
Next, the trees said to the fig tree, “Come and be our king!”

Old Testament, Judges 9,10

Fig trees as keystone species in tropical forests



Ficus religiosa:

Buddha sat under its shade for six years



Ficus:

750 species 

world-wide

135 species

in New Guinea



Ficus congesta Ficus wassa



Strangler figs



Photo M. Janda



Banyan fig trees [banian = Hindu 

merchants who set up markets in 

the shade of these trees]

Ficus benghalensis



Photo G. Weiblen



Figs: a large morphological diversityPhoto G. Weiblen



Ficus trees and their pollinator wasps: 

why are they in every textbook? 

They have a specific mode of pollination relying on a 

specialised pollinator that also feeds on the seeds produced by 

the pollination.  Consequences: 

• Ecological diversity: 750 Ficus species

• Extreme pollinator specificity

• Resource conflicts with pollinating seed predators

• Parasites on the mutualism

• Aseasonal flowering and fruiting

• High pollen dispersal efficiency

• Keystone resource for frugivores

• High seed dispersal efficiency



Fig wasps and figs: 

intertwined life cycles

females

with pollen

figs

oviposition
pollination &

larvae seeds

courtesy G. Weiblen



Fig inflorescence: flowers are hidden inside

male

female



Agaonidae: pollinating fig wasps 

female

male Photo G. Weiblen



Ostiole - security gate to the flowers

Photo G. Weiblen



Oviposition to fig 

flowers through 

stylus

Photo G. Weiblen



Agaonind fig wasps:

pollen pockets (pp) with 

pollen (po), coxal combs 

(cc) for brushing pollen



Molecular clock: 

fig-fig wasp relationship is >65 M years old, 

from the Cretaceous 

The oldest fossil fig wasps (England): 34 Mya. 

They possess pollen pockets with fossil Ficus 

pollen. 

No innovations in the relationship are discernible 

for the last tens of millions of years.

Compton et al. Biol. Lett. (2010) 6, 838–842



Fig wasp emerging from a 

parasitised seed

Photo G. Weiblen



Ficus phylogeny closely 

matches taxonomy of their 

specialised pollination 

wasps

Weiblen 2004



Ficus – pollinator wasp evolution

Cruaud et al. Syst. Biol. 61(6):1029–1047, 2012



How the fig - wasp relationships evolved?

Weiblen 2002

Temporal congruence of 

the 198 cospeciation events

Cruaud et al. Syst. Biol. 61(6):1029–1047, 2012



cospeciation

host switching

figs fig wasps

figs fig wasps

A           1

B           2

C           3

D           4

E           5

A           1

E           5

B           3

C           4

D           2

courtesy G. Weiblen



G. Weiblen

Ficus and their pollinating wasps



G. Weiblen

Ficus and non-pollinating galler wasps



Figs support also non-pollinating herbivorous wasps 

(gallers) and wasp parasitoids



Weiblen et al. 2000

Wasps on figs: pollinators, gallers and parasitoids





Apocryptophagus

Parasitic wasps 

Photo G. Weiblen



All 35 wasp species

from 3 Ficus spp.

F. obliqua

F. burtt-davyi

F. citrifolia

large parasitoids large gallers

small parasitoids small gallersP pollinators
Segar et al. Ecology Letters, (2013) 16: 1436–1445



Galling Sycophaginae (Chalcidoidea, Hymenoptera) probably invaded the fig 

microcosm in Australia c. 50–40 Ma after the origin of their host plant, then dispersed 

out of Australia and radiated together with their host fig and associated pollinator 

through the tropics.

Cruaud et al. J. Biogeogr. (2011) 38, 209–225



Cruaud et al. J. Biogeogr. (2011) 38, 209–225



Oviposition succession of 1 pollinating and 6 non-pollinating wasp 

species during fig development depends on ovipositor length 

[and vice versa, ovipositor length is selected for by fig size]

A-E: fig development stages

1-7: fig wasp species

Ficus racemosa

Ghara & Borges (2010) Ecol. 

Ent. 35: 139-148.



Jander & Herre 2010, Proc. 

R. Soc. B 277, 1481-1488

The proportion of non-pollinating fig 

wasps depends on the strength of 

punishment for cheating by their 

host fig species 

Passive

pollination



Jander & Herre 2010, Proc. 

R. Soc. B 277, 1481-1488

Sanction for no pollination: offspring reduction and fig abortion

passive pollination – no energy expenditure, no pollen-free wasps, no sanctions

active pollination – demands energy, cheaters sanctioned by figs



Gynodioecious species Monoecious species

seed production

pollen & wasp 

production

seed, pollen & 

wasp production



Weiblen 2004



Style and ovipositior lengths in monoecious and dioecious figs

Weiblen 2004Kerdelhue & Rasplus OIKOS 77:1 (1996)

Why gynodioecy? 

perhaps to reduce the number of

non-pollinating wasps



Gynodioecious figs evolved only in the Palaeotropics



Ficus carica: 

the most famous gynodioecious fig

Whoso keepeth the fig tree shall eat the fruit thereof: 

so he that waiteth on his master shall be honoured. 

Proverbs 27:18



two origins of dioecy

Herre et al. Annu. Rev. Ecol. Evol. Syst. 2008. 39:439–58



M

monoecy

D

dioecy

P

passive

pollination

A

active

pollination

Cruaud et al. Syst. Biol. 61(6):1029–1047, 2012



Dioecious figs: seed- and wasp-producing figs are selected to 

• be indistinguishable to fig wasps at the time of pollination

• be distinct to bats when they are ripe 

Ficus pungens
Dumont et al. 2004



Fig wasps as a model for the study of optimum sex ratios



Pseudidarnes minerva

dimorphic males

Fellowes et al. Behav Ecol Sociobiol (1999) 46: 95-102 



Fig wasps as a model for the study of virulence of parasites

Virulence of nematodes infecting fig wasps

Herre 1993: Science 259, 1442



Factors impacting the fitness of figs and fig wasps 

Harrison & Yamamura, OIKOS 100:3 (2003)



What fig trees want:

• flowers pollinated

• optimum wasp infestation

• wasps entering female figs

• wasp sex ratio 

females>>males

• long-distance pollen 

dispersal



Fig ‘syndromes’

figs

size small large

colour red green

seed dispersal birds bats

clues for dispersers visual olfactory

wasp foundresses few many

wasp sex ratio females>>males females>males

nematodes avirulent virulent



Lomascolo et al PNAS 2010

Bird vs. bat dispersal syndromes



Lomascolo et al PNAS 2010

Fig dispersal syndrome is evolutionarily flexible 

bats birds



Figs as keystone species in some rainforest ecosystems

Fig wasps as pollinators

Asynchronous flowering

Key food source for frugivores

Constant production of figs



Fig wasp pollination can be 

maintained only by asynchronous 

flowering in the Ficus population



Asynchronous fruiting in a 

population of 52 Ficus burtt-

davyi trees (S. Africa)



1984-1985

1985-1986

1986-1987

Fruiting phenology of 

bird-dispersed Ficus

spp. in a rainforest in 

Malaysia

% of trees fruiting



Main sources of food 

for orangutans in 

North Sumatra 



Ficus - extremely efficient long-distance pollen dispersal 



(A) Position of the field site in 

Namibia, Southern Africa. (B) 

Distribution of adult trees. 

Paternity assignments relating to 

individual female parents (red) 

and assigned pollen donors (blue)

Ahmed et al. 2009, PNAS 106: 

20342–20347 

mother tree

pollinators of the mother tree

Ficus sycomorus

trees

Mean observed 

pollination distance 

89 km, maximum 

165 km

Ceratosolen arabicus

Ficus sycomorus

Fig wasps – long distance pollinators



Fig trees  - good colonisers. The Krakatoa example:



How the fig - wasp mutualism evolved? 

Phylogeny of Moraceae

courtesy G. Weiblen



Moraceae: pollination syndromes

wind pollination
insect pollinationTrophis

Clarisa

Maclura

Ficus &

fig wasps

Artocarpus &

gall midges

Castilla & thrips

Courtesy G. Weiblen



Castilleae & Ficeae: insect pollination in sister lineages 

courtesy G. Weiblen



The plant - insect mutualisms where 

• the insect pollinates flowers 

• then oviposits to some of them so that the 

larval survival depends on successful 

pollination 

are among few cases of genuine coevolution 

between plants and insects. 

Ficus - Agaonidae wasps

Yucca - Tegeticula moths (Yponomeutidae) 

Trollius - Chiastocheta (Anthomyiidae) flies

Glochidium - Epicephala (Gracillariidae) moths 



Yucca plants - Tegeticula moths



Yucca moths: cheaters in the mutualistic clade 

obligate pollinators

cheaters – depend on pollination 

by other spp., only oviposit in 

flowers, early or late in flower 

development



Epicephala sp. (Gracillariidae) and Glochidium (Euphorbiaceae)

Kato et al. 2003. PNAS 100:5264



Kawakita et al., Evolution, 58(10), 2004, pp. 2201–2214



Kawakita & Kato, American Journal of Botany 91(9): 1319–1325. 2004

Epicephala (Gracillariidae) on Breynia (Euphorbiaceae)

Epicephala (Gracillariidae) on Phyllanthus (Euphorbiaceae)

Kawakita & Kato, American Journal of Botany 91(3): 410–415. 2004




