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Commercial honey bees (Apis mellifera) reduce the fecundity of
an Australian native bee (Hylaeus alcyoneus)
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Abstract

European honey bees used for commercial honey production represent a potential source of competition for floral resources with

native nectar and pollen feeding insects. This study reports the results of an experiment run over two years on the impact of com-

mercial honey bees on the fecundity of a solitary native bee, Hylaeus alcyoneus. Registered apiary sites were used as treatment sites

(with honey bees) while control sites (without honey bees) were interspersed between. The fecundity of H. alcyoneus was measured

using trap nests. We compared the number of nests produced, number of eggs per nest and emerging progeny mass of H. alcyoneus

in sites with and without commercial bee hives. The number of nests produced by H. alcyoneus was 23% less (Wilcoxon�s T) at treat-
ment sites than control sites. Analysis of individual measurement intervals using ANOVA was compromised by a general lack of

power. This result highlights that even though honey bees have been present in certain areas for many years, competition with native

bees may still be occurring.

� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The European honey bee (Apis mellifera) has been

introduced to a number of continents, including South

America, North America and Australia. Large, econom-

ically profitable honey producing industries have been
established in these regions and in Australia the bee-

keeping industry, not including pollination services, is

estimated to be worth $63 million/yr (Rodriguez et al.,

2003). For many years it was assumed that honey bees

could only be of benefit to the natural ecosystem (Wills

et al., 1990). However, in the last 20 years ecologist have

argued that honey bees may not be effective pollinators
0006-3207/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.biocon.2004.11.001

* Corresponding author. Present address: Institute of Food and

Agricultural Sciences, North Florida Research and Education Center,

University of Florida, 155 Research Road, Quincy, FL 32351, USA.

Tel.: + 1 850 875 7184; fax: + 1 850 875 7188.

E-mail address: drpaini@ifas.ufl.edu (D.R. Paini).
of native plants and may be competing with native poll-

inators for limited floral resources such as nectar and

pollen (Sugden and Pyke, 1991; Gross, 1993; Oldroyd

et al., 1994; Paton, 1996; Butz Huryn, 1997).

Beekeepers in Australia transport their hives

throughout the year following the flowering of various
native plants and can agist up to 100 hives in one loca-

tion. This agistment represents a potentially significant

increase in competition with native nectarivores. Native

bees in particular, which rely on floral resources for

development, survival, and food for their offspring,

can be prone to competition from honey bees (Sugden

et al., 1996).

For honey bees and native bees to be in competition
there must first be an overlap in resource use. That is,

both species must be collecting floral resources from

the same plant species. With this in mind, many

researchers have focussed on native bee visitation rates

to flowers and they have often found a decrease in
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response to honey bees which they interpreted as a neg-

ative impact (e.g. Roubik, 1978; Schaffer et al., 1983;

Pyke and Balzer, 1985; Wenner and Thorp, 1994). How-

ever, though native bees may be visiting a floral resource

less often in response to honey bees, they may be able to

obtain equivalent levels of resource from a different spe-
cies at the same cost or they may visit the plant species at

a different time or over an extended period during the

day. The cost of such a change in foraging behaviour

may not influence survival and fecundity, and subse-

quently, the long-term survival of the native bee species

may not be threatened (Paini, 2004). While visitation

rates may provide a relatively quick indicator to the po-

tential for competition between honey bees and native
bees, to confirm the impact of honey bees an assessment

of native bee fecundity, survival or population density in

response to honey bees is necessary (Paini, 2004). Few

researchers to date have investigated fecundity, survival,

or population density when assessing competition be-

tween honey bees and native bees (though see Roubik,

1983; Sugden and Pyke, 1991; Spessa, 1999).

This study reports the results of an experiment de-
signed to assess the impact of commercial levels of hon-

ey bees on the fecundity of Hylaeus alcyoneus (Erichson)

(Hymenoptera: Colletidae), a twig-nesting native bee

found throughout the southern regions of Australia

(Houston, 1981). Fecundity is generally defined as the

reproductive capacity of an organism, i.e., the number

of eggs produced by a female over its life-time which

is often difficult to estimate (Allaby, 1994). In this study,
we measured fecundity of H. alcyoneus as the number of

eggs per nest, the number of nests produced and the

mass of the offspring that emerge from these nests as size

has been found to affect future fecundity of offspring

(Honek, 1993).

Female H. alcyoneus construct nests from May to

August with the majority of these nests containing single

sex broods, though it is not known whether females
Fig. 1. Map showing the location of control and treatment sites. Trea
share these nests or if they are truly solitary (Paini and

Bailey, 2002). In addition, egg, larval, and pupal dia-

pause do not occur and adults appear to survive from

one season to the next. H. alcyoneus is unusual for

Hymenopterans, as the male is significantly larger than

the female and Alcock and Houston (1987) have sug-
gested that the evolution of this reversed sexual size

dimorphism has been driven by a resource-defence mat-

ing strategy of males, although matings have never been

observed. Finally, the offspring sex ratio of this species

contradicts classical Fisherian theory as it is biased to-

ward the larger sex and the cause of this bias is unknown

at present (Paini and Bailey, 2002).
2. Methods

The experiment was conducted in the Northern Bee-

keepers Nature Reserve (30�00 0S, 115�05 0E), approxi-

mately 250 km north of Perth, Western Australia,

during the winter of 1999 and 2000. Fourteen study sites

were located in a 55-km2 area dominated by low heath.
Seven of the 14 sites are registered apiary sites and every

winter beekeepers agist approximately 100 hives at each

site. These seven apiary sites were used as treatment sites

while the remaining 7 sites, free of agisted honey bees

and interspersed between apiary sites, were used as con-

trol sites (Fig. 1). Beekeepers, however, did not agist

hives at all sites simultaneously. Consequently, sites

were designated control sites until beekeepers deposited
their hives. In 1999, one apiary site was not available un-

til after week 12.

Female H. alcyoneus will nest in �trap nests�, drilled
sections of untreated pine batons (2 cm · 2 cm · 7 cm)

providing an opportunity to measure fecundity of H.

alcyoneus in response to honey bees. Females build lin-

ear series of cells in these holes and provision them with

nectar and pollen for the developing progeny.
tment sites (numbers with asterisk) were registered apiary sites.
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The preferred hole diameter of trap nests for H. alcy-

oneus is 7.0 mm (Paini and Bailey, 2002). A bundle (4

drilled batons tied together with wire) of trap nests

was placed at 10 m intervals along two parallel transects

100 m long and 25 m apart, giving 80 trap nests per site.

Bundles were hung from shrubs at a height of 10–150
cm. Trap nests were placed at 14 sites, with similar veg-

etation profiles at least 1.5 km apart, from April 1999 to

April 2001 and checked every 3–4 weeks (measurement

interval) for the presence of a septum that female H.

alcyoneus place over a completed nest.

Completed nests were removed and replaced with a

fresh trap nest. Nests were returned to the laboratory

and maintained in a constant temperature chamber at
28 �C during the day and 15 �C at night. Adults emerged

after 3–4 weeks and were immediately weighed. All

adults that emerged from a nest were allocated to the

time interval in which the nest was collected from the

field. As nest construction was not monitored, it was

not possible to determine if the same female laid all eggs

in the one nest. In analysing progeny mass, individual

eggs were therefore used as independent data points.
However, the number of eggs per nest was analysed to

give an indication of egg production in the population

and the number of nests per site was also analysed to

indicate the overall nest production.

2.1. Honey bee densities

Honey bee densities were assessed to ensure treat-
ment sites had higher levels of honey bees than control

sites. In 1999, inflorescences of Dryandra sessilis shrubs

located within the two parallel trap nest transects were

observed for 30 min, recording the number of honey

bees present every 2 min. These counts were taken from

two separate plants at each site between 10 a.m. and 3

p.m. on clear days. The numbers of mature inflores-

cences were noted and the honey bee counts from each
two minute interval were totalled to give number of

honey bees/D. sessilis inflorescence/site. D. sessilis was

chosen as it was common at all sites and honey bees

were known to visit this plant to collect nectar and pol-

len. In 2000, this regime was altered to a more efficient

method. A census of honey bees was made every 10 m

along both transects by scanning the surrounding area

for 30 s for a total of 20 censuses (10 min). Values for
each census point were totalled to give number of honey

bees/10 min/site.

2.2. Vegetation transects

Vegetation transects were used to determine if control

and experimental sites had a similar floral resource

diversity. With most measurement intervals and at most
sites, 50 m vegetation transects were chosen at random,

though transects always ran perpendicular to and
intersected trap nest transects. All flowering species that

were either wholly or partly within 50 cm of the transect

line, and the number of individual plants of each species

was recorded. Only those individual plants that were

flowering were counted. Floral resource diversity was

calculated using Shannon–Wiener�s diversity index H 0

(Magurran, 1988):

H 0 ¼ �
X

ðpiÞðlognpiÞ;

where pi is the proportional cover of the ith species in a

site.

2.3. Resource overlap

Resource overlap was assessed by comparing pollen

extracted from trap nests of H. alcyoneus with pollen

and honey collected from honey bee hives. With every

measurement interval, one trap nest from each site was

repeatedly and vigorously flushed with 10 ml of water

to remove the pollen and larval faeces. The resulting fluid

was then acetolysed following the standard technique of
Erdtman (1952, 1960) (see also Phipps and Playford,

1984). The extracted pollen was preserved on microscope

slides and later matched to a reference collection of pol-

len from plant species collected from the area.

Honey bees may collect nectar, which is converted to

honey, from different plant species from those where

they collect pollen. Therefore, both honey and pollen

were collected from honey bee hives at each treatment
site. Honey bee pollen was collected over a two-day per-

iod using pollen traps. A sub-sample (0.5 ml volume) of

each pollen sample was mixed with 9.5 ml of water and

acetolysed before being preserved on microscope slides.

Honey was collected from hive frames. One hive frame

was removed from a hive at each site and replaced with

a fresh frame so any honey present was only collected in

the period since the previous measurement interval. In
some measurement intervals, no honey was found in

the frame. Honey extracted from the frame was filtered

through a container lid with holes of approximately 1

mm diameter to remove wax and then diluted by 50%

with warm water. The honey/water mixture was then

centrifuged at 3500 rpm for 3 min and the supernatant

poured off. The remaining pellet was diluted by 50%

with ethanol, heated in a water bath for 5 min to fully
dissolve the honey before being centrifuged at 3500

rpm for 3 min. The supernatant was then poured off

and the remaining pellet was resuspended in 9.5 ml of

water and centrifuged at 3500 rpm for 3 min. This last

step was repeated two more times before the pollen

was acetolysed and preserved on microscope slides.

For each slide, pollen grains were counted by scan-

ning from left to right of the slide until 100 grains were
counted and the frequency of each species of pollen was

calculated. Resource overlap between H. alcyoneus and
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honey bees was then calculated according to Colwell

and Futuyma (1971):

ROih ¼ 1� 1=2
X

k

jpik � phkj;

where pik is the average proportion of pollen type k in

the measurement interval of species i and phk is the aver-
age proportion of pollen type k in species h. Values will

range from 0 to 1.0 with 0 indicating no overlap and 1.0

indicating complete overlap. The difficulty in identifying

pollen to species level meant that only pollen species

identified from H. alcyoneus nests were identified in

honey bee samples. Any other pollen species were

classified as �other species� as this did not affect resource

overlap calculations.
2.4. Statistical analysis

As beekeepers did not agist hives at all treatment sites

simultaneously, measurement intervals were initially

analysed separately. For every ANOVA homogeneity

was tested using Cochran�s test and normality was tested

using Kolmogorov–Smirnov goodness of fit for continu-
ous data. Data that failed these two tests were trans-

formed (natural log or arc-sin transformation).

Heterogeneity increases the risk of a type I error which

is only relevant when a significant difference between

treatment and control is found (Underwood, 1999).

Therefore the ANOVA was still performed on data that

failed the test for homogeneity and if there was no differ-

ence between treatment and control (a = 0.05), the result
was accepted. Analysis was conducted using Statistica

for Windows (Release 5.0; Statsoft Inc., Tulsa, USA).

In addition, repeated tests of the same hypothesis can re-

sult in an inflation of type I error. A sequential Bonfer-

roni test was therefore used to adjust for this bias

(Holm, 1979; Rice, 1989).

Power analysis was conducted on any data that did

not demonstrate a difference between treatment and
control and was normal and homogenous. Power analy-

sis estimates Type II error and was calculated from delta

values for 4 alternative hypotheses (20%, 50%, 80% and

100% difference between control and treatment sites).

The observed treatment effects were not used as an alter-

native hypothesis as they would reveal nothing about

the power of the test to detect biologically important re-

sults (Thomas and Krebs, 1997; Underwood and Chap-
man, 2003). Power analysis assumes homogeneity plus

normal distribution and little is known of the accuracy

of power estimates when these assumptions are violated

(Faul and Erdfelder, 1992). Data that were not normal

or homogenous were transformed and if the assump-

tions were still violated, power analysis was not per-

formed. Power values of greater than 0.8 indicated

adequate power (Williams et al., 2001). Analysis was
conducted using GPOWER (Faul and Erdfelder, 1992).
In comparisons of treatment and control sites, Wilco-

xon�s signed-rank test was used to determine if honey

bees reduced nest production of H. alcyoneus over the

two seasons. For this test every measurement interval

from both years was treated as a randomised block.

As a minimum of six randomised blocks is necessary
(Sokal and Rohlf, 1995), this test was not performed

on any other fecundity data.
3. Results

In 1999, beekeepers began agisting hives on April 19.

The experiment began at this time and sites were visited
and checked every three weeks. No H. alcyoneus nests

were retrieved before week 6 (2/6/99) and after week

21 (14/9/99). In 2000, beekeepers began agisting hives

on March 1. The experiment began at this time and sites

were visited and checked every 4 weeks. No H. alcyoneus

nests were retrieved before week 8 (26/4/00) and bee-

keepers removed their hives after week 24 (15/8/00) so

the experiment was terminated.

3.1. Honey bee densities

For both seasons, honey bee densities were signifi-

cantly higher in treatment than control sites (Fig. 2).

The honey bee density data from week 24 (15 August

2000) failed Cochran�s test for homogeneity, even after

transformation. The heterogeneity was caused by a large
number of zero values in control sites invalidating the

use of analysis of variance models. However, the differ-

ence between control and treatment sites in terms of

honey bee densities for week 24 was clear (Fig. 2).

3.2. Vegetation transects

ANOVA revealed no difference in flowering diversity
between control and treatment sites within each interval

period in which flowering vegetation data were recorded

(Fig. 3). Data from week 12, 1999 revealed a p value of

0.01. However, after adjustment using sequential Bon-

ferroni, the test was not significant (p is greater than

the sequential Bonferroni adjusted value of 0.006).

3.3. Resource overlap

Pollen residue from H. alcyoneus nests at both treat-

ment and control sites was composed entirely of Banksia

sphaerocarpa, whether honey bees were present or not.

Banksia sphaerocarpa pollen was also found in honey

and pollen samples from honey bee hives in every mea-

surement interval in which honey and pollen was able to

be analysed (weeks 6–18 in 1999 and weeks 16–24 in
2000). Resource overlap between H. alcyoneus and hon-

eybees varied between 0.52 and 0.97 (Table 1).
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Fig. 2. Mean (+SE) honey bee densities at control and treatment sites for (a) 1999 and (b) 2000. *, p < 0.05; #, data failed Cochran�s test for

homogeneity, even after transformation so the ANOVA result could not be accepted (see Section 2.4).
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3.4. Fecundity

In 1999, 30 H. alcyoneus nests were retrieved from all

sites compared with 87 nests in 2000. Only three nests

were retrieved from treatment sites for the entire 1999

experiment and it was not possible to make an
assessment of H. alcyoneus fecundity in this season,

apart from nest numbers.

3.4.1. Nest numbers

Wilcoxon�s sign-ranked test revealed a significant dif-

ference between treatment and control sites (Wilcoxon
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Table 1

Mean resource overlap between H. alcyoneus and honey bees

Week no. Honey Pollen

1999

6 –a 0.72

9 0.61 0.52

12 –a 0.58

15 0.62 0.55

18 0.60 0.62

2000

8 –a –b

12 –a –b

16 –a 0.97

20 0.68 0.80

24 0.63 0.66

Pollen from H. alcyoneus nests was identified and compared to honey

bee pollen and also pollen extracted from honey. Values vary between

0 and 1, with 0 equalling no overlap and 1 equalling 100% resource

overlap.
a Frames not placed in hives or no honey was found in hive frames.
b Pollen samples lost due to mould.
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Ts = 5.5, two-tailed test: p < 0.05, one-tailed test:

p < 0.025). Of 11 measurement intervals over the course

of two seasons, control sites produced more nests than

treatment sites on 7 occasions (Fig. 4). The mean num-

ber of nests produced per measurement interval over

both seasons was 23% less in treatment sites than

control sites (treatment = 0.53 ± 0.20 SE; control =

0.85 ± 0.23 SE).
When analysed as separate measurement intervals

using ANOVA, there were no significant differences in

the number of completed H. alcyoneus nests between

control and treatment sites for both 1999 and 2000

(Fig. 4), though power analysis revealed the experiment

had low power (p < 0.6) to detect large differences be-

tween treatment and control even when a was set at 0.1.

3.4.2. Eggs per nest

In 2000, only one nest was retrieved from treatment

sites in week 8 so ANOVA was not possible. Of the

remaining weeks in 2000, no significant difference was

detected between treatment and control sites (Fig. 5).

Power analysis revealed that the experiment was only

powerful enough (p > 0.8) to detect large differences

(80–100%) between treatment and control sites
(Table 2).

3.4.3. Emergent adult mass

As explained above, ANOVA was not possible for

week 8, 2000 data. Of the remaining weeks in 2000, no

significant difference was detected between treatment

and control sites for mass of male or female adults

emerging from nests (Fig. 6). Power analysis showed
the experiment was powerful enough (p > 0.8) to detect

at least a 50% difference between treatment and control

sites when a was set at 0.1, with the exception of week 24

(Table 3). In one case (female mass, week 16) the exper-

iment could detect a difference of 20% (p = 0.96).
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Table 2

Power to detect differences of 20%, 50%, 80%, and 100% in the number

of H. alcyoneus eggs/nest between control and treatment sites

Week no 20% 50% 80% 100%

12a 0.08 0.23 0.49 0.67

12b 0.14 0.35 0.64 0.81

16a 0.12 0.46 0.85 0.96

16b 0.20 0.61 0.93 0.99

20a 0.07 0.18 0.38 0.54

20b 0.13 0.29 0.54 0.70

24c

a Power values when a was set at 0.05.
b Power values when a was set at 0.1.
c Data was heterogeneous, even after transformation so power

analysis was not possible.
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Table 3

Power to detect differences of 20%, 50%, 80%, and 100% in the mass of H.

Week no. Sex 20%

12a M 0.16

12b M 0.26

16a M 0.30

16b M 0.44

16a F 0.90

16b F 0.96

20a F 0.17

20b F 0.30

24a F 0.15

24b F 0.26

a Power values when a was set at 0.05.
b Power values when a was set at 0.1.
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4. Discussion

4.1. Resource overlap

Hylaeus alcyoneus appears to be monolectic as Bank-

sia sphaerocarpa was the only flowering plant species
used to provision nests. Honey bees however, usually

visited 4–5 different plant species, including B. sphaero-

carpa for both nectar and pollen. Resource overlap be-

tween honey bees and H. alcyoneus ranged from 0.52

up to 0.97. There have been other studies reporting re-

source overlap between honey bees and native bees

which have calculated values of resource overlap below

0.5 (Roubik, 1996; Wilms et al., 1996; Steffan-Dewenter
6 (female) Week 20 (female) Week 24 (female)

treatment
control

le progeny from nests of control and treatment sites in 2000. A lack of

analysis.

alcyoneus male and female progeny in control and treatment sites

50% 80% 100%

0.65 0.96 1.00

0.80 0.99 1.00

0.95 1.00 1.00

0.98 1.00 1.00

1.00 1.00 1.00

1.00 1.00 1.00

0.67 0.90 1.00

0.85 0.98 1.00

0.58 0.91 1.00

0.77 0.98 1.00
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and Tscharntke, 2000) though Wilms and Wiechers

(1997) found values as high as 0.76 between honey bees

and Melipona bicolor and M. quadrifasciata and Spessa

(1999) found values between honey bees and Amphyla-

eus morosus varied from 0.16 to 0.86. Resource overlap

between honey bees and H. alcyoneus therefore appears
to be large, indicating the potential for competition be-

tween the two species.

Interestingly, H. alcyoneus only visited one plant spe-

cies whether honey bees were present or not. If compe-

tition is occurring, H. alcyoneus may not be able to

respond by using an alternative resource and honey bees

may therefore represent a large threat to H. alcyoneus in

this region.

4.2. Fecundity

Hylaeus alcyoneus constructed relatively few nests,

though in 2000 almost three times as many nests were

constructed as in 1999. Differences in resource levels be-

tween years or the unusually high rainfall may have

caused the low number of nests in 1999. The total rain-
fall for May to August was 634.8 mm compared with the

average of 449.4 mm (data provided by the Western

Australian Bureau of Meteorology). Female H. alcyon-

eus will not forage during rain (personal observation

DRP) and this reduction in foraging may have reduced

the number of nests constructed in 1999. Environmental

conditions may therefore have a large influence on pop-

ulation densities of this native bee.
Despite the large resource overlap reported here,

analysing the measurement intervals separately did not

reveal any impact of honey bees on H. alcyoneus. How-

ever, to determine the validity of any claim that honey

bees had no impact, power analysis was conducted on

these tests. This analysis was conducted setting a at

the standard 0.05 and also at 0.10 as a number of

researchers have argued for the relaxation of a in impact
studies (Peterman, 1990a,b; Underwood, 1997; Calver

et al., 1999). A relaxed a increases the chance of a type I

error (claiming there is an impact when there is not)

but this is preferable as it decreases the chance of a type

II error (claiming there is not an impact when there is).

A type II error may result in the loss of pollinator diver-

sity, and the cost of reversing this damage may be too

high (Fairweather, 1991). For many of the fecundity
variables measured, power was poor except in male

and female progeny mass which demonstrated good

power (p > 0.8) over the entire second season. Progeny

mass was therefore not affected by honey bees.

In determining the impact of honey bees on native

bees, male and female progeny mass may be an impor-

tant aspect of fecundity. Progeny mass is directly corre-

lated with provision mass (Frohlich and Tepedino, 1986;
Johnson, 1988) and for H. alcyoneus, progeny mass does

decrease through the season as resources decrease (Paini
and Bailey, 2002). If a bee species was experiencing com-

petition from honey bees and there was less floral re-

source available, provision mass, and hence progeny

mass, may be the first variable affected. ForH. alcyoneus

this variable showed no change in response to honey

bees. However, females may compensate for a decreased
resource by foraging longer. Longer foraging periods

per progeny may result in a decrease in the number of

nests produced and a Wilcoxon�s sign test revealed that

H. alcyoneus produced significantly less nests (23%)

when honey bee were present.

Few studies in the world have shown that the repro-

ductive output of a native bee species is negatively af-

fected by honey bees (see Paini, 2004 for review). The
reason for this lack of evidence may be that any impact

may only be revealed over a long period. Clearly,

experiments designed and conducted over longer peri-

ods are necessary to enable the detection of any subtle

long-term impacts that may not be obvious from

shorter studies.

Interestingly, despite the long-term agistment of

honey bees in this area, an impact has been detected.
A reasonable assumption would be that any impact

would have been experienced long before and all that

would be left was ‘‘the ghost of competition past’’.

Clearly, this is not necessarily the case and competition

can continue over a long period, perhaps fluctuating in

intensity with each season depending on the environ-

mental conditions and the various interactions within

a complex ecosystem.
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