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The pollination of figs involves a complex relationship between the plant and certain species of wasps 
which appears to have been established in the Cretaceous period, more than 100 million years ago. 
This article reviews the reciprocal adaptations that characterize this complex symbiosis. 

Pollination of figs (&us spp.) involves very complex symbiotic 
interrelationships between the syconium (fig inflorescence, 
figure 1) and the pollen vectors, the small agaonid wasps 
(Hymenoptera, Chalcidoidea, Agaonidae), which develop in the 
ovaries of the flowers (figure 2). Pivotal to the evolution of 
these relationships is the formation of the fig syconium, an 
urn-shaped receptacle whose inner surface bears the flowers 
and whose top is closed by a series of imbricated (overlapping) 
scales, the ostiole (figure 1). 

In flowers, the pollen-donating and pollen-receiving organs, 
the stamens and stigmas respectively, are generally more or 
less exposed, so that pollen vectors can easily come in contact 
with them. In Ficus, however, the sheltered position of the 
stamens and stigmas in the closed syconium is not conducive 
to pollination. To overcome this difficulty, unique and highly 
multilateral adaptations have evolved in both the syconium 
and wasp; these are evident in most of the developmental 
stages of the two participants. 

Until recently the only Ficus sp. whose pollination had been 
extensively studied was the common fig (Ficus carica L.). It 
was long believed that the pollen vector in this case, the 
agaonid wasp Blastophaga penes L., effected pollination passi- 
vely by touching the open anthers on its way out of old 
syconium and touching the receptive stigmas on entering the 
young one. Recently, however, it was found that the process 
is not always as simple as that. Independently, and almost 
simultaneously, B. W. Ramirez [l] in Costa Rica and J. Galil 
and D. Eisikowitch [2] in Kenya, discovered that several fig 
pollinators possess specific organs which serve to transport 
pollen from old to young syconia. Furthermore, Galil et al. 

found that loading and unloading of these organs during the 
pollination by the female wasps entailed very characteristic be- 
havioural patterns [Z-6] not encountered in other pollination 
syndromes. 

The objective of the present review is to survey the types 
of reciprocal adaptations manifested by syconia and wasps in 
Ficus which have made possible this most complex symbiosis 
between a plant and animal. 

The ostiole-an extremely selective ‘sieve’ at the 
entrance into the syconium 
The syconium develops in the axil of a leaf or a bract. It is 
protogynous, that is, the female flowers mature long before 
the male flowers. The stigmas of the pistils become receptive 
and the ovaries ready for oviposition by the wasps when the 
male flowers are still small and young. The ostiolar scales 
loosen slightly so that very narrow, hardly visible slits are 
formed between them. 

After leaving their native syconia (phase D, figure 3), the 
female wasps fly to the receptive young figs (phase B, figure 
3). This attraction from a distance is clearly chemical and when 
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several species of Ficus grow in close proximity, each attracts 
its own specific pollinator despite the great similarity of the 
receptive syconia in size, form, and colour. Regrettably, the 
specific attractants of the syconia have not yet been studied. 

Penetration of the wasp into the syconium through the 
narrow ostiolar slits is very difficult and demands considerable 
‘psychological’ and morphological adjustments. In addition to 

Figure 1 Longitudinal section through receptive syconium 
(female phase, B) showing ostiole and cavity. 
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Figure 2 Fig insects, Blastophaga quadraticeps. Female (a) and 
male (b). 
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Figure 3 Developmental cycle of syconium and wasp, in fig symbiosis. 

a pronounced tendency to make contact and to seek closed 
spaces, the female agaonids are endowed with a flattened, 
spade-shaped head capsule and specifically modified antennae, 
mandibles, and legs. G. Grandi [7], the father of modern 
research on fig insects, describes the entrance of Blastoplzaga 
psenes L. into the receptive syconium of the common fig as 
follows. The scales limiting the ostiole and, particularly, the 
more external ones are turgid, resistant, imbricated, and compel 
the hymenopteran to long, hard, and tiring labour. The blasto- 
phaga wedges its head under the free edge of the outer scales 
and, laboriously, pushes through the inner ones, losing its 
wings and the flagellae of its antennae in the process. The basal 
segments of the antennae retract into a deep hollow in the 
head capsule, while the detached wings of numerous wasps 
form a dense tuft on the top of the ostiole (figure 4). 

Generally, only some of the female wasps entering the fig 
ostiole manage to reach the cavity; some of them die and 
remain stuck between the scales. It appears that, at least in 
certain cases, the number of entering wasps is controlled by 
rapid closure of the ostiolar scales [S, 81. After reaching the 
fig cavity, the mutilated wasps, wingless and with broken anten- 
nae (figure 5) commence ovipositing through the pistils of the 
female flowers and pollinating their stigmas (see later). The 
eggs are inserted between the inner integument and the 
nucellus, usually one egg per ovule. 

Because of their specific attractants and the unique structure 
of their entrance, fig ostioles become extremely selective organs. 
This accounts for the 1 :l relationship between most Finns spp. 

Figure 4 Syconium of F. religiosa with a tuft of detached wings Figure 5 Ovipositing female of Ceratolen arabicus during the 
of Blastophaga quadraticeps. pollination act. 
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and their pollinators. The plants depend exclusively on their 
specific agaonids for pollination: in the absence of the appro- 
priate wasp, pollination does not take place and no seeds are 
produced [9]. At the’same time, however, the inaccessibility 
of the ostiole precludes the entry of potential enemies. 

On the basis of the arrangement of the ostiolar scales, 
Ramirez [lo] distinguishes several types of ostioles, which are 
adapted to different agaonid wasps. 

Under the care of the fig 
Female agaonids are very prolific, every yield of new ripening 
syconia giving rise to an abundance of wasps. Under favourable 
conditions, each female wasp produces several hundred eggs 
and may be the sole occupant of a single receptive syconium. 
Since the developing larvae in occupied fig ovaries invariably 
demolish the young plant embryos, this presents a clear danger 
that none of the plant ovaries will remain intact to produce 
seed. To overcome this danger, the fig developed two types 
of female flowers: respectively short-styled and long-styled 
(figure 6). The female wasp, which is incapable of distinguishing 
from above between these two types of style, inserts its ovi- 
positor successively into all available styles (figure 5). Effective 
oviposition can occur only in the short-styled ovaries that are 
within the reach of the ovipositor. The long-styled pistils are 
merely probed by the inserted ovipositor-an action of very 
brief duration, without any wasp egg being released [2,6]. 
Here, too, pollination of the stigmas takes place before the 
withdrawal of the ovipositor from each style. Thus the long- 
styled plant ovaries remain free of wasp brood, and seed pro- 
duction is ensured despite the great surplus of ovipositing 
wasps. Following oviposition, the female wasp dies within the 
syconial cavity. 

At the end of the receptive phase (phase B, figure 3), the 
ostiolar scales again become pressed close against the surface 
and the syconial cavity is sealed completely. Next (interfloral 
phase C, figure 3) the wasp eggs hatch and the brood develops 
within the ovaries of short-styled flowers, while long-styled 
flowers give rise to fig seeds. 

The selective entrance into the fig and its subsequent enclo- 
sure subject the syconium to a very strict developmental 
regime. The span of several weeks between maturation of the 
female flowers (female phase B, figure 3) and ripening of the 
stamens (male phase D, figure 3) is long enough to enable 
two successive generations of wasps to utilize the syconium- 
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Figure 6 Short- and long-styled female flowers in a receptive 
syconium of F. sycomorus. 
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the first to bring in, and the second to take out, pollen. During 
the intermediate period (inter-floral phase C, figure 3) the 
brood of larvae of the second generation develops. Thus, the 
coordination of pollen maturation with the emergence of the 
second generation of adult wasps, at the male phase D (figure 
3), is essential for successful pollen transfer. 

Another adaptive mechanism of the fig which exerts a 
marked effect on the pollinator, is the complete isolation of 
the syconial cavity during the interfloral phase (C) and begin- 
ning of the male phase (D1). It is this closure of the ostiole 
that has led to the unique sexual dimorphism of the sycophilic 
wasps. 

Effects of the wasp on the syconium 
The relationship between the sycophilic wasp, developing in 
the fig ovary, and the syconium is not merely a dietary one, 
for the insect actually becomes involved in certain vital pro- 
cesses of the fig. Many years ago B. Longo [11] and G. Grandi 
[12] found that in the male syconia of the common fig, the 
secretion injected into the fig ovule by the ovipositing wasp 
causes transformation of the ovule into a gall and formation 
of a parthenogenetic endosperm which serves as food for the 
growing larvae. 

In Ficus sycomorus, which does not produce seeds in the 
Middle East, the developing larvae of Sycophaga sycomori L. 
exert a direct influence on the development of the syconium 
[13-151. The occupied syconia do not drop and also resist 
premature ripening, which enables the contained wasp brood 
to complete its developmental cycle. Wounding or application 
of the hormone Ethephon-actions which induce rapid ripen- 
ing in unoccupied syconia-are much less effective in larvae- 
containing figs [14,15]. Extracts of such figs have been shown 
also to inhibit other fruit. Here too, oviposition by the wasp 
Sycophaga brings about development of parthenogenetic food 
tissue through proliferation of nucellar cells. 

The ripening-inhibition effects disappear upon hatching of 
the adult wasps. The larva-like wingless male wasps issue from 
their own galls first. They are very active, in spite of the high 
concentration of carbon dioxide in the syconial cavity (up to 
10 per cent in figs of Ficus religiosa [16]) resulting from the 
climacteric rise of respiration. The males locate female-contain- 
ing falls, puncture them, and impregnate the females while they 
are still within the galls. This accomplished, the males tunnel 
through the syconial wall. As carbon dioxide escapes and the 
internal atmosphere equilibrates with the external, the females 
widen the fertilization holes and emerge from their galls. 
Female wasps are agile, winged insects of very delicate struc- 
ture. On their way out they approach the anthers, which have 
only now reached maturation, and fill their pockets with pollen. 
The carbon dioxide concentration in the fig cavity is thus in- 
strumental in determining the activities of both male and 
female wasps within the syconium. 

In addition to its effect on the activation of the female wasps, 
the rapid carbon dioxide depletion that results from the tun- 
nelling of the syconial wall by the males also affects the further 
development of the fruit. Generally, high carbon dioxide con- 
tent in the internal atmosphere of fruits inhibits ripening, 
whereas its depletion promotes ripening [17]. 

In various respects, the effects of the wasp on the syconium 
are comparable to what takes place during normal fertilization 
of the fig ovule, namely prevention of dropping, induction of 
the development of nutritive tissues, and inhibition of prema- 
ture ripening. 

Pollen transfer and pollination: an auxiliary 
task of the agaonid wasps 
Pollination in the common fig entails passive pollen transfer 
on the body surface of the pollen vector and this does not 
occur in all Ficus spp. In F. sycomorus, F. religiosa, and many 
other species, the number of male flowers at the entrance of 
the syconium is comparatively small and therefore the wasps 
do not become dusted with pollen on their way out. Scarcely 



Figure 7 Ventral view of the female of Ceratosolen arabicus, 
showing thoracic pollen-pockets. 

any pollen grains are found on their bodies as they leave the 
fig. Yet such plants produce viable seeds in abundance. The 
answer to this riddle was given only a few years ago, when 
many of the fig wasps were found to possess unique external 
organs especially adapted for pollen transfer through the very 
narrow slits of the receptive fig ostiole [2,4]. Thus Ceratosolen 
arabicus and Blastophaga quadraticeps, the pollinators of F. 
sycomorus and F. religiosa respectively, have thoracic pollen 
pockets (figures 7-9) closed from the outside by a movable 
lid. Many other wasp species of the Urostigmo section possess, 
in addition to open pockets, coxal corbiculae in the form of 
longitudinal depressions along the coxae (proximal joints) of 
the forelegs, which also serve to transport pollen (figures 10, 
11). The corbiculae are fringed on one side by a row of long 
and stiff hairs-the corn&which aids in the loading and un- 
loading of the pockets [l, 51. The mechanism whereby these 
pollen reservoirs are first filled and ultimately emptied for polli- 
nation purposes, poses a problem. A passive filling and empty- 

Figure 8 Longitudinal (b) and cross (a) sections through the 
thorax of Blastophaga quadraticeps, showing closed pockets, full 
of pollen grains (PG). OuP-lid. 

Figure 9 Cleared thorax of Blastophaga quadraticeps, showing 
pockets, artificially filled with starch-grains. 

ing by casual touching of the anthers and stigmas is practically 
impossible, especially in closed organs. Hence ‘deliberate’ insect 
activity is called for, that is to say the female wasps must pos- 
sess specific instincts to govern the loading and unloading of 
pollen for pollination. That this is actually so is clearly sug- 
gested by the observed sequence of wasp activities [2,3,5,6]. 
Before leaving its native fig, the female wasp approaches the 
anthers and with the aid of the arolia (lobes or pads) of the 
fore-legs, raises pollen into its pockets, which open in response 
to touch [4]. After entering the receptive fig, the above move- 
ments are repeated in reverse order at the end of each act 
of oviposition. Pollination proper is effected by striking the 
tarsi of the fore-legs one against the other, or by delicate touch- 
ing of the stigmas. Such instinctive behaviour, directed towards 
a distinct purpose, is called ‘purposive’ by N. Tinbergen [18]. 

As mentioned earlier, not all agaonid wasps possess pollen 
pockets or corbiculae. The pollen vector of the common fig, 
like those of a whole group of species belonging to the sub- 
genus Ficus, has no specific pollen containers. By way of com- 
pensation, however, the plants concerned produce an abun- 
dance of pollen, which ensures passive coating of the wasps 
with pollen as they pass between the numerous stamens. 

Conclusion 
The individual characters of fig and wasp have evolved towards 
an harmonius obligatory symbiosis in different ways, entailing 
the following adjustments: 

Figure 10 Fore-leg of Blastophaga estherae, showing corbicula, 
comb, and arolium. 
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Figure 11 Cross section through thorax of Blastophaga estherae, 
showing coxae of fore-legs and sections in corbiculae. 

1. Bilateral adjustments stemming from co-evolution [19]. 
Such adjustments form the framework of fig-wasp relationships, 
namely the closure of the receptacle and formation of the fig 
syconium in correlation to the structure and developmental 
cycle of the wasp. The very unique sexual dimorphism of the 
wasp, as evidenced by the helpless, larva-lake male, could have 
evolved only in close association with the closure of the fig 
inflorescence. 

2. Unilateral adjustments by which one partner becomes 
adapted to certain conditions imposed by the basic life activi- 
ties of the other. One such example is the adjustment of male 
wasps of Blastophuga quadraticeps, the pollen-vector of F. reli- 
giosa, to high carbon dioxide concentration in the syconial 
cavity [16]. Another example is the adjustment of style lengths 
by the fig to the length of the wasp’s ovipositor. 

3. Adjustments stemming from the control of certain vital 
processes of one partner by the other. In fig symbiosis, for 
instance, synchronisation of the developmental spans of the 
syconium and wasp is of vital importance to both. Were the 
syconia to drop too early, at a time when the wasps are still 
in the larval stage, the insect could not attain maturity. Con- 
versely, were the syconia still green and hard by the time the 
wasps reached maturity, the insect faunula of the fig would 
be imprisoned and doomed to extinction. Thus ripening of the 
fig at the right time must have been achieved by the imposition 
of the developmental rhythm of the more delicate partner, the 
wasp, upon that of the syconium. 

That the developmental cycle of the fig is abbreviated in 
accordance with the needs of the wasp is suggested from the 
fact that purely seed syconia, which have been pollinated but 
not occupied by wasp larvae (through inhabitation by irra- 
diated female wasps [20]) ripen much later than occupied ones. 
When the temperature drops, and consequently the develop- 
ment of the wasps slows down, the ripening of the syconium 
is postponed accordingly. 

A unique manifestation of the fig-wasp symbiosis is the evo- 
lution by the female wasps of morphological and instinctual 
patterns relating to pollen transport and pollination. The 
organs and mechanisms developed by the wasps in order to 
deposit pollen on the stigmas are of no direct use to the insect, 
which suggests that the main target of selection in this case 
has been the plant and not the insect. Yet there is a distinct 
advantage to the wasps as well, inasmuch as pollination is in- 
dispensable to the propagation of Ficus, without which the 
wasps could not survive. 

The genus Ficus is very ancient and dates from the Creta- 
ceous; the earliest findings of Chalcidoidea are even more 
ancient. It is thus likely that fig-wasp symbiosis started in the 
Cretaceous, more than 100 million years ago. This very long 
span of time could have enabled evolution to mould the ex- 
tremely complex pattern of interrelationships that are encoun- 
tered nowadays. Intricate patterns such as these have prompted 
E. J. H. Corner, the well known student of fig taxonomy and 
biology, to conclude that ‘fig biology reveals the incredible abi- 
lity of natural evolution’. 
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