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Moraceae, Ficus and Associated Fauna

A. Dalecky, C. Kerdelhué, S. Johnson, V. R. Razafindratsita, C. Grassi,
A. C. Razafiarimalala, D. J. Overdorff, and J.-Y. Rasplus

In this chapter we present the natural history and biogeog-
raphy of Malagasy figs (Ficus) and some of their associated
insects. We then address fig frugivory and reproductive phe-
nology, illustrating these aspects with data from the south-
ern portion of the eastern humid forest. We conclude with
a few notes on the importance of figs to humans in Mada-
gascar. This chapter is based on a literature review, consul-
tation of herbarium collections (Muséum National d’His-
toire Naturelle [MNHN], Paris) and Internet databases
(MNHN catalog of vascular plants; Missouri Botanical
Garden’s [MBG] Tropicos database), and a synthesis of
published and our unpublished data concerning the evolu-
tionary ecology of fig—wasp interactions, the phenology of
figs, primatology, and weather records. Here we use the
terms Madagascar for the island of Madagascar in the strict
sense; Madagascar (biogeographic) subregion for the group
composed of Madagascar and surrounding islands (Co-
moro Islands, Seychelles, Mascarenes, and Aldabra); conti-
nental Africa for the African mainland (thus Madagascar
subregion excluded); and African (biogeographic) region
for the group composed of continental Africa and the Mad-
agascar subregion.

The Genus Ficus and Its Pollination Cycle

Ficus is a pantropical genus characterized by the produc-
tion of figs, which are urn-shaped receptacles contaihing
numerous unisexual flowers. Apart from a few exceptions,
each fig species is specifically associated with a single spe-
cies of pollinating fig wasp (Chalcidoidea: Agaonidae),
which in turn develops only on that fig species (Wiebes
1963). The genus is morphologically very diverse, com-
prising, for instance, freestanding trees, (hemi)-epiphytes
(stranglers), and shrubs. Size and morphology of figs and
leaves are highly variable among species. Leaf morphol-
ogy is variable among conspecifics, as well as within single
individuals.

Both monoecious and gynodioecious mating systems are
found. In monoecious Ficus (about half of the species
worldwide, including all the New World figs and most Af-
rican species), all figs (or syconia) contain both male and fe-
male flowers. When the pollen-loaded female wasp enters

the fig cavity, it lays eggs through the styles of some of the
flowers (usually those with the shortest styles) and, in doing
so, pollinates (Galil and Eisikowitch 1971; Kjellberg et al.
2001). By the time the wasp offspring emerge from the galls
into the central cavity of the fig, the male flowers have
reached maturity. When they escape from the fig, female
wasps are loaded with pollen and search for a young recep-
tive fig of the appropriate species. In dioecious Ficus (ex-
clusively Old World, mainly found in the Australasian re-
gion), half of the trees bear figs containing only long-styled
female flowers. When wasps enter a receptive fig, they pol-
linate but are not able to lay any eggs. These figs will pro-
duce seeds but neither pollinators nor pollen: such trees are
morphologically and functionally female (Berg 1984). The
remainder of the trees produce figs with one or two layers
of short-styled female flowers, as well as male flowers. The
wasps are thus able to lay eggs in all ovaries, and their off-
spring will disseminate the pollen. These figs produce
pollen and pollinator wasps but almost no seeds; although
morphologically hermaphroditic, such trees are function-
ally “male.”

Malagasy Species

Most Ficus species from Madagascar were first described
by Perrier de la Bathie (1928a, 1952b) and earlier natural-
ists. Berg (1986) later revised their taxonomy. For a detailed
description of the 24 recognized species, see Berg (1986)
and Berg and Wiebes (1992). Malagasy Ficus belong to
four subgenera (table 7.23). Some species have also been in-
troduced to Madagascar in historical times, either for their
edible fruits (F. carica), as ornamentals (F. elastica), or for
unknown purposes (F. pumila) (Perrier de la Bathie 1928a,
1952b; Berg 1986; Turk 1995). This list of introduced spe-
cies is not exhaustive.

Madagascar was considered to be depauperate in Ficus
species by Goodman and Ganzhorn (1997), but this com-
parison is based on only a few sites. Furthermore, their
statement is based on comparison with sites from Southeast
Asia, known to be the main center of fig diversity (Corner
1965). Species richness in Madagascar may be similar to
that in Africa at the level of subregions or sites (see Berg



1990; Rasplus et al. in press), although this still needs to be
tested. About two-thirds of the Malagasy Ficus species are
associated with relatively humid vegetation and the re-
mainder with more or less dry vegetation; these proportions
are comparable to those seen in the African continental fig
flora (Berg 1990). Unfortunately, no comparative data are
available for the Australasian region (Berg 1989).

Even if Berg’s (1986) revision greatly clarified the taxo-
nomic status of most species, some problems remain. In
particular, Berg considers F. sakalavarum (subgenus Syco-
morus) as a form (subspecies or synonym) of F. sycomorus.
However, recent findings show that F. sakalavarum should
be considered as a valid species. Arguments for this state-
ment are that both “subspecies™ are sometimes sympatric
(individuals of both may even occur side by side in the same
habitat; see fig. 7.24) and moreover are pollinated by dis-
tinct Ceratosolen species (Kerdelhué 1997; Kerdelhué et al.
1999). Furthermore, each species has a different set of as-
sociated nonpollinating fig wasp species (Ulenberg 1985;
Kerdelhué 1997; see later in this chapter). It should also be
noted that ripe figs of F. sakalavarum are larger than those
of F. sycomorus (Perrier de la Bathie 1928a; Kerdelhué
1997) and that the size difference is larger than was indi-
cated by Berg (1986) and Berg and Wiebes (1992; see table
7.23). As a consequence, we consider that the Madagascar
fig flora comprises 25 species (table 7.23), including 7 spe-
cies from the subgenus Sycomorus.

Pollinators of 15 of the 25 Malagasy fig species are de-
scribed, which means that 40% of the species are not
known. Except for F. sycomorus (and probably F. polito-
ria), only one pollinator species is associated with each fig
species (table 7.24; Berg and Wiebes 1992), in accordance
with the “one-to-one” rule (Rasplus 1996). Most pollina-
tor species are endemic to the Madagascar subregion, but
all genera are also present in continental Africa. The four
fig species that occur both in Madagascar and continental
Africa have the same pollinator species in both (though in
two cases different subspecies are described).

F. sycomorus is a remarkable exception to the one-to-
one rule, together with F. trichopoda (at least in Ivory
Coast; Rasplus 1996) and F. cf. politoria (in Madagascar;
J.-Y. Rasplus unpubl. data). F. sycomorus is associated with
two Ceratosolen species, namely, C. arabicus and C. galili,
which occur in sympatry throughout the whole geographic
range of their host (Madagascar and continental Africa).
More important, only C. arabicus pollinates the host fig.
C. galili, even though having fully developed pollen pock-
ets, exhibits no pollination behavior and is therefore known
as a “cuckoo wasp” (Galil and Eisikowitch 1968, 1969,
1974; Compton et al. 1991), that is, a parasite of the
F. sycomorus—C. arabicus mutualism.
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In addition to its mutualistic partner, each fig species shel-
ters a variety of nonpollinating fig wasps that develop in
flowers just as the pollinator does but that act as exploiters
of the mutualism without providing any benefit. These
wasps can be diverse (up to 30 species on a single fig spe-
cies) and abundant, particularly in monoecious figs (Ker-
delhué and Rasplus 1996a,b). Most species are still unde-
scribed, and their biology is hardly known. However, it is
now clear that some of them are gall makers and oviposit in
the fig ovules, whereas others are parasitoids or inquilines
and lay eggs in gall-transformed ovaries that already con-
tain a pollinator or a gall-maker larva. Some species are like
the pollinator in that they enter into the fig’s central cavity
and oviposit in the ovaries through the style, but most spe-
cies oviposit from the outside of the fig, through the syco-
nium wall, using their long ovipositors. Their impact on the
evolution of the fig-pollinator mutualism has been studied
in a few recent works (see Kerdelhué et al. 2000). The tax-
onomy of nonpollinating fig wasps has varied greatly in re-
cent decades. Interestingly, the five recognized nonpollinat-
ing wasp subfamilies (all placed by Boucék [1993] in the
single family Agaonidae, along with the pollinators) were
recently shown to have evolved from at least three indepen-
dent lineages and to be of recent evolutionary origin com-
pared with the pollinator clade (Rasplus et al. 1998). Other
chalcidoid families, as well as all nonpollinating subfami-
lies of Agaonidae (sensu Boucék 1993), are present in Mad-
agascar (e.g., Eurytomidae, Ormyridae).

Apart from the nonpollinating chalcid wasps, various in-
sects can develop in the syconium. Among these, the Dro-
sophilidae genus Lissocephala has undergone a highly spe-
cialized radiation on Ficus in the African region (Harry
et al. 1996; Lachaise et al. 1996). These flies develop in the
fig, taking advantage of the fig-fig wasp mutualism with-
out affecting any of the mutualistic partners. This genus is
present in the Madagascar subregion with strong affini-
ties with continental Africa compared with the Oriental-
Australasian region (Lachaise et al. 1996). The weevil gen-
era Curculio and Omophorus (Coleoptera: Curculionidae)
are also specialized on figs in the Tropics (Rasplus et al. in
press). In this case, however, the development of the beetle
larva in the fig cavity tends to destroy seeds and wasp galls,
and the impact on the mutualism is thus negative for both
partners. In Madagascar, for instance, for F. botryoides,
F. polyphlebia, and F. tiliifolia, more than 50 percent of the
crop (up to 100%) in a given tree can be parasitized by
weevil larvae (A. Dalecky unpubl. data). Ants (Formicidae)
patrol receptive figs and capture wasps, as well as ripe figs
to collect seeds (both were observed for F. tiliifolia), and in
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Figure 7.24. Distribution maps of the Malagasy Ficus species. These maps are based on consultation of herbarium collections
(MNHN, Paris); Internet databases (catalog of vascular plants—MNHN, Paris; MBG's Tropicos database); Lewis et al. (1996)
Kerdelhue (1997); Birkinshaw et al. (1998a,b, 2000); Helme and Rakotomalaza (1999); Messmer and Rakotomalaza (1999)

Rakotomalaza and Messmer (1999); Andriambelo et al. (2000): and C. Kerdelhué and J.-Y. Rasplus (unpubl. data)
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Table 7.24.  Pollinating fig wasps (Agaoninae) associated with Ficus in Madagascar

Ficus Agaoninae Distribution

F. pachyclada 2 72

. bojeri ? ?

. brachyclada Kradibia cowani M

F. politoria K. saundersi ~ M

. sycomorus Ceratosolen arabicus (pollinator) M, Co, CA
C. galili (parasite) M, Co, CA

F. sakalavarum C. namorokensis M

F. tiliifolia C. stupefactus M1

F. torrentium ? ?

F. polyphlebia C. longimucro M

F. botryoides C. blommersi M

F. trichoclada C. desideratus nomina provis M

F. assimilis ? ?

F. ampana ? ?

F. madagascariensis ? ?

F. menabeensis Platyscapa bergi M

£ humbertii ? ?

F lutea Allotriozoon heterandromorphum M, Co, CA

F. trichopoda

F grevei ?
F. rubra Nigeriella avicola
F marmorata ?
. bivalvata ?

F. antandronarum Elisabethiella sp.

F. reflexa E. reflexa

F. polita

Elisabethiella bergi breviceps

Courtella bekiliensis bekiliensis

M, other species in CA
?

Co, Me, Al

?

?

Co

M, Me, Al

M, other ssp. in CA

SOURCES: Berg and Wiebes (1992), Compton (1992), Kerdelhué (1997), Kerdelhué et al.

(1999).

NOTE: M, Madagascar; Co, Comoro Islands; Se, Seychelles; Me, Mascarenes; Al, Aldabra;

CA, continental Africa.
! Agaoninae pollinator is unknown.

2Distribution of Agaoninae pollinator is unknown.

E. botryoides ant nests can be found in the cauliflorous
inflorescences (A. Dalecky pers. observ.; see also Cushman
et al. [1998] for data including Malagasy Ficus).

Biogeographic Considerations

Distribution maps (fig. 7.24) are tentative because data on
the distribution of some Ficus species are still lacking, some
specimens might be misidentified, some species have been
described recently and are poorly known (see Berg 1986;
Berg and Wiebes 1992), and the different regions have not
been sampled with the same intensity. Nevertheless, there
are some trends. Some species are probably restricted to the

rain forest of the Eastern, Central, and/or Sambirano Do-
mains. These include E. polyphlebia, F. botryoides, F. tor-
rentium, F. antandronarum, F. politoria, F. brachyclada,
and F. bivalvata. Some species are probably restricted to the
Southern and Western Domains, including F. marmorata
and F. humbertii (?). Other species are found across the
island: F. sakalavarum, F. tiliifolia, F. lutea, F. reflexa,
F. polita, and F. pachyclada.

Eight of the 25 Ficus species of Madagascar are also
present on some of the surrounding islands (tables 7.23
and 7.25), and only 15 species are endemic to Madagas-
car. These islands also have 4 other species (all endemic to
the Madagascar subregion) not present in Madagascar:
F. densifolia (Seychelles and Mascarenes), F. lateriflora
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Table 7.25. Number of Madagascar Ficus broken down by taxonomic groups, compared with other biogeographic regions

Madagascar Africa
Island Subregion Asian-Australian Neotropical

Subgenus (section) (endemic) (endemic) Continent Region’ region region
Ficus (Sycidium) 4{2) 5(5) 4 9 ca. 100 0
Comorus (Sycomorus) 7(5) 9(8) 5 13 1 0
Pharmacosycea (Oreosycea) 2(2) 2(2) 2 4 40-50 20-252
Rostigma (Urostigma) 1(1) 2(2) 3 5 15
Rostigma (Conosycea) 2(2) 2(2)3 0 2 ca. 63 ca. 1004
Ostigma (Galoglychia) 9(3) 9 (6) 66 72 0

Totals 25(15) 29 (25) ca. 80 ca. 105 >500 125-150

SOURCES: Berg (1986, 1989, 1990), Berg and Wiebes (1992), and Kerdelhué (1997).

'Including Madagascar.
2Including other sections in subgenus Pharmacosycea.

*The taxonomic position of the two Malagasy Conosycea is problematic. These species may have affinities with the Oriental region, because this section is absent from
continental Africa, or may belong to another section (as suggested by the fact that the pollinator of £ menabeensis belongs to the genus Platyscapa, a genus gener-

ally associated with figs of the section Urostigma) (F. Kjellberg, pers. comm.).
4Including other sections in subgenus Rostigma and subgenus Ostigma.

*Including groups not represented in Madagascar.

(Mascarenes), F. mauritiana (Mascarenes), and F. kartha-
lensis (Comoros) (Berg and van Heusden 1985; Berg and
Wiebes 1992). F. cf. tiliifolia from the Comoro Islands may
be a distinct taxon (F. Kjellberg pers. comm.). In total,
86.2% (25 of 29) of the fig species are endemic to the Mad-
agascar subregion.

None of the Malagasy figs are found in any biogeo-
graphic region other than Africa, although Corner (1985)
sees in F. assimilis an “ally” of the Southeast Asian F. albi-
pila. According to Berg, the composition of the Ficus flora
of the Madagascar subregion differs from that of the Afri-
can continent by a stronger representation of subdivisions
of Ficus centered in the Asian-Australian region (Berg
1986, 1989, 1990; Berg and Wiebes 1992). Noteworthy is
that no subgenus or section of Ficus is endemic to Mada-
gascar. None of the molecular phylogenetic studies on Ficus
to date have aimed at resolving biogeographic affinities be-
tween Madagascar and other landmasses (Kerdelhué 1997;
Weiblen 20005 Jousselin 2001).

A molecular phylogeny of Ceratosolen wasps revealed
that Madagascar subregion species are grouped in two dis-
tinct clades, both differing from the single clade that in-
cludes the African species and the only species collected in
Australasia (Kerdelhué et al. 1999). The species of the two
Madagascar clades differ in their geographic ranges and in
their behavior. One Malagasy clade is composed of diurnal,
dark-colored species with restricted geographic ranges,
whereas the other is made up of yellowish, primarily noc-
turnal species with wider geographic ranges (Kerdelhué
et al. 1999). This phylogeny supports the hypothesis of col-

onization(s) of Madagascar from Africa by ancestor(s) of
the Ceratosolen species and their respective Ficus hosts
through the crossing of the Mozambique Channel (Kerdel-
hué et al. 1999). A molecular phylogenetic study of the
Sycophaginae, parasitic fig wasps associated with Ficus of
the subgenus Sycomorus in the Afrotropical region, sup-
ports the evolutionary scenario proposed for Malagasy
Ceratosolen species (Kerdelhué 1997). The Sycophaginae
species found in Madagascar and those found in continen-
tal Africa constitute two different clades. Both clades have
independently evolved species ovipositing early or late in fig
development (Kerdelhué 1997).

The lack of endemism at the subgeneric and sectional
levels for figs, and at the generic level for their associated in-
sects, together with the high levels of endemism at the spe-
cies level within the Madagascar subregion, suggests that
their history in Madagascar may be relatively recent only
on geological and evolutionary time scales (see Goodman
and Ganzhorn 1997; Machado et al. 2001). This corrobo-
rates Perrier de la Bathie’s (1928a) observations of leaf
prints of F. cf. polita (called “F. megapoda” by this author)
in clays dating at least from the early Quaternary, from Be-
nenitra along the Onilahy River.

This raises the question of how and when figs and fig
wasps colonized Madagascar after its isolation from Africa.
Some fig species could have benefited from recent human
introductions, and others could have colonized Madagas-
car aided by seed-dispersing animals over the past million
years (or more), as suggested for other plants with edible
fruits and small seeds (Burney 1996; for colonization abili-




ties in Ficus, see Thornton et al. 1996). The fig—fig wasp
mutualism distribution suggests a Gondwanan origin, and
the separation of Madagascar and India (80 million years
ago) coincides with the timing of the radiation of pollina-
tors associated with the fig subgenera Urostigma, Syco-
morus, and Sycidium (Machado et al. 2001). Long-distance
dispersal of fig wasps, up to tens of kilometers and some-
times more than 100 km, has also been observed elsewhere
(McKey 1989; Nason et al. 1996, 1998; Thornton et al.
1996). But establishment of fig and pollinator populations
may necessitate repeated events of long-distance dispersal
from source populations (McKey 1989). This may consti-
tute an important constraint, compared with less specific
pollination systems, and may therefore be responsible for
the possibly depauperate Ficus community in Madagascar.

Fig Frugivory and Phenology

The unusual pollination biology of Ficus by agaonid wasps
should influence fig reproductive phenology. One predic-
tion is that maintenance of a pollinator wasp population re-
quires year-round fruiting by each Ficus species (see Janzen
1979; McKey 1989; Herre 1996). This fruiting pattern
could make the Ficus community a critical resource for fru-
givores during periods of fruit scarcity (Leighton and Leigh-
ton 1983; Terborgh 1986; Lambert and Marshall 1991;
Kinnaird et al. 1996; Korine et al. 2000; but see Gautier-
Hion and Michaloud 1989; Borges 1993). None of these
predictions have been fully investigated in Madagascar (but
see Goodman and Ganzhorn 1997).

In Madagascar, figs are eaten by several vertebrates, in-
cluding lemurs, birds, bats, rodents, and wild pig (for de-
tails on the species, see Perrier de la Bathie 1928a; Turk
1995; Goodman et al. 1997; Birkinshaw and Colquhoun,
this volume). In Africa, fallen or cauliflorous figs may be
dispersed by terrestrial frugivores (Berg and Wiebes 1992,
p. 31), and cauliflory may facilitate access for the relatively
large flying foxes (Korine et al. 2000). Fig eating by verte-
brates has been recently reviewed on a worldwide basis by
Shanahan et al. (2001). Unfortunately, few quantitative
data on feeding by frugivorous vertebrates on figs are avail-
able for Madagascar (but see Goodman et al. 1997). Here
we present data from five day-active lemur populations
(four frugivores and one folivore) and unpublished data
from reproductive phenology of five Ficus species in the Ta-
latakely Forest, Parc National (PN) de Ranomafana. Phe-
nological data on Ficus species are unavailable from sites
other than Ranomafana. However, we include feeding data
from other eastern rain forest sites to illustrate variability in

Ficus exploitation.
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Fig phenology data were collected in 1997-98 and
1998-99 for both E. brachyclada and F. politoria and in
1998-99 for F. botryoides, F. polyphlebia, and F. tiliifolia
(see fig. 7.25 for sample sizes). Fig maturity stages were
recorded following Galil and Eisikowitch (1968), and fig
abundance was noted on a semiquantitative scale. Trees
that did not fruit during the study were considered imma-
ture and were discarded from calculations (as in Lambert
and Marshall 1991). Fruiting pattern is expressed as per-
centage of mature individuals that were fruiting at a partic-
ular time. Ficus frequently show small-sized crops, which
may be sufficient for the maintenance of the fig wasp popu-
lation (Harrison 1996) but of little importance for verte-
brate frugivores. These small crops (less than ten figs per
tree) were thus discarded from fruit availability calcula-
tions. In fig. 7.25, we show that at Ranomafana figs were
almost always available all year round at the population
level. Lack of fruiting individuals during some periods
could be a real biological phenomenon (see Bronstein and
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Figure 7.25. Reproductive phenology of five Ficus species and mean monthly min-
imum (dotted line) and maximum (full line) temperatures (°C) at Talatakely, PN de
Ranomafana, (A) for 1997-98, (B) for 1998-99. Proportion of fruiting trees is
expressed as number of fruiting individuals (small crops excluded) compared with
the total number of mature individuals (see text for details). The total number
of trees varied because a few plants were added to the sample and a few were
not retrieved during some surveys. Nm: number of mature individuals, Nt: total
number of studied individuals. O Ficus brachyclada (Nm = 16, Nt = 25in 1997~
98, Nm = 17-22, Nt = 19-29in 1998-99), A: . politoria (Nm = 17, Nt = 30
in 1997-98; Nm = 53-56, Nt = 78-84 in 1998-99), @: F. botryoides (Nm =
Nt = 12-16), [J: F. polyphlebia (Nm = Nt = 14-19), and +: F. tiliifolia (Nm =
Nt = 7-10).
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Table 7.26.  Overall fig feeding times for five lemur populations

Most commonly

Site Lemur species Feeding' (%) Fruit? (%) used species
Vevembe Eulemur fulvus albocollaris 7.66 11.56 F. rubra
Andringitra E. f. albocollaris/E. f. rufus hybrid 35.35 39.04 . lutea
Ranomafana E. f. rufus 10.81 13.71 F. rubra
Ranomafana E. rubriventer 12.47 13.74 F. rubra
Ranomafana Hapalemur griseus 3.11 23.11 F. reflexa

NOTES: Feeding times summed for each study. Consumption of all Ficus species is combined.

'Time spent feeding on figs compared with overall feeding time for each lemur population.

?Time spent feeding on figs compared with total time feeding on fruits for each lemur population.

Hossaert-McKey 1995; Harrison 2000), although it might
also be an artifact due to small sample size. At the commu-
nity level figs were always present (fig. 7.25).

Frugivory data were collected in 198889 (Eulemur ful-
vus rufus and E. rubriventer at Ranomafana), 1998-99
(folivorous Hapalemur griseus at Ranomafana), 1999—
2000 (E. f. albocollaris/E. f. rufus hybrids in the PN d’An-
dringitra), and 2000 (E. f. albocollaris in the Vevembe For-
est). All study sites are located in the southeastern rain for-
est corridor between 600 and 1100 m. Similar methods of
behavioral sampling were used across sites and species
(Overdorff 1993; C. Grassi in prep.; S. Johnson in prep.).

Each of the primarily frugivorous lemurs used at least 5
of the approximately 11 Ficus species known from the area
(see Goodman et al. 1997). E. f. rufus and E. rubriventer
both consumed (in descending order of preference) F.
rubra, F. pachyclada, F. tiliifolia, F. brachyclada/politoria,
and F. botryoides. Hybrid E. fulvus at Andringitra ex-
ploited F. lutea, F. rubra, F. tiliifolia, F. botryoides, and F.
pachyclada. E. f. albocollaris at Vevembe fed on F. rubra, F.
lutea, F. brachyclada/politoria, Ficus sp. “mandresy,” and
F. tiliifolia. Finally, at Ranomafana H. griseus consumed
the fruits of at least 5 species: F. reflexa, F. pachyclada, F.
brachyclada, F. politoria, and F. lutea. Thus, across taxa
and sites, these lemur populations seemed to have most
commonly exploited strangler fig species. Shanahan and
Compton (2001) review the guild structure of figs in rela-
tion to frugivore communities.

Despite an overall similarity in species composition in
the diets of these lemurs, there were notable differences in
the quantity of figs consumed. In table 7.26 we show, for
each lemur species, the percentages of overall feeding time
and fruit feeding time for all Ficus species combined. E. ful-
vus hybrids at Andringitra demonstrated the greatest re-
liance on figs (35.4% of overall feeding), and the folivore
H. griseus predictably showed the lowest (3.1% of all feed-

ing time). However, Ficus species were clearly among the

preferred fruit resources for H. griseus, with figs constitut-
ing 23.1% of fruit feeding time. Thus, even frugivores that
are not fig specialists could depend on Ficus in some sea-
sons, as proposed in other tropical forests (McKey 1989).
Moreover, the leaves of several Ficus species also figured
significantly in the diet of H. griseus (C. Grassi in prep.).
Even more marked differences in lemur feeding are appar-
ent when seasonal diets are considered. Overall fruit avail-
ability varies seasonally in the eastern forest, with the sum-
mer months (December—February) most productive and
winter (June-August) the least (Hemingway and Overdorff
1999; V. R. Razafindratsita and P. Rasabo unpubl. data).
The fig species studied exhibit the same overall seasonal
pattern (fig. 7.25). Peak of fruit production in Ficus was
in summer and did not correspond with maximum fig
feeding in lemurs. Period of greatest reliance on figs did
not correspond with winter or summer in most lemur spe-
cies (table 7.27), though all Ranomafana lemur species
appeared to prefer Ficus in the season following highest
overall fruit productivity. However, the Eulemur at An-
dringitra depended heavily on Ficus (nearly exclusively
F. lutea) in the winter months when fruit (including the
studied figs) was most scarce. This site may represent the
most likely example for the role of Ficus as a keystone re-
source (sensu Terborgh 1986) for frugivores. Indeed, com-
paratively greater availability of this resource may account
for the dramatically high densities of Eulemur at Andringi-
tra (Johnson and Wyner 2000). Further phenological re-
search at this site is necessary to evaluate the importance of
Ficus to the frugivore community.

Although Madagascar is depauperate in frugivorous ver-
tebrates, most of them being plastic in their dietary regimes
(Goodman and Ganzhorn 1997), Ficus may play a keystone
role in ecological processes on the island. This aspect still
needs to be examined because of its potentially important
implications for conservation biology. Frugivory studies
with an evolutionary perspective should also take into
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Table 7.27.  Seasonal variation in the consumption of Ficus spp. by five different lemur populations .

) ' Most commonly
Season Site Lemur species Feeding' (%) Fruit2 (%) used species
Dec~Feb Vevembe Eulemur fulvus albocollaris — — —
Mar-May Vevembe E. f. albocollaris 1.70 2.01 F. rubra
Jun-Aug Vevembe E. f. albocollaris 9.03 14.90 F. rubra
Sep-Nov Vevembe E. f. albocollaris 11.79 19.27 F. rubra
Dec-Feb Andringitra E. f. albocollaris/E. f. rufus hybrid 8.39 9.87 F. tiliifolia
Mar-May Andringitra E. f. albocollaris/E. f. rufus hybrid 5.22 5.50 F rubra
Jun-Aug Andringitra E. f. albocollaris/E. f. rufus hybrid 62.16 65.22 F. lutea
Sep-Nov Andringitra E. f. albocollaris/E. f. rufus hybrid 27.48 33.26 F. tiliifolia
Dec-Feb Ranomafana E. f. rufus 10.50 13.53 F rubra
Mar-May Ranomafana E. f. rufus 35.59 41.95 F. pachyclada
Jun-Aug Ranomafana E. f. rufus 6.33 7.81 F. rubra
Sep-Nov Ranomafana E. f rufus 6.23 8.32 F rubra
Dec~-Feb Ranomafana E. rubriventer 8.76 9.43 F. rubra
Mar-May Ranomafana E. rubriventer 33.48 33.99 F rubra
Jun-Aug Ranomafana E. rubriventer 0.05 0.05 F rubra
Sep—Nov Ranomafana E. rubriventer 6.65 8.82 F rubra
Dec-Feb Ranomafana Hapalemur griseus 0.36 2.06 F. brachyclada/politoria
Mar-May Ranomafana H. griseus 6.66 24.25 F. reflexa
Jun—-Aug Ranomafana H. griseus 1.84 31.40 F. reflexa
Sep—Nov Ranomafana H. griseus 2.15 46.78 F. reflexa

NOTES: Highest percentages for each lemur species are in bold.— indicates data not available.

'Time spent feeding on figs compared with overall feeding time for each lemur population.

2Time spent feeding on figs compared with total time feeding on fruits for each lemur population.

account that the extant frugivore community might be de-
pauperate, as a result of recent extinctions.

Figs and Humans

In this section we introduce the local names of figs in Mad-
agascar and the uses of figs by the human population. Some
Malagasy vernacular names are presented in table 7.28.
Voara and nonoka are general terms for different Ficus
species, and neither can be used to designate a particular
species. Voa means “fruit,” and ara means “spotted” (Turk
1995). The phonetic resemblance of this term to buah ara
(buah means “fruit,” and arau means “spotted,” ara being
a generic term for “fig”), the term used for fig fruits in
Indonesian-Malaysian language (E. Jousselin and C. Gil-
bert pers. comm.), is noteworthy. Nono means “breast” in
Malagasy, and nonoka is an allusion to the copious white
latex found in many organs of Ficus (Turk 1995).

Two general terms are used to describe leaf size: madini-

dravina and vaventiravina, meaning respectively “small-"

and “large-leafed.” See table 7.28 for the many similari-
ties of the terms used for Ficus species. Furthermore, fig lo-
cal names are sometimes (at least partly) used also for
plants other than figs, which underscores the necessity of
basing plant identifications on collected specimens. For ex-
ample, famakilela (famaky means “cut,” and lela means
“tongue”) is also used for Gambeya sp. (Sapotaceae), am-
bora laby for Tambourissa spp. (Monimiaceae), ramy for
Canarium spp. (Burseraceae), voarafy for Maesa spp.
(Myrsinaceae), voaramamoa for an undetermined species
(Minnick et al. 1990), and ampalibe for the jackfruit (Ar-
tocarpus heterophyllus, Moraceae) (Perrier de la Bathie
1952b).

The fibrous bark of Ficus is frequently used to make
ropes (Perrier de la Bathie 1928a; Missouri Botanical Gar-
den Tropicos database) and was formerly also made into
cloth (Perrier de la Bathie 1928a) called fanto (Turk 1995).
Latex of different species can be used as glue, sometimes
used to capture birds (Perrier de la Bathie 1928a; Boiteau
and Allorge 1998; Samyn 1999). The fruits of many species
are locally eaten by people (Perrier de la Bathie 1928a,
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Table 7.28. Local names of Malagasy Ficus

Ficus species Local names Locations or ethnic groups’ References
F. pachyclada ampana Toamasina: Antanandava a,j
Androna
apana Fianarantsoa: PN de Ranomafana aic
voara ? j
voaramongy Sakalava j
ampalibe Sihanaka j
kivozy Betsimisaraka i
kivozo Fianarantsoa: SF d’Andrambovato a
F. brachyclada ampaly Antananarivo: SF de Mandraka a
ambaly? Antsiranana: RS de Manongarivo a
ampalifotsy Antsiranana: PN de Marojejy a
mamoakely Antsiranana: Ambalavoaniho a
fotsiditiala Toamasina: Soanierana-lvongo a
famakilela (vaventiravina) Fianarantsoa: PN de Ranomafana a,ci
F. politoria ambora Antsiranana: PN de la Montagne d'Ambre a
ampalifotsy Antsiranana: PN de Marojejy; Toamasina: a
SF de Tampolo
marandravy Toliara: PN d'Andohahela a
ampaly Toliara: PN d'Andohahela a, f
Toamasina: Analamay
ampaliala Merina f
ramy rindritra Toamasina: RS d' Analamazaotra a
ramiraningitra Tsimihety f
andriambololonkazo ? f
kivozy Merina f
kivozo Fianarantsoa: PN de Ranomafana C
horondry Toamasina: RNI de Betampona a
famakilela Fianarantsoa: PN de Ranomafana, SF a,ci
(madinidravina) d'Ampamaherana
F. politoria and/or F. brachyclada avozo ? j
(under "F soroceoides") laffouche is used for several k
fig species in the Mascarenes]
F sycomorus and/or F. sakalavarum aviary Fianarantsoa: PN d'Andringitra a
hara Toliara: PN d’Andohahela a
voara Fianarantsoa: PN de Ranomafana i
adabo [adabou on Mayotte] Toliara: Analafaly, Miary a, g
d
F. tiliifolia voara Antsiranana: PN de Marojejy, RNI de ag,i
Lokobe
Fianarantsoa: PN de Ranomafana,
Ranomena, Andranobetokana;
Toamasina: RS de Nosy Mangabe,
Masoala Peninsula
voara tenany Fianarantsoa: PN de Ranomafana a, b, c
voarabe Toamasina: Antalavia a
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Ficus species

F torrentium

F. polyphlebia

F. botryoides

F. trichoclada

F. assimilis

f. ampana

F lutea

Local names Locations or ethnic groups’ References
voara mamoahahezana Fianarantsoa: PN de Ranomafana a b
(or mamoatahezana?)
ara Fianarantsoa: Ambohimahamasina a
aravola Fianarantsoa: location? a
voarandambo Fianarantsoa: PN de Ranomafana a
apana? Fianarantsoa: PN de Ranomafana C
voara Antsiranana: PN de Marojejy, RS de a

Manongarivo
ramiringitra Toamasina: Bezanozano j
adabo Antsiranana: RS d’Anjanaharibe-Sud a
voara Toamasina: Antalavia a
voara rano Antsiranana: PN de Marojejy a

Fianarantsoa: PN de Ranomafana C
fopohonona Fianarantsoa: PN de Ranomafana a
adabo Antsiranana: Mandrizavona a
sandrohy Toliara: PN d'Andohahela a
afompo Antsiranana: PN de la Montagne d'’Ambre a
voara rano Fianarantsoa: PN de Ranomafana a, b, i
voara ranoambohitra Fianarantsoa: PN de Ranomafana b, c
voara fopohondahy Fianarantsoa: PN de Ranomafana b
fopohana? Fianarantsoa: Ambatofinandrahana a
fopohona? Fianarantsoa: Ambatofinandrahana d
fompohana? Fianarantsoa: SF d’Ampamaherana a
fopoha? Toliara: PN d’Andohahela a
sandrohy Toliara: PN d'Andohahela a
karay ? a
kivozy Toliara: Manamby a
ampany, arostro, fihamy, tsitindrika i
ampana Toamasina: Sandrangato d e

F. madagascariensis hampana Toamasina: Soanierana-lvongo d
F. menabeensis hazotsikirova Toliara: Ankoratsaka a

nonobe Toliara: PN d'Andohahela a
aviavi? Toliara: Andranolahy a
aviavi(n)dahy Bestileo f,j
aviavindrano Sakalava j
nohondahy Masikoro j
nonoka vaventiravina Fianarantsoa: PN de Ranomafana b
amontana (or amotana) Antsiranana; PN de la Montagne d’Ambre a b, fgij

Toamasina?: Manakana

Fianarantsoa: PN de Ranomafana

Toamasina: PN de Masoala

Antanala, Merina
amonta Antaisaka f,j
amontambavy Merina f

(continued)
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Table 7.28.  (continued)

Ficus species Local names Locations or ethnic groups’ References
amontandahy Merina f
"grand figuier des Rovas” French f

F trichepeda zavy Betsimisaraka, Sakalava j
aviavindrano Merina, Betsileo j
nonoka Fianarantsoa: PN de Ranomafana i

F. grevei mandresy Antsiranana: RS d'Analamerana a
fihamy amota Sakalava j
fiambena Toliara: Miary a

f rubra nonoka ? f
nonoka siay Fianarantsoa: PN de Ranomafana b
nonoka madinidravina Fianarantsoa: PN de Ranomafana b

F. marmorata lazo Androy i

£ antandronarum nonoka vaventiravina Fianarantsoa: PN de Ranomafana a
[mandressi angabou on Mayotte] d

F. reflexa nonoka Antsiranana: Ambato ag,c
nonoka madinidravina Fianarantsoa: PN de Ranomafana a

F. polita aviavy Sakalava g,
aviavindrano Sakalava j
mandresy Antanala, Antaimoro, Masikoro? h, |

SOURCES: a, MBG (Tropicos database); b, Turk (1995); ¢, unpublished observations of authors; d, MNHN (Catalog of Vascular Plants); e, Berg (1986); f, Boiteau and
Allorge (1998), Samyn (1999); g, Decary (1946); h, Beaujard (1988); i, Goodman et al. (1997); j, Perrier de la Bathie (1952b); k, Berg and van Heusden (1985).

NOTES: Ethnic group names and original language (in italics). The local name from other Indian Ocean islands (when the term is roughly similar to that in Malagasy) is
given in square brackets. PN, Parc National; RNI, Réserve Naturelle Intégrale; RS, Réserve Spéciale; SF, Station Forestiére.

'The province for each site is given before the colon.

1952b; Turk 1995; Boiteau and Allorge 1998; Samyn
1999) and by zebu cattle (Perrier de la Bathie 1928a). Most
fig trees are also used for various purposes in construction
(e.g., abrasive leaves to polish wood, strangling roots to
make sculptures), in traditional medicine (e.g., in healing,
as a vermifuge, or for hepatitis, cough, dysentery, or uro-
genital diseases), or in ritual. For example, figs are some-

times holy trees that protect the village.
As a result of their traditional importance, several Ficus

species are sometimes planted near villages (see table 7.23
and references therein). This may play a role in conserva-
tion, because it increases fig and fig wasp population size
compared with nonplanted species, thus contributing to
connections between isolated populations (as “stepping-
stones” between populations in forest fragments). These
planted trees may also constitute an attractive resource for
frugivores and may thereby increase seed rain of various
plant species into secondary habitats.




