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Abstract

Honeybees, Apis mellifera, have been introduced by man throughout the globe. More recently, other bee species
including various bumblebees (Bombus spp.) have been introduced to several new regions. Here we examine the
impacts of honeybees and the bumblebee, Bombus terrestris, on native flower-visiting insects in Tasmania. To
assess whether native insects have lower abundance or are excluded in areas that have been colonised by exotic
bees, we quantified the abundance, diversity and floral preferences of flower-visiting insects at sites where
bumblebees and honeybees were present, and compared them to sites where they were absent. This was achieved
by hand searches at 67 sites, and by deploying sticky traps at 122 sites. Honeybees were by far the most abun-
dant bee species overall, and dominated the bee fauna at most sites. There was considerable niche overlap be-
tween honeybees, bumblebees and native bees in terms of the flowers that they visited. Sites where bumblebees
were established had similar species richness, diversity and abundance of native flower-visiting insects compared
to sites where bumblebees were absent. In contrast, native bees were more than three times more abundant at the
few sites where honeybees were absent, compared to those where they were present. Our results are suggestive
of competition between honeybees and native bees, but exclusion experiments are needed to provide a definitive
test.

Introduction Aizen and Feinsinger (1994) found that fragmen-

tation of forests in Argentina resulted in a decline in

Honeybees (Apis mellifera) (L.) (Hymenoptera; Api-
dae) were introduced into Australia in 1821, and are
now widespread and abundant (Ziegler 1993). Hon-
eybees have been introduced to many countries yet
there is no clear agreement as to whether they have a
significant negative impact upon native flower visi-
tors (reviews in Paton (1993) and Sugden et al.
(1996), Butz Huryn (1997)). There is abundant evi-
dence that they reduce availability of nectar and pol-
len (Paton 1990, 1996; Wills et al. 1990; Horskins and
Turner 1999) and deter other bee species from forag-
ing on the richest nectar sources (Roubik 1978, 1980;
Schaffer et al. 1979, 1983; Ginsberg 1983; Roubik et
al. 1986; Wilms and Wiechers 1997).

native flower visitors and an increase in honeybee
populations. Similarly, Kato et al. (1999) studied oce-
anic islands in the north west Pacific, and found that
indigenous bees were rare or absent on islands where
honeybees were numerous, which they concluded was
evidence for competitive exclusion. However, such
studies can be criticised on the grounds that the rela-
tionship between exotic bee abundance and declining
native bee populations (if found) need not be caus-
ative (Butz Huryn 1997). Increasing honeybee popu-
lations are often associated with increased environ-
mental disturbance by man, which may explain
declines in native bees.

Manipulative experiments provide a more power-
ful means of studying competition, but are hard to
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carry out with mobile organisms such as bees. Re-
moval of honeybee hives has been shown to result in
dramatic increases in abundance of native bees in
California (Wenner and Thorp 1994). Roubik (1978)
reported a decrease in abundance of native insects
when he placed hives of the Africanized honeybee (A.
mellifera scutellata Lepeletier) in forests in French
Guiana. Later studies in Panama found that the pres-
ence of Africanized honeybees resulted in reduced
foraging activity and reduced harvests of floral re-
sources of some native social bee species, but not
others (Roubik et al. 1986). However, monitoring of
native bee species over many years since the arrival
of Africanized bee has not revealed any clear declines
in abundance (Wolda and Roubik 1986; Roubik
1991). Similarly, Sugden and Pyke (1991) and
Schwarz et al. (1991, 1992) failed to find clear evi-
dence for effects of honeybees on the reproductive
success of anthophorid bees in Australia. Overall,
there is no indisputable evidence that introduced bees
have had a substantial impact via competition with
native species, but given the difficulties involved in
carrying out rigorous manipulative experiments this
should not be interpreted as the absence of competi-
tion.

Honeybees are not the only exotic social bee to
have been deliberately introduced to new continents
by man. Bumblebees (Bombus spp.) are found
throughout the temperate regions of the northern
hemisphere, and naturally occur in the southern hemi-
sphere only in South America (Williams 1994). Sev-
eral species have recently expanded their range, either
through natural dispersal (notably the invasion of Is-
rael by B. terrestris (Dafni and Shmida 1996), or fol-
lowing introductions by man. Four species of bum-
blebee were deliberately introduced to New Zealand
from Britain in 1885 and 1906, and became estab-
lished (Hopkins 1914). Several unsuccessful attempts
were made to introduce Bombus species into main-
land Australia in the early 1900’s for pollination pur-
poses (Buttermore 1997). However, one of the species
now found in New Zealand, Bombus terrestris audax
(L.) (Hymenoptera; Apidae), recently colonised Tas-
mania; it was first observed in 1992 in Hobart (Sem-
mens et al. 1993). It is assumed that the Tasmanian
bumblebee population originated from the New
Zealand one (Semmens et al. 1993). By January 1999
they had spread from Hobart approximately 85 km
south, 55 km west, 20 km east and 65 km north (Stout
and Goulson 2000).

These two exotic bee species could, either singly
or in conjunction, have adverse effects on native
flower-visiting insects through competition, either for
floral resources (nectar and pollen) or for nest sites.
This has relevance for conservationists, but is also of
broader interest. The importance of interspecific com-
petition in pollinator communities is poorly under-
stood. Competition seems to occur between hum-
mingbird species (Cody 1968; Feinsinger et al. 1985;
Tiebout 1993) and between North American bumble-
bee species (Pyke 1982; Inouye 1978, 1980; Graham
and Jones 1996), but studies on European bumblebees
have found no such effects (Ranta et al. 1980; Ranta
and Vepsildinen 1981). To our knowledge, no studies
have examined competition between bumblebees and
other bee species in natural communities. Outside of
their natural range, bumblebees have been found to
exhibit substantial overlap in floral resource use with
native bees in Tasmania (Hingston and McQuillan
1998), New Zealand (Donovan 1980) and Israel (Daf-
ni and Shmida 1996). Hingston and McQuillan (1999)
examined interactions between bumblebees and na-
tive bees in Tasmania and concluded that native bees
were deterred from foraging on certain flowers by the
presence of bumblebees, perhaps because bumblebees
depressed availability of floral resources. It is not
known if these effects lead to reductions in native bee
populations.

Here we examine patterns of abundance of flower-
visiting insects at a large number of sites, both within
and just outside the current range of B. terrestris, and
use these data to assess whether native bee abundance
and diversity are affected by the presence of A. mel-
lifera or by the addition of this new potential com-
petitor to the community.

Methods
Distribution of Bombus terrestris and Apis mellifera

The current distribution of exotic bumblebees in Tas-
mania was determined by surveys carried out in Jan-
uary, November and December 1999. Both bumble-
bees and honeybees are conspicuous, and hence it is
straightforward to determine whether they are present
in an area by searching for them. Searches were con-
ducted in suitable habitats, and repeated at intervals
of 3-5 km along all roads leading out of the core area
of the population centered on Hobart. When neither
bee species was found, the search was discontinued
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Figure 1. Sites in Tasmania where bee communities were sampled using a 30 minute search (squares), and sites which were briefly searched
to detect the presence or absence of bumblebees or honeybees (circles). Filled circles/squares indicate the presence of bumblebees.

after 5 mins. The patterns obtained were consistent.
Many sites were visited on several occasions, and the
presence or absence of bumblebees and honeybees
almost invariably remained constant. To obtain addi-
tional information on the rate of spread of bumble-
bees, gardeners living outside and in the periphery of
the distribution were interviewed to establish whether
they had seen bumblebees in their garden, and if so,
in which year they first saw them.

Sampling of flower-visiting insects

Flower-visiting insects were surveyed within areas of
approximately 50 m radius (the precise shape was of-
ten constrained by accessibility). All insects observed
feeding on flowers, and the flower species that they
were feeding upon, were recorded during a 30 min
search. All searches took place between 11:00 and
15:00 h and between 15 November and 10 December
1999. Each individual insect was recorded only once
as far as was possible. An attempt was made to cap-

ture all native bees for identification. Search sites
were chosen to span the range of bumblebees (36
sites) and also to include areas where we were unable
to find any bumblebees (31 sites) (Figure 1). All of
the search sites fell in areas in which the natural veg-
etation type is classified as either dry sclerophyll or
wet eucalypt (Jackson 1999). However, many of the
sites had been heavily modified by man. Sites were
classified as: gardens and parks (10 sites); pasture,
weeds and waysides (32 sites); predominantly native
scrub or forest (25 sites). Where flowering trees were
included in the site attempts were made to sample the
lower branches, but flower visitors that remained in
the canopy were undoubtedly overlooked. For each
plant species that was in flower, estimates were made
of the number of inflorescences within each site.

To obtain additional information on the distribu-
tion and diversity of pollinating insects, yellow sticky
traps (Agrisense-BCS Ltd) were deployed at 122
sites. The colour of these traps attracts flower-visiting
insects, which become entangled in the glue. The 40
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x 24.5 cm traps were placed at a height of approxi-
mately 1 m on the north side of tree trunks or fence
posts, and were left in place for 2 weeks before col-
lection. All sites fell within southeast Tasmania (Fig-
ure 1). The habitats where traps were placed were
classified as before into gardens and parks (14 sites);
pasture, weeds and waysides (70 sites); predomi-
nantly native scrub or forest (38 sites). Sixty six traps
were placed within the current range of bumblebees,
and 56 at sites where no bumblebees were recorded.

Bees were identified using Michener (1965) and
Walker (1995), and by comparison with museum
specimens held at the University of Queensland. It is
probable that a number of the bees caught have yet to
be described; specimens of uncertain affiliation were
identified only to genus. Bees on sticky traps were
identified only to genus because the glue obscured
some of the distinguishing features.

Analysis

Species richness and a Shannon diversity index were
calculated for all flower visitors at each of the 67 sites
at which searches were conducted, and for the 122
sites at which sticky traps were deployed (exotic bees
were excluded).

For the search data, three-way analysis of variance
was used to test whether species richness or diversity,
or the total number of native flower-visiting insects
differed according to three factors: the presence or
absence of bumblebees; the presence or absence of
honeybees; and according to habitat type (gardens,
pasture or native forest). Total numbers of insects
were square root transformed before analysis. Rela-
tionships between native insect species richness, di-
versity and number of individuals and the number of
bumblebees and honeybees present at each site were
examined by Pearson product-moment correlation.

These analyses were repeated using only bee spe-
cies (excluding other flower-visiting insect taxa). At
one search site no bees were found, so this site was
excluded from subsequent analysis. Because of the
smaller number of bee species, the species richness
values violated the assumptions of analysis of vari-
ance. Thus effects of the presence of bumblebees on
bee species richness were examined using a Mann-
Whitney U test, and differences between habitats
were examined with a Kruskal-Wallis test. The rela-
tionship between species richness and bumblebee and
honeybee abundance was examined using a Spearman
rank correlation.

The data from sticky traps were similarly analy-
sed. Bees made up a small proportion of the insects
caught, so no separate analysis was conducted on bee
species in isolation. Once again, species richness val-
ues were analysed using non-parametric tests.

Four native bee species occurred at a large num-
ber of sites: Exoneura bicolor (Anthophoridae), Lasi-
oglossum clelandi, Lasioglossum brunnesetum and
Lasioglossum lanarium (Halictidae). x* tests (with
Yates’ correction) were used to examine whether the
proportion of sites occupied by each of these species
differed between areas where bumblebees occurred
and where they did not. This analysis could not be
carried out with respect to the presence or absence of
honeybees since there were too few sites from which
honeybees were absent.

One might expect rare native bee species to be
more susceptible to competition with introduced bees
than the abundant native species. To test whether this
was so, sites at which bee species were caught that
occurred at no more than two other sites were exam-
ined. A x? test (with Yates’ correction) was used to
determine whether these tended to be sites where
bumblebees did not occur. Again, this test was not
performed for honeybees since they were absent from
too few sites.

Niche overlap in flower usage was calculated be-
tween B. terrestris, A. mellifera, and the four most
abundant native bee species, following Colwell and
Futuyma (1971):

Niche overlap between bee species i and
h=1-052P,—P,)
Where

No. bee species i visiting plant species
Py=

Total no. bee species i
Niche overlaps were calculated separately for each
site.

Results
Distribution of B. terrestris and A. mellifera

Bumblebees were found to be abundant throughout a
large area of southern Tasmania centered on Hobart
(Figure 1). The western limits of the distribution cor-
responded closely with the edge of human settlement.
As far as we can ascertain there were no resident
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Table 1. The mean species richness, diversity (Shannon index) and number of individuals (abundance) of all flower-visiting insects accord-
ing to habitat type, presence or absence of bumblebees, and presence or absence of honeybees (means + SE). Bumblebees and honeybees
were not included in species counts or the diversity index. Reliable data were not available on the presence of honeybees at all sticky trap
sites.

Hand search data Sticky trap data

Richness Diversity index ~ Abundance N Richness Diversity index ~ Abundance N
Bumblebees absent 6.51 £0.53  1.26 = 0.09 46.5 +6.54 31 439x0.38 0.973 +0.08 243 £471 56
Bumblebees present 6.94 + 0.56 1.30 £ 0.08 534+124 36 370+0.29 0.888 +0.07 17.3 £330 66
Honeybees absent 825+ 1.18 1.34+0.23 657+ 148 8 - - - -
Honeybees present 6.54 £ 040 1.27 £0.06 48.1 £801 59 - - - -
Pasture, weeds and waysides ~ 5.97 + 0.46  1.21 = 0.08 498 122 32 337x0.28 0.822 +0.07 142 +£259 170
Gardens and parks 7.00 = 1.16 1.16 £0.19 61.0+251 10 2.64+054 0.757 +£0.17 400086 14
Native forests 7.64 £0.69 142 x0.10 464 +6.78 25 571039 1.18+0.08 383 +6.81 38

bumblebee populations within the Tasmanian Wilder-
ness World Heritage Area, although this would be ex-
ceedingly hard to prove convincingly given the inac-
cessible nature of this area. In the east, we were
unable to locate any bumblebees on the Tasman Pen-
insula, an area with vegetation and rainfall that is very
similar to areas south of Hobart where bumblebees
are abundant (Jackson 1999). Offshore, bumblebees
were abundant on Bruny Island. No changes were
evident in the distribution between January and De-
cember 1999. It must be noted that we did not survey
substantial areas of the island, and it is likely that
some bumblebees are present outside of the range re-
corded in Figure 1.

In contrast to bumblebees, honeybees were present
in all habitat types and all regions within the study
area. They were abundant in areas of native forest and
in parts of the World Heritage Area, although it was
not possible to discern whether these were feral or
domestic bees. The few sites where they could not be
found were widely scattered.

Distribution and abundance of native flower-visiting
insects

Searches

In total, 4,377 insects were recorded feeding upon
flowers at the study sites, comprising 88 different spe-
cies. Of these, 36 were bee species (Table 1), with the
remainder consisting of Diptera (9 species), Lepi-
doptera (10 species), Coleoptera (18 species), Hemi-
ptera (3 species) and Hymenoptera (other than
Apoidea) (12 species). Some Thysanoptera were ob-
served but not recorded. Of the bee species, honey-
bees were ubiquitous and by far the most abundant
overall (Table 1). They comprised 51.0% of all bees

recorded (995 out of 1948). Furthermore, honeybees
were found at 59 of the 67 search sites. At 47 of the
59 sites where they occurred, honeybees were the
most common bee species. The second most abundant
species overall was the native bee E. bicolor (20.7%;
403/1948), followed by the bumblebee (12.2%; 237/
1948). The only other species found in appreciable
numbers were Halictine bees belonging to the spe-
cies-rich genus Lasioglossum.

Based on data from the 67 searches, we did not
find a significant difference in the species richness of
flower-visiting insects according to whether bumble-
bees or honeybees were present in the area sampled,
according to the abundance of bumblebees or honey-
bees, or according to habitat (Tables 1 and 2). Diver-
sity of flower-visiting insects did not vary signifi-
cantly according to the presence or absence of
honeybees or bumblebees, or according to the abun-
dance of bumblebees or honeybees, but differed be-
tween habitats, being highest in areas of native veg-
etation and lowest in pasture. Overall abundance of
flower-visiting insects did not vary according to the
presence/ absence of bumblebees or according to their
abundance, and was similar in all three habitat types
(Tables 1 and 2). However, there was also a greater
abundance of flower-visiting insects at sites where
honeybees were abundant (Table 2).

When native bee species are examined in isolation
(excluding other flower visitors from the analysis),
different patterns emerge (Tables 3 and 4). Notably,
native bees were far more abundant at the few sites
where honeybees were absent (Table 4). Native bees
were more abundant at sites where bumblebees were
absent, but this did not reach statistical significance.

Many of the native bee species recorded were rep-
resented by just one individual (see Table Al), sug-
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Table 2. Results of analysis of variance and Pearson product-moment correlations for hand search data on richness (no. species), diversity
and abundance (number of individuals) of flower-visiting insects according to the presence or absence of bumblebees and honeybees, abun-

dance of bumblebees and honeybees, and according to habitat type.

Explanatory factor Species Richness

Diversity Abundance

Bumblebee presence F,5,=0.021, p =0.89
r=-0.145,p =024
F,5;,=0.047, p=0.83
Honeybee abundance r=-0.051, p=0.68

Habitat F,5,=2.385,p=10.07

Bumblebee abundance
Honeybee presence

F,5,=0.783,p=038
r=-0.169, p = 0.17
F, 5, =222, p=0.14
r=0.118, p = 0.34
F, g, = 444, p = 0.016

F, 5, = 0.000, p = 0.99
r=-0.114,p =036
F, s = 0.016, p = 0.90
r=0309, p=0.011
F,q = 0.12,p = 0.88

Table 3. The mean species richness, diversity (Shannon index) and number of individuals (abundance) of native bees observed in searches
according to habitat type and the presence or absence of bumblebees (means + SE). Bumblebees and honeybees were not included in species

counts or the diversity index.

Richness Diversity index Abundance N
Bumblebees absent 1.97 £ 0.28 0.381 = 0.07 132 +3.21 30
Bumblebees present 222 +0.30 0.546 = 0.10 8.78 + 1.73 36
Honeybees absent 2.86 + 0.63 0.415 £ 0.15 30.4 = 10.8 7
Honeybees present 2.02+£0.22 0.478 = 0.07 8.47 +1.23 59
Pasture, weeds and waysides 1.65 = 0.26 0.391 = 0.08 8.13 = 1.82 31
Gardens and parks 3.10 £ 0.62 0.831 = 0.20 13.4 +3.24 10
Native forests 2.11 +£0.34 0.427 = 0.10 13.1 = 3.80 25

Table 4. Results of analyses of richness (no. species), diversity and abundance (number of individuals) of native bees according to the pres-
ence or absence of bumblebees and honeybees, abundance of bumblebees and honeybees, and according to habitat type.

Explanatory factor Species Richness Diversity Abundance
Bumblebee presence U =520, p =0.79 F,54=0.132,p=0.72 F, 55 =0.16, p = 0.69
Bumblebee abundance Rho = -0.027, p = 0.83 r=-0.048, p = 0.70 R =-0.176, p = 0.16
Honeybee presence U=142,p=0.17 F, 55 =0.090, p = 0.77 F, 55 =213, p <0.001
Honeybee abundance Rho = 0.054, p = 0.67 r=0.092, p =0.46 R =0.135,p =028

Habitat X2=527,p=072

F,5 = 0.891, p = 0.42

F, 55 =0.099, p = 0.91

gesting that there are probably yet more rare species
that went undetected.

Sticky trap data

Eight genera of bee were captured on sticky traps,
along with 25 other insect species that visit flowers
(2,516 insects in total). The diversity of species
caught was significantly greater in native forest than
in pasture or gardens (F, 4 = 5.08, p = 0.008) (Ta-
ble 1). The same pattern was found in species rich-
ness (Kruskal Wallis test, x> = 25.1, d.f. = 2, p <
0.001) and in abundance of individuals (F, ,,, = 28.3,
p <0.001). However, the presence or absence of bum-
blebee populations had no discernible effect on the
diversity (F, ;,, = 0.38, p > 0.05) or on the species
richness of flower-visiting insects caught (Mann-
Whitney U = 1593, p = 0.19) (Table 1). The presence

of honeybees was not assessed at all of the sticky trap
sites, so the effects of honeybees on catches could not
be analysed.

Distributions of abundant native bees

E. bicolor, L. brunnesetum and L. lanarium were
equally likely to occur in sites where bumblebees
were established and in sites where bumblebees were
not found (x7 = 0.01, 0.01 and 2.37, respectively). L.
clelandi were more likely to be found in sites con-
taining bumblebees (19/36 sites) than where bumble-
bees were absent (7/31 sites) (x? = 5.19, p < 0.05).
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Table 5. Numbers of the six most abundant bee species recorded in searches (totals for 62 sites), according to whether they were visiting
flowers of native or exotic plants. Also shown is the total number of plant species each bee species was recorded as visiting.

Native plants  Exotic plants  totals % native = No. native species  No. exotic species % visits to Leontodon
A. mellifera 273 722 995 27.4 25 41 4.52
B. terrestris 39 198 237 16.5 9 37 2.48
E. bicolor 312 91 403 714 13 10 1.69
L. clelandi 8 108 116 6.90 6 22 34.5
L. lanarium 4 37 41 9.76 4 5 41.5
L. brunnesetum 8 28 36 222 5 7 41.7

Distributions of rare native bees

In total, 23 of the 67 sites contained bees found at no
more than two other sites. These rare bees were no
more likely to be found in sites where no bumblebees
were recorded (13/31 sites) than within them (10/36
sites) (x? = 0.92, p > 0.05). Occurrence of rare bee
species was too infrequent to allow analysis by habi-
tat type, but they were found slightly more frequently
in native forest (9/25 sites) and in gardens (6/10 sites)
than in pasture (8/32 sites).

Flower choice and niche overlap

In total, 1,948 bees were recorded in site searches,
comprising 36 different species. These bees were re-
corded feeding upon the flowers of 87 different plant
species, of which 32 were native species and 55 were
introduced. Over all sites, there were more inflores-
cences of native plants (63.2%) than of introduced
plants (36.8%). Despite this, both of the introduced
bee species exhibited a marked preference for intro-
duced plants, with only 16.5% of bumblebees and
27.4% of honeybees recorded on native plants (Ta-
ble 5). However, only one of the four abundant na-
tive bee species, E. bicolor, was found mostly on
native flowers; the other three Lasioglossum sp. were
also found predominantly on introduced weeds, nota-
bly Leontodon sp. (Table 5).

Honeybees were recorded visiting the broadest
range of flowers (66 species) with bumblebees re-
corded visiting 46 plant species. The more abundant
native species were also polylectic, visiting between
9 and 28 plant species (Table 5). These figures reflect
in part the abundance of the bees; a common species
such as the honeybee is likely to be observed visiting
more plant species than a rarer bee.

The niches of all species do overlap, for some
flower species were visited by a broad range of na-

tive and introduced bee species. For example 17 bee
species were recorded feeding on the introduced Le-
ontodon sp., and 13 on the native shrub Goodenia
ovata (Goodeniaceae). However, the flower choices
of all species differ, with a maximum niche overlap
of 0.68 (between the native bees L. brunnesetum and
L. lanarium). Niche overlaps between native and ex-
otic species varied between 0.17 and 0.58, indicating
that there is potential for competition between these
species (Table 6). However, these measures of niche
overlap do not take into account whether bees were
collecting pollen or nectar, or possible differences in
the times of day that bee species feed, and so should
be regarded as upper estimates.

Overall, the majority of bee visits were to intro-
duced plant species (64.9%). However, the data sug-
gest that the rarer native bees are more dependent on
native flowers than the more common species. Thir-
teen bee species were only recorded once and, of
these, ten were caught on native plant species.

Discussion

There were marked differences in the distribution of
bumblebees and honeybees. Honeybees were more or
less ubiquitous and abundant throughout the study
area, and also elsewhere in Tasmania (D.G. pers.
obs.). In contrast, we were unable to locate bumble-
bees at the sites we visited in the north or west of the
island (although substantial areas were not surveyed).
This result contrasts with that of Hingston et al.
(2002), who present records gathered by a large num-
ber of amateur recorders over the 10 years since the
introduction of B. terrestris. Their data suggest that
bumblebees are present in parts of the World Heritage
Area in the south west of Tasmania, and that they
have recently reached the north coast. The difference
probably reflects recorder effort, and the greater num-
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Table 6. Niche overlap between two exotic bee species and the four most abundant native bee species. Overlaps shown are means + SE for
all sites sampled in which each pair of species were observed foraging. Sample sizes (numbers of sites) are given in parentheses. Some pairs
of species were rarely found at the same site, so that sample sizes are small; these measures of niche overlap must be interpreted with

caution.

B. terrestris A. mellifera

E. bicolor

L. clelandi L. lanarium L. brunnesetum

B. terrestris -

A. mellifera 0.377 + 0.062 (22) -

E. bicolor 0.271 + 0.092 (14) 0.367 = 0.080 (22) -

L. clelandi 0.259 + 0.067 (20) 0.262 = 0.054 (26) 0.154 + 0.057 (10) -
L. lanarium 0.584 + 0.417 (2)  0.476 = 0.116 (11)  0.256 + 0.193 (5)

L. brunnesetum 0.174 = 0.078 (8)

0.400 = 0.194 (5) -

0.240 = 0.080 (14) 0.349 = 0.114 (12) 0.280 = 0.196 (5) 0.682 = 0.193 3) -

ber of sites that they surveyed. Hingston et al. (2002)
accept a single sighting of a pollen-collecting bee, or
two sightings of (perhaps the same) bees as evidence
of breeding populations, which leads to their conclu-
sion that bumblebees are now established throughout
most of Tasmania. With many recorders working over
many years, it is perhaps not surprising that they have
accumulated records of these large, mobile organisms
from throughout Tasmania. It remains to be deter-
mined whether bumblebees successfully breed
throughout this area. Our observations suggest that
bumblebees remain far more abundant in gardens,
cultivated areas, and where there are substantial num-
bers of introduced plants, compared to areas of native
vegetation. This is presumably because they exhibit a
preference for introduced flowers.

No evidence was found for a decline in species
richness or diversity in areas occupied by bumble-
bees, whether using data from hand searches or from
sticky traps. Of the four most abundant native bee
species, all were no more likely to occur in sites
where bumblebees were not recorded than in sites
where they were present. In fact one native species,
L. clelandi, showed a significant positive association
with the presence of bumblebees, perhaps reflecting
similar habitat requirements (both species preferred
introduced plants). Examination of the occurrence of
rare bees, defined as those occurring at 3 or fewer
sites, once again revealed no evidence of bumblebees
displacing native species, since rare bees were not
less likely to be found in sites where bumblebees oc-
cur than elsewhere. Thus our data do not suggest that
bumblebees are having a significant impact upon na-
tive bee communities.

In contrast, we found that honeybee abundance
was positively correlated with the abundance of na-
tive flower-visiting insects. This is probably because

sites with many flowers attract many honeybees and
also many other insects. Conversely, a decrease in
availability of floral resources due to the introduction
of exotic bees could conceivably make native insects
spend more time foraging, resulting in greater num-
bers being recorded (Paton 1996). Our results also
demonstrated that sites where honeybees were absent
supported greater numbers of native bees than sites
where they occurred. This is suggestive of competi-
tive displacement of native bees by honeybees.

Why might honeybees but not bumblebees have an
effect on native bees? Honeybees are far more abun-
dant and widespread that bumblebees, and have been
in Tasmania for about 180 years as opposed to 8 years
(at the time of our study) for bumblebees. Both ex-
otic bees are large compared to the native Tasmanian
species with which they might compete; B. ferrestris
weighs 109-315 mg (Prys-Jones 1982), and A. mel-
lifera workers 98 + 2.8 mg (Corbet et al. 1995). They
also have longer tongues than most native species, the
Australia bee fauna being dominated by short tongued
species (Armstrong 1979). Large bees are at a com-
petitive advantage in cool conditions because of their
ability to maintain a body temperature considerably
higher than the ambient air temperature (Heinrich
1979). They can thus forage earlier and later in the
day than most smaller bees, and during cooler
weather. Bees with longer tongues can also extract
nectar from deeper flowers. Thus any native bee spe-
cies that was susceptible to competition from a large,
longer-tongued bee would have been excluded long
ago by the introduction of honeybees, before records
began. The addition of small numbers of another large
long-tongued bee species (bumblebees) is perhaps un-
likely to have an appreciable effect on small, short-
tongued native bees (but could impact on larger nec-
tar-gathering organisms such as birds).
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Table Al. List of species of bee caught, with abundance (total
numbers caught at 67 sites).

Megachilidae
Megachilinae
Megachile maculiformis Cockerell
Chalicodoma heriadiforme (Smith) 3
Anthophoridae
Xylocopinae
Exoneura bicolor Smith 403
Exoneura sp. 2 1
Colletidae
Hylaeinae
Hylaeus amiculiformis (Cockerell)
Hylaeus zonalis Smith
Hylaeus honestus (Smith)
Hylaeus sp. 1

W = = N W

Meroglossa sp. 1
Colletinae
Callomelitta sp. 1
Leioproctus clarki (Cockerell)
Leioproctus sp. 1
Leioproctus sp.
Leioproctus sp.
Leioproctus sp.

Leioproctus sp.

AN W B W N
N T SIS

Leioproctus sp.
Euryglossinae
Euhesma goodeniae (Cockerell) 1
Halictidae
Halictinae
Lasioglossum mundulum (Cockerell) 16
Lasioglossum repraesentans (Smith) 9
Lasioglossum expansifrons (Cockerell) 1
Lasioglossum baudini (Cockerell) 17
Lasioglossum brunnesetum Walker 36
Lasioglossum clelandi (Cockerell) 116
Lasioglossum asperithorax (Cockerell) 4
Lasioglossum lanarium (Smith) 41
Lasioglossum instabilis (Cockerell)
Lasioglossum sp. 1
Lasioglossum sp. 2
Lasioglossum sp. 3
Lasioglossum sp. 4
Lasioglossum sp. 5
Lasioglossum sp. 6
Homalictus sp. 1 10
Homalictus sp. 2 7
Apidae
Bombinae
Bombus terrestris (L.) 237
Apinae
Apis mellifera L. 995
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Asymmetries in competition between bee species
may not be stable, since the relative competitive abil-
ities are likely to vary during the day according to
temperature and resource availability, and are likely
to vary spatially according to the types of flowers
available (Corbet et al. 1995). Large bees are not al-
ways at an advantage. The energetic cost of foraging
is approximately proportional to weight (Heinrich
1979). Thus large bees burn energy faster. As nectar
resources decline, the marginal rate of return will be
reached more quickly by large bees. Also long
tongues are inefficient at handling shallow flowers.
Thus large bees are likely to be at a competitive ad-
vantage early in the day and during cool weather, and
they will be favoured by the presence of deep flowers
that provide them with a protected resource that other
bees cannot access. But small bees with short tongues
can forage profitably on shallow flowers even when
rewards per flower are below the minimum threshold
for large bees. Thus the relative competitive abilities
of different bee species are not consistent, and the
strength of competition is likely to vary with time.

It is possible that bumblebees are restricted in dis-
tribution because they are inferior competitors to na-
tive bees and/or honeybees when foraging in natural
vegetation. The high metabolic costs of bumblebees
means that they need to obtain a large reward per
flower to forage profitably. They may be restricted to
areas where introduced weeds are common since
many weed species have deep corollas (e.g. Cirsium
and Echium spp.), providing them with a protected
resource.

Of course our findings are not conclusive evidence
for competition between honeybees and native bees
(or for a lack of competition between bumblebees and
native bees), since we have not demonstrated a caus-
ative link between honeybee presence and native bee
abundance. Artificial manipulation of the distribution
of these exotic bees would have provided a more
powerful experimental approach, but is very difficult
to achieve, and even then the results obtained are of-
ten equivocal (reviewed in Paton (1996) and Schwarz
and Hurst (1997), Roubik and Wolda (2001)).

This study should not be taken as evidence that
bumblebees are having no ecological impact. Other
possible impacts include competition with vertebrate
flower visitors (of which Australia has an unusually
rich fauna), and effects on seed set of native and in-
troduced weeds (many of which are adapted to bum-
blebee pollination). Recently, Stout et al. (in press)
demonstrated that the introduced tree lupin Lupinus
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arboreus, a serious environmental weed in New
Zealand where it is pollinated by bumblebees, is now
setting more seed in Tasmania in areas where bum-
blebees are present. Bumblebee populations may con-
tinue to increase and spread as they adapt to local
conditions, and continued monitoring of their status
would be valuable. Until more is known of the eco-
logical effects of exotic bumblebees it seems prudent
to attempt to prevent further colonisation events.
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