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Room to spare? Is Drosophila flavohirta Malloch, exploiting Eucalyptus 
gomphocephala A. DC flowers, in an incomplete guild? 
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Drosophila flavohirta Malloch (Diptera: Droso- 
philidae) oviposits, and the larvae develop in the 
flowers of eucalypts (Myrtaceae), among them 
Eucalyptusgomphocephala A. DC. The larvae feed on 
eucalypt nectar and also ingest pollen (Tribe 1991), 
and the adults feed on pollen (Nicolson 1994a,b). 
Feeding by D. flavohirta larvae reduces nectar avail- 
ability and thus curtails the yield of honey from 
bees foraging on E. gomphocephala flowers (Du Toit 
1987; Tribe 1991). 

Both the tree and the drosophilid are native to 
Australia, but the tree was introduced into South 
Africa about 100 years ago (Poynton 1979). Coloni- 
zation by D. flavohirta probably occurred much 
later, since beekeepers first reported a drop in 
honey yields from bees foraging on a eucalypt, E. 
grandis Hill ex Maiden, in 1975 (Herrmann 1983), 
and D. flavohirta was discovered in the flowers in 
1981. It is likely that the fly arrived a few ycars 
before 1975. Other insect species also occur on 
eucalypt blooms. Adults of several beetle and syr- 
phid species are found from time to time but have 
a negligible effect on nectar production. Thrips 
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(e.g. Thrips australis (Bagnall)) often infest eucalypt 
blooms but there is no evidence that they signifi- 
cantly reduce nectar production as thrips do not 
use the nectar (Herrmann 1983) and infested 
blooms still contain nectar (Herrmann 1985). 
Considerable amounts of nectar are, however, 
taken by ants (Camponotus spp., Linepithernu humile 
(Mayr) and Pheidole spp.) and by the European 
wasp (Vespula germanica Fabricius) (Herrmann 
1985; Buys 1987a,b; Tribe & Richardson 1994) but 
these are generalist foragers and are not confined 
to eucalypts. Drosophila flavohirta, on the other 
hand, is confined to eucalypts and is the single- 
most important insect affecting nectar production 
by these trees in South Africa. However, it is not 
the only drosophilid, nor even the only insect, 
potentially capable of colonizing flowers (Brlzcic: 
1966,1983; Pipkin et al. 1966; Cook et nl, 197'7) and 
further reducing nectar availability The current 
lack of other species exploiting the resource may 
indicate that; there has been in~uSfi~Ie111: time or 
opportunity for Eurnl~~pius ro clccurnulate more 
bpecies since i t  was introduced into South Africa. 
It is therefore important to determine whether 
furtl~er coloni~ation of E. ,yomyl.iuctq)~hlrla flowers 
is likely. Tlze likelihood of Furllzer colonizdlion 
is easier to assess for patchy and ephemeral 
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resources like eucalypt blooms than it would be for 
a more permanent resource, as the number of 
species able to coexist on patchy and ephemeral 
resources is strongly influenced by the distribution 
over patches of each species (Ives & May 1985; 
Rosewell et al. 1990; Shorrocks et al. 1990; Ives 1991) 
and distributions are easy to measure. This model 
of coexistence, the aggregation model (Shorrocks 
& Rosewell 1986, 1987), states that coexistence is 
promoted if species distributions are aggregated 
and if each species is distributed independently of 
potential competitors (i.e. that the numbers of 
individuals of each species are neither positively 
nor negatively correlated over patches). All known 
Drosophila guilds conform to the aggregation 
model even when non-drosophilid guild members 
are included in the analysis (Shorrocks 1995; 
Shorrocks & Sevenster 1995). The modal number 
of species in a guild is predicted to be six or seven, 
a prediction supported by the available data on 
real guild sizes (Shorrocks et al. 1990). 

If D. flavohirta larvae are aggregated over blooms, 
the aggregation model of coexistence would 
predict that eucalypt blooms should support a 
guild of six or seven specialist nectar feeders. As 
this guild currently contains only one species, 
D, flavohirta, it would appear that there is sufficient 
space in E. gornphocephala flowers for colonization 
by several additional specialist nectar feeders. This 
is doubtful, however, since E. gornphocephala bears 
its flowers in large racemes of 10-100 blooms and 
D. flavohirta larvae can move between blooms 
within racemes. Indeed, movement is necessary as 

Table 1. Difference of the aggregation statistics v/m 
(variance to mean ratio) and j (standardized crowding 
index), within racemes, branches and the entire tree, of 
Drosophila flavohirta larvae in Eucalyptus gompho- 
cephala blooms from the values expected, respectively 
1 and 0, for random distributions. One-tailed, single-sam- 
ple t-tests calculated from bootstrapped estimates of 
variance. 

Units d. f. tvlm Pvlm tj 9 

Racemes 
A 
B 
C 
D 
E 
F 

Branches 
1 
2 

Tree 
1 

blooms produce nectar for only seven days 
(Tribe 1991; Nicolson 1994a), but the larvae need 
13-14 days to complete development (Du Toit 
1987). Movement between blooms would tend to 
diminish the degree of aggregation as the larvae 
would be expected to distribute themselves evenly 
over blooms within racemes. The aggregation 
model would consequently not apply, and 
colonization of E. gornphocqhala by additional spe- 
cies would be less likely. We therefore tested 
whether D, flavohirta larvae were aggregated over 

Table 2. Aggregation statistics v/m (variance to mean ratio) and j (standardized crowding index) within racemes, 
branches and the entire tree for larvae of Drosophila flavohirta In Eucalyptus gomphocephala blooms. In brackets 
+l S.D. calculated from bootstrapped estimates of variance. 

Racemes 

v/m 
i 
n 

Branches 
v/m 
i 
n 

Tree 
v/m 
i 
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E. gonzphocephala blooms within racemes and 
within branches. We show that D. flavohirta is part 
of an incomplete guild and that colonization of the 
resource by additional species is therefore likely. 

Six racemes, three from each of two branches, 
containing a total of 213 blooms, were collected on 
13 March 1995 from an E. gomphocephala tree on the 
border of the Cape Point Nature Reserve, Cape 
Peninsula, South Africa (34.35s 18.24E). The site is 
about 38 km due south of Cape Town. As each 
raceme was cut from the tree, each individual 
bloom was removed and placed in a separate vial 
preventing the larvae from moving between 
blooms after collection. The blooms were stored at 
5 "C to slow larval development until they could 
be examined, but no blooms were stored for more 
than 21 days. Each bloom was dissected under a 
binocular microscope and the larvae and puparia 
in each bloom were counted. The aggregation of 
larvae was calculated first between all blooms 
within each raceme, then within the two branches 
and, finally, for all blooms examined. We calculated 
the degree of aggregation as the standardized 
crowding index j (Ives 1991; Jaenike & James 1991) 
and, for comparison, as the variance to mean ratio 
v/m. Because only a single aggregation statistic can 
be calculated for each raceme or branch, our com- 
parisons of aggregation are carried out using boot- 
strapped estimates of variance. Each bootstrapped 
estimate was calculated from 10 random subsam- 
ples each of 90 % of the total data. 

The larvae of D, flavohirta were significantly 
aggregated at all levels of the analysis (Table 1) 
with variance to mean ratios much greater than 
one and j much greater than zero (Table 2). 
Furthermore, there was great heterogeneity in the 
degree of aggregation with significant differences 
between racemes (parametric ANOVA, Table 3) 
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