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Evidence of a volatile attractant in Ficus ingens (Moraceae)*
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ABSTRACT

The relationship between the fig Ficus ingens (M iq.) Miq. and its wasp pollinator, Platyscapa soranu Wiebes, 
was studied. A  mechanism of pollinator attraction is discussed and corroboration obtained by using gas chromato
graphy to  show the presence o f volatile compounds. These compounds are shown to be released at the female 
phase of the fig’s flowering eyclc. These data are correlated to pollinator behaviour and visitation data obtained 
from field observations.

INTRODUCTION

The close relationship between the fig and its wasp 
pollinator has long been known, and there a re  nu
merous studies that have shed much light on  the 
complexily of this relationship, such as Ramirez 
(1970. 1974) Galil & Eisikowitch (1974), Galil
(1977), Janzen (1979a) and W iebes (1979), to  m en
tion but a  few o f the more m odern studies.

In papers tha t concern pollinator behaviour sev
eral au thors such as Hill (1967), Galil (1977) and 
Janzen (1979a) have stated that the method of polli
nato r attraction is olfactory, but this is assumed and 
no evidence is provided, Janzen (I.e.) states in his 
conclusion, as well as elsew here in his paper, that 
T h is  pollination is achieved at a very low density of 
flowering trees, probably by chemical attraction of 
the wasps’. Ram irez (1970) cites several examples of 
long-distance pollinator attraction in the genus Fi
cus.

The complex interaction of the life cycles o f the fig 
and the wasp will not be discussed here in detail, as 
this aspect has been well researched by workers such 
as Ram irez (1970, 1974), Galil & Eisikowitch 
(1968a, 1968b), Galil (1977), Wiebes (1979) and Jan 
zen (1979a).

In this study an attem pt was made to discover 
w hether o r not Ficus ingens produces an odour or 
scent, and to  determ ine if this scent production coin
cided with the receptive female phase of the fig tree.

MATERIALS AND METHODS

Study sites
Plants of Ficus ingens were studied at a  site on  the 

Braamfontein Spruit, in the suburb of Craighall 
P ark , Johannesburg. T he site consisted of a  popula
tion o f 23 fig trees of varying sizes (three seedlings, 
12 established trees and the rest large, m ature trees) 
growing on the northfacing aspects of granite ou t
crops. Throughout the nine m onths of observation, 
it was noted that, a t any one tim e, no more than one 
tree was at a  particular flowering stage. There was.

* Forms part o f a B.Sc. Hons project undertaken in the D epart
ment of Botany, University of the Witwatersrand.
** Botanical Research Institute, Department of Agriculture & 
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however, one tree a t the male phase (wasp-hatching 
phase) and one tree at the female phase (egg-laying 
stage for the wasps) during August. This m eant that 
the wasps were emerging from syconia of one tree 
and flying to  the next, a few m etres away. During 
the  study period evidence for flowering was found 
on only seven trees in the population. Most of these 
seemed to  have just finished flowering. This is a little 
unusual, as more of the population should have been 
in flower. The serious drought and winter weather 
may have had an effect on  the flowering of the  trees. 
The site was visited every two o r th ree days, and 
every day for the duration of peak syconia! activity.

H erbarium  specimens o f the studied trees are 
housed in the Moss Herbarium , University of the 
W itwatersrand (J). Specimens of the wasps are 
housed in the Zoology M useum, University o f the 
W itwatersrand.
Scanning Electron Microscopy

Wasps emerging from syconia were captured in a 
trap  consisting of a wire frame and nylon stocking, 
which was tied over a branch with syconia o f the cor
rect age. This age was determ ined by the increased 
size and slight colour change in the  fruit. Newly 
hatched wasps could be found inside the syeonium 
when it was split open , indicating the correct syco- 
nial state.

W hen a sufficient num ber o f the wasps had 
em erged, the twig was cut off, and the trap  then 
taken (with twig in situ) to the laboratory. The stock
ing was then cut away from the  wire and twig, and 
the wasps collected and anaesthetized. These wasps 
were then stored in 100% alcohol and  kept for view
ing. They were then critical point dried , placcd on a 
SEM stub, coatcd with gold-palladium and studied. 
Photographs w'ere taken when required.

Gas chromatography
Syconia of the female phase were collected and 

taken to  the laboratory on ice. They were then divi
ded up  into size classes, ranging from 6 mm and less 
to  9  mm and m ore, at intervals o f  1 mm as measured 
across the diam eter.

These were then placed in small glass bottles with 
glass stoppers. The bottles had been cleaned sequen
tially w'ith distilled w ater, acetone and chromic acid. 
T he atm osphere inside the bottles was then allowed
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to equilibrate for 30 m inutes, the bottles being kept 
at room  tem perature.

T he control consisted of an em pty bottle that had 
been subjected to  the same cleaning treatm ent. The 
atm osphere inside this bottle was analysed in the 
same m anner as the samples.

T he method used in the chrom atographic analysis 
was the solvent effect, as described in G rob (1975), 
This method involves the shut-down of the  carrier 
gas supply to  gas chrom atograph (G C ), and the in
jection of 25 /xl of a suitable solvent (in this case n- 
Hexane). This is injected by a glass and stainless 
steel syringe. Fifteen seconds after this first injec
tion, 3 ml o f  the atm osphere from the bottles is in
jected using a clean gas-tight syringe. O ne minute 
after this second injection, the carrier gas flow is re
sum ed and the tem perature program  initiated. The 
advantages and theory o f this m ethod are outlined in 
G rob  (1975).

The tem perature program  that was run started at a 
tem perature of 40°C (held for 1 m inute) then increas
ing at a rate of 1,3° per minute. This program  was run 
for approxim ately 30 minutes per run. T he output of 
the G C  was integrated by a  Hewlett Packard 
HP3390A integrator, using the following par
am eters: attenuation of 0 and an area o f  rejection of
10 000. T he paper speed was set at 0,5 cm per mi
nute, T he column used in the G C  was a  25 m-long 
methyl silicone filament colum n, and the G C  was a 
Carla E rba Strum entazione G as Chrom atograph.

A fter the syconia had been used in the bottles, 
they were rem oved, opened longitudinally and the 
num ber o f wasps inside noted for each size class.

Fifty syconia o f  Ficus ingens were examined to  see 
if a  relationship between the presence o f the exudate 
and the presence of wasps existed. This was done by 
collecting syconia with and without this exudate 
(from one tree) and noting the presence o r absence 
o f wasps inside the syconia. T he results obtained 
were statistically analysed using a two by two Chi- 
squared contingency test with Yates's correction 
(Parker, 1973).

RESULTS

The results of the G C  experim ent show that the 
developing syconia o f Ficus ingens do em it a num ber 
o f gaseous compounds, and that this emission is re
lated to  the size of the syconia. T he num ber of peaks 
appearing in the different size classes also varies, but 
a general pattern  seems to  be followed. The increase 
in the num ber o f  peaks within these classes may be 
due to  isomerization o f the compounds, decay of the 
compounds, or genuine syconial products. These re
sults are shown in Fig. la -e .

Fig. 2 is a  histogram o f the num ber of peaks in 
each size class as well as the control (air from an 
empty bottle plus solvent).

T he results of the census o f the wasps inside the 
syconium are presented as histograms (Fig. 3a-c). 
As may be expected, the 9 mm size class produced 
the most wasps per syconium. The results of the  6 
mm class have not been presented as no wasps were 
found in any 6  mm syconia. O n each of the bar
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FIG. I, — The integrated printouts from the GC runs o f the con
trol and the syconial size classes 6  mm to 9 mm. a. control; b, 
6 mm syconia; c, 7 mm syconia; d . 8 mm syconia; e , 9  mm 
syconia. Starting temperature: 40 degrees held for I minute, 
increasing al a  rate of 1.3 degrees per minute for 30 minutes. 
Integrator parameters: Attenuation = 0, chart speed =  0,5 
cm/s. peak width = 0.10, threshold = 4 and area of rejection 
= 10 000. Scale: 1 unit = I minute elution lime. Total run 
time: 30 minutes.

charts, the mean (X ) and sample size (n) has been 
shown.

The results of the SEM studies showed that the 
female Platyscapa soraria had thoracic and coxal
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corbiculae and these were found to  be full o f  pollen 
in those wasps that were captured outside the  syco
nia, whereas those wasps that were rem oved from 
the syconia just after they had hatched had empty 
pockets.

T he results of the presence-absence o f wasps in 
syconia with exudate are presented in Table 1. The 
da ta  proved to  be significant at the 95% confidence 
interval.

In all the collections o f wasps m ade, no  parasitic 
wasps were found: only the true pollinator, Platy- 
scapa soraria W iebes was present.

DISCUSSION

The gas chromatography m ethod requires scrupu
lous cleanliness of equipm ent. This aspect was there
fore rigidly controlled. Vitiation o f results can arise 
from the fact that a GC machine is not easily trans
portable and therefore cannot be taken to  the study 
site. This restriction to  a laboratory means that sam 
ples have to  be cut from the plant and taken to  the 
laboratory, This immediately limits the life of the 
sam ples, as they are now entirely dependent on nu
tritional supplies in the twig. This in turn m eans that, 
sooner o r later, the plant m aterial will start to  decay, 
and therefore there is a source o f unwanted decay 
products. For the purposes o f this study it is assumed 
th a t, as the  samples were all analysed on the same 
day as they were removed from the tree , this decay 
had not yet started.

This removal may also cause the figs to respond by 
em itting a  different set of compounds, o r to  stop 
em itting som e and em it others, etc. As far as the 
analysis by G C  is concerned, the unnatural starting 
tem perature of the G C  oven (40°C) may cause the 
breakdown o r modification o f therm olabile com-
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Fig. 2. — A histogram showing ihc number o f peaks which were 
detected by the gas chromatograph for the control (air from 
an empty bottle) and each syconial size class.

pounds. For the adequate interpretation of these re
sults, these problems will have to  be kept in mind, 
bu t assum ed not to happen.

T he G C  results indicate that a num ber of volatile 
com pounds are em itted by the  syconia, and that this 
emission is related to  the size (and therefore age) of 
the syconia. The syconia of the 8 mm size class em it
ted the  most compounds, and the o thers, especially 
those in the 9  mm class, em itted less (Fig. 2).

T he num ber of peaks does not necessarily indicate 
the maximum am ount of activity, as the increased 
num ber may be due to  isomerization o f some o f the 
products, o r  possibly, decay products. However, as 
these extra peaks appear in the general region o f the 
main peaks, and not in totally new regions o f  the 
chrom atograph, it is possible that these peaks have

4  7m m  SYCONIA 

n  ■  88 

1 = 1.06

50

%

20

10

40

30
%

20

10 -

0  1 2 3  4  5 6
NUMBER OF WASPS PER SYCONIUM

Fig. 3. — Histograms showing the number o f wasps per syconium 
against frequency, expressed as a percentage o f  syconia sam
pled. a , 7 mm size class: b, 8 mm size class and c, 9 mm size 
class. The 6 mm size class had no wasps present in any syco
nia sampled. The mean (x) and sample size (n) are shown.
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been separated ou t t>y the  column due to  increased 
production, so indicating peak activity.

T he strong association between wasp activity and 
the presence of the volatile com pounds is reflected 
in the visitation data. T he 6 mm size class had not yet 
been visited by wasps, but was starting to  produce 
some of the volatile com pounds. This nonvisitation 
may be because the wasps could not detect the com
pounds in sufficient quantities, or else because the 
ostiolar scales had no t yet loosened sufficiently to 
allow the entry of the wasps.

These scales are thought by Janzen (1979a) to 
have assumed the function of pollinator discrimina
tion, and Ramirez (1974) has shown a strong re
lationship between the shape o f the wasp’s  head and 
the ostiolar structure. The mean num ber of wasps 
per fig in the 7 mm and 8  mm size classes (as shown 
in Fig, 3a & 3b) indicates a  tendency for the wasps to 
search for unentered syconia, Janzen (1979c) sug
gests that this may be a mechanism to reduce com pe
tition between the offspring o f different m other 
wasps. How the wasp discerns whether a syconium 
has been entered or not is not known. It has, how
ever, been reported (Janzen 1979a, 1979c) that after 
the wasp enters the syconium, a fluid is secreted by 
the fig which fills the syconium. This fluid is thought 
to  have antibiotic and antifungal properties, as de
composition o f the wasps's bodies is seldom found.

It was observed that syconia of Ficus ingens exude 
a  fluid, but that the syconial cavity is not filled. This 
fluid is exuded from the osteole o f the syconium, 
which dries to  form an effective seal against further 
wasp entry. T he stimulus for the production o f this 
fluid is not clear, but may be as a result o f injury to 
the syconium caused by the wasp. The time span be
tween wasp entry and fluid production was not 
measured.

The results o f  the census o f wasps in syconia with 
and without exudate showed that the presence of ex
udate was a good indication o f wasp entry , at the 
95%  confidence limit as shown in Table 1. T he time 
span in which the wasps are able to  en te r the syco
nium starts at the time the osteolar scales loosen, 
and ends either when the production of volatiles 
ceases, o r  when the syconia exude a fluid which 
blocks up the osteole, In this time-span any number 
o f wasps may en ter the syconium.

TABLE 1.— Presence or absence o f  wasps for syconia with and 
w ithout exudate a t the ostiole. This table is presented in 
the form o f  a  2 X 2 contingency table. A Chi-square test 
performed on this table showed the Chi-square value to  be 
4,847 (with Yates's correction). As this is greater than the 
expected value of 3,84 (at the 95%  confidence level), the 
null hypothesis (that there is no relationship between 
visitation and the presence of the exudate) must therefore 
be rejected

Wasps No wasps

Exudate 36 0 36
No exudate 11 3 14

47 3 50

T he results o f  the wasp census (from the syconia 
used in the G C  experim ent) indicate that wasps p re
fer to en ter previously unentered syconia. This is in
dicated by the value of the m ean num ber of wasps 
per syconium in the 7 and 8 mm size classes (Fig. 3a 
«Sc 3b). This observation duplicates that o f  Janzen 
(1979c), who observed similar behaviour in o ther fig 
species. The mean num ber of wasps per syconium in 
the 9  mm size class would probably be a reasonable 
indication of the final num ber of wasps that enter a 
Ficus ingens syconium (3-4  per syconium, as shown 
in Fig. 3c). It was also noted that syconia in this size 
class had much larger ovaries, as the wasps had 
already laid their eggs, and the ovaries had then be
gun to  develop into galls, as all wasp-infested female 
fig flowers do (Janzen 1979b), This resulted in the 
syconium becoming much m ore ‘woody' o r tough, as 
the galls developed. Ram irez (1970) and Janzen 
(1979c) observed that if a  syconium was not entered 
by a  wasp, it aborted and fell from the tree. No data 
on this aspcct were collected for Ficus ingens.

CONCLUSION

T he co-incidence o f the production of num erous 
volatile substances and wasp visitation to  the syconia 
of the size and age at which the volatiles were pro
duced indicate that Ficus ingens attracts its specific 
wasp pollinator by using odours. As most o f  the fig 
species have only one legitimate wasp pollinator 
species, it is to be expected that different fig species 
produce different compounds, especially if they exist 
in sympatry with one o r more o ther fig species. It 
should therefore be possible to  ‘fingerprint’ each Fi
cus species by its characteristic signature o f volatiles, 
when analysed by using gas chromatography.

Further research in this field may include the iso
lation and  identification of these compounds, and 
the behavioural and physiological analyses o f the 
wasps’s reactions to  the com ponents o f the volatile 
fraction, to  determ ine which com pounds release a 
behavioural reaction. It may be found that the wasps 
need m ore than one of these com pounds before the 
searching behaviour is elicited.
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UITTREKSEL
Die verwantskap lussen die vy Ficus ingens (Miq.) 

Miq. en sy bestuiwer, die perdeby Platyscapa soraria 
Wiebes, is bestudeer. 'n Meganisme van aantrekking 
van die bestuiwer word bespreek en bevestiging ver- 
kry deur die gebruik van gas chromatografie om die 
aanwesigheid van vlugtige verbindinge aan te loon. 
Dit word bewys dat hierdie verbindinge gedurende 
die vroulike stadium van die vy se blomsiklus vryge- 
stel word. Hierdie data word met die gedrag van die 
bestuiwer en data betreffende besoeke, verkry van 
waarnemings in die veld, gekorreleer.
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ABSTRACT

The southern African flora has been surveyed for the first time at spccies level in the List o f  Species o f Southern 
A frican Plants (Gibbs Russell e ta l., 1984). The numbers o f taxa recorded for southern Africa are compared to  the 
numbers reported from other parts o f Africa, and the largest families in each area are listed and compared The 
species richness o f southern Africa is compared to that of other parts o f the world. The numbers of genera, species 
and infraspecific taxa are given for each familv in the souihern African flora, and compared to previous counts bv

Dver (1975. 1976) and Goldblatt (I97H).

INTRODUCTION

The rem arkable diversity and high level of ende
mism in the southern African flora has been re
ported by a num ber of authors, notably Adamson 
(1938). W eimarck (1941), Levyns (1964) and Good 
(1974). and has been discussed in great detail by 
G oldblatt (1978). Until recently there was no mod
ern  inventory o f the taxa on the subcontinent, but 
the publication of the List o f  Species o f  Southern 
African Plants (G ibbs Russell et al.. 1984) now pro
vides for the first time a  complete coverage o f the 
entire flora. The com ponents of the southern Afri
can flora can now be precisely analysed and com
parisons can be m ade with floras of o ther parts of 
Africa and with previous estim ates of the southern 
African flora. T he relative im portance of present 
studies can be assessed, and future work on  the 
Flora o f  Southern Africa can be planned with a m ore 
accurate idea o f the magnitude of the task,

METHODS

T he num bers o f  taxa reported here for southern 
Africa are taken from the PRECIS list o f  30 June 
1984. and some modifications have been m ade since 
the first edition o f the List o f  Species went to  press in 
O ctohcr 1983. T he taxa in the southern African flora 
were counted by com puter, and have been verified 
by a manual count of the List o f  Species. C ounts for 
o ther Floras in Africa were made by hand, as de
scribed in G ibbs Russel! (1974),

Because the Floras considered for this study differ 
in the delim itation o f families and in the level of re
cognition of species and infraspecific taxa. it was 
necessary to  adopt a uniform  treatm ent in o rder to 
com pare them . Families are treated  sensu lato, and 
the genus and species counts for the segregate fami
lies are added to  give a single count in these cases. 
N otable examples o f families treated  in this way arc 
Aizoaceae (includes M esem bryanthem aceae). As- 
clepiadaceae (includes Periplocaceae), Campanula- 
ceae (includes Lobeliaceae), Fabaceae (includes 
Caesalpinioideae. Mimosoideae and Papilionoi- 
deae), Liliaceac (includes Alliaceae, Asparagaceae,

* Botanical Research Institute, Department of Agriculture & 
W ater Supply. Private Bag X101. Pretoria 00(11.

A sp h o d elaceae , C o lch ieaceae . D racaen aceae , 
Eriospermaceae and H yacinthaceae) and Scrophula- 
riaceae (includes Selaginaceae). T he alternative to  a 
broad acceptance of these families would have been 
to split them  apart in Floras which treat them as 
units. This was not done because an object of the 
study is to  convey an overall picture o f the southern 
African flora in relation to  the floras of o ther parts 
o f  Africa, and it was therefore more consistent to 
accept these families in the broadest sense.

It was also necessary to  adopt as far as possible a 
uniform treatm ent of the lower taxa, especially those 
of infraspecific rank. Because one author's species 
may be another author’s subspecies o r variety, the 
total species number for different accounts of the 
same group can differ considerably, and are not 
readily com parable. For this reason, combined totals 
o f species plus infraspecific taxa were used on the 
tables below' for purposes o f comparison, For ex
am ple, Crassula was revised for southern Africa by 
Tolken (1977). and this revision is followed in the 
List o f  Species. There are now 237 taxa, including 
142 species with 47 subspecies, 39 varieties and 9 re
cognized hybrids. Examination o f his treatment 
shows that the great m ajority of taxa now accepted 
by him at the infraspecific level were originally re
cognized as species. O f the 29 species given for the 
Cape Peninsula by Adamson & Salter (1950). 9 are 
accepted at the infraspecific level by Tolken (1977). 
If these treatm ents were com pared a t the level of 
species, 30%  of the Crassula species in Adamson & 
Salter (1950) would not be counted in the List o f  
Species that follows Tolken, thus giving the Adam
son & Salter (1950) count a  falsely high comparative 
value.

Just as the different Floras considered here cannot 
be directly com pared because o f differences in trea t
m ent, so the different parts of the List o f  Species it
self vary widely in their ranking o f taxa because the 
list is the result of taxonomic judgem ent by num er
ous individuals made over at least 80 years. A re
cently revised group such as Crassula may contain 
fewer species and more infraspecific taxa. while a 
group greatly in need of revision, such as the entire 
family M esembryanthemaceae, presently has a great 
many species that will probably be reduced when 
they are critically studied. T he num bers o f species


