often protect plants (Hölldobler and
Wilson, 1990), but the interaction can be more complex when the
same ants are tending sap-sucking insects (Huxley and Cutler,1991;
Moreira and Del-Claro, 2005). With respect to Ficus, ants are mobile
actors that through their predatory behavior can alter the pro-
portions of different wasp species that develop in fig syconia
(Bronstein, 1988, 1991; Compton and Robertson, 1988, 1991;
Zachariades, 1994; Cushman et al., 1998; Schatz et al., 2006;
Harrison, 2014). Ants may also reduce herbivore pressure on fig
leaves, act as seed dispersers or reduce seed dispersal through
inhibiting feeding by vertebrate frugivores (Thomas,1988). Ants are
often observed on fig trees by researchers, but ecological studies
have been limited.
2. The players

All fig species are engaged in an obligate and highly specific
mutualistic interaction with agaonid wasps (Cruaud et al., 2010).
Fig pollinators (Hymenoptera, Agaonidae, Agaoninae) are, with a
few minor exceptions (Jouselline et al., 2001), the only pollen dis-
persers of the fig trees. Conversely, fig pollinators can only repro-
duce inside the inflorescence of their host fig (Galil and Eisikowitch,
1968; Cook and Rasplus, 2003; Harrison, 2005; Kjellberg et al.,
2005). The fig has a unique closed inflorescence, or syconium,
which is urn-shaped and lined with the fig’s tiny flowers. When the
fig’s flowers are receptive, the bracts in the narrow neck (or ostiole)
loosen and the pollinator is able to enter. Once inside, the pollinator
pollinates the flowers and attempts to oviposit in some ovules. In a
monoecious fig, ovules that receive an egg develop a gall, while
those pollinated ovules missed by the wasp develop into seeds in
the normal way. In dioecious fig species, on male trees the syconia
produce only wasp galls and pollen, while on female trees only
seeds are produced. Four to six weeks later, the wasp offspring
emerge from their galls, mate inside the lumen of the syconium,
and then the females collect pollen, either passively or actively, and
disperse. The adult female pollinators have a short adult lifespan
(1e3 days) and must find a receptive fig to reproduce.

In addition, there is a diversity of non-pollinating fig wasps
(NPFWs, Hymenoptera, Chalcidoidea) (Compton and Hawkins,
1992; Kerdelhué and Rasplus, 1996; West et al., 1996; Kjellberg
et al., 2005; Cruaud et al., 2011; Segar et al., 2012). These wasps
include species, like the fig pollinator, that enter the fig during the
receptive phase, but most NPFWs oviposit from outside the syco-
nium by inserting their ovipositor through the syconium wall.
NPFWs include gallers, cleptoparasites (inquilines) and parasites.
The latter two groups may parasitize the galls of fig pollinators or
other galler species (Rasplus et al., 1998; Kjellberg et al., 2005). The
abundance of NPFWs varies hugely and depends on their biology
and that of the fig. On some individuals of some species they may
be considerably more abundant than the pollinator (Kerdelhué and
Rasplus, 1996; Cook and Rasplus, 2003). For example, on Ficus
benjamina, the NPFWs species, Walkerella, can be more twice more
numerous than the pollinators (Wang et al., 2012).

As with other plant species, ants perform a variety of roles on
figs (Fig. 1 and Fig. 2). Fig wasps, both pollinators and NPFWss,
represent a huge potential food resource. A single crop on a large
hemi-epiphytic fig may have as many as 1,000,000 syconia and
hence may release as many 50e100 times that number of wasps.
Fig wasps also arrive at syconia in smaller but still substantial
numbers to oviposit. Other insects also exploit fig syconia (he-
mipterans, flies, nematodes, coleopterans, fruit flies, etc) and may
be preyed upon by ants (Zachariades, 1994; Bronstein, 1998;
Compton and Disney, 1991). As with any other trees in the forest,
ants may also feed on herbivorous insects among the fig foliage, or
hemipteran honey-dew, and occasionally resources provided
directly by the fig in the form of pearl bodies or extrafloral nectary
type structures. Some ants use ripe syconia (often partially eaten by
bats or birds) as sources of carbohydrates. Moreover, mature figs
may provide a source of fig seeds or elaiosomes that can also serve
as ant food. In addition to food resources, ants may also use figs as
nest sites, but only a few species of fig can be described as true
myrmecophytes.

Hereafter, we describe factors affecting the interactions be-
tween ants and figs, and how these in turn affect the outcome of the
figefig pollinator interaction.

3. The presence of ants on Ficus

Ants and angiosperms are both the ecologically and numerically
dominant groups in many environments, and have evolved along-
side each other for 140e168 million years (Rico-Gray and Oliveira,
2007). Thus the ancestors of modern figs were probably already
interacting with ants long before the fig pollination mutualism
arose.

Eighty-two publications have described 48 ant genera present
on 83 Ficus species (Table 1). Most records of ants on fig trees have
come from AsiaeAustralasia (28 publications, 47%), especially
Borneo (8, 13%). Twenty were made from the American continent
(33%), ten from Africa (17%) and two from Europe (3%). There are
reports from more fig species in AsiaeAustralasia, but more ant
genera have been recorded on figs in the Americas (Table 1). On
average, African and Australasian ant species were observed on a
greater number of fig species compared to those on the American
continent. Eight genera and 11 species have been recorded on the
European fig (Ficus carica) (Schatz and Hossaert-McKey, 2003;
Karaman and Karaman, 2006).

The genus Ficus is subdivided into six subgenera: Ficus, Phar-
macosycea, Sycidium, Sycomorus, Synoecia and Urostigma (Berg and
Corner, 2005) and ants have been observed on all subgenera. The
African Ficus sur (subgenus Sycomorus, synonym Ficus capensis) has
the best studied ant fauna (Ben-Dov,1978; Compton and Robertson,
1988, 1991; Zachariades, 1994; Thomas, 1988; Cushman et al., 1998;
Zachariades et al., 2009, 2010). In Australasia, Ficus fistulosa and
Ficus schwarzii (subgenus Sycomorus section Sycocarpus) have been
well studied (Schatz et al., 2006, 2008; Schatz and Hossaert-McKey,
2010, Harrison, 2014). In addition,13 different ant genera have been
observed on Ficus benguetensis in Taiwan (Lin et al., pers. comm.)
and Ficus septica on the Sulawesi Island in Indonesia (Floren et al.,
2002). In Papua New Guinea two studies on 14 fig species showed
that ants, particularly Crematogaster and Camponotus ants, were
extremely abundant (Novotny et al., 1999; Janda and Kone�cná,
2011). In the Neotropics the ants of Ficus paraensis (subgenus
Urostigma) have been well documented (Wheeler, 1921; Davidson,
1988; Davidson and Epstein, 1989; Benzing, 1990). This last species
was noted for its presence in ant-gardens (Wheeler, 1921). In one
study, F. paraensis was present in 23% of the ant-gardens and



Fig. 1. Ants and figs in Taiwan. a) Dolichoderine ant tending a leafhopper on Ficus pedunculosa var. mearnsii at Kenting, South Taiwan. b) Crematogaster ants tending aphids and
building paper protection on Ficus septica in North Taiwan. c) Crematogaster paper nest on F. septica in North Taiwan. d) Crematogaster ants searching for wasps on F. tinctoria subsp.
swinhoei in Kenting, South Taiwan. e) Myrmicine ants waiting for the emergence of a F. benguetensis fig in North Taiwan. f) Crematogaster ants searching for female pollinating wasps
in the ostiole of F. tinctoria subsp. swinhoei B phase fig in Kenting, South Taiwan. (Photos e and f from J.-R. Rasplus, others from A. Bain).
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dominant in 12% of them (Davidson and Epstein, 1989). Ficus trig-
ona has also been recorded in ant-gardens (Davidson, 1988). In
addition, 15 ant species from nine genera have been recorded on
Ficus insipida in the Dominican Republic (Weems, 2001).

About half of fig species are monoecious and the remainder are
functionally dioecious (Berg and Corner, 2005). Ant species occur-
rence tends to be higher on monoecious (49 species, 59% of studied
species) than on dioecious (34 species, 41% of studied species) figs.
This situation could come from a biogeographic and researcher
bias, as American Ficus are strictly monoecious. In dioecious figs,
when ant presence was compared between male and female trees,
the ants was always more abundant on male trees (Schatz et al.,
2008; Harrison, unpublished).

By contrast, of the numerous subfamilies of ants, only five have
been observed in association with the Ficus: Dolichoderinae, For-
micinae, Myrmicinae, Ponerinae and Pseudomyrmecinae (Table 2).
Nevertheless, these subfamilies represent a large proportion of the
global ant diversity. Of 288 ant genera (Bolton et al., 2006), 49 have
been documented on Ficus trees (Table 1). The genus Crematogaster
is present on all continents and has been associated everywhere
with the greatest number of Ficus species (Table 1). The ants from
the genera Camponotus and Pheidole have also been associated with
Ficus on all continents where ants and figs have been investigated,
and Tetraponerawas observed on Ficus in Africa, America and Asiae
Australasia (Table 1). In the latter region, the most common ant
genera on fig trees besides Crematogaster were Oecophylla
(Oecophylla smaragdina), Camponotus and Tetramorium. On the
American continent, Atta and Pheidole were the most commonly
recorded on Ficus. In Africa, in one study, Pheidole ants represented
53.8%, Anoplolepis 6.1% and Crematogaster 5.3% of ant records on
Ficus (Cushman et al., 1998), and in another study, Pheidole mega-
cephalawas present on 65% of fig trees, Tetraponera species on 40%
and Crematogaster on 35% (Compton and Robertson, 1991).

A few studies have investigated dominance among ants on Ficus
trees (Dejean et al., 1997; Schatz et al., 2006). From these studies, it
is apparent that sometimes one species may dominate the ant
assemblage to the point of excluding all other species from a tree.
This may be in response to the presence of a defendable resource.
For example, Camponotus brutus ants became aggressive if they
were tending hemipterans (Dejean et al., 1997). However, most
studies reviewed indicated there were multiple ant species present
on individual fig trees.

4. Ants nesting in fig trees

Arboreal ants are the most abundant and diverse arthropods in
the tropics (Davidson and Pattrel-Kim, 1996). About 700 fig species
are mainly tropical (Berg and Corner, 2005) However, of the total of
83 Ficus species covered in this review, only 19 species (23%) had
reports of ants nesting. Subgenus Sycomorus had the highest pro-
portion of species with records of nesting ants (5 species, 26% of the
trees with nesting ants), followed by Urostigma and Sycidium (4



Fig. 2. a) Ficus pisifera on Borneo. b) Ants on syconia of Ficus oligodon in Thailand at the wasp emerging phase. Different behaviors of Crematogaster scutellaris ants on Ficus carica figs
in France; c) workers collecting various food items in an opened syconia; d) a foraging worker and another capturing a pollinator. e) Oecophylla ants on a cauliflorous bunch of
syconia of Ficus fistulosa in Brunei. f) Cauliflory on the trunk of F. fistulosa. g) Nest entrance of Crematogaster scutellaris in a dead part of the trunk. h) Bag containing receptive figs of
F. racemosa, then attracting pollinators, NPFWs and Oecophylla ants as opportunistic predators during an experiment in India (Photos aeb from R.D. Harrison, ceg from B. Schatz,
and h from M. Proffit).
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species each, 21%). No observations of nesting ants have been re-
ported from the subgenus Synoecia, but this possibly reflects the
fact that these are climbers and poorly studied in general. Alto-
gether, 16 ant genera have been observed nesting in 19 fig species
(Table 3). Crematogaster, which frequently displays an arboreal life
style (Hölldobler and Wilson, 1990), was the most commonly
documented and has been recorded nesting on 11 Ficus species (11
out of 32 ant nesting observations, 34%). Oecophylla ants have been
observed nesting on four fig species (4 out of 32 observations, 13%),
and Camponotus and Cardiocondyla ants both on two species (each
6%). As result, Myrmicinae was the most common subfamily nest-
ing in fig trees (20 out of 32 observations, 63%), followed by For-
micidae (9, 28%), Dolichoderinae (2, 6%) and Ponerinae (1, 3%).

The most common locations of ant nests on figs were in cavities
occurring in dead wood in the trunk or branches. Two out of five
Sycomorus individuals, one of four Urostigma individuals and two of
four Sycidium individuals had nests on their branches. Other loca-
tions of ant nests included hollowed twigs, among leaves, roots,
among cauliflorous syconia or even inside ripe syconia, and in ant
gardens on figs (Table 3).

Ant nests in figs have rarely been well described. Crematogaster
ants are known to build paper nests among branches, but they also
nest in dead wood closed off by paper walls on F. septica (Fig. 1c,
Bain, pers. obs.) and F. carica (Fig. 2g, Schatz and Hossaert-McKey,
2003; Santini et al., 2011) or in trunk cavities (Vergara Navarro
et al., 2007; Santini et al., 2011). Another frequent ant nesting in
figs is Oecophylla, which construct nests from leaves sewn together
with larval silk (Crozier et al., 2010). Pheidole are normally
considered to be leaf litter ants but they also nests on trees (Sagata
et al., 2010). On Ficus, Pheidole nests have been observed both in the
branches and at the base of the trunk (Table 3). Only two fig species
have been described as myrmecophytic with anatomical structures
specifically suited to house ants: Ficus pisifera (ex. Ficus obscura var.
borneensis) in Borneo (Fig. 2a, Maschwitz et al., 1994) and Ficus
subpisocarpa in Taiwan (Bain et al., 2012). Both species were
occupied by Crematogaster colonies. It seems that the Crematogaster
ants are inhabitants of figs whatever the conditions, and may use
trunk and branch cavities or domatia.

The reports of ants nesting in fig trees are scarce considering
the abundance of the two organisms in tropical forests. No study
has been done comparing the density of ant nests in an area to
know if the ant nests are more or less abundant on figs than on
other plants. However, is seems likely that they are not more
abundant, despite the fact that the fig wasps are a ready source of
food.

5. Behaviour of ants on the Ficus trees

5.1. Insect predation

Ants are considered to be omnivorous, but the proportion of the
diet that is derived from animal prey varies hugely among ant
subfamilies and genera. Ponerine ants feed more on animals than
Formicine ants (Lach et al., 2010). Seventeen ant genera, predomi-
nantly belonging to the Pseudomyrmecinae and Ponerinae, have
been recorded preying on fig wasps (Table 4). Ants have been
recorded capturing pollinators and NPFWss during the emergence
phase (Fig. 1dee, Fig. 2bec, Table 4). These include Tetraponera and
Pseudomyrmex on Ficus aurea and Ficus citrifolia in the Neotropics
(Frank, 1984), Odontomachus troglodytes on F. sur in South Africa
(Cushman et al., 1998), Odontoponera transversa on Ficus aurata and
F. fistulosa in Borneo (Schatz et al., 2008), as well asMyrmicaria and
Philidris on F. schwarzii on Borneo (Harrison, 2014). However, a
combination of timing emergence to avoid periods of high ant ac-
tivity, emerging rapidly, and the male wasp behavior of scattering
over the syconium surface, which distracts the ants while the fe-
males pollinators disperse, often enables pollinators to escape
predation even when ants are present (Ware and Compton, 1994;



Table 1
Ficus species and their associated ants arranged by biogeographic region. The species number by continent is from Berg and Corner’s work (2005). The numbers between
parentheses after the ant genera correspond to the number of Ficus species they have been observed on.

America Africa AsiaeAustralasia Europe

Number of Ficus species 120 105 367 1
Studied Ficus species 21 40 51 1
Associated ant genera 24 15 29 8
Ant genus Acromyrmex (1) Anoplolepis (31) Acropyga (1) Camponotus (1)

Apterostigma (1) Atopomyrmex (1) Anoplolepis (5) Cataglyphis (1)
Atta (5) Camponotus (30) Aphaenogaster (1) Crematogaster (1)
Azteca (4) Cardiocondyla (1) Camponotus (22) Formica (1)
Camponotus (4) Cataulacus (1) Cardiocondyla (1) Leptothorax (1)
Cephalotes (1) Crematogaster (32) Cataulacus (1) Messor (1)
Crematogaster (6) Iridomyrmex (1) Crematogaster (28) Pheidole (1)
Cyphomyrmex (3) Lepisiota (1) Diacamma (1) Plagiolepis (1)
Mycetarotes (1) Melissotarsus (1) Dolidocherus (4)
Mycetosoritis (1) Odontomachus (31) Iridomyrmex (1)
Mycocepurus (1) Oecophylla (31) Monomorium (17)
Myrmicocrypta (1) Pheidole (31) Myrmica (1)
Odontomachus (4) Polyrhachis (31) Myrmicaria (2)
Pachycondyla (1) Technomyrmex (1) Odontomachus (1)
Paratrechina (1) Tetraponera (1) Odontoponera (3)
Pheidole (5) Oecophylla (22)
Platythyrea (1) Paratrechina (16)
Pseudomyrmex (2) Pheidole (7)
Sericomyrmex (1) Pheidologeton (1)
Solenopsis (2) Philidris (2)
Tapinoma (1) Polyrhachis (2)
Tetramorium (1) Prenolepis (1)
Tetraponera (1) Pristomyrmex (2)
Trachymyrmex (1) Solenopsis (1)

Tapinoma (16)
Technomyrmex (17)
Tetramorium (18)
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Kjellberg et al., 2005; Zachariades et al., 2010; Harrison, 2014). Ants
may also catch fig pollinators as they arrive at receptive syconia
(Figs. 1d and 2d and h). This has been recorded in Oecophylla on
F. fistulosa (Fig. 2e, Schatz B. pers. obs.), Myrmicaria and Philidris on
F. schwarzii (Harrison, 2014), Crematogaster on Ficus oligodon in
Thailand (Fig. 2d, Harrison, per. obs.) and in an unknown Pseudo-
myrmecinae species on Ficus pertusa (Bronstein, 1991). Capture of
pollinators, but without more detailed information as to the stage
at which it occurred, was observed in various ant subfamilies
including Formicinae (Polyrhachis schistacea), Pseudomyrmecinae
(Tetraponera sp.), and Myrmicinae (Atopomyrmex mocquerysi and
Myrmicaria brunnea) (Frank, 1984; Dejean et al., 1997; Cushman
et al., 1998; Ranganathan et al., 2010).
Table 2
The number and taxonomical distribution of studied Ficus species and the number of
associated ant species.

Subgenus Ficus
species

Section Ficus
species

Ant
subfamily

Ant
genera

Ficus 7 Eriosycea 2 5 8
Ficus 5 4 13

Pharmacosycea 4 Oreasycea 1 3 7
Pharmacosycea 3 4 4

Sycidium 10 Paleomorphe 3 2 5
Sycidium 7 3 10

Sycomorus 18 Adenosperma 1 3 9
Dammaropsis 1 3 9
Sycocarpus 9 5 24
Sycomorus 7 5 21

Synoecia 3 Rhizocladus 2 1 2
Kissosycea 1 1 1

Urostigma 41 Americana 12 5 20
Galoglychia 19 3 7
Urostigma 10 4 14
Predation of NPFWs by ants has also been observed, especially
during oviposition in those species that oviposit through thewall of
the syconium. Moreover, several studies have reported that the
presence of ants prevented NPFWs from initiating oviposition,
although relatively few individuals were actually caught (Compton
and Robertson,1988,1991; Cushman et al., 1998; Schatz et al., 2006;
Compton et al., 2009; Ranganathan et al., 2010; Harrison, 2014).
This disproportionate effect of the presence of predators compared
to the actually rate of predation is similar to the “fear of predation”
effect described for large mammalian herbivores (Ripple and
Beschta, 2004). Direct predation of NPFWss when they have
inserted ovipositors has been recorded in Ficus punctata, Ficus
racemosa, F. fistulosa and F. schwarzii (Bronstein, 1988; Chou and
Yeh, 1995; Schatz et al., 2006, 2008; Ranganathan et al., 2010;
Harrison, 2014). J.Y. Rasplus (pers. com.) reports that he has
observed figs unexpectedly covered in numerous long hairs, which
on closer inspection turned out to be the ovipositors of NPFWs that
had been preyed upon by ants. The production of NPFWs has been
negatively correlatedwith the presence of ants in several fig species
(Compton and Robertson, 1988; Zachariades, 1994; Schatz et al.,
2006; Harrison, 2014) and the abundance of NPFWss is often
strongly negatively correlated with pollinator production
(Kerdelhué and Rasplus, 1996; Wei et al., 2005; Tzeng et al., 2008;
Ma et al., 2009; Cardona et al., 2012). Interestingly, some NPFWs,
such as the Sycophaga species on F. racemosa (Bain, pers. obs.) and
some Idarnes wasps on Ficus obtusifolia (Jandér, pers. com.), appear
to escape ant predation by avoiding detection. This is presumably
achieved through some form of chemical mimicry, perhaps of the
ants or more likely the surface of the syconium.

In Papua New Guinea, more than 51 Ficus species have been
investigated for their caterpillar assemblages (Novotny et al., 2005).
Ant presence was not described in this study but it is highly likely
that ants are preying upon caterpillars and other insect herbivores
living on Ficus. In F. sur, F. fistulosa and F. schwarzii, ants captured



Table 3
Fig species with records of nesting ants, the species of ants recorded, nesting locations on the plant, and location of the observations.

Ficus subgenus
(section)

Ficus species Nesting ants Nesting locations Country References

Ficus (Ficus) F. carica Crematogaster scutellaris, Pheidole pallidula,
Plagiolepis pygmaea

Main branches,
base trunk

France Schatz and Hossaert-McKey, 2003

Camponotus lateralis Main branches
Leptothorax rabaudi, Formica truncorum Dead twigs

F. erecta var.
beecheyana

Crematogaster sp. Main branches Taiwan Bain (personal observations)

Pharmacosycea F. cristobalensis Unknown Leaf bases Solomon Islands Corner, 1967
Sycomorus

(Sycocarpus)
F. benguetensis Crematogaster sp. Main branches Taiwan Bain (unpublished data)
F. septica

Oecophylla smaragdina Philippines
Sycomorus

(Sycomorus)
F. botryoides Unknown Fig cluster Madagascar Dalecky et al., 2003
F. racemosa Oecophylla smaragdina Main branches Thailand Bain (Pers. Obs.)
F. sur Pheidole megacephala Base trunk South Africa Zachariades et al., 2010

Oecophylla longinoda Tree Ivory coast Thomas, 1988
F. sycomorus Cardiocondyla wroughtoni Inside ripen figs Israel Lupo and Galil, 1985

Sycidium
(Paleomorphe)

F. pisifera Four Crematogaster spp., Cardiocondyla sp.,
Cataulacus sp., Tetramorium sp., Camponotus sp.

Hollowed twigs Borneo (Malaysia) Maschwitz et al., 1994

F. tinctoria spp.
swinhoei

Crematogaster sp. Main branches Taiwan Bain (Pers. Obs.)

Sycidium
(Sycidium)

F. virgata Crematogaster sp. Main branches Taiwan Bain (Pers. Obs.)

Urostigma
(Americana)

F. enormis Camponotus sericeiventris Tree Brazil Yamamoto and Del-Claro, 2008
F. paraensis Azteca traili, Azteca olitrix, Azteca ulei Ant Garden Guyana Wheeler, 1921

Urostigma
(Galoglychia)

F. lyrata Crematogaster sp. Trunk cavity Colombia Vergara Navarro et al., 2007

Urostigma
(Urostigma)

F. subpisocarpa Crematogaster sp., Myrmica sp., Prenolepis sp.,
Technomyrmex sp.

Hollowed branches Taiwan Bain et al., 2012

Crematogaster sp. Main branches
Unknown Ficus spp. Camponotus femoratus, Crematogaster

limata parabiotica.
Tree aerial roots South America Beattie, 1989

Cephalotes sp. Tree Panama Hespenheide, 1986
Crematogaster sp. Tree Cameroon Voglmayr et al., 2011
Pachycondyla apicalis “Between roots” Mexico Fresneau, 1985
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additional prey (dead pollinators and NPFWs, in particularly the
non-dispersing males, nematodes, and fruit fly larvae) by entering
the syconia after the emergence of the wasps (Figs. 1d and 2c,
Zachariades et al., 2010; Schatz, pers. obs.; Harrison, 2014). Finally,
ant presence is known to induce some adaptive behaviors in some
insects present on figs, such as a reduced period ofmating in fig flies
(Lissocephala Drosophilidae) (Lachaise and McEvey, 1990). Both
pollinating fig wasps and NPFWs often search carefully for ant free
syconia and may be seen hovering several centimeters above sy-
conia clusters (Schatz et al., 2006, 2008;Harrison, 2014). In addition,
NPFWs landing on syconia with other NPFWs already ovipositing
will immediately start to oviposit, but those landing on syconia
without otherwaspswill wait for several minutes to determine that
the syconium is ant-free (Harrison, 2014). Ant predation on fig
wasps was most frequent on species from subgenera Sycomorus (10
out of 23 documented species, 43%),Urostigma (6 out of 23, 26%) and
Ficus (5 out of 23, 22%). Overall, ants hunted onmore fig species (23
out of 83, 28%) than they nested in (19 out of 83, 23%), but this
patternwas reversed in subgenus Sycidium (4 nest species out of 10
(40%) vs. 1 species with ant predation (10%)) and Pharmacosycea (1
nest species out of 4 (25%) vs. none with ant predation). Indeed, it
has been suggested that cauliflory, which is especially common
among Sycomorus species, may be an adaptive response to high
NPFWs populations because it facilitates efficient patrolling of sy-
conia by ants (Schatz et al., 2008).

5.2. Ants tending insects on Ficus

Feeding on exudates from other insects (trophobionts) is
particularly widespread in ants: 41% of the ant genera interact with
trophobionts belonging to Lepidoptera or Hemiptera and, for
example, in the Aphididae family (Hemiptera) 40% of the species
are ant-tended (Lach et al., 2010).

Sixteen ant genera have been recorded tending hemipterans on
Ficus. Crematogaster and Camponotus ants (each 6 records out of 19,
32%) are the most common ants recorded tending insects on Ficus
(Table 5). Paratrechina sp. and Tetraponera anthracina Santschi were
observed tending scale insects (Homoptera: Coccoidea) on Ficus
vallis-choudae in Cameroon (Dejean et al., 1997); Acropyga acuti-
ventris Roger was observed tending Xenococcus annandalei (Hemi-
ptera: Pseudococcidae) on Ficus trichocarpa (Synoecia) in India
(Silvestri, 1924); Dolichoderus cuspidatus Smith was observed
tending Malaicoccus spp. (Hemiptera: Pseudococcidae) on an un-
identified Ficus in Peninsular Malaysia (Maschwitz and Hänel,
1985); and Dolichoderus tuberifer Emery was observed tending
Hippeococcus rappardi (Hemiptera: Pseudococcidae) on an un-
identified Ficus on Java (Reyne, 1954). Finally, a Dolichoderine ant
was observed tending a leafhopper (Hemiptera: Cicadellidae) on
Ficus pedunculosa var. mearnsii in Taiwan (Fig. 1a). Most records of
ant-tended hemipterans on Ficus have been for monoecious fig
species and, in contrast, among seven dioecious figs in Borneo
hemipterans were either absent or rare (Schatz et al., 2008).

Across five African countries, on 38 fig species and 429 in-
dividuals, the hemipteran Hilda patruelis (Tettigometridae) was the
most common source of attraction for ants (Cushman et al., 1998)
and Ficus from subgenus Sycomoruswere more frequently attacked
by H. patruelis than figs belonging to subgenus Urostigma (54% and
34%, respectively; Cushman et al., 1998)). Sycomorus species
represent 40% and Urostigma species 13% of host records for he-
mipteran insects on Ficus (Cushman et al., 1998). In Taiwan, the
presence of Crematogaster ants was strongly correlated with the
presence of sap-sucking insects on F. subpisocarpa (Urostigma) (Bain



Table 4
Ant genera recorded predating on fig wasps. The Ficus species they have been recorded on, what they were recorded predating on B, for the receptive phase (when the
pollinator enters the syconia); C, for the interfloral phase (NPFWss wasps are often ovipositing from outside the syconia); and D, for the wasp emerging phase.

Ant genus Ficus species (subgenus) Predation Country References

Pollinators NPFWs

Crematogaster spp. F. aurata, F. deltoidea, F. fulva (Ficus);
F. fistulosa, F. megaleia,
F. uncinata (Sycomorus)

X X Bruneï Schatz et al., 2006, 2008

F. carica (Ficus) X (D) France Schatz and Hossaert-McKey, 2003
F. tinctoria subsp. swinhoei (Sycidium);
F. benguetensis (Sycomorus)

X (C,D) X (C,D) Taiwan Bain (Pers. Obs.)

F. sur, F. sycomorus (Sycomorus);
F. artocarpoides (Urostigma)

X (B, D) X (C) Kenya; South Africa;
Uganda

Compton and Robertson, 1991;
Cushman et al., 1998; Compton et al., 2009

F. vallis-choudae (Sycomorus) X X Cameroon Dejean et al., 1997
F. subpisocarpa (Urostigma) X X Taiwan Bain et al., 2012

Camponotus spp. F. aurata, F. deltoidea, F. fulva (Ficus);
F. fistulosa, F. uncinata (Sycomorus)

X X Bruneï Schatz et al., 2008

F. carica (Ficus) X (D) France Schatz and Hossaert-McKey, 2003
F. sur (Sycomorus) X X South Africa Cushman et al., 1998

Tetraponera spp. F. aurata, F. deltoidea, F. fulva (Ficus);
F. fistulosa, F. uncinata (Sycomorus)

X X Bruneï Schatz et al., 2008

F. sur (Sycomorus) X (B, D) X (D) South Africa Compton and Robertson, 1991
F. aurea, F. citrifolia (Urostigma) X X USA(Florida) Frank, 1984

Anoplolepis spp. F. aurata, F. deltoidea, F. fulva (Ficus);
F. fistulosa, F. uncinata (Sycomorus)

X X Bruneï Schatz et al., 2008

F. sur (Sycomorus) X X South Africa Cushman et al., 1998
Oecophylla spp. F. aurata, F. deltoidea, F. fulva (Ficus);

F. fistulosa (Sycomorus)
X X Bruneï Schatz et al., 2006, 2008

F. hispida (Sycomorus) X (D) Papua New Guinea Weiblen et al., 2001
F. racemosa (Sycomorus) X X China, India Wei et al., 2005; Ranganathan and Borges, 2009;

Ranganathan et al., 2010
Dolichoderus spp. F. deltoidea (Ficus); F. fistulosa

(Sycomorus)
X X Bruneï Schatz et al., 2008

Pheidole spp. F. carica (Ficus) X (D) France Schatz and Hossaert-McKey, 2003
F. sur (Sycomorus) X (B, C, D) X (B, C, D) South Africa Compton and Robertson, 1988, 1991;

Cushman et al., 1998;
Zachariades et al., 2010

Tetramorium spp. F. deltoidea (Ficus); F. fistulosa,
F. megaleia, (Sycomorus)

X X Borneo (Brunei) Schatz et al., 2008

Philidris F. eximia (Urostigma); X Brazil Pereira et al., 2000
F. schwarzii (Sycomorus) X X Borneo Harrison and Yamamura, 2003,

Harrison, 2014
Myrmicaria F. schwarzii (Sycomorus) X X Borneo Harrison, 2014
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et al., 2012). On figs, the vast majority of the tended insects belong
to the Coccoidea and Aphidoidea superfamilies (Cryan and Urban,
2012, Table 5), but ants may also tend caterpillars (Fiedler and
Maschwitz, 1989; Zachariades et al., 2009).

Ants are known to protect sap-sucking insects from parasit-
oids, which can lead to high levels of infestation and therefore a
negative impact on the host plant (reviewed in Zachariades et al.,
2009). In Ficus the species P. megacephala has been observed
protecting H. patruelis from the parasitoid Psyllechthrus oophagus
(Hymenoptera: Encyrtidae) and thereby increasing the level of
infestation of the sap-sucking insects on figs in Africa
(Zachariades et al., 2009). However, in the case of figs,
hemipteran-tending ants may have a positive impact on the
reproductive success of the fig if the ants also prey on NPFWs. Of
the 23 ant genera that have been documented as hunting wasps
and tending insects (Tables 4 and 5), 11 were doing both (48%).
Not infrequently the sap-sucking insects feed directly on the sy-
conia (Dejean et al., 1997). Compton and Robertson (1988)
showed that P. megacephala tending H. patruelis on F. sur pro-
tected pollinator larvae against NPFWs. Ants tending insects on
Ficus are mainly from genera for which tending behavior has
already been recorded. However, the proportion of Dolichoderus
ant records appears low, as these are considered to be specifically
adapted to feeding on honeydew (Lach et al., 2010).
5.3. Dispersal of fig seeds by ants

The dispersal of seeds by ants (myrmecochory) has been
recorded from over 3000 plant species (more than 90 genera) and
includes ants from four subfamilies (Dolichoderinae, Formicinae,
Myrmicinae and Ponerinae), all of which have been observed on
figs (Rico-Gray and Oliveira, 2007; Lach et al., 2010). Theworldwide
geographical distribution of myrmecochory is heterogeneous.
Myrmecochory is more prevalent in arid environments, particularly
in Australia, North America, South Africa and the Mediterranean
region. By comparison, only 0.2% of the known myrmecochorous
species are recorded from the Neotropics (Rico-Gray and Oliveira,
2007; Lach et al., 2010).

As with other small-seeded plants, ants may disperse or prey
upon fig seeds, but the action of ants on fig seeds is less well
documented. Authors generally distinguish between seed dispersal
and predation, even if both behaviors often co-occur (Table 6). Ant
dispersal offig seeds can occur on the ground (Roberts andHeithaus,
1986) or in the crown (Davidson, 1988). Twelve ant species have
been documented dispersing or preying on fig seeds. The most
frequent were Atta (only recorded as a herbivorous genus other-
wise; Howard et al., 1996; Wirth et al., 1997; Clark, 2006), Cypho-
myrmex, Messor, Monomorium and Solenopsis, but few ant genera
interact onlywith Ficus via seeds (Table 6). Six other ant genera from



Table 5
Ant genera recorded tending hemiptera on Ficus.

Ant genus Ficus species (subgenus) Tended insects Country References

Crematogaster spp. F. aurata, F. fulva (Ficus);
F. fistulosa
(Sycomorus)

Hemiptera Borneo
(Brunei)

Schatz et al., 2008

F. carica (Ficus) Hemiptera: Coccoidea France Schatz and Hossaert-McKey, 2003
F. benguetensis, F. septica
(Sycomorus)

Hemiptera: Aphidoidea Taiwan Bain (unpublished data)

List out 8 Sycomorus species,
23 Urostigma species
(5.3% of the trees)

Hilda patruelis (Hemiptera: Tettigometridae)
and others Hemipterans

(list out
5 countries)

Compton and Robertson, 1991;
Cushman et al., 1998

F. subpisocarpa (Urostigma) Hemiptera: Aphidoidea and Coccoidea Taiwan Bain et al., 2012
Camponotus spp. F. carica (Ficus) Hemiptera: Aphidoidea and Coccoidea France Schatz and Hossaert-McKey, 2003

List out 8 Sycomorus species,
23 Urostigma species
(3% of the trees)

Hilda patruelis (Hemiptera: Tettigometridae)
and others Hemipterans

Africa (list out
5 countries)

Compton and Robertson, 1991;
Cushman et al., 1998

F. vallis-choudae (Sycomorus) Hilda undata (Hemiptera: Tettigometridae)
and Hemiptera: Coccoidea

Cameroon Dejean et al., 1997

F. paraensis (Urostigma) Hemiptera: Auchenorrhyncha Peru Davidson and Epstein, 1989
Oecophylla spp. F. montana (Sycidium) Anthene emolus (Lepidoptera: Lycaenidae) Malaysia

(Peninsula)
Fiedler and Maschwitz, 1989

F. pantoniana (Synoecia) Icerya sp. (Hemiptera: Coccoidea) Australia Blüthgen and Fiedler, 2002;
Blüthgen, 2003

8 Sycomorus species,
23 Urostigma species
(0.8% of the trees)

Hilda patruelis (Hemiptera: Tettigometridae)
and others Hemipterans

Africa (list out
5 countries)

Compton and Robertson, 1991;
Cushman et al., 1998

Pheidole spp. F. sur (Sycomorus) Hilda patruelis (Hemiptera: Tettigometridae),
Hemiptera: Coccoidea and Lachnocnema bibilus
(Lepidoptera: Lycaenidae)

South Africa Compton and Robertson, 1988, 1991;
Zachariades et al., 2009

List out 8 Sycomorus species,
23 Urostigma species
(53.8% of the trees)

Hilda patruelis (Hemiptera: Tettigometridae)
and others Hemipterans

Africa
(5 countries)

Cushman et al., 1998

Myrmicaria spp. F. racemosa (Urostigma) Hemiptera: Sternorrhyncha India Ranganathan and Borges, 2009
F. vallis-choudae (Sycomorus) Hemiptera: Coccoidea Cameroon Dejean et al., 1997

Dolichoderus spp. Unknown Malaicoccus sp. (Hemiptera: Pseudococcidae) Malaysia Maschwitz and Hänel, 1985
Hypeococcus rappardi (Hemiptera:
Pseudococcidae)

Java (Indonesia) Reyne, 1954

Melissotarsus beccarii F. sur (Sycomorus) Andaspis formicarum (Hemiptera: Coccoidea) South Africa Ben-Dov, 1978
Melissotarsus beccarii F. sur (Sycomorus) Andaspis formicarum (Hemiptera: Coccoidea) South Africa Ben-Dov, 1978
Anoplolepis spp.,

Odontomachus
troglodytes,
Polyrhachis schistacea

8 Sycomorus species,
23 Urostigma species

Hilda patruelis (Hemiptera: Tettigometridae)
and others Hemipterans

Africa
(5 countries)

Compton and Robertson, 1991;
Cushman et al., 1998

Paratrechina sp.,
Tetraponera anthracina

F. vallis-choudae (Sycomorus) Hemiptera: Coccoidea Cameroon Dejean et al., 1997

Acropyga acutiventris F. trichocarpa (Synoecia) Xenococcus annandalei (Hemiptera:
Pseudococcidae)

India Silvestri, 1924

Lepisiota capensis F. sur (Sycomorus) Hilda sp. (Hemiptera: Tettigometridae) South Africa Compton and Robertson, 1991
Cataglyphis cursor F. carica (Ficus) Hemiptera: Aphidoidea and Coccoidea France Schatz and Hossaert-McKey, 2003
Dolichoderinae F. pedunculosa var. meanrsii

(Ficus)
Hemiptera: Cicadellinae Taiwan Bain, pers. obs. (Fig. 1)

Unknown F. erecta (Ficus) “Honeydew producers” Japan Tanaka et al., 2011
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the tribe Attini (Mycetarotes, Mycocepurus, Myrmicocrypta, Ser-
icomyrmex, Trachymyrmex and Acromyrmex) have been recorded as
interacting with fig seeds but without any details being provided as
to their actions (Leal and Oliveira,1998). Figs species from subgenus
Urostigma represent 67% (eight out of 12 fig species) of these in-
teractions (possibly due to the higher number of studies done on the
American continent). These species are hemi-epiphytes and it has
been suggested that ants may aid the dispersal of their seeds to
suitable microsites in the canopy for germination and seedling
establishment (Laman, 1996; Martínez-Mota et al., 2004). This is
also suggested from the confirmation of elaiosomes in some species.
Last, the aggressive ant Oecophylla longinoda has been recorded
decreasing the fig fruit consumption by bats on F. sur in Ivory Coast,
thereby reducing seed dispersal (Thomas, 1988).

The occurrence of myrmecochory in Ficus in humid tropical
forests appears to go counter to the general pattern. However, the
canopy of tropical rain forests is often a water-limited environment
(Zotz and Hietz, 2001; Laman, 1996) and hence at micro-habitat
scales similar selective factors may be favoring myrmecochory.
6. Figs as anteplants

Myrmecophytic plants have been defined as those offering
specialized domatia or direct food rewards through specialized
structures to ants (Webber et al., 2007). F. pisifera has hollow twigs
with slit-like openings that are sometimes occupied by ants and can
be defined as domatia (Fig. 2a,Maschwitz et al.,1994). Other species
such as F. subpisocarpa (Bain et al., 2012) and F. paraensis (Davidson
and Epstein, 1989) have a particular branch morphology that ap-
pears to encourage ant nesting, but do not constitute true domatia.
Some Ficus also provide direct food rewards: F. septica in Australia
provides food rewards on the stem (Fig.1b, Blüthgen, 2003); F. aurea
in Florida (Koptur, 1992) and F. schwarzii in Borneo (Harrison, 2014)
provide food rewards on the surface of the syconia; and on F. vallis-
choudae in Cameroon ants have been observed feeding on exudates
from buds, figs and branches (Dejean et al., 1997).

Hence, while about 100 tropical plant genera harbor specialized
structures for ants to inhabit, only two species frommore than 700
Ficus species havebeendiscoveredwith such structures. Plants often



Table 6
Interactions between ant genera and fig seeds.

Ant genus Ficus species (subgenus) Seeds Country References

Pheidole spp. F. cotonifolia (Urostigma) Secondary dispersion Costa Rica Roberts and Heithaus, 1986
F. americana (Urostigma) Mexico Martínez-Mota et al., 2004
F. benjamina (Urostigma) China (Yunnan) Zhang and Chen, 2008

Atta spp. F. obtusifolia (Urostigma);
F. yoponensis (Pharmacosycea)

Seed predation Panama Wirth et al., 1997

F. cotonifolia (Urostigma) Secondary dispersion Costa Rica Roberts and Heithaus, 1986
Camponotus spp. F. vallis-choudae (Sycomorus) Primary dispersion Cameroon Dejean et al., 1997

F. paraensis (Urostigma) Secondary dispersion Peru Davidson, 1988; Benzing, 1990
Crematogaster spp. F. vallis-choudae (Sycomorus) Seed predation Cameroon Dejean et al., 1997

F. paraensis (Urostigma) Secondary dispersion Peru Davidson, 1988
Paratrechina spp. F. aurea, F. microcarpa (Urostigma) Secondary dispersion USA (Florida) Kaufmann et al., 1991

F. benjamina (Urostigma) China (Yunnan) Zhang and Chen, 2008
Solenopsis invicta F. aurea, F. microcarpa (Urostigma) Secondary dispersion USA (Florida) Kaufmann et al., 1991
Atopomyrmex mocquerysi F. vallis-choudae (Sycomorus) Primary dispersion Cameroon Dejean et al., 1997
Messor barbarus F. carica (Ficus) Primary dispersion France Schatz (Pers. Obs.)
Polyrhachis sp. F. crassiramea subsp. stupenda Secondary dispersion Borneo (Kalimantan) Laman, 1995, 1996
Apterostigma sp.,

Cyphomyrmex sp.,
Odontomachus bauri

F. cotonifolia (Urostigma) Secondary dispersion Costa Rica Roberts et al., 1983;
Roberts and Heithaus, 1986

Azteca sp., Tetramorium sp. F. americana (Urostigma) Secondary dispersion Mexico Martínez-Mota et al., 2004
Monomorium pharaonis,

Odontoponera transversa
F. benjamina (Urostigma) Secondary dispersion China (Yunnan) Zhang and Chen, 2008

Unknown F. tiliifolia (Sycomorus) Seed predation Madagascar Dalecky et al., 2003
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also offer food to attract and maintain ants on them in exchange for
protection from antagonistic organisms (Rico-Gray and Oliveira,
2007; Lach et al., 2010). For these plants, the benefit is clear. How-
ever, for Ficus, interactions with ants may have both positive and
negative outcomes on the reproductive success. In F. subpisocarpa,
for example, figs are colonized by about 20 species of NPFWs, lepi-
dopterans, coleopterans (from the families Curculionidae and Scar-
abaeidae) and hemipterans (Miridae), which combined can reduce
the production of pollinatingwasps to zero (Bain, unpublished data).
In such cases, the presence of ants should be positive for the fig
undermost circumstances.However, onother Ficus species antsmay
prey upon large numbers of pollinating wasps (Fig. 2d) and delay or
prevent pollination (Harrison, 2014).

7. How figs may influence the behavior of ants

Ants can potentially provide a number of different services to
figs, including protection of fig leaves against herbivory, dispersal of
fig seeds and, perhaps most significantly for figs, protection of sy-
conia against NPFWs (Dawkins and Krebs, 1979; Bronstein, 1991;
Maschwitz et al., 1994; Schatz et al., 2006, 2008; Bain et al., 2012).
Fig leaves are protected by latex and herbivore pressure appears to
be low on most species in most places, although exceptions are
sometimes observed. No examples of ants being recruited to fig
trees specifically for protection against herbivory are known.
However, the unusual branch architecture that encourages ants to
nest in F. paraensis and F. subpisocarpa, and the provision of food
rewards on the stem in F. septica (Blüthgen, 2003), and from buds
and branches in F. vallis-choudae (Dejean et al., 1997) may be ex-
amples of this type of interaction.

Ants may serve as important secondary dispersers of fig seeds.
Occasionally ants are recorded removing seeds directly from fig
fruit, usually from fallen fruit but sometimes from fruit that have
been pecked open by birds in the canopy, but such dispersal is very
short range and unlikely to result in successful recruitment. How-
ever, by actively picking fig seed from the droppings of vertebrate
seed dispersers and transporting them to suitable establishment
microsites, such as an ant nest, ants may greatly enhance the sur-
vival of the plant (Laman, 1996; Martínez-Mota et al., 2004). As
mentioned above, this may be particularly important for hemi-
epiphytes, which often have very low survivorship unless they
can germinate in a knot-hole or large branch-fork with some soil. A
number of plant species with small seeds attach a food reward
(usually in the form of a lipid-rich coating) to the seed that can
survive passage through a vertebrate gut, thereby encouraging
secondary dispersal by ants (see Table 6 for references). It is no
surprise to find that, although such elaiosomes have been identified
in only a few Ficus species, these have all been hemi-epiphytic figs.

A number of studies have indicated that ants may reduce the
number of NPFWs ovipositing on syconia, thereby protecting fig
pollinators and perhaps also seeds. However, because ants also prey
on pollinators arriving at receptive syconia or pollinator offspring
emerging frommature syconia, the outcome of this interactionmay
not always benefit the fig (Schatz and Hossaert-McKey, 2003).
However, individual ants can only capture one wasp at a time
(Fig. 2d, Schatz and Hossaert-McKey, 2003; Schatz et al., 2006;
Zachariades et al., 2010) and hence in a process akin to predator
satiation (Janzen, 1969), large highly synchronous crops may serve
to overwhelm the ants. Combined with the relatively rapid entry of
fig pollinators into the syconium at receptivity and exit of pollina-
tors at emergence, this may result in low pollinator predation rates.
This possibly explains why some subgenus Urostigma figs appar-
ently encourage a permanent presence of ants in the crown
through the provision of nest sites (F. paraensis and F. subpisocarpa)
or food rewards (F. vallis-choudae).

Following the same logic, it is also possible that the high prev-
alence of ant-tended hemiptera onUrostigma species is no accident.
At least one study has demonstrated that ants tending hemiptera
had a substantial negative impact on the abundance of NPFWs, but
limited impact on pollinators (Compton and Robertson, 1988).
Nevertheless, on fig species with smaller, more spatially clustered
syconia, ants can have a substantial impact on pollinator arrival at
receptivity or the numbers of female pollinators that disperse
(Fig. 1e, Fig. 2e, f). Clearly, in this situation to maximize benefits to
the fig, ants should be most abundant when NPFWs are ovipositing
and least when the pollinating wasps are arriving or emerging. In
F. schwarzii a food reward was produced on the surface of syconia in
the early interfloral phase when the NPFWs started ovipositing
(Harrison, 2014). The rewardwas present on only a small number of
syconia, but appeared to be effective in encouraging the ants to
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patrol the syconia. It is noteworthy that, in contrast to the Uros-
tigma figs, ant-tended hemiptera are apparently usually absent
from cauliflorous figs (section Sycocarpus).

8. Chemical mediation of antefig interactions

Fig volatile signals change with syconia development and these
changes are used by pollinating fig wasps and NPFWs to locate
syconia at the correct phase of development for oviposition (Proffit
et al., 2007, 2009; Ranganathan et al., 2010; Soler et al., 2012). This
variation in odors emitted by figs can also potentially be used by
ants to synchronize and enhance their predatory activity. In
F. carica, F. fistulosa and F. racemosa ants learned to use the volatile
organic compounds emitted by figs during the receptive and wasp
emergence periods, which led to high predation rates on polli-
nating wasps (Fig. 2h, Schatz et al., 2003, 2006; 2008; Ranganathan
and Borges, 2009; Schatz and Hossaert-McKey, 2010; Hossaert-
McKey et al., 2010), and the volatile chemicals emitted by the
pollinators and NPFWs themselves are detected by at least two
species of ants on F. fistulosa (Schatz and Hossaert-McKey, 2010).
Primary seed dispersal by birds, bats, small mammals and primates
(Kalko et al., 1996; Hodgkison et al., 2007; Borges et al., 2008; Soler,
2010) and secondary dispersal by ants (Kaufmann et al., 1991) is
likely to be mediated by olfactory compounds originating from the
mature figs and the elaiosome of seeds, respectively. Investigations
in chemical ecology promise to reveal how insect species interact in
the complex communities supported by figs (Schatz et al., 2003;
Ranganathan and Borges, 2009; Schatz and Hossaert-McKey, 2010;
Hossaert-McKey et al., 2010).

9. Conclusions

Ants are a common component of invertebrate assemblages on
fig trees in all tropical regions and across major evolutionary line-
ages. A broad diversity of ant subfamilies (48 genera) has been
recorded on figs and at least 16 genera also nest in figs. Ants have
been reported from about 11% of fig species (83 out of 735 species
(Berg and Corner, 2005)) and about 3% (19 species) have records of
ant nesting.However, these statistics are stronglyconstrainedby the
relative paucity of studies. At least two fig species in subgenus
Urostigma have a special branch architecture that appears to
encourage ant nesting, and one species, F. pisifera, has ant domatia in
the twigs. At least five species of fig provide some kind of food
reward for ants. Onfigs, themajor roles of ants are as predators offig
wasps, including both pollinating and non-pollinating species,
protecting and tending sap-sucking hemipterans, and as dispersers
of fig seeds. The same ant species may feature in more than one of
these roles, in particular ants tending hemipterans often also prey
on fig wasps. In their role as predators of fig wasps, ants have the
potential to affect the evolutionary dynamics of the figefig polli-
nator interaction. Because NPFWs can cause high mortality of pol-
linators, where ants prey predominantly on NPFWs they may be
beneficial to the reproductive interests of the fig. However, ants also
prey on pollinating wasps and hence the outcome for the fig is
variable and will depend on the behavior of the ants involved and
their abundance. Fig pollinators tend to enter receptive syconia
quickly and their offspring emerge from mature syconia rapidly,
limiting the opportunity for ants to prey on them. Several other
factors, such as the scattering of male wasps at emergence, also
contribute to limiting pollinator predation. In contrast, most NPFWs
species must oviposit through the syconium wall and hence are
vulnerable to ant predation. Therefore, inmany cases ants appear to
have a beneficial effect on fig reproductive success. However, the
antefig interaction appears to have a different evolutionary dy-
namic on the large monoecious figs, especially the hemi-epiphytic
figs of subgenus Urostigma, and on the smaller trees of subgenus
Sycomorus, especially section Sycocarpus. Ant nesting and tending of
hemipterans were more prevalent on subgenus Urostigma species.
These species have infrequent large highly synchronous crops,
which though predator satiation may enable most pollinators to
escape predation despite the permanent presence of ants on the fig.
In contrast, many section Sycocarpus species have frequent smaller,
more asynchronous crops and, if present on the fig at receptivity or
wasp emergence, ants can have a substantial impact on pollinator
production. These species rarely have ant-tended hemiptera or ant-
nests, and may engage in other strategies to control ant abundance
in relation to crop development, such as through providing a food
reward. It would be instructive to investigate the generality of this
statement through a large-scale comparative study aimed at char-
acterizing the factors that determine the nature of the figeant
interaction across an ecologically diverse sample of figs (Schatz
et al., 2008). As seed dispersers, ants often provide an essential
role in removing seeds from vertebrate feces and carrying them to
suitable microsites. This may be especially important for hemi-
epiphytic figs, which require high quality establishment microsites
to survive the arid canopy environment, and elaiosomes have been
observed in several hemi-epiphytic species.

Interactions among figs and their associated insects are an
established model system for investigating hypotheses concerning
the evolutionary dynamics of mutualisms (Bronstein and McKey,
1989; Cook and Rasplus, 2003; Schatz et al., 2006; Herre and
Jandér, 2010) and are also a useful system for studying the behav-
ioral ecology of Hymenoptera (Kjellberg et al., 2005; Schatz et al.,
2006, 2008). Meanwhile, anteplant interactions constitute a sec-
ond well-established model for understanding mutualistic in-
teractions (Yu and Davidson, 1997; Mueller et al., 1998; Itino et al.,
2001; Edwards et al., 2006; Palmer et al., 2008; Schatz et al., 2009),
and can provide a powerful tool for investigating many aspects of
ant biology, such as foraging behavior, interspecific competition,
and predation (Heil and McKey, 2003; Debout et al., 2005; Byk and
Del-Claro, 2011). Combining these two model systems to investi-
gate how evolutionary dynamics of mutualistic interactions are
constrained by the network of interactions in which they are
embedded should prove a fertile field of research.
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