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Reproductive biology of Stomatium bolusiae (Aizoaceae: Ruschioideae)
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ABSTRACT

Flowers of Stomatium bolusiae are self-incompatible. The species exhibits crepuscular and nocturnal anthesis, exploiting 
two different pollination mechanisms. The structure of the hermaphroditic fl ower appears not to favour cross-pollination. 
The stigmata are never exposed to pollinating agents, which gain access to the fl oral rewards by forcing their way between 
the anthers. Clogging of the stigmatic surfaces by self-pollen is common. Nocturnal anthesis, concomitant with the nocturnal 
release of attractants and the offering of rewards, indicates that this species is primarily phalaenophilous and secondarily 
melittophilous, exhibiting a bimodal pollination system. 

INTRODUCTION

Few data exist on the pollination biology or related 
aspects of Aizoaceae subfamilies Mesembryanthe-
moideae and Ruschoideae, commonly referred to as 
mesembs (Vogel 1954; Liede & Hammer 1990; Liede et 
al. 1991; Struck 1995; Hammer 2002; Hartmann 1991, 
2002a, 2002b; Juergens 2004; Peter et al. 2004; Thiede 
et al. 2011). The only studies in South Africa on visits 
and possible pollination of mesemb fl owers by masarid 
wasps was conducted by Gess & Gess (1989) and Struck 
(1994). In diurnal fl owering species, the prominence of 
the bright shiny petals and the open pollen presentation 
suggest that insects pollinate these fl owers (Hartmann 
1991). 

Available information on anthesis in mesembs is 
based on studies by Hartmann (1978, 1991) and Hart-
mann & Dehn (1987), who observed that fl owers open-
ing during the day are protandrous, with a very distinc-
tive early male phase, followed by a later female phase. 
The fl owers open repeatedly by basal growth of the 
androecial elements (Hartmann 1978, 1991). In melit-
tophilous fl owers the stigmas are at fi rst shorter than the 
stamens. During the female phase, the stamens wither 
and collapse and the elongated stigmas are prominently 
displayed in the middle of the fl ower. At this stage the 
stigmas spread and start to produce a copiously papillate 
surface, which is more intensively coloured than in the 
unripe stage. The genus Stomatium is regarded as hav-
ing melittophilous fl owers of the recess type (Hartmann 
1978, 1991). 

Vogel (1954) suggested that visiting insects crawl into 
this hidden cavity, the depth and width of which may 
vary between species, in order to reach nectar or pollen. 
During this activity, pollen is deposited all over the body 
of the insect. 

Stomatium Schwantes is one of numerous genera of 
Aizoaceae subfam. Ruschioideae (Bittrich & Hartmann 
1988; Hartmann 1991). Stomatium species are widely 

distributed through the drier parts of the Western, North-
ern and Eastern Cape and the central Free State (Smith 
et al. 1998). The genus Stomatium comprises 39 spe-
cies (Smith et al. 1998) of which only S. bolusiae occurs 
in the Free State (Chesselet et al. 2003). The plants are 
generally found on rocky outcrops in very shallow soil. 
The leaves are olive green to drab-grey during favour-
able periods but take on a reddish or purple colour when 
stressed, thus blending with the surrounding environ-
ment (Smith et al. 1998). 

The aim of this study was to describe the pollination 
biology of S. bolusiae under natural conditions.  

MATERIALS AND METHODS

Study area

The research was conducted in natural veld in an 
undisturbed part of the Free State National Botanical 
Garden (2926AA). S. bolusiae occurs abundantly on the 
dolerite outcrops around Bloemfontein. It grows in shal-
low, gravel-fi lled depressions and cracks on these out-
crops and, during the summer, is exposed to prolonged 
wet periods after good rains and to drought conditions 
with extremely high temperatures in between. The veg-
etation of this area forms part of the Bloemfontein Kar-
roid Shrubland (Gh 8) (Mucina & Rutherford 2006). 

Pollen-ovule ratio and pollen viability

Pollen grains were collected from 10 anthers from 
each of fi ve different fl owers representing different ages 
during the life span of the fl owers. These were then sep-
arately suspended in 10 ml of a 0.1% (m/v) aniline blue 
staining solution. After the solutions were thoroughly 
shaken, pollen grains from four samples of each solu-
tion were counted using a haemocytometer. The mean of 
these four replicates was taken to represent the number 
of pollen grains per anther. This was then used to deter-
mine the standing crop of pollen grains per fl ower. 

Since the ovules are very soft and extremely diffi cult 
to dissect from the ovary, seeds of mature fruits were 
counted and the highest observed value from the ten 
different mature cross-pollinated capsules, previously 
unexposed to rain, and excluding the possibility of seed 
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loss, was used. This value, together with the average 
number of pollen grains, was used to obtain an estimate 
of the pollen/ovule (P/O) ratio. These calculations are 
based on fl owers collected during the 1998/1999 season. 

Pollen viability was determined by examining a 
mixed pollen sample, consisting of pollen from 10 dif-
ferent fl owers, using Alexander’s viability stain (Alex-
ander 1969) and by means of the fl uorochromatic (FCR) 
test procedure (Heslop-Harrison et al. 1984).

Floral behaviour

Ten different individual fl owers were monitored for 
eight days between 16:30 in the afternoon until 04:00 
the following morning: (a) to determine the reproduc-
tive viable period of fl owers from the onset of anthesis 
and (b) to describe fl oral behaviour. Observations were 
recorded at 30-minute intervals. Movement of calyx 
lobes, petals and anthers were noted. Changes in secre-
tion of nectar glands were also noted. 

To test for fl oral fragrance, different fl owers repre-
senting the seven days during the life span of the fl ow-
ers were collected shortly after opening. For each of 
these days, fi ve fl owers were kept in closed vials for a 
period of three hours. On opening the vials, the odour 
was evaluated on a subjective scale of 0 (odour absent) 
to 3 (strong odour) by three different persons. Thereaf-
ter, fl owers were dissected and the same experiment was 
conducted on the calyx lobes, pistils, petals and stamen. 
To localise osmophores, the fl oral parts were stained 
with a 0.1% (m/v) neutral red solution for ± fi ve hours 
(Van Wyk & Lowrey 1988). The presence and availabil-
ity of nectar and pollen were noted during anthesis. 

Pollination experiments and seed set

Experiments were conducted on a single intact fl ower 
per plant. A total of 50 fl owers were used for each exper-
iment. For microscopic work these fl owers were col-
lected 24 hours after having been artifi cially pollinated 
and fi xed in Carnoy’s solution (Samaha et al. 1989). 
Experiments were conducted as described by Bawa 
(1974), Gunatilleke & Gunatilleke (1984) and Harvey 
& Braggins (1985). Pollen tube growth and germination 
were determined in vivo by a technique based upon the 
fl uorescence of callose (Martin 1959; Jefferies & Brain 
1984). Pistils were destained with Gillett’s Javel com-
mercial bleach containing 3.5% (m/v) sodium hypochlo-
rite, after which the material was thoroughly rinsed in 
distilled water. After staining with decolourised aniline 
blue, pollen germination and pollen tube growth were 
observed using a Zeiss Axioskop equipped with a 100 W 
high pressure Hg lamp and fi lter set for UV light excita-
tion. Apomixis was not considered during these experi-
ments as the required emasculation would have damaged 
the fl owers. No fl owers were therefore emasculated.

Pollination treatments

Open pollination: fl owers were marked and left to test 
for fruit and seed set.

Autogamy: plants were bagged and left without any 
manipulation to test for selfi ng. Due to the leaves cov-
ering the fairly short fl ower stalk and the possibility of 

damaging the fl owers and infl uencing the experiment, 
individual fl owers were not bagged. Chiffon (a light-
weight, balanced, plain-woven sheer fabric) with a mesh 
size of 250μm × 250μm was loosely stretched over the 
plant, allowing enough room for fl oral movement but 
excluding possible pollinators. It was anchored to the 
soil with pins. Care was taken to avoid any damage to 
the plant. Bagging was done in the same way throughout 
the experiment.

Self-compatibility: fl owers were self-pollinated by 
hand. 

Geitonogamy: pollen from one fl ower was used to pol-
linate the stigma from another fl ower on the same plant. 

Xenogamy: fl owers were crossed with pollen col-
lected from plants 10 m or more from the ones used for 
the experiment (Waser & Price 1983). 

Evaluation of fruit and seed set is based on counts 
made one month after marking the individual fl owers. 
As it was not clear how many ovules normally abort in 
the ovaries, an index of seed set was used. This was cal-
culated by dividing the actual number of seeds in any 
capsule by the maximum number of seeds that could be 
expected to develop under ideal conditions. The latter 
value represented the highest number of seeds counted 
in cross-pollinated fl owers. Since seed dispersal in Sto-
matium species is initiated by the opening of dry cap-
sules during rain (ombrohydrochory), the risk of losing 
seeds had to be minimised. Dry capsules, which had not 
been exposed to rain before, were therefore collected 
and their seeds counted. 

Pollinator behaviour, attractants and rewards

The behavioural pattern of insect visitors to the fl ow-
ers was observed over a period of fi ve days and nights. 
Thereafter visitors were collected, killed in 100% ethyl 
acetate, identifi ed and examined for the presence of Sto-
matium pollen. The placement of pollen on their bodies 
was noted. Visiting pollinators were identifi ed, counted 
and visitation rates expressed as number of insects per 
plant per hour.

Fruit and seed set

To determine the success of seed set throughout the 
year, 50 mature fl owers were marked with threads of cot-
ton every month between September 2001 and August 
2002. Ripe capsules were collected ± three to four weeks 
after being tagged. In total 600 mature capsules were 
marked and collected during this period. The number of 
seeds per capsule was determined for each month and 
compared with the rainfall fi gures for the same period. 

RESULTS

Floral behaviour

The fl owers have short stalks and numerous, bright 
yellow petals. Flowering starts in early spring during 
August and continues until early winter at the end of 
May. Plants very seldom fl ower in mid-winter. During 
early spring, fl owers open only after relatively warm, 
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sunny days but not on cold and/or overcast afternoons 
or evenings. Between late August and the end of Sep-
tember, anthesis is crepuscular, occurring at dusk (± 20 
min before sunset at 18:00). Later in the season, Octo-
ber to April, anthesis is nocturnal, taking place only 
after sunset. Flowers close well before sunrise at about 
04:00. Most fl owers last up to seven (eight in some indi-
viduals) days. There is variation between the timing of 
presentation between the male and female phases in the 
population. In some individuals there is almost com-
plete overlap of pollen presentation and stigma recep-
tivity, while in others dehiscence of the anthers starts 
one hour before the stigmas become receptive. On the 
fi rst evening, at the onset of anthesis, the fi ve stigmas 
are dry and clearly distinguishable and stigmatic papil-
lae are clearly visible. Stigmatic secretion, anther dehis-
cence and nectar production start within one hour after 
the onset of anthesis.

A strong sweet odour is emitted by the fl owers dur-
ing the fi rst four evenings (Figure 1) but becomes almost 
undetectable from the fi fth night. Osmophores could not 
be detected when staining with neutral red. No odour 
could be perceived during daytime.

Nectar and pollen are available from the start of 
anthesis until day fi ve. At the start of the second 

evening, the stigmas are already clogged and indistin-
guishable from each other as a result of prolifi c stigmatic 
secretion. Pollen is still available and the odour is still 
strong (Figure 2). At this stage the sticky pollen is avail-
able in large quantities and easily noticeable. On the fi fth 
evening, odour and nectar production stop. At this stage 
noticeably fewer pollen grains are left in the anthers. At 
the end of night seven, the calyx lobes fail to fold back 
to their original position, indicating the end of anthe-
sis. Depending on the longevity of a specifi c fl ower, the 
reproductive period appears to be between days one and 
fi ve (occasionally six).

The average number of pollen grains is 274 314 per 
fl ower. The highest number of seeds observed in mature 
cross-pollinated capsules was 262. The pollen-ovule 
ratio of S. bolusiae is therefore estimated to be 1 047:1. 
Staining with Alexander’s stain indicated that 94% of 
the pollen grains were potentially viable whereas the 
FCR test procedure indicated that only 75% of the pol-
len grains with live protoplast were germinable. 

Pollination experiments 

Fruits were formed in 91% of the fl owers that were 
marked to test for natural fruit set (open pollination) 
during September and October 1998/99. The index of 
seed set in these fruits was 58.4% and 75% in cross-
pollinated fl owers (xenogamy). In self-pollinated fl ow-
ers, pollen grains germinated but pollen tube growth was 
arrested in the style and none of these fl owers set seed 
(Figure 3A, B). None of the fl owers that were tested for 
geitonogamy set seed. 

Pollinator behaviour, attractants and rewards

Honeybees, Apis mellifera (Hymenoptera: Antho-
phoridae) visit the open fl owers during early dusk. 
They approach the fl owers from downwind and alight 
on top of the fl owers. As the recess inside the fl ower is 
too small for the bees to get into, they force their heads 
into the fl ower to collect nectar and pollen, touching 
the petals and anthers. During this action, they come 
into contact with the pollen and stigmas. Once they 
have started collecting the available rewards they do 
not move around on the fl ower. Pollen was found on 
the heads, thorax and mouth parts of the bees. The only 
other visitors of signifi cance are nocturnal moths (Spo-
doptera sp., Lepidoptera: Noctuidae), which visited the 
fl owers throughout the fl owering season. Pollen was 
found on the proboscises of these moths. As with hon-
eybees, moths approach the fl owers from downwind, 
land directly on top of an open fl ower and collect nectar 
by pushing their proboscis into the recess of the fl ower. 
They do not force their bodies into the fl ower. Visitation 
rates of bees (15/plant/hour) were higher than that of 
moths (0.8/plant/hour). No ants were observed visiting 
the fl owers. 

Fruit and seed set 

All capsules marked during September 2001 and 
February 2002 matured. The most unsuccessful period 
for fruit set was during November and December 2001 
when only 68% and 56% capsules ripened (Figure 4). 
The highest seed set was achieved during early sum-
mer (September and October 2001) and late autumn 
(May 2002). The highest number of seeds was produced 
during October 2001 (122 seeds per capsule, 58% cap-
sules ripened). The lowest seed set was recorded during 

FIGURE 1.—Contribution to odour release by different fl oral parts of 
Stomatium bolusiae.

FIGURE 2.—Relative odour strength and availability of pollen grains 
during life span of fl owers of Stomatium bolusiae. Shaded area, 
odour; graph, pollen grains.
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November and December 2001 and January 2002 when 
on average less than three seeds per capsule were pro-
duced. Flowering did not take place during midwinter 
(June/July) and no fruits or seeds were produced.

DISCUSSION

Stomatium bolusiae fl owers are hermaphroditic and 
only bisexual fl owers are borne. The life span of the 
fl owers is seven days. In some fl owers there is almost 
complete overlap of pollen presentation and stigma 
receptivity, as dehiscence of the anthers starts one hour 
before the stigmas become receptive in the majority of 
fl owers. In others, this time lapse was not more than a 
few minutes and in some the male and female functions 
were not separated and overlapped completely. Further-
more, most individual plants have more than two recep-
tive fl owers, representing different days during its life 
span, at any one time. There is no clear separation (tem-

poral or spatial) of male and female functions through-
out anthesis. Flowers of S. bolusiae can therefore not 
be regarded as protandrous as described for most mel-
litophilous fl owers by Hartmann (1991), therefore fl oral 
behaviour indicates homogamy. Furthermore, the wet 
receptive surfaces of the papillate stigmas as well as the 
arresting of pollen tube growth in the short style and not 
on the stigmas, suggest gametophytic self-incompatibil-
ity (Heslop-Harrison & Shivanna 1977). 

Although the petals have been indicated as the source 
of the fl ower fragrance, the source could not be deter-
mined by staining. The P/O ratio as used by Cruden 
(1977) indicates that S. bolusiae is a facultative xenoga-
mous species. Dafni (1992) regards this ratio as a refl ec-
tion of the breeding system but cautions that each case 
should be studied in relation to its specifi c pollination 
syndrome. Dafni (1992) furthermore sets the standards 
for evaluating breeding systems based on the P/O ratio 
at the family level and not at the species level. Currently 
not enough data/information exists for the mesembs. 
More studies should thus be conducted before any 
such conclusions can be drawn relevant to the family. 
Results obtained from pollination experiments showed 
that none of the pollen tubes in self-pollinated fl owers 
grew the length of the style and that none of the fl ow-
ers, thus treated, set seed. This confi rms self-incompati-
bility. Despite the simultaneous presentation of male and 
female functions and severe clogging of the stigmas by 
self-pollen, S. bolusiae should not be regarded as a fac-
ultative but as an obligate xenogamous species.

Seed set resulting from cross-pollinated fl owers 
(75%), in comparison to natural seed set of 58.4%, indi-
cates an effective pollination mechanism. The fl ow-
ers are obviously not adapted for a specialist pollinator. 
The highly specifi c anthesis time excludes visits from 
all but two species, resulting in a very specifi c pollina-
tion mechanism. Flowers earlier in the season exhibit 
crepuscular anthesis, at which time they are pollinated 
by honeybees, a very common pollinator. Bees are part 
of a generalist pollination system, visiting a wide range 
of fl owers and are thus polylectic. They are involved as 
the main pollen vectors in a number of pollination stud-
ies conducted in the Free State (Zietsman 1990, 1991, 
1993, 1994, 1998). These studies all demonstrated the 

FIGURE 3.—Fluorescent micrograph of pollen tube growth in stigma 
and style of Stomatium bolusiae after staining with decolourised 
aniline blue: A, pollen tube growth of self-pollinated fl owers 
arrested in style (× 72); B, normal growth in a cross-pollinated 
fl ower (× 18). 

A

B

FIGURE 4.—Correlation of fruit and seed set of Stomatium bolusiae 
from September 2001 to August 2002, with rainfall received dur-
ing same period. Pale shaded area, fruit set; dark shaded area, 
seed set; graph, rainfall.
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sharp decline in pollinator visits in the late afternoon. 
Since no other plants were in fl ower in the proximity 
of the Stomatium population, the crepuscular activity of 
the bees during the early part of the daily opening of the 
fl ower is perhaps a result of food scarcity. The only visi-
tors encountered during the night were noctuid moths. 
Nocturnal anthesis, anther dehiscence, nectar secretion 
and fragrance production in this species is consistent 
with adaptation for nocturnal moth pollination. Most of 
these features are also consistent with bee pollination. 
S. bolusiae must therefore be regarded as a melitto- and 
phalaenophilous species exhibiting a bimodal pollination 
system (Manning & Goldblatt 2005). 
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