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Thesis Structure 

 

The chapters of this thesis have been written as individual scientific papers. As a result, 

there may be some repetition between chapters. The top of the first page of each chapter 

explains what stage the chapter is presently at in terms of publication. Those chapters 

without an explanation are yet to be submitted. Chapter two focuses on sex ratio theory. 

This chapter was intended to present nesting biology data but was altered when the 

unusual sex ratio of Hylaeus alcyoneus was discovered. The chapter still presents 

nesting biology data, but in an unusual form. I contributed 95% to this chapter while the 

second author contributed 5%. Chapter 5, yet to be submitted for publication, was also 

co-authored and I have contributed 95% to this also. The remaining chapters I 

contributed 100%. 
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Thesis Summary

 

The European honey bee (Apis mellifera) has been present in Australia for 

approximately 150 years. For the majority of that time it was assumed this species could 

only be of benefit to Australia’s natural ecosystems. More recently however, researchers 

and conservationists have questioned this assumption. Honey bees are an introduced 

species and may be affecting native fauna and flora. In particular, native bees have been 

highlighted as an animal that may be experiencing competition from honey bees as they 

are of similar sizes and both species require nectar and pollen for their progeny. Most 

research to date has focused on indirect measures of competition between honey bees 

and native bees (resource overlap, visitation rates and resource harvesting). 

The first chapter of this thesis reviews previous research explaining that many 

experiments lack significant replication and indirect measures of competition cannot 

evaluate the impact of honey bees on native bee fecundity or survival. Chapters two and 

four present descriptions of nesting biology of the two native bee species studied 

(Hylaeus alcyoneus and an undescribed Megachile sp.). Data collected focused on 

native bee fecundity and included nesting season, progeny mass, number of progeny per 

nest, sex ratio and parasitoids. This information provided a picture of the nesting 

biology of these two species and assisted in determining the design of an appropriate 

experiment. 

Chapters three and five present the results of two experiments investigating the 

impact of honey bees on these two species of native bees in the Northern Beekeepers 

Nature Reserve in Western Australia. Both experiments focused on the fecundity of 

these native bee species in response to honey bees and also had more replication than 

any other previous experiment in Australia of similar design. The first experiment 

(Chapter three), over two seasons, investigated the impact of commercial honey bees on 

 v



Hylaeus alcyoneus, a native solitary bee. The experiment was monitored every 3-4 

weeks (measurement interval). However, beekeepers did not agist hives on sites 

simultaneously so measurement intervals were initially treated separately using 

ANOVA. Results showed no impact of honey bees at any measurement interval and in 

some cases, poor power. Data from both seasons was combined in a Wilcoxon’s sign 

test and showed that honey bees had a negative impact on the number of nests 

completed by H. alcyoneus. 

The second experiment (Chapter 5) investigated the impact of feral honey bees on an 

undescribed Megachile species. Hive honey bees were used to simulate feral levels of 

honey bees in a BACI (Before/After, Control/Impact) design experiment. There was no 

impact detected on any fecundity variables. The sensitivity of the experiment was 

calculated and in three fecundity variables (male and female progeny mass and the 

number of progeny per nest) the experiment was sensitive enough to detect 15-30% 

difference between control and impact sites. 

The final chapter (Chapter six) makes a number of research and management 

recommendations in light of the research findings. 
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Chapter 1. 

The Impact of the Introduced Honey Bee (Apis mellifera) 

(Hymenoptera: Apidae) on Native Bees: A Review 

 

Introduction 

 

Begon et al. (1990) defined competition between organisms as “…an interaction 

between individuals, brought about by a shared requirement for a resource that is in 

limited supply, and leading to a reduction in the survivorship, growth and/or 

reproduction of the competing individuals concerned". In this way, the active or passive 

introduction of organisms to new countries and continents has generally reinforced the 

classical view of Gause that two or more species with the same ecologies cannot exist in 

the same environment (Gause 1934 cited in Putman & Wratten 1984). While many 

introductions have been accidental, others have been deliberate, and a result of changing 

human culture and farming practice. Some of the most dramatic and successful 

introductions have been insects used for biological control (e.g. Elliot et al. 1996). 

However, such introductions can result in competition between native and introduced 

organisms (Miller & Aplet 1993). Two examples are the weevil, Rhinocyllus conicus 

and the ladybird, Coccinella septempunctata both introduced into the United States. 

Rhinocyllus conicus was introduced to control exotic thistles but also feeds on native 

thistles where it competes with native picture-winged flies (Tephritidae), causing their 

decline (Louda et al. 1997). Coccinella septempunctata was introduced to control 

aphids and competes with a native ladybird (C. maculata) in Iowa (Obrycki et al. 1998), 
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and has caused a 20-30 fold decline in two other native lady bird species (C. 

transversoguttata and Adalia bipunctata) in South Dakota (Elliot et al. 1996). 

Australia has a long history of species introduction, often as a result of poor 

quarantine but more significantly in a desire to Europeanise the continent (Flannery 

1994). Rabbits (Oryctolagus cuniculus) were first introduced to Australia in 1788 and 

have been found to compete with the red kangaroo (Macropus rufus) (Dawson & Ellis 

1994), rock-wallabies (Petrogale spp.) (Pearson & Kinnear 1997), and the rufous hare-

wallaby (Lagorchestes hirsutus) (Lundie-Jenkins et al. 1993). Similarly, the pig (Sus 

scrofa), has been found to exclude the endangered northern bettong (Bettongia tropica) 

from areas in tropical Queensland (Laurance 1997). 

Exotic insects, like the tramp ant (Pheidole megachephala), the bumble bee (Bombus 

terrestris), and the European honey bee (Apis mellifera), may also have competitive 

interactions with Australian native insects. Pheidole megachephala reduces native ant 

abundance and richness (Majer 1985; Hoffmann et al. 1999), while B. terrestris has 

displaced two native bee species from floral resources in Tasmania (Hingston & 

McQuillan 1999). The honey bee was introduced during the 19th century for honey 

production (Thorp 1987). It was not until the late 1970s however, that honey bees were 

first viewed as an invasive species that may not be pollinating native flowering plants 

and may also be out-competing native fauna for nectar and pollen (Paton 1996). While 

competition from honey bees may affect all nectar feeding animals, native bees are the 

logical focus for investigation. Like honey bees, native bees rely on nectar and pollen 

for nutrition and for their brood. In addition, native bees are the most dominant 

pollinators in natural ecosystems throughout the world and thus are vital to the 

maintenance of biological diversity (Sugden et al. 1996). 
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Worldwide, most research to date into honey bee/native bee competition has 

concentrated on one or more of the following three measures; the overlap in resource 

use between honey bees and native bees, the change in visitation rates of native bees, 

and the change in the levels of resource harvested by native bees when honey bees are 

present (Table 1). The implication of any measurable changes in the above three aspects 

has been that the presence of honey bees will impact on the fecundity or adult survival 

of native bees and, ultimately, their population density (Paton 1996). However, such 

conclusions may not be justified. 

For competition to occur between honey bees and native bees there must first be an 

overlap of floral resource, with both species collecting nectar and pollen from the same 

flower species (Figure 1). While both species may visit flowers, competition may be 

absent if the presence of honey bees fails to interfere with native bee visitation rates or, 

if floral resources are not limiting. Visitation rate and the level of resource harvesting of 

native bees will, under these conditions, remain unchanged. Even if native bees are 

experiencing competition from honey bees they may not be able to change visitation 

rates in response and the amount of resource harvested will be reduced (Figure 1). 

Alternately, the presence of honey bees visiting the same floral resources may cause a 

decrease in native bee visitation rates. However, as with floral resource overlap, reduced 

visitation rates of native bees may not necessarily equate to a negative impact. If native 

bees compensate for reduced visitation rates, for example by foraging longer through 

the day, their level of resource harvesting may remain unchanged (Figure 1). Further, if 

reduced visitation rates of native bees results in a decrease in harvested resource, native 

bees may utilise an alternative floral species. If this alternative floral resource provides 

nectar and pollen in the same quantity and 
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Table 1: Studies investigating the impact of honey bees on native bees, grouped into the measures employed to determine impact. 

Country  Study animal Sites Impacta Reviewed 
paperb

Author(s) 

Resource overlap      
Germany Solitary Apoidea     

    
    

  

2 0 Y Fotler (’95)
Ogasawara Is Colletidae, Megachilidae, Anthophoridae 7 - Y Kato (’92) 
Ogasawara Is Colletidae, Megachilidae, Anthophoridae 7 - Y Kato et al. (’99) 
Brazil Native bees 1 0 Y Pedro & Carmago (’91) 
Brazil Native bees 1 - Y Wilms et al. (’96) 
Australia Native bees 90 - Y

 
 Wills et al. (’90) 

  Visitation rates 
Argentina Native insects 4 0 Y Aizen & Feinsinger (‘94) 
U.S.A. Native bees 1 - Y Ginsberg (’83) 
U.S.A. Bombus bifarus & B. flavifrons    

    
2 - Y Pleasants (’81)

French Guiana Melipona spp. 1 - Y Roubik (’78)
French Guiana Melipona fulva, Trigona spp. 9    

    
    
    

 
   

   
    

- Y Roubik (’80)
Costa Rica Trigona corvina 1 - Y Roubik (’81)
French Guiana Melipona spp. 1 0 Y Roubik (’96a)
Japan Apis cerana 1 - Y Sakagami (’59)
U.S.A. Bombus sonorus and Xylocopa arizonensis 6 - Y Schaffer et al. (’79) 
U.S.A. Bombus sonorus and Xylocopa arizonensis 1 - Y Schaffer et al. (’83) 
U.S.A. Native bees 2 - N Wenner & Thorp (’94) 

 New Zealand Bombus terrestris, B. ruderatus 1 - Y Wratt (’68)
Australia Nomia sp. 1 - N Bailey (’94)
Australia Native bees 1 - Y Gross & Mackay (’98) 
Australia Native bees 2 0 Y Gross (’01) 
Australia Native insects 2 0 Y Horskins & Turner (’99) 
Australia Native insects 15 0 N Paton (’99) 
Australia Native bees 1 - N Pyke & Balzer (’85) 
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Country  Study animal Sites Impacta Reviewed 
paperb

Author(s) 

Resource harvesting      
Brazil Melipona bicolor & M. quadrifasciata 1 - Y Wilms & Wiechers (’97) 
Panama Melipona spp., Trigona spp. 1   

   

- Y Roubik et al. (’86) 
India Apis indica ? - N Atwal & Sharma (’71) 

 Fecundity  
Germany Megachile rotundata 2    

   
     

   
   

  

- Y Evertz (’95)
Austria Native bees 1 0 Y Pechhacker & Zeillinger (’94) 

 French Guiana Melipona favosa & M. fulva 
 

2 0 Y Roubik (’83)
Germany Native bees 15 0 Y Steffan-Dewenter & Tscharntke

(’00) 
Australia Exoneura bicolor & E. nigrihirta 6-8 + N Schwarz et al. (’91, ’92a & b) 

 Australia Amphylaeus morosus 1 0 N Spessa (‘99)
Australia Exoneura asimillima 4 - Y 

 
Sugden & Pyke (’91) 

  Population density 
Panama Native bees 1 0 Y 

 
Roubik & Wolda (’01) 

  Adult survival   
U.S.A. Bombus sonorus & Xylocopa californica 1    - Y Thoenes (’93)
 

a  Conclusion of the author(s) as to the impact of honey bees on native bees. Symbols; - = negative impact, + = positive impact, 0 = no impact 

b  There is considerable information in theses and reports that are here listed as unreviewed papers (Y = reviewed; N = not reviewed). 
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honey bee native bee

1. Floral resource
overlap

2. Reduced native bee
visitation rates

unchanged native
bee visitation rate

4a. Reduced survival

3. Reduced resource
harvesting

alternative floral
resource NO IMPACT

4b. Reduced fecundity

NEGATIVE IMPACT

unchanged resource
harvesting

4c. Reduced population size/extinction

 

Figure 1. The potential interactions between honey bees and native bees when using the 

same floral resources. Interactions 1-3 can result in either no impact or a negative 

impact on native bees. Only interactions 4a-c will definitely lead to a negative impact 

and these are the main interactions which should be considered when determining the 

extent of honey bee/native bee competition.
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quality at no extra cost then, while there may be evidence of competition for one 

resource, there may be no evidence of a negative impact on native bees (Figure 1). 

Competition may be defined as a negative interaction between populations (Grover 

1997) and therefore any interaction that simply changes the behaviour of native bees 

may be defined as competition and subsequently a negative impact. This review defines 

a negative impact in the same way Begon et al. (1990) defines competition whereby 

survivorship, growth and/or reproduction is reduced and the long-term survivorship of a 

population is threatened. Under this more specific definition, a change in behaviour, 

such as reduced visitation rate or switching to an alternative resource, might not lead to 

a negative impact on the species directly competing with honey bees. Furthermore, any 

change in native bee behaviour may have implications for the ecosystem within which it 

occupies. A native bee that switches from one plant species to another in response to the 

presence of honey bees may influence pollination of both the new and old plant species, 

or create a situation where other native pollinators now compete with the native bee 

species. But while second and third order impacts of this nature may occur, they have 

never been documented in studies of honey bee/native bee competition. 

Clearly, the three measures by which competition between honey bees and native 

bees can be assessed (floral resource overlap, visitation rates and resource harvesting) 

are indirect and may not necessarily result in a negative impact on native bees. Only by 

assessing direct measures such as individual survival, fecundity or population numbers, 

can a negative impact be determined (Figure 1). Nevertheless, studies investigating 

these indirect measures of competition are valuable, as they indicate the potential for 

competition between honey bees and native bees. This review evaluates research on all 

measures in which competition between honey bees and native bees has been assessed. 

In the first section, studies of the three indirect measures mentioned above are assessed, 

initially focussing on the problems associated with these studies before discussing the 
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results of the remaining studies. The second section assesses the few studies that have 

used direct measures (individual survival, fecundity or population numbers) for 

determining honey bee/native bee competition. 

 

Resource overlap, visitation rates and resource harvesting 

 

Replication 

One of the common flaws in studies investigating the impact of honey bees on native 

bees has been low replication of sites, with 70% of studies using two sites or less (Table 

1). For example, Pedro and Camargo (1991) collected bees visiting flowers from 140 

plant species over a one year period in a natural “cerrado” ecosystem in Brazil. Honey 

bee floral preference overlapped with that of native bees, particularly those belonging to 

the Meliponinae, but sampling occurred at only one site. In the U.S.A., Ginsberg (1983), 

using information from only one field site, found that honey bees foraged on large 

flower clusters and native bees foraged on small flower clusters. Similarly, Bailey 

(1994) reported an increase in activity levels of native bees when honey bees were 

prevented from visiting one flowering bush of Leucopogon propinquus over a series of 

days. 

 

Confounding factors 

Confounding factors have also compromised interpretations of results of many 

workers. For example, Wratt (1968) compared the visitation rates of two species of 

bumblebees (Bombus terrestris and B. ruderatus) with those of honey bees on red 

clover (Trifolium pratense). As temperature increased, the number of B. ruderatus 

decreased and the number of honey bees increased. Wratt (1968) concluded that 

competition was occurring between honey bees and B. ruderatus. However, an 
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alternative hypothesis, not considered in this study, is that temperature was the factor 

causing changes in visitation rates. On the Bonin (Ogasawara) Islands in the Pacific 

Ocean, Kato (1992) and Kato et al. (1999) demonstrated an overlap in resource use 

between honey bees and a number of native bees including colletids, megachilids and 

anthophorids. These authors argued that native bee species had disappeared from two of 

the islands due to the presence of honey bees. However, the islands have also undergone 

major habitat destruction, and invasion by exotic plants due to human activity, and it is 

equally possible that these factors, rather than honey bees, resulted in a reduction in 

native bee biodiversity. 

 

Interpretation of experimental results 

Four experiments by Pyke and Balzer (1985) in Australia investigated visitation rates 

of native bees in response to honey bees. In the first experiment, honey bees were 

removed from sites and the number of native bees visiting these sites appeared to 

increase significantly. This result was similar to that of Bailey (1994). In the second 

experiment, a census area was surveyed at three distances from an established apiary. 

The authors expected honey bee density to decrease with distance from hives and native 

bee density to increase, but the results showed that both honey bee density and native 

bee density increased with distance. In the third experiment, thirty hives were added to a 

site and, again bee densities were monitored at increasing distances up to 1000 m from 

the hives. When honey bees were added, their density, as counted from transects, 

increased at all plots except the furthest one, and native bee density decreased at all 

plots except the furthest. This result was interpreted as evidence of a negative impact. 

However, in this experiment, visitation rates to flowering Prostanthera cuneata, the 

only species visited by honey bees, were also measured. While honey bee visitation 

Chapter 1. Lit Review 9



rates to this plant generally increased when honey bee hives were added, native bee 

visitations did not decrease significantly at any distance from the hives. 

The final experiment involved the monitoring of honey bee and native bee densities 

at various locations and on various flowering plants. There was no significant 

relationship between densities of honey bees and native bees on any flowering species 

except for Angophora hispida, which actually showed that as honey bee density 

increased so did native bee densities. Despite the contradictory results of the four 

experiments, the authors concluded that native bees were excluded from, or avoided 

areas of high honey bee densities. Overall, only the first experiment provides any 

supporting evidence that honey bees negatively impact native bees, while the remaining 

experiments remain ambiguous. 

Authors of studies employing more robust methods have recognised the 

shortcomings of their work and reached few conclusions for a number of reasons. 

Wilms et al. (1996) calculated the degree of resource overlap for seventeen species of 

native stingless bees and honey bees in Brazil. Honey bees had the largest average 

overlap with all other stingless bee species, and the authors concluded that stingless 

bees suffer more competitive pressure from the honey bee than from each other. 

However, no conclusions were made regarding the possible decline of stingless bees 

due to this competition. In fact, the authors argued that stingless bees should be able to 

avoid competition with honey bees as the mass flowering conditions that occurs during 

the period in which the experiment was conducted would probably prevent total 

depletion of nectar resources. Again in South America, honey bees were found to be 

more common than native bees at small patches of subtropical forest in Argentina, while 

native bees were more common than honey bees at large patches (Aizen & Feinsinger 

1994). These data could have been interpreted as evidence for the competitive exclusion 
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of native bees by honey bees, but the complicating factor of patch size prevented the 

authors from drawing any conclusions. 

In an Australian study, 70% of the plants visited by honey bees were also visited by 

native bees (Wills et al. 1990) and a potential for competition between honey bees and 

native bees was considered, but again no conclusions were drawn from this study. Gross 

(2001) found that visitation rates of honey bees and native bees on Dillwynia juniperina 

were negatively related and this implied a negative impact of honey bees on native bees. 

However, the author considered no conclusion could be made without examining brood 

levels in response to honey bee competition. 

 

Interference Competition 

When visitation rates are investigated, not only can exploitative competition occur 

but also interference competition, with honey bees displacing native bees from floral 

resources by their physical presence. For example, in Japan, Sakagami (1959) found 

that at an artificial nectar source created by a watch glass of sugar syrup, A. mellifera 

and A. cerana attacked each other and eventually A. cerana were excluded. Roubik 

(1980) also reported low levels of honey bee aggression toward both meliponine and 

polybiine wasps at artificial feeders, though he pointed out that aggressive interactions 

are much more likely at such feeders than at natural sources of nectar. In Australia, 

Gross and Mackay (1998) found that in 91% of honey bee/native bee interactions on 

Melastoma affine, native bee foraging was disrupted by honey bees. They also observed 

honey bees grappling with native bees in an attempt to pull them off flowers. 

 

No Impact 

Finally, there have been a number of researchers that have failed to find any impact 

on native bee visitation rates in response to honey bees. Roubik (1996a) followed up an 
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investigation from 17 years earlier (Roubik 1978), where he had predicted that 

competition from honey bees might lead to a population decline in native pollinators. 

There was no evidence that native Melipona species had gone to extinction because of 

honey bee competition. Indeed, there was no evidence of a decline in the native bee 

density. In Australia, Paton (1999) has also found no impact of honey bees on visitation 

rates of native pollinating insects while Horskins and Turner (1999) showed that honey 

bees rarely depleted nectar resources completely. 

 

Survival, fecundity and population density 

 

Although there have been at least 24 published investigations on resource overlap, 

visitation rates and resource harvesting (Table 1), most have low replication, 

confounding factors, incorrect interpretations of results, or do not show any impact. Of 

the remaining papers, those that do show a negative impact can only be considered a 

potential negative impact as they do not evaluate native bee fecundity, survival or 

population density. Relatively few studies have been published investigating these 

direct measures, and three of these have been conducted in Europe (Pechhacker & 

Zeillinger 1994; Evertz 1995; Steffan-Dewenter & Tscharntke 2000). Evertz (1995) 

found the reproductive success of Megachile rotundata was higher in a site without 

honey bees than one with honey bees, but as only two sites were used, any conclusion 

can only be speculative. The remaining two studies (Pechhacker & Zeillinger 1994; 

Steffan-Dewenter & Tscharntke 2000) found no impact of honey bees on native bees. 

This is not surprising as honey bees are native to Europe and are likely to have evolved 

with native bees to reduce niche overlap and limit competition. 

By comparison, in French Guiana, Roubik (1983) introduced colonies of native bees 

(Melipona favosa and M. fulva) to two sites. These colonies were then monitored for 
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honey and pollen storage as well as brood production. Honey bees were added to the 

sites for 30 days and then removed while the native bee colonies continued to be 

monitored. There was no evidence of decreased fecundity or resource harvesting of the 

two Melipona species. A long term study was conducted in Panama by Roubik and 

Wolda (2001) who recorded bee species caught in two light traps over 17 years, with 7 

years of data before honey bees invaded the island and 10 years following invasion. 

There was no evidence of a decrease in the relative population levels of 15 of the most 

common bee species, despite circumstantial evidence of resource competition at flower 

patches. An unusual study by Thoenes (1993) found that honey bee hives in U.S.A. 

attracted native bee species which were then attacked and killed by the honey bees. This 

is the only study to date which has focussed solely on the impact of honey bees on 

native bee survival and the author suggested local populations of native bees could be 

impacted. As with many other papers researching honey bee/native bee competition, 

these three mentioned above suffer from a lack of replication (2, 1 and 1 site 

respectively). 

The remaining studies have all been conducted in Australia. Sugden and Pyke (1991) 

examined the impact of honey bees on Exoneura asimillima, a native, semi-social bee in 

New South Wales. Both E. asimillima and honey bees utilised nectar and pollen from a 

wide range of plants resulting in an overlap in resource use. One site with honeybees 

was compared with three control sites without honeybees. Nest parameters such as egg, 

pupae and adult number, colony survival, and founder nest numbers (newly formed 

colonies) were recorded for E. asimillima. Fewer adults were found in the established 

nests at the experimental site and this was attributed to higher migration or death rates. 

Additionally, founder nests (newly formed colonies) at the experimental site contained 

more adult females, pupae and eggs than founder nests at control sites, and the authors 

suggested this was the result of adults being forced out of established nests due to 
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resource depletion by honey bees. Paton (1996) argued that this greater number of 

newly formed nests in the experimental site could actually indicate greater fecundity. A 

design fault, acknowledged by the authors, was that the microclimate (eg. temperature, 

rainfall, humidity, nectar levels etc.) at the sites was not evaluated and this may have 

differed between the experimental site and the control sites. In addition, a lack of 

replication of experimental sites in this experiment made it difficult to draw any definite 

conclusions. 

One of the more significant recent studies has concerned the reproductive output of 

two native Australian bees (Exoneura bicolor and E. nigrihirta) in response to honey 

bees (Schwarz et al. 1991, 1992a & b). The authors conducted a number of experiments 

testing for the impact of both commercial and feral levels of honey bees on both 

Exoneura species. In all experiments, a number of variables were measured including 

brood mass, brood number and adult number, and no negative impact was detected. 

Interestingly, native bee colonies at sites where honeybees were present showed 

increased rather than decreased survival rates. The authors argued this could have been 

the result of predation enhancement in that increased honeybee numbers may in fact 

saturate the predator population thus reducing predation on native bees. While this is an 

interesting speculation, as Schwarz et al. (1992b) acknowledge, there was no evidence 

to support this theory. 

The most recent study completed in Australia was by Spessa (1999), who 

investigated the impact of honey bees on a native colletid bee (Amphylaeus morosus). 

Eight sites were used over two seasons, reversing the control and impact sites between 

seasons to control for site effects. Aspects of fecundity that were measured included, 

number of brood cells per nest, number of surviving offspring per nest, parasitisation 

rate, sex ratio, proportion of failed brood cells per nest, and pupal mass. Although 

resource overlap between honey bees and A. morosus averaged 52%, no negative impact 
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of honey bee presence could be detected. There was, however, a positive impact of 

honey bees on the proportion of new nests in the second season. Spessa (1999) 

concluded that nectar and pollen were not limiting factors for A. morosus. 

 

Conclusion 

 

Previously, studies investigating resource overlap, visitation rates, and resource 

harvesting have been cited by others as evidence of competition between honey bees 

and native bees (Matthews 1984; Hopper 1987; Pyke 1990). However, many studies 

have been compromised by low replication, confounding factors or poor interpretation. 

Of those studies which are well designed and implemented (Wills et al. 1990; Wilms et 

al. 1996; Gross 2001), little can be concluded other than honey bees have the potential 

to impact native bees negatively as these studies do not reveal any information on the 

long-term survival of native bees. 

Furthermore, if only the research that investigated the impact of honey bees on native 

bee survival, fecundity or population density is considered, one may conclude that the 

presence of honey bees has no impact on native bees. However, there have only been 

nine studies worldwide focussed on these three aspects of honey bee/native bee 

competition and it is therefore inadvisable to make any definite conclusion until more 

research is conducted. 

Any future research should investigate the impact of both commercial and feral 

honey bees. In Australia, beekeepers rotate their hives from one area of native 

vegetation to another. Often, hive agistment is opportunistic, with many locations 

experiencing intermittent flowering seasons. Though honey bee agistment is usually 

short term (1-3 months), the number of honey bees involved (up to 100 hives at each 

site) can potentially have a large impact on native pollinators. The second and equally 
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important question involves feral honey bees. Feral bee colonies are present in the same 

location throughout the year and may have a large impact on native bees when floral 

resources are low. 

One difficulty in demanding further study is the question of how many studies are 

enough. Australia is a large continent with desert, temperate and tropical climates. 

Within these different climates there are different ecosystems and bee assemblages. If 

the demand is to assess every one of these before making a judgement regarding the 

impact of honey bees, a conclusion would never be made. It may therefore be more 

appropriate to focus on areas of high interest or conservation. This might include 

targeting native bee species that are more likely to be sensitive to honey bee competition 

such as short tongued bees or monolectic bees (Schwarz & Hurst 1997). Unfortunately, 

little is known of the nesting biology and demography of many of Australia’s native 

bees and this information is necessary before any question of competition can be 

answered. 

Generally, researchers have now realised the importance of native bee fecundity, 

survival and population density and have focussed their studies on these aspects. 

Despite this, there is still a paucity of research investigating the question and little can 

be concluded until the situation improves. 

 

Aims of this thesis 

 

This thesis aimed initially for an understanding of the basic biology of two of the 

native bee species present in the Northern Beekeepers Nature Reserve. The first species 

was Hylaeus alcyoneus and the second was an undescribed Megachile species. 

Information such as phenology, and offspring sex ratio, mass and numbers were 
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collected and this provided the information necessary to design experiments to test the 

impact of hive and feral honey bees . 

For these experiments I focussed on the reproductive output of these native bee 

species. I first established if there was any resource overlap between these bee species 

and honey bees but this fact alone did not determine if an impact was occurring. 

Resource overlap only indicates the potential for competition. To determine if 

competition is occurring, the fecundity of these native bee species in response to the 

presence of honey bees was assessed. 

I chose these two native bee species because they nested at different times of the year 

and I could therefore test the impact of both commercial and feral honey bees. During 

the winter, when H. alcyoneus nest, professional beekeepers agist hundreds of hives and 

this represents a large influx of honey bees over a short period. Alternately, feral honey 

bees, present throughout the year in much lower numbers, may be in competition with 

native bees during the seasonal dearth in floral resources. In this region, low levels of 

floral resource occur during the summer which is when the Megachile species nests. 

I used two different experimental designs to determine the impact of honey bees on 

these two native bees. To test the impact of feral honey bees on the Megachile sp. I used 

a BACI (before, after, control, impact) design as this allows a comparison of the 

differences between control and impact sites before an impact is introduced to any 

differences after. A BACI design was not possible in the experiment testing the impact 

of commercial honey bees as beekeepers did not agist their hives simultaneously. This 

meant the data was mostly analysed on a month by month basis comparing H. alcyoneus 

fecundity data from sites with honey bees to sites without honey bees. However, I also 

employed a Wilcoxon sign test to determine if there was any impact over the course of 

the experiment. 

These experiments were used to test the null hypotheses: 
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1. Commercial honey bees have no impact on the fecundity of Hylaeus alcyoneus. 

2. Feral honey bees have no impact on the fecundity of the Megachile species. 
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Chapter 2 

Seasonal Sex Ratio and Unbalanced Investment Sex Ratio in the 

Banksia bee Hylaeus alcyoneus 

 

Introduction 

 

The reproductive value of all male offspring may be considered equal to that of all 

female offspring when each sex provides half the ancestry of all future generations 

(Fisher 1930). Under most conditions, natural selection should drive parents to invest 

equally in both sexes, leading to an even sex ratio (Trivers & Willard 1973). One 

circumstance in which there may be a biased sex ratio is when the sexes are dimorphic 

and more resources, such as food, are invested in the larger sex. In this case, parents 

generally produce more of the cheaper sex. Fisher (1930) predicts that, though the 

numerical sex ratio will be biased, the sex ratio in terms of total investment in all males 

and females, usually referred to as the investment sex ratio (Visscher & Danforth 1993), 

will be equal. However, measurement of investment and return can be difficult to 

quantify, and often reveals a bias to the sex in which more resources are invested, 

though the sex ratio will still be biased towards the smaller sex (Frank & Swingland 

1988; Frank 1995). 

Solitary bees have been used widely to test predictions from Fisherian investment 

theory, and most studies have confirmed this theory (e.g. Tepedino & Torchio 1982; 

Frohlich & Tepedino 1986). As in other Hymenoptera, solitary bees are haplodiploid, 

with females controlling the sex of their offspring. Female bees provision the cell 
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containing the egg with the nectar and pollen and this resource dependency allows a 

quantification of relative investment in the offspring (Strickler 1982; Johnson 1988). 

Hylaeus alcyoneus (Erichson) (Hymenoptera: Colletidae) is a solitary bee endemic to 

the south-eastern and south-western regions of Australia (Houston 1981). The species is 

unusual in that males are larger than females, which is different from most 

Hymenopteran species. Alcock and Houston (1987) suggested that the evolution of this 

reversed sexual size dimorphism was driven by the resource-defence mating strategy of 

males. These authors observed males defending Banksia inflorescences, which are 

conspicuous floral spikes up to 25 cm long, and larger males were able to defend their 

inflorescence successfully while small males patrolled for unmated females or 

unoccupied spikes. Although mating was never observed Alcock and Houston (1987) 

assumed that these spikes attracted receptive females and that male size was critical to 

male mating success. 

In nature, solitary bees are dependent on a seasonally variable resource of nectar and 

pollen; any reduction in this resource usually results in a decrease in progeny size and a 

shift in investment from females to males (e.g. Frohlich & Tepedino 1986; Kim 1999). 

The fact that male H. alcyoneus are the larger sex provides an opportunity to test the 

prediction that more females should be produced at the end rather than at the beginning 

of the flowering season. Further, and in line with Fisherian theory, the total amount of 

resource invested in each sex, which is the investment sex ratio and expressed as 

progeny mass, should be equal for the entire season and the sex ratio should be biased 

towards the smaller sex (females). The work reported here was designed to examine 

these two predictions. 
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Methods 

 

Trap nests and floral estimates 

The study was conducted in the Northern Beekeepers Nature Reserve (30000’ S, 

115005’ E), approximately 250 km north of Perth, Western Australia. Twelve study sites 

were located in a 55 km2 area dominated by low heath. In nature, bees such as H. 

alcyoneus nest in holes left in dead sticks or twigs or emergent holes of wood-boring 

insects (Alcock 1995). Bees will also nest in holes drilled in untreated pine batons (2 × 

2 × 7 cm), which then constitute trap nests. Females build cells in these holes and 

provision the nests they create with nectar and pollen for their emergent progeny 

(Torchio, 1985; Kim, 1997). 

Preferred hole diameter was estimated by providing bees with bundles of trap nests 

with hole diameters of 8.5, 7.0, 5.0, and 4.0 mm all drilled to a depth of 5 cm. Bundles 

of trap nests were set out with diameters of 8.5 mm paired with 5.0 mm and 5.0 mm 

paired with 4.0 mm. Trap nests with 7.0 mm diameter holes were unpaired. The paired 

traps were hung in low bushes alternately at 10 m intervals along two transects 100 m 

long and 25 m apart at all sites. The unpaired bundles of 7.0 mm nests were placed 10 m 

apart along the same transects. The smallest traps were not used by the bees and both 

5.0 and 8.5 mm diameter traps were taken at a significantly lower rate than the 7.0 mm 

traps (χ2
2 = 15.73, P < 0.001). 

Four drilled batons with the established preferred hole diameter of 7.0 mm were tied 

together using wire to make a bundle. Each bundle of trap nests was hung from various 

species of shrub at a height of 10-150 cm at 10 m intervals on two parallel transects as 

described above, giving 80 trap nests per site.  Trap nests were placed at 12 sites with 

similar vegetation profiles in the reserve at least 1.5 km apart, from April 1999 to April 
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2001.  Nest sites were checked every 3–4 weeks for evidence of nesting. Female H. 

alcyoneus cap nests with a waxy septum and the presence of this septum is recognised 

easily without handling the trap nest. As nest construction was not monitored, it was not 

possible to determine if all eggs in the one nest were laid by the same female and brood 

could not therefore be used as independent datum. Instead, individual eggs were used as 

independent data in calculating sex ratio and assessing progeny mass. However, the 

number of eggs per nest was analysed to give an indication of the population’s egg 

production and the number of nests per site was also analysed to indicate the overall 

nest production. 

Completed nests were removed and replaced with a fresh trap. The completed nests 

were returned to the laboratory and maintained in a constant temperature chamber at 28 

± 1°C during the day, 15 ± 1°C at night. After 3-4 weeks, adults emerged from nests 

and were weighed then killed by freezing. All adults emerging from a nest were 

allocated to the month in which the nest was collected from the field. 

Once bees had emerged, the batons were split longitudinally to reveal the enclosed 

cells. Thirty trap nests from 1999 and a random sub sample of 31 from 87 trap nests 

covering the entire 2000 season were examined. Each nest was formed of a number of 

cells (maximum six) stacked within each hole. Each cell was then numbered from the 

innermost cell. Cell length was measured using dial callipers. Traps were then 

vigorously flushed with 10 ml of water to remove the pollen and larval faeces. The 

resulting fluid was acetolysed following the standard technique of Erdtman (1952, 

1960) (see also Phipps & Playford 1984). The extracted pollen was preserved on 

microscope slides and matched to a pollen reference collection of plant species collected 

from the area. 

Floral resource was estimated using 50 m transects set from randomly chosen points 

at right angles to the trap nest transects and always intersecting them. All plant species 

Chapter 2. Nesting biology of Hylaeus alcyoneus 22



that were flowering were recorded for each vegetation transect, together with the 

number of plants of each species that had at least one mature flower or inflorescence. A 

complete season's sample was taken for 1999 while only the final 2 months were 

sampled in 2000. 

 

Calculating investment and expected sex ratios 

Investment sex ratio may be calculated from the product of observed sex ratio and 

investment ratio (in this case, the investment ratio is estimated from the weight ratio of 

the emerging progeny). According to Fisher (1930), the sex ratio and the weight ratio 

should be the inverse to each other, leading to an equal investment sex ratio. A direct 

way of testing whether the actual investment sex ratio deviates significantly from 

expected is to examine the sex ratio in nature. This can then be compared with that 

expected from theory. For example, if the weight ratio is 1:3, the expected sex ratio will 

be 3:1. This expected sex ratio can then be given a numerical value based on the total 

number of progeny produced (e.g. 100 individuals at an expected sex ratio of 3:1 will 

give a value of 75:25). The difference between expected and observed ratios can then be 

tested by Chi square analysis. 

 

Statistical analysis 

All tests used one-way ANOVA, two-way ANOVA, or a chi-square test. For one-

way ANOVAs, data were tested for homogeneity using Cochran’s test. For two-way 

ANOVAs, homogeneity was tested using the Box M test. Normality was tested using 

Kolmogorov-Smirnov goodness of fit for continuous data. Data that failed these tests 

were natural log transformed. For all tests, alpha was set at 0.05. All analyses were 

conducted using Statistica for Windows (Release 5.0; Statsoft Inc., Tulsa, Oklahoma).
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Results 

 

Phenology of nesting 

Thirty nests in 1999 and 87 nests in 2000 were recovered from the 12 sites. All nests 

were collected between April and August with the exception of one nest in September 

2000 and a second in early October 2000. Peak nesting occurred in June in both years 

(Table 1). Because of a low sample size for nests collected in April 2000, this set was 

grouped with those from May 2000 and, similarly, nests collected in September and 

October 2000 were grouped with those collected in August 2000. 

There were nearly three times as many nests retrieved in 2000 as in 1999. The reason 

for this was most probably that the total rainfall for May to August 1999 was high: 635 

mm compared with the average of 449 mm (data provided by the Western Australian 

Bureau of Meteorology). In 2000, rainfall for the same period totalled a more typical 

380 mm. Field observations suggest that females will not forage during rain (personal 

observation) and this reduction in foraging may have reduced the number of nests 

constructed in 1999. 

In 1999, the mean number of adults emerging from each nest was 3.84 (±0.23 SE) 

and in 2000, 3.32 (±0.16 SE). There was no significant difference between the two years 

(F1,115 = 3.16, n.s.) so the data were combined. While some nests were of mixed sexes, 

many were either all male or all female (Table 1). There was no difference in the 

number of emerging adults from all male nests and all female nests (F1,80 = 1.23, n.s.). 

There was also no seasonal variation in the nest clutch size for either year (1999: F3,26 = 

2.9, n.s.; 2000: F3,83 = 1.9, n.s.). 
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Table 1. Seasonal variation in the number of single sex nests and the total number of 

nests retrieved for 1999 and 2000. 

 

 April May June July August 

1999      

Number of all male nests  6 6 0 0 

Number of all female nests  0 1 3 2 

Total number of nests  11 12 5 2 

2000      

Number of all male nests 4 13 19 3 1 

Number of all female nests 0 2 8 7 7 

Total number of nests 7 19 34 13 14 

 

Chapter 2. Nesting biology of Hylaeus alcyoneus 25



Nest architecture 

There were no differences in the size of either male (F1,62 = 1.6, n.s.) or female (F1,46 

= 0.97, n.s.) cells between years so the data were pooled. Cells containing males (9.7 

mm ±1.2 SE) were 1.1 times longer than cells containing females (8.7 mm ±1.3 SE; 

F1,110 = 12.1, p < 0.001). 

 

Emerging adults 

In 1999 males were 1.4 times heavier than females (males: 79.0 mg ±1.6 SE; 

females: 55.9 mg ±1.8 SE) and in 2000 males were 1.3 times heavier (males: 80.6 mg 

±1.4 SE; females: 61.2 mg ± 1.1 SE; two-way ANOVA: F1,353 = 181.92, p < 0.001). All 

adults were significantly heavier in 2000 than in 1999 (two-way ANOVA: F1,353 = 5.07, 

p < 0.05) but there was no significant interaction between sex and year (two-way 

ANOVA: F1,353 = 3.37, n.s.). 

Female mass showed a significant decrease throughout the season in both years 

(1999: F3,39 = 5.46, p < 0.005; 2000: F3,97 = 7.74, p < 0.005; Figure 1). Males showed a 

similar trend in 2000 (F3,137 = 4.95, p < 0.005) but not in 1999 (F2,62 = 0.32, n.s.; Figure 

2). No males emerged from traps retrieved in August 1999; the lack of data from this 

period resulted in no observable trend for male mass in 1999. 

Two or more adults were often found in the vials after emerging from nests, which 

prevented determination of emergence order. Of those nests where order of emergence 

was observed (14 in 1999, 12 in 2000), protandry was tested by comparing the ratio of 

males to females emerging first or last. There was no evidence of protandry: males  
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Figure 1. Seasonal variation in the mass (± SE) of emerging females for 1999 and 2000. 

The month indicates when the trap nest was collected from the field. Numbers in 

parentheses are sample sizes. 
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Figure 2. Seasonal variation in the mass (± SE) of emerging males for 1999 and 2000. 

There were no male-bearing nests in August 1999. The month indicates when the trap 

nest was collected from the field. Numbers in parentheses are sample sizes. 
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emerging first (1999: χ2
1 = 0.25, n.s.; 2000: χ2

1 = 0.34, n.s.) or last (1999: χ2
1 = 0.14, 

NS; 2000: χ2
1 = 0.0, n.s.). 

As total investment was being estimated, the number of eggs that failed to develop 

and, more importantly, the sex of pupae that failed to emerge in the one season, 2000, 

were counted. Thirty-nine eggs of unknown sex failed to develop. There was no larval 

mortality, while all 14 pupae that failed to develop were male. 

 

Palynology and seasonal resource 

All traps contained only one species of pollen, Banksia sphaerocarpa. B. 

sphaerocarpa flowers from January to July across most of its range in Western 

Australia (George 1987). Census data carried out at the experimental sites showed that 

the number of inflorescences, and hence the available resource, decreased through the 

season from May to July (Figure 3). Census transects were only conducted in late June 

and July in 2000 but there was a similar decline in available resources as 1999. 

 

Sex ratio 

In both years, the overall sex ratio was male biased (1999: 65 males/46 females = 1.4:1; 

2000: 146 males/103 females = 1.4:1). The expected sex ratio was 1:1.4 for 1999 and 

1:1.3 for 2000. Sex ratio differed from the expected value for both years (1999: χ2
1 = 

9.95, p < 0.01; 2000: χ2
1 = 31.92, p < 0.001). The investment sex ratio (sex ratio X 

weight ratio; see above) was 2:1 in 1999 and 1.8:1 in 2000. Though the overall sex ratio 

was male biased for both years, a seasonal variation was found. Early in the season, the 
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Figure 3. Seasonal variation in flowering (± SE) of Banksia sphaerocarpa for 1999 and 

2000. Numbers in parenthesis are number of transects. Transects for 2000 were only 

conducted in June and July. 
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Figure 4. Seasonal variation in sex ratio of emerging adults for 1999 and 2000 (sex 

ratio = number of males/total number of emerging adults). 
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ratio was male biased, at least until July, after which females became more abundant 

(Figure 4).  

In 1999 and 2000, 18 and 64 nests respectively were either all male or all female. 

These values represent 60 and 74% of all nests collected. More all male nests were 

produced at the beginning of the season while more all female nests were produced at 

the end of the season (Table 1). 

 

Discussion 

 

Seasonal resource and sex ratio 

While male H. alcyoneus defend the showy inflorescence of Banksia species such as 

B. prionotes and B. menziesii (Alcock & Houston 1996), based on the palynology of the 

nest, the preferred food source was B. sphaerocarpa. Flowering of this Banksia declined 

throughout the season, resulting in fewer resources for the females provisioning nests. 

This decline explains why both male and female progeny mass decreased over the 

season and why the smaller sex, which in this case was the female, was produced more 

often later in the season. These observations support the theoretical prediction of Trivers 

and Willard (1973) that the smaller sex should be produced when resources are limiting. 

This prediction was also supported in another study (Kim 1999), in which the sex ratio 

changed during the season, in this case from females to males, in the leaf cutter bee 

Megachile apicalis. 

An alternative explanation for the male biased sex ratio early in the season could be 

that females surviving from the previous year are sperm deprived and so, by 

haplodiploidy, produce only males. Because egg, larval, or pupal diapause does not 

occur in this species, females surviving from the previous year must be responsible for 
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the first wave of bees emerging at the start of each season. A second alternative 

explanation is that newly emerged bees may fail to find mates and therefore produce 

only sons. There was no evidence of protandry in this species so females may not have 

been mated as they entered the nest building phase. 

However, Hylaeus alcyoneus males are known to defend Banksia spikes in the period 

January to March, displaying to females at these sites (Alcock & Houston 1987, 1996; 

Alcock 1995) and, although mating was not observed by these authors, it would seem 

remarkable if females were not mated at this time. Presumably, females enter the dry 

summer months with sperm but do not establish nests until autumn, possibly triggered 

by the first rains and the flowering of B. sphaerocarpa. This study has established that 

nesting starts in April and reaches its peak in June. From this observation, one can 

conclude that females entering the nesting phase are mated. Hence any sex ratio bias is 

more likely to be a consequence of resource-based decisions by the female, not due to 

an absence of sperm. 

 

Investment sex ratio 

Theory suggests that on a population wide level total investment in males will be 

equal to that of females (Fisher 1930). Such balanced investment should result in an 

investment sex ratio of approximately 1:1. Torchio and Tepedino (1980) found this to 

be the case for Osmia lignaria, a species producing larger females and a male biased sex 

ratio that compensates for the higher investment per female. A similar case of a 

balanced investment ratio was found by Johnson (1988) for Ceratina calcarata. 

However, for Hylaeus alcyoneus, there was no support for this prediction. Indeed, in 

both years, H. alcyoneus produced more males, giving a highly skewed investment sex 

ratio for both years (1.8:1 for 1999, 2:1 for 2000).  
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Though a number of authors (Torchio & Tepedino 1980; Tepedino & Torchio 1982; 

Frohlich & Tepedino 1986; Johnson 1988) have argued that adult mass is an accurate 

measure of parental investment, more recent studies have shown that larger adults 

convert provisions to mass more efficiently (Boomsma 1989; Danforth 1990; Field 

1992). If this is true, there will be an overestimate of the resources invested in each sex 

and such an overestimate will influence the expected sex ratio. In this case, a more 

conservative estimate of size differences between males and females can be derived 

from the size of the cells set down by females. 

Cell size is dependent on the amount and quality of nectar and pollen deposited. In 

this way, final nest size provides an indirect measure of nest provisioning and thereby 

gives a measure of investment as the season progresses. Cell size for both years 

revealed that male cells were significantly larger (1.1 times) than female cells. Hence, as 

indicated above, and based on the difference in cell size between the sexes, investment 

theory predicts a sex ratio of 1:1.1. The 2000 season sex ratio differed significantly 

from this prediction (χ2
1 = 18.2, p < 0.001) and, although not significant, data from the 

1999 season followed the same trend (χ2
1 = 3.78, p = 0.052). If the expected sex ratio 

differs from the observed, the investment sex ratio should also differ, and this was the 

case for H. alcyoneus (see Methods for the calculation of expected sex ratio). 

A high female mortality prior to emergence could explain the bias in the observed 

sex ratio. In the 2000 season, there were 53 deaths before emergence, of which 14 were 

male pupae and the rest were eggs. If it is assumed that all of these unsexed individuals 

were female, the observed sex ratio would still deviate significantly from the expected 

sex ratio, whether expected ratio is estimated from progeny mass (χ2
1 = 17.26, p < 

0.001) or cell size (χ2
1 = 6.56, p < 0.05). 
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A number of hypotheses have been put forward to explain deviations from an equal 

investment sex ratio, including local mate competition (Hamilton 1967), inbreeding 

(Herre 1985), mate conflict (Brockmann & Grafen 1989), local resource enhancement 

(Schwarz 1988), generation overlap (Werren & Charnov 1978; Brockmann & Grafen 

1992), maternal size effect (Sugiura & Maeta 1989), and local resource competition 

(Clark 1978; Visscher & Danforth 1993). Local mate competition, inbreeding, mate 

conflict, and local resource enhancement would all predict a female biased ratio and so 

are not applicable here. Generation overlap theory predicts that, when one sex only 

survives to the following generation, the sex ratio of the subsequent generation will be 

biased towards the opposite sex. However, generation overlap alone would not favour 

an investment bias over the entire season unless it was linked to a perturbation event 

and then only occasional deviations would occur (West & Godfray 1997). 

Maternal size effect theory predicts that older and/or smaller females should produce 

more of the smaller sex. Hylaeus alcyoneus females do produce more of the smaller sex 

at the end of the season. However, this tendency does not explain the overall male bias. 

Finally, local resource competition can be excluded, as this theory requires nests to be 

aggregated, which is not the case for H. alcyoneus (Alcock & Houston 1987). Nests 

were collected at twelve sites and there was rarely more than three nests recovered from 

a site every 3-4 weeks. Females can only nest where they can find hollow twigs. Two 

other considerations are nest diameter and depth. Nest diameter was found to influence 

sex ratio in Osmia lignaria (Tepedino & Torchio 1982). Although there is little 

biological information for H. alcyoneus on nest preferences, other than they nest in 

holes in twigs and stems (Alcock 1995), females were found to prefer nests of 7 mm 

diameter. Female H. alcyoneus may have preferred deeper nests if given a choice, but 

more of the larger sex would then be produced, thereby skewing the investment sex 

ratio further (Tepedino & Parker 1984; Bosch 1994). 
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West et al. (1999) suggests that sex ratio may, under certain circumstances, be 

influenced by seasonal variation in clutch size. Assuming all eggs in a nest were laid by 

the same female and therefore represent a clutch, there was no variation in clutch size 

for H. alcyoneus and, while clutch size may influence sex ratio in H. alcyoneus, there 

was no evidence for it in this study. 

Although Fisher (1930) predicts an equal investment sex ratio, Frank (1995) has 

argued that investment ratio is often biased, but the overall sex ratio should still favour 

the smaller sex. Hylaeus alcyoneus not only demonstrates a biased investment ratio but 

also, and more interestingly, a biased sex ratio towards the larger sex. Although 

Tepedino and Torchio (1982) highlight the need for multiyear studies due to variation in 

sex ratio between years, the unexplained bias in sex ratio and investment sex ratio 

observed for Hylaeus alcyoneus adds to an increasing list of cases of sex ratio bias that 

appear to contradict classical Fisherian theory (Tepedino & Torchio 1982; Strohm & 

Linsenmair 1997; Martins et al. 1999). 

The data presented in this paper provide a theoretical conundrum. Firstly, the 

seasonal shift in sex ratio complicates the usual Trivers and Willard (1973) model, 

especially as there is a seasonal variation in resources. Local resource competition for 

nesting would appear to be an unlikely explanation also. Finally, the influence of single 

sex broods may be involved in this unusual sex bias, but this has never been modelled. 

The sex ratio of Hylaeus alcyoneus may therefore represent an entirely new system that 

has escaped previous models. 
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Chapter 3 

The Impact of Commercial Honey Bees (Apis mellifera) on an 

Australian Native Bee (Hylaeus alcyoneus) 

 

Introduction 

 

The European honey bee (Apis mellifera) has been introduced to a number of 

continents, including South America, North America and Australia. Large, 

economically profitable honey producing industries have been established in these 

regions and, in Australia the beekeeping industry is estimated to be worth $60-65 

million/yr (Gibbs & Muirhead 1998). 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 this has been disputed as honey bees may not be providing effective 

pollination services to native plants and may be competing with native pollinators for 

limited floral resources such as nectar and pollen (Paton 1996). 

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 location. This 

agistment represents a potentially significant increase in competition with native 

nectarivores. In particular, native bees, 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 exploitative competition there must be an 

overlap in resource use. That is, both species must be collecting floral resources from 

the same plant species. However, resource overlap may not result in a negative impact 

on native bees as the two species may be exploiting a resource that is never fully 

depleted. Many researchers have focussed on visitation rates and found a decrease in the 
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visitation rate of native bees in response to honey bees, which they interpreted as a 

negative impact (e.g. Roubik 1978; Schaffer et al. 1983; Pyke & Balzer 1985; Wenner 

& Thorp 1994). Interestingly, Roubik returned to one of his sites 17 years after finding 

reduced visitation rates of native bees in response to honey bees and found no change in 

the density of native bees (Roubik 1996a). Although 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 species at the same cost or it may be possible to 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 

subsequently, the long-term survival of the native bee species may not be threatened. 

Therefore, to determine the impact of honey bees on native bees, an assessment of 

native bee fecundity, survival or population density in response to honey bees is 

necessary. Few researchers to date have investigated fecundity, survival, or population 

density when assessing competition between honey bees and native bees (e.g.Roubik 

1983; Sugden & Pyke 1991; Spessa 1999). 

This study reports the results of an experiment designed to assess the impact of 

commercial levels of honey bees on the fecundity of Hylaeus alcyoneus (Erichson) 

(Hymenoptera: Colletidae), a twig-nesting solitary native bee found throughout the 

southern regions of Australia (Houston 1981). Fecundity can be defined as the 

reproductive capacity of an organism, i.e. the number of eggs produced by a female 

over a period of time (Allaby 1994). In this study, fecundity of H. alcyoneus includes 

not only the number of eggs per nest, but also 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). 
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Methods 

 

The experiment was conducted in the Northern Beekeepers Nature Reserve (30000’ 

S, 115005’ E), approximately 250km 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 control sites. 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 

until after week 12. 

Female Hylaeus alcyoneus will nest in ‘trap nests’, drilled sections of untreated pine 

batons (2 cm x 2 cm x 7 cm) providing an opportunity to measure fecundity of H. 

alcyoneus in response to honey bees. Females build linear series of cells in these holes 

and provision them with nectar and pollen for the developing progeny. 

The preferred hole diameter of trap nests for H. alcyoneus is 7.0 mm (Chapter 2). 

Four drilled batons were tied together using wire to make a bundle. A bundle of trap 

nests was placed at 10m intervals along two parallel transects 100m long and 25m 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 vegetation profiles at least 1.5 km apart, 

from April 1999 to April 2001 and checked every 3 – 4 weeks (measurement interval) 

for any indication of a completed nest. Female H. alcyoneus cap nests with a waxy 

septum so the presence of a completed nest was easily recognised. 

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 oC 

Chapter 3. Honey bees v Hylaeus alcyoneus 37



during the day and 15 oC at night. After 3 - 4 weeks emergent adults were weighed and 

killed by freezing. All adults emerging 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, individuals were therefore used as independent data. However, 

the number of eggs per nest was analysed to give an indication of the population’s egg 

production and the number of nests per site was also analysed to indicate the overall 

nest production. 

 

Honey bee densities 

Honey bee densities were assessed to ensure treatment sites had higher levels of 

honey bees than control sites. In 1999, inflorescences of two Dryandra sessilis shrubs 

were observed for 30 minutes, recording the number of honey bees present every 2 

minutes. Observations at sites were made between 10am and 3pm and were randomised 

to prevent time of day affecting results. The number of mature inflorescences were 

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

number of honey bees/D. sessilis inflorescence/30 minutes/site. D. sessilis was chosen 

as it was common at all sites and honey bees were known to visit this plant for nectar 

and pollen. In 2000, this regime was altered to a more efficient method. A census of 

honey bees was made every 10m along both transects by scanning the surrounding area 

for 30 seconds. Values for each census point were totalled to give number of honey 

bees/10 minutes/site. 

For both seasons, honey bee densities were significantly higher in treatment sites 

than control sites (Table 1). The honey bee density data from week 24 (15 August 2000) 

failed Cochran’s test for homogeneity, even after transformation. The heterogeneity in 

data was caused by a large number of zero values being recorded in control sites and 
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this prevented analysis of variance. However, the difference between control and impact 

sites in terms of honey bee densities for August 2000 was obvious (Table 1). 
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Table 1. Mean (± SE) honey bee densities at control and treatment sites. In 1999, values 

were the number of honey bees/Dryandra sessilis inflorescence/30 minutes. In 2000, 

values were the number of honey bees/10 minutes. 

 Treatment Control ANOVA 

1999    

Week 9 12.7 (±3.6) 2.5 (±1.2) F1,8 = 12.7, p < 0.01 

Week 12 3.9 (±0.6) 0.3 (±0.2) F1,8 = 52.8, p < 0.0001 

Week 18 1.3 (±0.3) 0.2 (±0.05) F1,10 = 25.0, p < 0.001 

2000    

Week 16 35.2 (±10.6) 2.4 (±1.2) F1,12 = 28.4, p < 0.001 

Week 20 275.4 (±44.6) 9.6 (±5.2) F1,12 = 59.0, p < 0.000001 

Week 24 270.0 (±25.4) 1.1 (±0.6) * 

* Data failed Cochran’s test for homogeneity, even after transformation so the ANOVA 

result could not be accepted (see Statistical Analysis, page 41). 
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Vegetation transects 

Vegetation transects were used to determine if control and experimental sites had a 

similar floral resource structure. 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. Before analysis, the total counts for each plant 

species were converted to a 10 point scale to prevent any one abundant species from 

dominating the analysis. The 10 point scale was dependent on the maximum count for 

any species found from any of the transects in a particular measurement interval (e.g. if 

the maximum count for species x was 150 individuals in one transect, then a value of 10 

on the scale would be any count between 136 and 150, 9 on the scale would be any 

count between 111 and 135, etc.). The counts from all species in all transects from a 

specific measurement interval were converted to this 10 point scale. All plant species 

were then used as variables in a principal components analysis (PCA) to summarise and 

reduce the data. Factors were added to the PCA until greater than 95% of the variation 

was described or no single remaining factor added more than 5% to the total variation. 

A MANOVA was performed on the generated factors to determine if there was any 

difference between control and experimental sites. Analysis was conducted using SPSS 

for Windows (Release 11.0.0; LEAD Technologies Inc.). There was no difference 

between control and treatment sites within each interval period in which flowering 

vegetation data were recorded (Table 2). 
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Table 2. Results of the analysis of flowering vegetation data for control and treatment 

sites. PCA (principal components analysis) shows the number of factors generated and 

the percentage of variation explained by them in parentheses. MANOVA used the 

factors generated by PCA to determine if there was a significant difference between 

control and treatment sites. 

Measurement interval PCA factors MANOVA 

1999   

Week 3 7 factors (93%) F7,4 = 2.8, n.s. 

Week 6 3 factors (100%) F2,1 = 1.6, n.s. 

Week 9 7 factors (94%) F7,3 = 5.1, n.s. 

Week 12 8 factors (93%) F8,2 = 6.3, n.s. 

Week 15 4 factors (100%) F3,1 = 0.4, n.s. 

Week 18 7 factors (85%) F7,4 = 0.6, n.s. 

2000   

Week 16 9 factors (89%) F9,4 = 1.4, n.s. 

Week 20 7 factors (85%) F7,6 = 2.0, n.s. 

Week 24 7 factors (87%) F7,6 = 1.5, n.s. 
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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. One trap nest from 

each site and every measurement interval 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 

& Playford 1984). The extracted pollen was preserved on microscope slides and later 

matched to a pollen reference collection of 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 period 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 1mm diameter to remove wax and 

then diluted by 50% with warm water. The honey/water mixture was then centrifuged at 

3500 rpm for 3 minutes and the supernatant poured off. The remaining pellet was 

diluted by 50% with ethanol, heated in a water bath for 5 minutes to fully dissolve the 

honey before being centrifuged at 3500 rpm for 3 minutes. 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 minutes. This last step was repeated two more times before the pollen 

was acetolysed and preserved on microscope slides. 
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For each slide, pollen grains were counted by scanning 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 honey bees was then calculated 

according to Colwell and Futuyma (1971): 

  ROih = 1-½∑|pik-phk| 
          k 

where pik is the average proportion of pollen type k in the measurement interval of 

species i and phk is the average 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’ and this did not affect resource overlap 

calculations. 

 

Statistical Analysis 

As beekeepers did not agist hives at all impact sites simultaneously, measurement 

intervals were initially analysed separately. For all ANOVA’s homogeneity was tested 

using Cochran’s test and normality was tested using Kolmogorov-Smirnov goodness of 

fit for continuous data. Data that failed these two tests were transformed (natural log or 

arc-sin transformation). Heterogeneity increases the risk of a type I error which is only 

relevant when a significant difference between treatments is found (Underwood 1999). 

Therefore, the ANOVA was still performed on data that failed the test for homogeneity 

and if there was no difference between treatments (alpha = 0.05), the result was 

accepted. Analysis was conducted using Statistica for Windows (Release 5.0; Statsoft 

Inc., Tulsa, USA). 

Power analysis was conducted on any data that did not demonstrate a difference 

between treatments and was normal and homogenous. Power analysis estimates Type II 
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error and was calculated from delta values for 4 alternative hypotheses (20%, 50%, 80% 

and 100% difference between control and impact sites). The observed treatment effects 

were not used as an alternative hypothesis as they would reveal nothing about the power 

of the test to detect biologically important results (Thomas and Krebs 1997). 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 

assumptions were still violated, power analysis was not performed. Power values of 

greater than 0.8 indicated adequate power (Williams et al. 2001). Analysis was 

conducted using GPOWER (Faul and Erdfelder 1992). 

Wilcoxon’s signed-rank test was used to determine if honey bees reduced nest 

production by 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. 

 

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 beekeepers removed their hives after week 24 (15/8/00) so the experiment 

was terminated. 
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Resource overlap 

Pollen residue from H. alcyoneus nests at both treatment and control sites was 

composed entirely of Banksia sphaerocarpa, whether honey bees were present or not. 

B. sphaerocarpa pollen was also found in honey and pollen samples from honey bee 

hives in every measurement 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 honeybees varied between 0.52 and 0.97 (Table 3). 

 

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. 

Nest numbers: There were no significant differences in the number of completed H. 

alcyoneus nests between control and treatment sites in any measurement interval for 

both 1999 and 2000 (Table 4). Data from weeks 6, 9, and 21 (1999) contained no 

variance in impact sites (no nests were retrieved at these sites) and so ANOVA was not 

possible. Power analysis was only conducted on data from weeks 12, 16, and 20 of the 

2000 season. Data from the remaining weeks of 2000 and all weeks from 1999 were 

heterogeneous or not normally distributed even after transformation. Power analysis 

revealed the experiment had low power (P < 0.6) to detect large differences between 

treatments even when alpha was set at 0.1. Wilcoxon’s sign-ranked test revealed a 

significant difference between treatment and control sites (Ts = 5.5, two-tailed test: p < 

0.05, one-tailed test: p < 0.025). Over both seasons there were 23% less nests from 
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Table 3. Mean resource overlap between H. alcyoneus and honey bees. Values vary 

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

Measurement interval Honey Pollen 

1999   

Week 6 * 0.72 

Week 9 0.61 0.52 

Week 12 * 0.58 

Week 15 0.62 0.55 

Week 18 0.60 0.62 

2000   

Week 8 * ** 

Week 12  * ** 

Week 16 * 0.97 

Week 20 0.68 0.80 

Week 24 0.63 0.66 

* Frames not placed in hives or no honey was found in hive frames. 

** Pollen samples lost due to mould. 
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Table 4. The means (± SE) and ANOVA results for the number of H. alcyoneus nests 

retrieved from control and treatment sites for 1999 and 2000 experiments. 

Week no Treatment sites n Control sites n ANOVA 

1999      

6 0 3 1.00 (±0.30) 10 * 

9 0 3 1.10 (±0.46) 10 * 

12 0.20 (±0.20) 5 0.25 (±0.16) 8 F1,11 = 0.004, n.s. 

15 0.14 (±0.14) 7 0.14 (±0.14) 7 F1,12 = 0.00, n.s. 

18 0.14 (±0.14) 7 0.14 (±0.14) 7 F1,12 = 0.00, n.s. 

21 0 7 0.14 (±0.14) 7 * 

2000      

8 0.50 (±0.50) 7 0.42 (±0.23) 7 F1,12 = 0.00, n.s. 

12 0.75 (±0.48) 7 1.60 (±0.65) 7 F1,12 = 0.60, n.s. 

16 2.20 (±1.02) 7 2.56 (±0.94) 7 F1,12 = 0.06, n.s. 

20 1.00 (±0.38) 7 0.86 (±0.29) 7 F1,12 = 0.10, n.s. 

24 0.86 (±0.70) 7 1.14 (±0.51) 7 F1,12 = 0.52, n.s. 

* A lack of variance in data prevented any statistical analysis. 
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treatment sites than from control sites (treatment = 0.53 ±0.20 SE; control = 0.85 ±0.23 

SE). 

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 (Table 5). Power analysis revealed that 

the experiment was only powerful enough (P > 0.8) to detect large differences (80–

100%) between treatments (Table 5). 

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 impact and control sites for mass of male or female adults emerging from nests 

(Table 6). Power analysis showed the experiment was powerful enough (P > 0.8) to 

detect at least a 50% difference between treatments when alpha was set at 0.1 (Table 6). 

In one case (female mass, week 16) the experiment could detect a difference of 20% (P 

= 0.90). 

 

Discussion 

 

Resource overlap 

Banksia sphaerocarpa was the only flowering plant species used by H. alcyoneus to 

provision nests. H. alcyoneus therefore appears to be monolectic. Honey bees however, 

usually visited 4-5 different plant species, including B. sphaerocarpa for both nectar 

and pollen. Resource overlap between honey bees and H. alcyoneus ranged from 0.52 

up to 0.97 though no clear pattern emerged that was consistent between years. There 

have been other studies reporting resource overlap between honey bees and native bees 

which have calculated values of resource overlap below 0.5 (Roubik 1996b; Wilms et 

al. 1996; Steffan-Dewenter & Tscharntke 2000) though Wilms and Wiechers (1997) 
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Table 5. The means (± SE) and ANOVA results for the number of eggs per nest in control and treatment 

sites in 2000. Power values of the experiment to detect differences of 20, 50, 80, and 100% between control 

and impact sites are also given. 

Week no Treatment sites n Control sites n ANOVA 20% 50% 80% 100% 

12a 3.25 (±1.75) 2 3.11 (±0.47) 7 F1,7 = 0.01, n.s. 0.08 0.23 0.49 0.67 

12b      

  

       

      

0.14 0.35 0.64 0.81 

16a 2.98 (±0.72) 4 3.82 (±0.51) 6 F1,8 = 0.97, n.s. 0.12 0.46 0.85 0.96

16b 0.20 0.61 0.93 0.99

20a 2.80 (±0.59) 4 2.38 (±0.85) 4 F1,6 = 0.17, n.s. 0.07 0.18 0.38 0.54 

20b 0.13 0.29 0.54 0.70

24c 2.60 (±1.60) 2 4.17 (±0.09) 3 F1,3 = 1.71, n.s.     

a Power values when alpha was set at 0.05. 

b Power values when alpha was set at 0.05. 

c Data was heterogeneous, even after transformation so power analysis was not possible. 
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Table 6. The means (mg ± SE) and ANOVA results for the mass of emerging male and female adults from nests of control and treatment sites in 

2000. Power values of the experiment to detect differences of 20, 50, 80, and 100% between control and impact sites are also given. A lack of data for 

females from week 12, and males from weeks 20 and 24 prevented ANOVA and power analysis. 

Week no Sex Treatment site n Control site n ANOVA 20% 50% 80% 100% 

12a M 92.0 (±8.0) 2 80.5 (±5.0) 6 F1,6 = 0.60, n.s. 0.16 0.65 0.96  1.00

12b M          

   

          

    

          

  

          

  

          

0.26 0.80 0.99 1.00

16a M 79.9 (±3.9) 4 75.1 (±6.8) 7 F1,9 = 0.25, n.s. 0.30 0.95 1.00 1.00

16b M 0.44 0.98 1.00 1.00

16a F 63.4 (±2.3) 4 63.3 (±2.6) 5 F1,7 = 0.0002, n.s. 0.90 1.00 1.00 1.00

16b F 0.96 1.00 1.00 1.00

20a F 63.2 (±2.0) 2 69.7 (±8.1) 3 F1,3 = 0.38, n.s. 0.17 0.67 0.90 1.00

20b F 0.30 0.85 0.98 1.00

24a F 47.2 (±9.5) 2 56.2 (±4.0) 3 F1,3 = 1.06, n.s. 0.15 0.58 0.91 1.00

24b F 0.26 0.77 0.98 1.00

a Power values when alpha was set at 0.05.  b Power values when alpha was set at 0.10. 
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found values as high as 0.76 for honey bees and Melipona bicolor and M. 

quadrifasciata and Spessa (1999) found values for honey bees and Amphylaeus 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 between the two 

species. 

 

Fecundity 

Hylaeus alcyoneus constructed almost three times as many nests in 2000 as in 1999. 

Unusually high rainfall probably caused the low number of nests in 1999. The total 

rainfall 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. alcyoneus will 

not forage during rain (personal observation) and this reduction in foraging may have 

reduced the number of nests constructed in 1999. 

Despite the large resource overlap reported here, analysing the measurement 

intervals separately did not reveal any impact of honey bees on H. alcyoneus. However, 

combining all measurement intervals over both seasons did reveal a negative impact of 

honey bees on the number of nests produced by H. alcyoneus. 

In analysing measurement intervals separately, power analysis revealed that for some 

of the H. alcyoneus fecundity variables, this experiment could not have detected even 

large differences (100%) between control and treatment sites. In order to detect a 50% 

difference in the number of trap nests completed by H. alcyoneus, at least 120 sites 

would be needed. To detect a 50% difference in the number of eggs/nest, 20-40 sites 

would be needed. Despite this, there was good power (> 0.8) to measure a 20% 

difference in female and a 50% difference in male progeny mass during the peak in H. 

alcyoneus reproductive activity (week 16) when alpha was set at 0.05. However, a 

number of researchers have argued for the relaxation of alpha in impact studies 
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(Peterman 1990a, b; Underwood 1997; Calver et al. 1999). A relaxed alpha increases 

the chance of a type I error (claiming there is an impact when there isn’t) but this is 

preferable to a type II error (claiming there is not an impact when there is). In this 

experiment, if alpha is relaxed to 0.1, there was good power to detect a difference in 

male and female progeny over almost the entire experiment. In attempting to determine 

the impact of honey bees on native bees, male and female progeny mass is likely to be 

the most important aspects of fecundity. Male and female mass is directly correlated 

with provision mass (Frohlich & Tepedino 1986; Johnson 1988) and if H. alcyoneus 

was experiencing competition from honey bees, provision mass is likely to be the first 

variable affected. 

Beekeepers have been agisting hives in this area since at least the 1950’s (Wills 

1989) and it would not be surprising if H. alcyoneus had adapted in response and 

avoided competition from honey bees. However, analysing both seasons as a whole, 

indicates that H. alcyoneus is being negatively impacted by honey bees. The impact 

may be marginal and not significant when measurement intervals are analysed 

separately, but over two seasons, the impact becomes significant thereby suppressing 

the population of H. alcyoneus and explaining the generally low numbers of nests 

retrieved from the area. These low numbers of nests meant that analysis of other 

fecundity variables over both seasons was not possible as not enough measurement 

intervals were available for a Wilcoxon’s sign test. Repeating this experiment over three 

or four seasons may give enough data to test the remaining fecundity variables. 

Even though a negative impact has been detected, the threat to an entire native bee 

population needs to be considered in any management decisions. H. alcyoneus is a 

relatively common native bee found throughout the southern regions of Australia (Terry 

Houston, personal communication) and honey bees are not agisted throughout its range. 

Commercial honey bee hives are only present in the Northern Beekeepers Nature 
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Reserve from March to September and populations of H. alcyoneus further south do not 

experience competition from honey bees during this period so the species as a whole 

may not be threatened. These southern populations may also have the potential to 

restock a depleted local population. Such large-scale issues need to be considered when 

evaluating any honey bee/native bee competition study. 
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Chapter 4 

Study of the nesting biology of an Australian resin bee (Megachile sp.; 

Hymenoptera: Megachilidae) using trap nests. 

 

Introduction 

 

Bee nesting biology data can stimulate questions and provide answers in many 

different fields of biology. In phylogenetics for example, Torchio (1984) showed the 

90° rotation of Hylaeus bisinuatus embryos indicated a monophyletic origin of the 

family Colletidae. In behavioural ecology, Paini and Bailey (2002) found the female 

progeny of Hylaeus alcyoneus were larger and more numerous than males and this did 

not conform to any current theories of sex ratio bias. In ecology, Gathmann et al. (1994) 

used nesting biology of bees and wasps to show increased species diversity with the 

successional age of a habitat. In all these examples, the authors suggested further 

questions and avenues of research. 

The genus Megachile (family Megachilidae) is a morphologically and behaviourally 

diverse group of bees found on all continents except Antarctica. Presently, it comprises 

1093 described species, representing almost 15% of all bee species (Michener 2000). In 

Australia, there has been little research on any species of Megachile (though see Hacker 

1915; Rayment 1954; Houston 1971; Hawkeswood 1993, Hingston & McQuillan 1999) 

and in Western Australia alone, 66 species are undescribed (Houston 2000). 

This study presents nesting biology for one of these undescribed species (Western 

Australian Museum code M323/F367 herein referred to as Megachile sp. 323) and was 

conducted as part of a broader study analysing the impact of honey bees on native bee 
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species. The data answer a number of questions regarding the nesting biology of this 

species while presenting further questions that may stimulate future biological and 

ecological research. 

 

Methods 

 

Female Megachile sp. 323 will nest in ‘trap nests’, drilled sections of untreated pine 

batons (2 cm x 2 cm x 7 cm), thus providing an opportunity to collect nesting biology 

data. Females build linear series of cells in these holes, and provision them with nectar 

and pollen for the developing progeny. 

Nesting biology data for Megachile sp. 323 were collected over two seasons 

(1999/2000, 2000/2001) using trap nests for a population in the Northern Beekeepers 

Nature Reserve, approximately 250 km north of Perth (30o00’ S, 115o05’ E). The bore 

diameter preferred by this species was established by providing bundles of trap nests 

with bore diameters of 8.5, 7.0, 5.0 and 4.0 mm all drilled to a depth of 5 cm. Trap nests 

were set out with diameters of 8.5 mm paired with 5.0 mm and 5.0 mm paired with 4.0 

mm. Trap nests with 7.0 mm diameter holes were unpaired. The paired traps were hung 

in low bushes alternately at 10m intervals along two parallel transects 100 m long and 

25 m apart. The unpaired bundles of 7.0 mm nests were placed 10 m apart along the 

same transects. The larger traps (8.5 mm) were not used by Megachile sp. 323 and the 

4.0 mm and 5.0 mm diameter traps were used at a significantly lower rate (1.2% and 

3.3% respectively) than the 7.0 mm traps (68.5%) (χ2
2 = 111.7, p < 0.000001). 

Having established the preferred hole-diameter, trap nests with 7 mm diameters were 

wired together in bundles of four. Each bundle of trap nests was then hung from various 

species of shrub at a height of 10-150 cm at 10m intervals (sub-sites) on two parallel 

transects as described above. Every site therefore had 80 trap nests distributed over 20 
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sub-sites. Sites were located in a 55 km2 area dominated by low heath. Trap nests were 

placed at sites with similar vegetation profiles at least 1.5 km apart, from April 1999 to 

April 2001. In 1999/2000, 12 sites were used and in 2000/2001, 6 sites were used. Sites 

were checked every 3 - 8 weeks for evidence of nesting. Females of Megachile sp. 323 

cap nests with sand grains and small twigs so completed nests were easily recognised. 

During each observation time, all trap nests (used and unused) were removed and 

replaced by fresh traps. Completed nests were returned to the laboratory and kept in a 

constant temperature (CT) room maintained at a light and temperature regime that 

reflected the environmental conditions for that region, adjusted monthly. After 3 - 4 

weeks, adults emerged from nests, were weighed and then killed by freezing. Progeny 

from many nests did not emerge after 3 - 4 weeks and these nests were stored outdoors 

over the winter period until emergence was once again observed. Nests were then 

returned to the CT room. All adults emerging from a nest were allocated to the 

measurement interval in which the nest was collected from the field. Nesting biology 

data collected included progeny sex and mass, number of progeny per nest and presence 

of parasitoids. 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, individuals 

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

analysed to give an indication of the population’s egg production and the number of 

nests per site was also analysed to indicate the overall nest production. In 2000/2001, 

after progeny had ceased emerging, nests were opened to determine the number of 

progeny that had failed to develop. Cell length was also measured using dial callipers. 

Once all adults had emerged from nests of the 2000/20001 season, one 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 & Playford 1984). The extracted 
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pollen was preserved on microscope slides and later matched to a pollen reference 

collection of plant species collected from the area enabling the flower preferences of 

nesting females to be established. One reference slide contained pollen from two 

Melaleuca spp. (M. systema and M. leuropoma): it was not possible to distinguish 

between the two. For each nest, pollen was counted by scanning the slide from left to 

right until 100 grains were counted and frequency of the various pollen species was 

calculated. 

For ANOVAs, data were tested for homogeneity using Cochran’s test. Normality 

was tested using Kolmogorov-Smirnov goodness of fit for continuous data. Data that 

failed these tests were transformed (natural log or square root transformation). ANOVA 

was still performed on data that failed these tests, even after transformation, as the F 

statistic is robust enough to withstand deviations from these assumptions if the 

experiment is large (Underwood 1999). A Newman-Keuls post-hoc test was performed 

on any significant ANOVA result with more than two groups, to determine which 

groups contributed to the effect. Chi square analysis was used to test if utilized nests 

were clustered at sub-sites. For each site, data from all measurement intervals were 

pooled to give the total number of traps per sub-site over the season. Separate chi square 

tests were performed on data from each site to determine if the frequency of nests at 

sub-sites differed from an expected even distribution if nests were not clustered. Six 

tests were performed (one per site) and, as this resulted in repeated tests of the same 

hypothesis and the potential inflation of type I error, a sequential Bonferroni test was 

used to adjust for bias (Holm 1979; Rice 1989). All analyses were conducted using 

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

 

Nests 

Completed nests were capped at the entrance with a convex septum comprised 

mainly of cemented sand grains together with small twigs and whole leaves of Acacia 

pulchella (Figure 1). Completed nests were collected from the end of October until 

March or April of the following year with the peak construction in February of both 

seasons (Table 1). In 1999/2000, 874 nests were collected from 12 sites with an average 

of 2.3 nests per site per week over 32 weeks. In 2000/2001, 329 nests were collected 

from six sites with an average of 2.6 nests per site per week over 21 weeks. Chi square 

and sequential Bonferroni analysis revealed that clustering of nests occurred at four of 

the six sites (Table 2). 

Brood cells were not lined with any secretion or plant material and the larval 

provisioning was solid (Figure 2). A septum constructed of sand grains separated cells 

from each other and this also separated the last cell from the final closure. In 2000/2001, 

male cell length (6.09 mm ±0.23 SE) was significantly shorter (F1,237 = 25.32, p < 

0.000005) than female cell length (7.63 mm ±0.07 SE). Male and female cells were then 

analysed separately to determine if cell order influenced cell length. There was a 

significant difference between the cell length and the cell number of female cells (F3,216 

= 14.85, p = 0.000005). Post hoc analysis revealed that cell 1 (innermost cell) was 

significantly larger than any other cell (cell 1: 8.18 mm ±0.12 SE, cell 2: 7.47 mm ±0.11 

SE, cell 3: 7.34 mm ±0.13 SE, cell 4: 7.04 mm ±0.15 SE) (cell 1 v cell 2, p < 0.0005; 1 

v 3, p < 0.0001; 1 v 4, p < 0.00001). As the majority of male cells were the outermost 

cell, cell length and order could not be analysed. 
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Figure 1. Trap nest of Megachile sp. 323 showing nest closure composed of sand grains 

and an Acacia pulchella leaf (arrow). 
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Table 1. Seasonal variation in the number of nests of Megachile sp. 323 and the number 

of nests exhibiting delayed emergence of adult progeny. 

 1999/2000 2000/2001 

 Total 

nests 

delayed 

emergence 

% 

delayed 

Total 

nests 

delayed 

emergence 

% 

delayed 

28 Oct 4 0 0    

15 Nov 18 0 0 16 2 12.5 

12 Dec 22 0 0 29 0 0 

15 Jan 154 36 23.4 75 7 9.3 

5 Feb 189 36 19.0 94 28 29.8 

28 Feb 367 185 50.4 103 70 68.0 

25 Mar 97 96 99.0 12 12 100 

28 Apr 23 23 100    

Total 874 376 43 329 119 36 

 

Table 2. Chi square analysis testing for the clustering of nests at sub sites. A sequential 

Bonferroni test was used for multiple tests of the same hypothesis. Those sites where 

the P value is less than the Bonferroni value are significant (*). 

Site χ2
19 value p value Seq. Bonferroni value 

1 65.59 p < 0.000001* 0.0083 

9 54.11 p < 0.000032* 0.01 

3 46.75 p < 0.000391* 0.0125 

13 42.76 p < 0.001407* 0.017 

11 31.25 p < 0.037927 0.025 

10 21.19 p < 0.326281 0.05 
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Figure 2. Trap nest opened to reveal brood cell of Megachile sp. 323 (note the absence 

of lining on the walls of the bore). The innermost cell is complete and a larva (arrow) is 

feeding on the provision. 
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Progeny 

Adult progeny emerged from nests approximately 3-4 weeks after removal from the 

field to the CT room. Later in the season development of nest progeny was arrested 

increasingly at the prepupal stage and adults did not emerge until October to December 

of the following season (Table 1). In 2000/2001, 100 nests contained at least one male. 

The emergence order was determined in 78 of these nests and males emerged first from 

every one. Progeny from 1999/2000 that delayed development did not survive due to 

incorrect storage. 

Number of progeny per nest was significantly larger (F1,845 = 18.02, p < 0.00005) in 

1999/2000 (mean 3.9, ±0.1 SE) than 2000/2001 (mean 3.4, ±0.1 SE). There was 

significant seasonal variation in progeny/nest (99/00: F4,513 = 7.0, p < 0.00005; 00/01: 

F5,323 = 7.6, p < 0.000001). Progeny/nest increased to a peak in January and February 

then declined (Figure 3). 

In both seasons, females were significantly heavier than males (99/00: ♀ = 45.4 mg, 

±0.2 SE, ♂ = 28.3 mg, ±0.5 SE, F1,1723 = 815.7, p < 0.000005; 00/01: ♀ = 44.3 mg, ±0.3 

SE, ♂ = 26.6 mg, ±0.4 SE, F1,935 = 870.5, p < 0.000005). Both males and females were 

significantly heavier in 1999/2000 than 2000/2001 (♂; F1,406 = 6.13, p < 0.05. ♀; F1,2252 

= 8.92, p < 0.005: see means above). In 2000/2001, female mass was not influenced by 

cell order (F3,209 = 0.426, n.s.). As the majority of male cells were the outermost cell, 

male mass and order could not be analysed. 

Male progeny showed no seasonal variation in mass for either season (Figure 4) 

(99/00: F3,220 = 1.49, n.s.; 00/01: F3,180 = 1.57, n.s.). Female mass from 1999/2000 and 

2000/2001 showed significant variation throughout the season (99/00: F4,1496 = 13.69, p 

< 0.000001.; 00/01: F5,747 = 6.99, p < 0.000002). In 1999/2000, female mass increased  
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Figure 3. Seasonal variation in mean number of progeny/nest (± SE). 

* p < 0.05 

* * p < 0.00005 
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Figure 4. Seasonal variation in mean mass (±SE) of male and female progeny for 

1999/2000 and 2000/2001 seasons. 

* p < 0.005 

** p < 0.00005 
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significantly for November and December before levelling off (Figure 4). In 2000/2001, 

female mass was consistent until March when it decreased significantly (Figure 4). 

In 2000/2001, 81 progeny (8%) from 50 nests were found dead inside the nest. Of 

these dead progeny, 13 (16.1%) were eggs, 49 (60.5%) were larvae, 12 (14.8%) were 

prepupae, and 7 (8.6%) were pupae or undeveloped adults. 

 

Sex Ratio 

For both seasons, the sex ratio was female biased. In 1999/2000, 85% and in 

2000/2001, 81% of progeny were female. In 1999/2000 the sex ratio was more female 

biased later in the season, while the sex ratio for the 2000/2001 season shows no 

seasonal pattern (Figure 5). 

 

Parasitoids 

Adults of four parasitoid species emerged from nests of Megachile sp. 323. One was 

a dipteran (family Bombyliidae), while the other three were hymenopterans (Leucospis 

sp., family Leucospidae; Gasteruption sp., family Gasteruptiidae; and an unknown 

species from a chrysidid genus). The rate of parasitisation was much greater in 

1999/2000 when 44 (9.3%) nests were parasitised, compared with only one (0.3%) in 

2000/2001. The most common parasitoid was the Leucospis sp. which occurred in 25 

nests. The Gasteruption sp. occurred in 15 nests, Chrysididae in two nests and 

Bombyliidae in one nest. One nest was parasitised by both the Leucospis sp. and 

Chrysididae. 
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Figure 5. Seasonal variation in sex ratio of progeny for 1999/2000 and 2000/2001 

seasons. 

 

 

Table 3. The mean percentage of pollen species found in nests of Megachile sp.323. 

Date Jacksonia calcicola Melaleuca sp.* 

15/11/00 67 33 

12/12/00 74 26 

15/1/01 99 1 

5/2/01 100 0 

28/2/01 100 0 

* The reference slide for this Melaleuca sp. contained both M. systema and M 

leuropoma and it was not possible to distinguish which species was present in the nest. 
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Pollen analysis 

Jacksonia calcicola was the dominant pollen species found in nests and from January 

onwards it was the only pollen species present (Table 3). Earlier in the season, there was 

pollen of a second genus present belonging to either Melaleuca systema or M. 

leuropoma. 

 

Discussion 

 

Late season prepupae probably entered diapause rather than quiescence. Quiescence 

usually occurs in adult stages and is a temporary response to adverse conditions (Barnes 

et al. 1993). Megachile sp. 323 delayed development at the prepupal stage and a number 

of researchers have reported diapause at the prepupal stage in Megachilidae (Tepedino 

& Frohlich 1982; Torchio & Tepedino 1982; Tepedino & Parker 1983; Tepedino & 

Parker 1984; Cane et al. 1996; Kim 1997; Kemp & Bosch 2000). Decreasing pollen 

loads are unlikely to have triggered diapause as progeny mass did not decrease and 

diapausing was well under way during the peak in nest construction when floral 

resources were presumably most abundant. Temperature has been reported to influence 

diapause in Megachile rotundata (Kemp & Bosch 2000; 2001) though Parker & 

Tepedino (1982) found diapause was under genetic control and determined by the 

matriarchal line in this species. Alternatively, photoperiod may influence diapause 

initiation. The factors triggering diapause in this species are unknown at present. 

The innermost cell (cell 1) was significantly larger than all subsequent cells. 

However, this difference in cell size was not reflected in progeny mass, which showed 

no variation with cell order. The measurement of cell 1 may have been affected by a 

small depression at the base of all nest holes, which was left by the drill bit used to drill 

the bore. When measuring the length of cell 1, the reading was taken from the base of 
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this depression, possibly artificially inflating the length. Males of Megachile sp. 323 

were always found in the outer most cells and were subsequently the first to emerge 

from nests (protandry). In this species, protandry could increase the mating success of 

males (Wiklund & Fagerstrom 1977) and/or minimise the prereproductive period in 

females (Fagerstrom & Wiklund 1982). 

Megachile sp. 323 appears to be oligolectic (specialised on a few plant genera). 

Jacksonia calcicola, which flowers from September to June (Western Australian 

Herbarium 1998-), is the preferred resource for Megachile sp. 323. However, early in 

the nesting season of Megachile sp. 323, presumably before J. calcicola is in full 

bloom, females forage at Melaleuca as well. 

As 43% of nests from 1999/2000 yielded no progeny due to incorrect storage of 

diapausing prepupae, seasonal trends in progeny per nest, male and female mass, and 

sex ratio for this season should be viewed with caution. In particular, sex ratio which 

appears to become more female biased later in the season in 1999/2000, does not show 

the same trend in 2000/2001. Removing the diapausing prepupae from the 2000/2001 

data shows that sex ratio also became more female biased later in the season (5 Feb = 

0.09, 28 Feb = 0.05). Clearly, the sex ratio trend in 1999/2000 was biased due to the lost 

data from diapausing prepupae. 

The peak in mean progeny/nest corresponds to the peak in nest construction. 

Apparently, when most nests are being produced and presumably, when floral resources 

are at a peak, females responded by producing more eggs. Therefore resource rather 

than oocyte development is the limiting factor to the number of progeny/nest. When 

floral resources are high, there should also be a greater investment in the larger sex 

(Rosenheim et al. 1996; Kim 1999), but there was no evident increase in the production 

of females during this peak period. 
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In four of the six sites, nests were found in clumps at sub-sites. That is, there were 

certain locations within a site where nests were more likely to be found. The reasons for 

this are unclear but suitable nesting material has previously been cited as a limiting 

factor for the abundance of twig-nesting bees (Tscharntke et al. 1998) and this may also 

explain nest clustering in Megachile sp. 323. If nesting holes are in short supply and a 

female finds a suitable location to nest she may exploit all nearby nesting holes before 

moving further afield to find another suitable location. Indeed, bee species can remain at 

the same nesting location for decades (Westrich 1989; cited by Gathmann & Tscharntke 

2002). If the nests at a sub-site are constructed by more than one female then the 

clumping data indicates they have a tendency to nest together which may enhance 

nesting success. 

The overall sex ratio is extremely female biased and there are a number of theories to 

explain this bias, including local mate competition (Hamilton 1967), inbreeding (Herre 

1985), mate conflict (Brockmann & Grafen 1989), and local resource enhancement 

(Schwarz 1988). Unfortunately, this study was unable to determine which of these 

theories is driving this female bias. 

Both Leucospidae and Gasteruptiidae parasitise megachilids (Naumann 1991). Little 

is known however of the Chrysididae (John Jennings, personal communication) though 

they have been reported to parasitise wasps, bees and stick insects (Phasmatodea) 

(Naumann 1991). Bombyliids are another group reported parasitising Hymenoptera, 

Lepidoptera, Diptera, and Neuroptera (Colless & McAlpine 1991). 

This paper is the first reported nesting biology data for Megachile sp 323 and gives 

valuable information on the natural history of this species. The data also present 

interesting biological and ecological questions. Why the extreme female sex bias despite 

females being the larger sex? Why was there no increased investment in the larger sex 

when floral resources were presumably at their maximum? What are the advantages of 
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nest clustering to this species? The large size of the genus Megachile and the lack of 

research conducted in Australia to date should encourage researchers to explore this 

little known group of bees in the future. 
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Chapter 5 

The short-term impact of feral honey bees on the reproductive success 

of an Australian native bee 

 

Introduction 

 

For thousands of years humans have been translocating animals, either deliberately 

or accidentally, to countries and ecosystems outside their natural range. Freed from the 

predatory and competitive restraints experienced in their native environments, many of 

these animals have had severe impacts on indigenous fauna and flora. One way these 

invading animals can impact the natural ecosystem is through competition and there are 

many examples from around the world of the negative, competitive impact of 

introduced mammals (Manchester & Bullock 2000), birds (Miller 1967), fish (Greger & 

Deacon 1988; Zale Gregory 1990) and invertebrates (Juliano 1998; Byers 2000; 

Manchester & Bullock 2000; Kiesecker et al. 2001; Schellhorn et al. 2002). 

Honey bees were successfully imported to Australia for honey production in 1822 

and escaped into the natural environment soon afterwards, becoming feral (Paton 1996). 

Today they occur in all states and territories (Paton 1996) and may be able to maintain 

viable populations without immigration from commercial hives (Oldroyd et al. 1997). 

In the last 30 years, there has been a great deal of debate over the impact of honey bees 

on native fauna (Paton 1996). Of all fauna, other bees are the most likely candidates for 

competition as they are of a similar size and require the same resources (pollen and 

nectar) for their progeny. 

Subsequently, researchers have investigated honey bee impact on native bees but 

most studies have focused on resource overlap or visitation rates (see Chapter 1). While 

these studies indicate the potential for competition between native and honey bees, they 
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do not measure any change in abundance or fecundity of native bees in response to 

honey bees and subsequently are limited in the conclusions that may be drawn (see 

Chapter 1). Worldwide, few studies have attempted to measure native bee fecundity in 

response to honey bees and the results so far have been equivocal (see Chapter 1). 

In Australia, no study has investigated the impact of honey bees on native solitary 

bees. As the majority of Australia’s bees are solitary, such an investigation on this 

richly diverse group would seem paramount. Equally, there has only been one 

investigation into the impact of feral honey bees on native bees in Australia (Schwarz et 

al. 1991, 1992a, b). Feral honey bees do not occur in the densities found at apiary sites 

where beekeepers can agist up to 100 hives for 1-3 months. However, feral honey bees 

remain at the same location throughout the year and may have a significant impact on 

native bees when floral resources are limiting. This chapter reports the results of a 

replicated BACI (Before-After Control-Impact) experiment (Stewart-Oaten et al. 1986) 

into the impact of feral honey bees on the fecundity of a native solitary bee, an 

undescribed Megachile sp. (Western Australian Museum number M323/F367 herein 

referred to as Megachile sp. 323) (Hymenoptera: Megachilidae). Hive honey bees were 

used to simulate feral honey bees and the BACI design assessed the impact of these 

honey bees, by comparing any differences between control and impact sites before the 

impact was introduced with any differences after the impact (Stewart-Oaten et al. 1986). 
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Methods 

 

Study sites 

The experiment was conducted in the Northern Beekeepers Nature Reserve (30000’ 

S, 115005’ E), approximately 250 km north of Perth, Western Australia, from October 

2000 to March 2001. Female Megachile sp. 323 nest during this period, particularly the 

summer months (see chapter 4) when floral resources are minimal. Professional 

beekeepers only agist their hives in this area over the winter period and any competition 

experienced by Megachile sp. 323 will be from feral honey bees. 

Eleven study sites with similar vegetation profiles and separated by a minimum of 

1.5 km were selected. All sites were located in a 55 km2 area. The study sites were 

randomly allocated as either control or impact sites (six control and five impact sites). 

Within each study site, two parallel transects 100 m long and 25 m apart were 

established. 

Both control and impact sites were assessed every 4 weeks (repeated measure) 

throughout the experiment. Assessment occurred on three occasions before honey bees 

were introduced from 15 November 2000. On 15 January 2001, two honey bee hives 

were introduced to each impact site to simulate feral honey bees. Sites were then 

assessed three more times until 25 March 2001 when the experiment was terminated 

and the honey bee hives removed. 

 

Honey bee densities 

Honey bee densities were assessed before hives were introduced to ensure there were 

minimal levels of feral honey bees present and to measure the relative difference 

between impact and control sites. Honey bee densities were monitored after the 

introduction of hives to ensure impact sites had higher levels of honey bees than control 
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sites. A census of honey bees was made every 10m along both trap nest transects by 

scanning the surrounding area for 30 seconds and counting all bees sighted. Values for 

each census point were totalled to give the number of honey bees seen at each site. 

The artificial inflation of honey bee densities in this experiment may not be regarded 

as a test of feral honey bees as the density of honey bees was increased significantly 

above that of original feral levels (see results). However, feral honey bee hives do not 

occur in a uniform distribution in this reserve, being limited to limestone caves where as 

many as ten feral honey bee hives can be found in one cave (personal observation). In 

the 55 km2 area in which this experiment was conducted, there were few caves 

(personal observation) and the number of feral honey bees was considerably lower than 

expected in other regions of this reserve where limestone caves are more numerous. The 

addition of two honey bee hives per site to simulate feral levels of honey bees was 

therefore justified. 

 

Resource overlap 

Resource overlap was assessed to determine if honey bees and Megachile sp. 323 

were utilising the same floral resources. Pollen extracted from nests of Megachile sp. 

323 was compared with pollen and the pollen in honey collected by honey bees. One 

Megachile sp. 323 nest from each site was vigorously flushed with 10 ml of water to 

extract 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 pollen collected from plant species in the area. One reference slide 

contained pollen from two Melaleuca spp. (M. systema and M. leuropoma) and it was 

not possible to distinguish between these two species. 

Chapter 5. Honey bees v Megachile sp. 323 75



Honey bees may collect nectar, which is converted to honey, from different plant 

species than those where they collect pollen. Therefore, both honey and pollen were 

collected from honey bee hives at each treatment site for analysis. Honey bee pollen 

was collected over a two-day period using pollen traps (Smith & Adie 1963). 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. To determine the source of the 

honey, one hive frame was removed from a hive at each site and replaced with a fresh 

frame so any honey present would have only been collected in the period since the 

previous repeated measure. Each frame was scraped for honey, filtered through a 

container lid punched with holes of approximately 1 mm diameter to remove wax and 

then diluted by 50% with warm water. This honey/water mixture was centrifuged at 

3500 rpm for 3 minutes and the supernatant poured off. The remaining pellet was 

diluted by 50% with ethanol, heated in a water bath for 5 minutes to fully dissolve the 

honey before being centrifuged at 3500 rpm for 3 minutes. The supernatant was poured 

off and the remaining pellet was resuspended in 9.5 ml of water and centrifuged at 3500 

rpm for 3 minutes. This last step was repeated two more times before the pollen was 

acetolysed and preserved on microscope slides. 

Each slide was scanned from left to right until 100 pollen grains were counted and 

the relative frequency of each species of pollen was then calculated. Resource overlap 

between Megachile sp. 323 and honey bees was then calculated according to Colwell 

and Futuyma (1971): 

  ROih = 1-½∑|pik-phk| 
          k 

where pik is the average proportion of pollen type k of species i and phk is the average 

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 Megachile sp. 323 
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nests were identified in honey bee samples. Any other pollen species were classified as 

‘other species’ and this did not affect resource overlap calculations. 

 

Fecundity 

Female Megachile sp. 323 will nest in ‘trap nests’, drilled sections of untreated pine 

batons (2 cm x 2 cm x 7 cm). Females build cells in these holes and provision them with 

nectar and pollen for their progeny, which provides an opportunity to monitor fecundity 

in the presence and absence of honey bees. 

The preferred hole-diameter of trap nests for this Megachile sp. is 7.0 mm (Chapter 

4). Four drilled batons, each containing a single 7.0 mm diameter hole, were tied 

together using wire to make a bundle. A bundle of trap nests was placed at 10m 

intervals along two parallel transects 100m long and 25m apart, giving 80 trap nests per 

site. Bundles were hung from shrubs at a height of 10-150 cm. All 11 sites were visited 

every 3 - 4 weeks when all trap nests were removed and replaced with fresh ones. Any 

trap nests that were partially completed were left until the following assessment. 

Females of Megachile sp. 323 cap nests with sand grains and small twigs so completed 

nests were easily recognised. 

The completed nests were returned to the laboratory and held in a constant 

temperature (CT) room maintained at a light and temperature regime that matched the 

average environmental conditions for that region, adjusted monthly. After 3 - 4 weeks 

all adults that emerged from nests were weighed and then killed by freezing. Progeny 

from nests collected at the end of the season delayed development (diapause) and did 

not emerge until the beginning of the following season. These nests were stored outside 

between seasons and returned to the CT room just prior to emergence. 

Data collected from trap nests were number of progeny, progeny mass, sex, 

percentage of nests with failed eggs/pupae, percentage of nests in diapause and number 
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of parasitoids. 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, individuals 

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

analysed to give an indication of the population’s egg production and the number of 

nests per site was also analysed to indicate the overall nest production. 

 

Statistical analysis 

A nested repeated measures analysis of variance was used to compare honey bee 

densities and also the fecundity variables of Megachile sp. 323 at impact sites with 

control sites before and after honey bees were introduced. The initial design was three 

repeated measures before and after the impact. Subsequent analysis revealed there was 

no resource overlap between honey bees and native bees during the second and third 

repeated measures after impact (see results). For fecundity variables, the design was 

then modified to three periods: before impact; after impact (a); and after impact (b - no 

resource overlap). Data analysis was carried out using SAS version 6 (SAS Institute 

1989). The important interaction was that of period x treatment which revealed if there 

was a difference between control and impact sites across the three periods (in assessing 

of honey bee densities this remained at two periods ) and therefore if honey bees had an 

impact on Megachile sp. 323. 

The realised precision of the experiment was assessed for any fecundity variables 

that did not show a significant impact effect by calculating the percentage of change 

detectable with 95% confidence. This value gives an indication of the sensitivity of the 

experiment. 

% detectable change (%DC) = (Q x se) x 100 
                                                        u 

where Q is the studentized range statistic, se is the standard error and u is the overall 

mean. These values were compared to the actual % change (%AC). 
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%AC = c-(e-f) x 100 
                 u 

where c is the mean difference between the means of impact and control sites  from both 

before impact and after impact (period b). This gives the mean change that would occur 

without the influence of honey bees. The value of (e-f) is the difference between the 

means of impact and control sites after impact (period a). 

 

Results 

 

Honey bee density 

Before honey bees were introduced, there were very few honey bees present at either 

control or impact sites. Honey bee densities were significantly higher in treatment sites 

than control sites after hives were agisted at impact sites (Figure 1 & Table 1) 

 

Resource Overlap 

During the period before the introduction of honey bees, 80% of pollen collected 

from nests of Megachile sp. 323 was Jacksonia calcicola pollen. The other 20% was 

Melaleuca systema and/or M. leuropoma (see methods). Jacksonia calcicola was the 

only pollen species found in nests of Megachile sp. 323 from both control and impact 

sites after the introduction of honey bees. Jacksonia calcicola pollen was also found in 

honey bee honey during the first assessment period after their introduction and the 

resource overlap was estimated to be 0.74. In subsequent assessments, no honey was 

produced by any of the hives. Jacksonia calcicola pollen was not found in honey bee 

pollen at any assessment time. 
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Figure 1. Mean number of honey bees (± SE) observed at control and impact sites, 

before and after honey bees were introduced to impact sites. Honey bee numbers at 

impact sites increased substantially after honey bee hives were agisted. 

 

Table 1. ANOVA table for the honey bee density showing a significant interaction of 

period and treatment. 

 df MS F p 

Treatment 1 3.16 66.54 0.0001 

Site(Treatment) 9 0.09 1.92 0.081 

Period 1 2.25 47.26 0.0001 

Period x Treatment 1 2.44 51.42 0.0001 

Time(Period) 4 0.08 1.69 0.17 

Time x Treatment(Period) 4 0.02 0.34 0.85 

Period x Site(Treatment) 9 0.01 0.21 0.99 

Residual 36    
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Fecundity 

Megachile sp. 323 constructed a total of 270 nests at the 5 impact sites and 329 nests 

at the 6 control sites. The number of completed nests at both control and impact sites 

increased from before impact to after impact (a) before decreasing (Figure 2a) (F2,27 = 

26.2, p < 0.05). At control sites, 184 males and 753 females emerged from nests and at 

impact sites, 117 males and 680 females emerged. 

Throughout the experiment, sex ratio (17% males ±2.0 SE), and percentage of nests 

with dead progeny (14.2% ±2.8 SE) all remained unchanged (F2,15 = 0.8, n.s., F2,15 = 

0.6, n.s. respectively). However, both male mass (Figure 2c) and the number of progeny 

per nest (Figure 2d) increased initially then decreased (F2,8 = 4.1, p < 0.05, F2,14 = 9.0, p 

< 0.05 respectively). Female mass remained unchanged until the final period (after 

impact b) when it decreased (F2,15 = 6.4, p < 0.05, Figure 2b).The percentage of nests in 

diapause increased throughout the experiment (F2,15 = 54.5, P < 0.05, Figure 2e). 

None of the fecundity parameters measured for Megachile sp. 323 demonstrated a 

significant impact of honey bees (Tables 2 & 3). Further, parasitisation rate was 

extremely low: seven nests were parasitised by a Leucospis sp. (family Leucospidae, 

order Hymenoptera) and one nest was parasitised by a Gasteruption sp. (family 

Gasteruptiidae, order Hymenoptera). All nests were parasitised before honey bees were 

introduced so no analysis was performed. 

The percentage detectable change for male and female mass, and for the number of 

progeny per nest was 30% or less (Table 4). However, for the remaining variables, the 

experiment was only able to detect very large differences between control and impact 

sites (70 – 316%). 
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Figure 2. Seasonal variation in mean nesting (a), mean female mass (b), mean male 

mass (c), mean number of progeny per nest (d), and mean percentage of nests in 

diapause (e) of Megachile sp. 323 at control and impact sites. Error bars are ±SE. 
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Table 2. Analysis of variance table for four of the fecundity variables measured. The important interaction was period x treatment which determined if 

honey bees were impacting Hylaeus alcyoneus fecundity. Although there were initially 66 observations (11 sites x 6 repeated measures), some 

fecundity variables had missing values and therefore different residual degrees of freedom. 

 Number of nests Female mass Male mass Number of progeny

             

             

df MS F df MS F df MS F df MS F

Treatment 1 0.2 0.08 1 0.0001 0.6 1 0.00000002 0.0 1 0.2 0.7

Site(Treatment)             

             

       

             

            

             

9 15.3 4.9* 9 0.0002 0.9 9 0.000008 0.4 9 0.7 2.5*

Period 2 81.4 26.2* 2 0.0001 6.4* 2 0.00007 4.1* 2 2.5 9.0*

Period x Treatment 2 1.2 0.4 2 0.000002 0.1 2 0.00003 1.5 2 0.02 0.1 

Repeated Measure(Period) 3 58.6 18.9* 3 0.0002 9.1* 3 0.000006 0.4 3 3.5 12.9*

Repeated Measure x Treatment(Period) 3 0.5 0.2 3 0.000002 0.1 3 0.000005 0.3 3 0.4 1.5 

Period x Site(Treatment) 18 6.0 1.9* 18 0.000009 0.5 15 0/00001 0.6 18 0.2 0.8

Residual 27 15 8 14

* p < 0.05 
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Table 3. Analysis of variance table for three of the fecundity variables measured. The important interaction was period x treatment which determined if 

honey bees were impacting Hylaeus alcyoneus fecundity. Although there were initially 66 observations (11 sites x 6 repeated measures), some 

fecundity variables had missing values and therefore different residual degrees of freedom. 

 

 Sex Ratio Dead Progeny Diapause

    

          

df dfMS MSF F df MS F

Treatment 1 0.03 0.9 1 0.3 2.3 1 0.02 0.4

Site(Treatment)          

          

      

          

          

9 0.02 0.5 9 0.06 0.6 9 0.1 1.4

Period 2 0.03 0.8 2 0.07 0.6 2 3.8 54.5*

Period x Treatment 2 0.01 0.4 2 0.02 0.2 2 0.2 2.6 

Repeated Measure(Period) 3 0.06 1.7 3 0.7 0.6 3 0.3 4.1*

Repeated Measure x Treatment(Period) 3 0.004 0.1 3 0.2 0.1 3 0.02 0.2 

Period x Site(Treatment) 18 0.02 0.5 18 0.1 0.8 18 0.08 1.1 

Residual 15 15 15

* p < 0.05
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Table 4. The estimated percentage actual change (%AC) and percentage detectable 

change (%DC) for all fecundity parameters of Megachile sp. 323. Negative values 

indicate that the mean for impact sites was larger than control sites. 

Parameter %AC %DC 

Female mass 1.3 15.0 

Progeny/nest -7.8 26.6 

Male mass 12.2 30.1 

Number of nests 30.6 70.0 

Diapausing nests 39.9 103.6 

Sex ratio -37.7 164.2 

Dead progeny 31.2 316.2 
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Discussion 

 

The lack of honey production by honey bees in the last eight weeks of this experiment 

was probably caused by the high daytime temperatures experienced during this period 

(Jan – Feb; mean 29.9oC, maximum recorded 41.2oC, data provided by the Western 

Australian Bureau of Meteorology). At high air temperatures, honey bees use water to 

cool the hive and workers normally devoted to foraging for nectar are redirected to 

searching for and collecting water (Heinrich 1993). During this experiment, honey bees 

were seen aggregating around nearby water sources and very few were observed 

collecting nectar (personal observation). This commitment to reducing hive temperature 

would have reduced foraging times and limited honey production. As honey bee 

foraging was curtailed during this period, there was no resource overlap during the last 

eight weeks of the experiment. Hence, only a four-week period of resource competition 

was actually measured. 

The agisted hives in this experiment were an attempt to simulate feral honey bee 

hives. However, most feral hives in this area are located inside limestone caves 

(personal observation). Feral hives occupying caves would experience cooler 

environmental conditions and the workers would not have to spend as much time 

foraging for water to maintain hive temperature. When honey bees were collecting 

nectar in this experiment, the resource overlap with Megachile sp. 323 was 0.74. 

Previously, studies reporting resource overlap between honey bees and native bees have 

calculated values below 0.5 (Roubik 1996b; Wilms et al. 1996; Steffan-Dewenter & 

Tscharntke 2000) although Wilms & Wiechers (1997) found values that varied 

seasonally between 0 and 0.76 between honey bees and two Melipona spp. In Australia, 

(Spessa 1999) found resource overlap between honey bees and Amphylaeus morosus 

varied from 0.16 to 0.86. Therefore, the level of resource overlap between honey bees 

Chapter 5. Honey bees v Megachile sp. 323 86



and Megachile sp 323 in this experiment was high for a short period and feral hives 

located in caves, not heat-stressed, and able to forage through the entire season, may 

provide serious competition for Megachile sp. 323. Researchers investigating the impact 

of feral honey bees using honey bee hives to simulate feral hives, need to consider ways 

to maintain hive conditions comparable to those found in feral hives. 

This study found that over a short time period, feral honey bees do not impact 

negatively on the native solitary bee Megachile sp. 323. Megachile sp. 323 may be 

better adapted to the prevailing summer temperature regimes experienced during this 

period and thus able to withstand competition from feral honey bees. However, a 

pervasive problem with studies of this type is that impacted bee species may already be 

at reduced, but equilibrium, levels of abundance as a result of long-term competition 

from feral honey bees. 

Although this experiment did not detect an impact of feral honey bees, it was able to 

detect relatively small (15-30%) changes in three fecundity parameters (male and 

female mass, and number of progeny per nest), and compares favourably with other 

impact studies (Calver et al. 1999; Strehlow et al. 2002). In attempting to determine the 

impact of feral honey bees on native bees, these three factors are likely to be the most 

important ones to measure. Male and female mass is directly correlated with provision 

mass (Frohlich & Tepedino 1986; Johnson 1988) and if Megachile sp. 323 was 

experiencing competition from feral honey bees, provision mass would likely be the 

first variable affected. Alternatively, females may maintain provision mass by foraging 

longer and this could reduce the number of eggs produced. 

To date, only seven studies around the world have investigated native bee fecundity 

in response to honey bees (see Chapter 1). In Australia, only one study has investigated 

the impact of feral honey bees (Schwarz et al. 1991, 1992a, b) and none have looked at 

native solitary bees. Clearly, the impact of feral honey bees on native solitary bees in 
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Australia remains unresolved and further research using a BACI design experiment with 

either the addition of hive honey bees or the removal of feral honey bees is necessary. 
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Chapter 6 

 

Conclusions and Management Recommendations 

 

The question of honey bee impact on these two native bee species is difficult to 

answer. The first experiment indicated there maybe an impact of honey bees on 

Hylaeus alcyoneus. The Wilcoxon sign test indicated that there was a reduction in the 

number of nests produced in response to honey bees over the two seasons of the 

experiment. Unfortunately, due to a lack of nests, this test could not be applied to 

other fecundity variables. However, when analysed as separate measurement 

intervals, there did not appear to be any impact. Unfortunately, the low power 

displayed (except for male and female progeny mass) highlights the difficulty in 

making any definite conclusions. H. alcyoneus may be experiencing competition from 

honey bees, but a larger experiment over a longer period would provide a clearer 

answer to this problem. 

Feral honey bees do not appear to be impacting Megachile sp. 323, at least over a 

short period. This may be because honey bee hives used to simulate feral honey bees, 

spent a large part of their foraging time cooling the hive. In addition, Megachile sp. 

323 is likely to be well suited to the apparent low resource levels present during this 

period and able to coexist with honey bees. However, a honey bee hive well insulated 

from the heat and with a permanent supply of water may be able to competitively 

exclude this native bee. Until an experiment is conducted that simulates this honey 

bee nesting environment, a definite conclusion can not be made. 
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Based on the research findings presented in this thesis, three research and three 

management recommendations can be made. 

 

Research Recommendation 1. 

 

Beekeepers have been agisting hives in many locations around the state for 

decades. It would therefore not be surprising if any native bee species that were being 

negatively impacted by honey bees have already become locally extinct. However, as 

the experiment in Chapter 3 revealed, native bees still present in these localities may 

still be experiencing competition from honey bees, particularly in areas that 

beekeepers return to infrequently. Therefore, an understanding of the present native 

bee assemblages in these areas, and how they interact with honey bees would be 

invaluable and should be pursued urgently. 

One of the limitations of the research presented in Chapter 3 was that the 

experiment was only conducted over two seasons. There are many locations where 

beekeepers return infrequently (once every two to three years). A three year PhD 

project may therefore only be able to measure honey bee impact in one season. To 

determine if an impact is occurring in these locations would require a long-term 

project that can assess impact in at least three seasons and this would only be possible 

with a project length of at least 6 years and ideally 10 years. CALM, perhaps in 

conjunction with a university, should initiate and maintain a project of this length. 

The experimental design described in Chapter 3 would be appropriate and, if 

conducted for more than two seasons, may allow the assessment of fecundity 

variables that could not be evaluated in Chapter 3. 
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Research Recommendation 2. 

 

Clearly honey bees and native bees have the potential for resource overlap and 

native bees that have never experienced competition from large numbers of honey 

bees may be vulnerable. Future research should focus on areas that have never been 

exposed to commercial honey bee agistment. If possible, a comparison of native bee 

species and densities from similar locations with and without long term honey bee 

agistment would be extremely valuable. Such a study may indicate the long term 

impacts of honey bee agistment on native bee assemblages. Alternately, a BACI 

design experiment (as described in Chapter 5 except using commercial levels of 

honey bees) established in a region where commercial honey bees have never been 

agisted would be extremely valuable and give an indication of the vulnerability of 

such areas to honey bee competition. 

 

Research Recommendation 3. 

 

Feral honey bees are another issue considered in this research. Although not 

directly related to commercial beekeeping they are present year round in many areas 

of native vegetation. Their impact is little known and three areas of research should be 

pursued. Firstly, their impact on native bees when floral resources are limiting would 

be the primary area of concern. Secondly, their impact on commercial honey bees 

should also be considered. Finally, research into effective means of removing feral 

honey bees would seem paramount if they are found to have a negative impact on 

either native bees or commercial honey bees. 
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Management Recommendation 1 

 

Honey bees may negatively impacting Hylaeus alcyoneus in the Northern 

Beekeepers Nature Reserve. However, as this native bee is widespread throughout the 

southern regions of Australia, it is probably only threatened in this locality. In this 

case, the first management recommendation is not to enforce the removal of 

commercial honey bees from the Northern Beekeepers Nature Reserve. 

 

Management Recommendation 2 

 

Until research is initiated into areas with no history of honey bee agistment a 

precautionary approach should be adopted. Commercial beekeepers should therefore 

be prevented access from areas with no history of agistment until it is clear honey 

bees will have no impact. 

 

Management Recommendation 3 

 

Regions of high faunal and floral diversity and importance should be identified. 

These areas need to be protected with a buffer zone to prevent hive agistment on 

adjacent properties and honey bees subsequently flying in. A minimum buffer of 3 km 

would seem appropriate as this is the minimum distance presently allowed between 

registered apiaries and as Chapter 3 showed, honey bees from apiary sites rarely 

travelled the 1.5 km to control sites. However, this distance should be monitored and 

adjusted if necessary. 
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The question of honey bee/native bee competition has only just begun to be 

answered. Until we gain a more thorough understanding of this issue, land managers 

should remain cautious. 
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