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a test of two hypotheses accounting for the rarity 
of ant pollination 
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Summary. The orchid Leporella fimbriata is pollinated by 
pseudocopulation with winged males of the ant Myrmecia 
urens. This recently studied interaction provides a unique 
opportunity to examine the two current hypotheses con- 
cerning the apparent rarity of ant pollination systems 
worldwide. The first hypothesis requires a series of special- 
ized growth forms and floral characteristics regarded as 
adaptations to ant pollination. L.fimbriata does not possess 
them. The second considers the pollenicidal effects of secre- 
tions from the metapleural gland of ants. These glands are 
absent in M. urens males and it may be that the occurrence 
of ant pollination requires the absence of metapleural 
glands in the vector. 
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Bees and wasps are important pollinators of  native and 
domestic plants throughout the world. Ants are closely re- 
lated and are as morphologically, physiologically and so- 
cially advanced, yet, their role as pollinators is negligible 
(van der Pijil 1955; Faegri and van der Pijil 1971; Proctor 
and Yeo 1973; Beattie 1982, 1985). Two hypotheses have 
been advanced to explain the rarity of ant pollination and 
the recent discovery of pollination of an Australian orchid 
by pseudocopulating male ants provides a unique opportu- 
nity to examine the relevance of these hypotheses. 

The first hypothesis states that because ants are smooth, 
small and flightless, little pollen can adhere to them and 
pollen transfer between plants does not occur because inter- 
plant distances are relatively large (van der Pijil 1955; Fae- 
gri and van der Pijil 1971 ; Proctor and Yeo 1973; Schubart 
and Anderson 1978; Armstrong 1979). Effective pollination 
by ants therefore, requires adaptive specializations of  the 
plant which overcome these apparent shortcomings. The 
few possible cases of ant pollination have been examined 
to identify these adaptations and as a result, a syndrome 
of traits thought to be characteristic of  ant pollinated plants 
has been assembled (Hickman 1974). Several traits concern 
the accessibility of flowers to small crawling insects and 
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the reduction of distance between flowers of different 
plants. They include a short, prostrate cushion or mat form- 
ing plant habit with interdigitation of branches from adja- 
cent individuals and sessile flowers. Other traits include 
small flowers with low nectar volumes and few concurrently 
open flowers. These traits would promote outcrossing by 
forcing ants to move between flowers and between plants 
in order to harvest sufficient rewards. In addition, small 
pollen volumes per flower may discourage grooming behav- 
iour which removes pollen from the ant integument. A cor- 
ollary to this trait is that there should be few seeds per 
flower. This syndrome provides a convenient test of the 
first hypothesis as it leads to the prediction that a high 
proportion of these traits should be shared by all ant pollin- 
ated plants. 

The second hypothesis is based on a series of recent 
studies demonstrating that pollen exposed to the ant integu- 
ment for brief periods exhibits reduced viability and germi- 
nation (Beattie et al. 1984, 1985). The detrimental effect 
is caused by contact with secretions from the metapleural 
glands. These secretions, which become distributed over the 
integument, are strongly antibiotic, and have an inhibitory 
effect on the spores and hyphae of entomogenous fungi 
(Beattie et al. 1986). It has been suggested that the disrup- 
tion to pollen function, while probably coincidental, is lik- 
ely to be a reason why ant pollination is rare. A fundamen- 
tal prediction arising from this hypothesis is that ants which 
are pollinators will not possess metapleural glands, or 
plants pollinated by ants will possess mechanisms which 
avoid or overcome the deleterious effects of metapleural 
secretions on pollen. 

Leporella fimbriata (Lindl.) George is a widespread 
monotypic terrestrial orchid from southern Australia. One 
to three red and green flowers ~2 .5  cm across are borne 
on erect scapes 12-30 cm in height. Flowers have no detect- 
able scent and do not offer food rewards of any kind. Flow- 
ering scapes may form stands, reaching densities of 
30 per m 2, but contact between scapes is rare. Pollen is shed 
as pollinia, each mass consisting of an estimated 
100000 grains. Pollination results in fruits which contain 
several thousand seeds. The species blooms unusually early, 
in the austral autumn (March to June). 

Leporella fimbriata is exclusively and effectively pollin- 
ated by sexually attracted winged males of the ant Myrme- 
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Table 1. Summary of pollination data for LeporellaJ#nbriata based 
on 350 h of field observation over 3 seasons (1984-1986) in West- 
ern Australia 

Category Number Number of Mean 
of pseudo- number of 
flowers copulations ~ seeds per 

(by ants fruit 
bearing pollinia) 

Observed flower 57 33 (27) 
visits by ants b 

Control flowers 

Ants excluded no 20 0 
hand pollination 

Ants excluded 20 0 
hand pollinated 

4865_ 1316 ~ 

0 

4775_+1117 ~ 

'~ Some recorded on video 
b only male M. urens were observed to visit this orchid 

n=4, t =0A04, d.f.=6, n.s. 

cia urens Lowne (Table 1). The vector is 8-10 mm in length 
and typically approaches the flower upwind in circling and 
zig-zag flight patterns characteristic of  insects orienting by 
scent. On reaching a flower, the ant grasps the labetlum 
which is 8 - t 2  mm wide, more or less flat with gentle curva- 
ture at the sides, and orients itself at right angles to the 
floral axis (see Peakall 1984 for photographs).  The tip of  
the abdomen probes along the side of  the labellum as the 
ant carries out vigorous copulatory movements. At  the 
same time, pollen masses on the dorsal thorax which have 
accumulated during previous flower visits are held in con- 
tact with the stigma. As the ant prepares to depart, its 
body movements dislodge a fresh pollinium which adheres 
to the thorax by means o f  stigmatic secretions. 

Petal tips removed from the flower attracted vectors 
but did not elicit a copulatory response. This suggested 
that the glandular tips are the source o f  attractant, probably 
a pheromone similar in effect to that emitted by the sexually 
active queen ant (see Jacobson 1972). As with other orchids, 
the texture, dark colouration, size and curvature of  the la- 
bellum is thought  to complete the mimicry, acting as a 
short range tactile and visual stimulus o f  mating behaviour 
(Kullenberg and Bergstrom 1973, 1976; Stoutamire 1983). 

Successive pollination events involving a single vector 
and different scapes were observed on a number of  occas- 
sions. The mean flight distance, including flights between 
orchid flowers and other vegetation, was short, (3.1 _+4.5 m, 
n = 3 4 )  but some were as long as 15 to 20 m. Pollen germi- 
nates on the stigma within 2 to 3 days o f  pollination. Fruit 
capsules become notably swollen at 6 to 10 days and dehisce 
45 to 75 days later. The percentage of  flowers pollinated 
in populations where ant pollination was observed varied 
from 11.1 to 47.6%. 

Leporetla fimbriata does not exhibit the syndrome of  
traits commonly regarded as adaptations for pollination 
by ants. Its form is not prostrate nor dense, branches do 
not interdigitate, and the relatively large flowers born on 
erect scapes are not small or sessile. In addition, most  flow- 
ers in a populat ion tend to open synchronously, large 
amounts  o f  pollen are produced and the fruits contain thou- 

sands of  seeds. Although the vectors frequently groom, they 
are unable to dislodge the pollen masses. These data demon- 
strate that ant  pollination is not  confined to plants exhibit- 
ing the traits associated with the first hypothesis nor  to 
habitats where environmental conditions favour a prostrate 
plant form. Rather, they suggest that plant form is not  
the determining factor in the evolution of  ant pollination. 

Absence of  metapleural glands in ant vectors would sup- 
port  the second hypothesis. Indeed, dissection and scanning 
electron microscopy of  several pollinators revealed that 
these glands are not  present in M. urens males. It appears, 
therefore, that ants may function as pollinators o f  plants 
with specialisations very different to those associated with 
the first hypothesis. In the case of  L.fimbriata, these special- 
isations include a flowering period which coincides with 
the emergence of  the winged sexual castes, the production 
of  attracting pheromones, and the possession ,of petals mod- 
ified as pseudocopulatory organs. The utility of  these adap- 
tations, however, is apparently predicated upon the absence 
o f  metapteural glands and their pollenicidal secretions. Me- 
tapleural glands are present in most  ants, but  are known 
to he absent in the males o f  some species, and absent from 
all castes in three genera (Holldobler and Engel-Siegal 
1984), including the genus Camponotus, of  which one spe- 
cies C. compressus is reported as a pollinator of  coconuts 
(Patel 1938). Further research will reveal whether or not 
pollination by ants is confined to ant castes or genera which 
do not  possess metapleural glands or plant species which 
have evolved mechanisms avoiding the affects of  metap- 
leural secretions. 
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