Fig Wasps: Mechanism of Pollen Transfer

Abstract. The fig (Ficus) is absolutely dependent upon pollination by minute
agaonid wasps for development of fertile seeds. In some species of the wasp
genera Agaon, Allotriozoon, Blastophaga, Ceratosolen, Elisabethiella, Liporrho-
palum, and Pleistodontes, the females possess concavities (“corbiculae”) to carry
pollen. The New World Tetrapus and some Old World Blastophaga lack pollen-
carrying structures and may carry pollen dusted over the body or in the digestive

tract.

Pollination of all species of figs
(Ficus) is effected through their unique
symbiotic  association with chalcid
wasps of the family Agaonidae. No
other means of pollination is available
to the plant, and the wasps cannot
develop anywhere except in the recep-
tacles of the fig. The manner in which
the minute and almost hairless wasps
carry enough pollen has been in doubt.
The prevailing view, based primarily on
observations of Blastophaga psenes,
the pollinator of the edible fig (Ficus
carica), is that pollination is effected
by pollen grains adhering to the wasp’s
body surface and perhaps to its append-
ages (/). Other reports generally sup-
port the transport of pollen on the body
surface (2—4). Agaonid wasps inhabit-
ing Ficus roxburghii, on reaching the
external orifice of the fig, usually re-
main for a short time close to it, drying
their wings and cleaning off . particles
of debris which adhere to their bodies
(5). Without doubt their bodies carry
pollen grains but the number is always
comparatively small after the wasps
have cleaned themselves. Therefore,
Cunningham says that the development
of embryos in Ficus roxburghii appears
to be an asexual process (5).

There is a period of several weeks
or months between the maturation of
pistillate flowers and that of staminate
flowers in the same fig (Fig. 1). It is
therefore impossible for the pistillate
flowers to be pollinated from the stam-
inate flowers of the same fig. When the
wasps enter the fig cavity, they pre-
sumably pollinate some of the pistillate
flowers which become seeds (Fig. 1).
Subsequently a female wasp lays eggs
in some of the pistillate flowers, pre-
sumably only those with short stigmas.
Each such gall flower (Fig. 1) nour-
ishes a single wasp larva which reaches
maturity simultaneously with the ma-
turation of the figs. The ripening of the
staminate flowers inside a fig is syn-
chronous with the emergence of the
fig wasps from their galls.

Ficus occurs in all parts of the world
where desert or frost do not prevail; it
extends roughly between the latitudes
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of 35° north and south. This genus is
divided (6) into four distinct sub-
genera. (i) Subgenus Urostigma is pan-
tropical; (ii) subgenus Pharmacosycea
occurs in Melanesia, Asia, and tropical
America; (iii) subgenus Sycomorus is
confined mainly to Africa; (iv) subgenus
Ficus is limited to the Old World.

Each of the two New World sub-
genera of figs (Urostigma and Pharma-
cosycea) has its own group of related
pollinators; Urostigma species are
pollinated by Blastophaga, and Phar-
macosycea species are pollinated by
Tetrapus. In Urostigma the ripe anthers
dehisce, but spontaneous discharge of
pollen does not seem to occur. In Ficus
roxburghii pollen tends not to escape
from the anthers after dehiscence until
the stamens are disturbed by the wasps
(5). In New World Pharmacosycea
and in Ficus nota and F. macrophylla
(3) the anthers dehisce and pollen is
shed apparently without the help of
the wasps.

The females of Blastophaga tonduzi,
pollinators of Ficus hemsleyana (Uro-
stigma), emerged from the gall flowers
where they developed and moved about

Fig. 1. (A) Cross section of a ripe Costa
Rican fig [Ficus glabrata (Pharmacosy-
cea)]; (a) gall flower; (b) seed; (¢) stami-
nate flower. (B) Section of a ripe Venezue-
lan fig [Ficus radula (Pharmacosycea)l;
(a) gall flower; (b) seed; (c¢) staminate
flower. (C) Section of a ripe Venezuelan

fig (Urostigma); (a) gall flower; (b)
seed; (c) staminate flower. Note the rela-
tive position of anthers in B and C.

as though searching for anthers while
still within the fig. They opened the
anthers with the antennal scapes and
mandibles and appeared to move the
pollen with the head and antennae as
if they were eating it. Wasps associated
with several other species of New
World Urostigma behaved similarly.
Galil (7) observed that females of
Blastophaga quadraticeps, the pollina-
tor of Ficus religiosa, approach the
staminate flowers before leaving the
fig and push their heads into the pollen
sacs and chew.

In every New World Urostigma fig
species I observed, as soon as a polli-
nating wasp reached the interior of the
young fig to be pollinated, it pushed
its head among the stigmas, in some
cases for several hours; then it ovi-
posited in the gall flowers. In Ficus
turbinata, the wasps were still laying
eggs 3 days after entering the fig.

To determine whether the wasps
carry pollen externally, I put hundreds
of Blastophaga females which emerged
naturally from their Urostigma figs into
small vials of alcohol, shook them vi-
olently for about 20 minutes, and
centrifuged the contents of the vials.
Only a few dozen pollen grains were
found. When heads, thoraces, and ab-
domens of the female wasps were
ground in alcohol, each body region
separately, much pollen was found in
the vials of ground thoraces. Dissec-
tions of the digestive tracts and buccal
cavities of females showed no pollen,
contrary to Galil’s observations on
Blastophaga quadraticeps (7).

New World Blastophaga females
have pollen-holding concavities located
one on each coxa of the front leg, and
and two in the mesosternum (Fig. 2).
Because these structures resemble the
little baskets (corbiculae) used by the
honey bee (Apis mellifera) to carry
pollen, I call them corbiculae—*“coxal
corbiculae” for those located in the
front legs and “sternal corbiculae” for
the ones located in the mesosternum
(Fig. 3).

The coxal corbicula is an elongate
cavity in the mesal side of each front
coxa, fenced by a row of bristles on
one side (Fig. 3). Each sternal cor-
bicula is a round depression, partially
covered by a flap (Figs. 2 and 3) so
that it opens medially. In the New
World Blastophaga wasps, it usually
has two rows or groups of hairs, one
located anteriorly and the other pos-
teriorly (Fig. 3). Corbiculae have been
illustrated for fig wasps in the literature,
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Fig. 2. (A) Ventral side of Blastophaga
jimenezi (Central American species), with
legs in part removed to show position of
coxal corbiculae (elongate black spots)
and sternal corbiculae (round spots). (B)
Cross section of mesothorax of Blasto-
phaga jimenezi showing position and shape
of sternal corbiculae (pollen grains in
place on right side).

without names or mention of function.
Grandi (8) shows the sternal corbicu-
lae of Agaon paradoxum and Blasto-
phaga estherae, the coxal corbicula of
Blastophaga aguilari, and both struc-
tures in Blastophaga williamsi. Manga-
beira (9) and Galil and Eisikowitch
(4) also show the sternal corbiculae of
Blastophaga lopesi and Ceratosolen
arabicus, respectively.

Both pairs of corbiculae are present
in every species of Blastophaga (about
40) I have collected in Venezuela,
Panama, Costa Rica, San Andres
Island, and Florida, with the exception
of two undescribed species, exclusive
pollinators of Ficus tuerckheimii, which
possess only the sternal corbiculae. The
African  Elisabethiella  stueckenbergi
and the New Caledonian Blastophaga
boschmai also possess both sternal and
coxal corbiculae. Among Old World
species, sternal corbiculae only are
found in Blastophaga quadraticeps
(Africa) and B. jacobsi (New Guinea),
in Agaon hamiferum modestum and
Allotriozoon prodigiosum (Africa), in
Liporrhopalum mindanaensis (Asia), in

Fig. 3. (A) Coxal corbicula of Venezuelan
Blastophaga sp. containing pollen grains.
(B) Sternal corbicula of Venezuelan Blasto-
phaga sp. containing pollen grains.
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Pleistodontes imperialis (Australia) and
in Ceratosolen arabicus, C. capensis,
C. galili (Africa), and C. pilipes (Bor-
neo) (I0). Galil and Eisikowitch (4)
report that as females of Ceratosolen
arabicus crawl along the narrow exit
made by the males among the staminate
flowers their bodies become coated
with pollen, but they do not mention
the presence of any structure to carry
pollen in this species.

An unidentified species of Urostigma
had an average of 344 seeds per fig in
a total of 31 figs examined. A single
fig of Ficus goldmanii pollinated by
one wasp yielded 682 viable seeds.
This must mean either that one wasp
can pollinate at least 682 flowers (one
ovule each), or that apomictic develop-
ment occurred, or possibly that some
pollination leads to apomictic develop-
ment of other flowers in the same syn-
conium. That the corbiculae can carry

-sufficient pollen for pollination is re-

vealed by the presence of 404 grains in
a single sternal corbiculae of a female
Ceratosolen arabicus. Usually a fig is
pollinated by several wasps, each with
two or four corbiculae, assuring an ade-
quate number of pollen grains. There
was pollen in the corbiculae of every
female wasp emerging from the ripe
figs of species of New World Uro-
stigma, but the corbiculac of wasps
that had died inside the young figs
after accomplishing pollination were
empty or contained only few grains of
pollen. '

Females of Blastophaga psenes, the
pollinator of the edible fig (Ficus
carica), lack corbiculae but possess
two longitudinal ventral cavities in the
head (11). Several grains of pollen
were present in these cavities in speci-
mens examined, but I cannot determine
whether or not these structures serve
the same function as the corbiculae
because the number of grains of pollen
was too small. Much pollen was found,
however, in the digestive tract. The
ventral side of the head of New World
Blastophaga females is smooth, not
concave,

In the case of 12 species of Tetrapus
wasps, there were no pollen-carrying
structures, but much pollen was found
in the digestive tract, as in Blastophaga
psenes. The numerous anthers in phar-
macosyceous figs are located more
centrally than the normal and parasi-

" tized ovaries (Fig. 1) so that there is

no true cavity in the figs. Thus the
wasps crawling among the mass of
staminate flowers become completely

dusted with pollen. The stigmas of the
fertile pistillate flowers in the young
figs are very long, projecting into the
center of the fig, so that it is possible
for the egg-laying wasps to scatter
pollen on the pistillate flowers while
they are laying or searching for pistil-
late flowers in which to oviposit. Alter-
natively, Tetrapus females may carry
pollen internally and regurgitate it on
the stigmas of the flowers.

WiLLiaM RaMIREZ B.
Department of Entomology,
University of Kansas, Lawrence 66044

References and Notes

1. H. Miiller, The Fertilization of Flowers (Mac-
millan, London, 1883), p. 522; G. Eisen, Proc.
Calif. Acad. Sci. 5, 965 (1896); L. O. Howard,
U.S. Dept. Agr. Yearb. (1900), p. 81; P.
Knuth, Handbook of Flower Pollination
(Clarendon Press, Oxford, 1906), vol. 1, p.
104; L. Buscaloni and G. Grandi, Boll. Ist.
Entomol. Univ. Bologna 10, 255 (1938).

2. J. T. Wiebes, Tijdschr. Entomol. 106, 6 (1963);

D. S. Hill, J. Natur. Hist. 1, 420, 422 (1967).

. C. F. Baker, Philippine J. Sci. 8, 66, 68
(1913); C. E. Pemberton, Hawaii Plant Rec.
24, 303, 309 (1921).

4. J. Galil and D. Eisikowitch, Ecology 49, 262,
263, 267 (1968).

5. D. D. Cunningham, Ann. R. Bot. Gard. Cal-

cutta 1, 24, 41, 47 (1888).

E. J. H. Corner, Gard. Bull. Singapore 21,

99, 100 (1965).

J. Galil, J. Teva VeAretz 9, 8 (1965).

. G. Grandi, Boll. Lab. Zool. Portici 10, 211
(1916); 13, 21, 27 (1919); Bull. Entomol. Res.
13, 298 (1923).

9. F. Mangabeira, Mem. Inst. O. Cruz 32, 469

(1937).

10. I am indebted to Dr. J. T. Wiebes of Leiden,
Rijksmuseum van Natuurlijke Historie and
Dr. J. Galil of Tel-Aviv University for iden-
tified Old World specimens.

11. G. Grandi, Boll. Lab. Entomol. Bologna 2, 4
(1929).

12. T thank Drs. C. D. Michener and R. C. Jack-
son, University of Kansas, for reading the
manuscript and suggesting various changes,
Dr. A. Wille, Universidad de Costa Rica,
for stimulating my interest in this work, and
the University of Kansas-Universidad de
Oriente Program at Cumani, Venezuela, for
opportunities and facilities there.

22 August 1968; revised 25 November 1968

w

LRSI

X-ray and Electron Diffraction
of Ocular and Bone Marrow
Crystals in Paraproteinemia

Abstract. Crystals in the cornea, con-
junctiva, and bone marrow of a patient
with a monoclonal gammopathy were
analyzed by x-ray and selective-area
electron diffraction. X-ray diffraction
rings obtained from the abnormal
crystalline deposits closely matched
cholesteryl stearate patterns, and elec-
tron diffraction findings were suggestive
of this lipid.

Corneal and conjunctival crystals
visible with the biomicroscope are rare
in man. Childhood and adult cystinosis,
crystalline corneal dystrophies, and
paraproteinemia are the most common
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