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Over 80 different species of bees have been introduced around the world.



Non-native bees range from solitary to social, and managed to unmanaged.



There exists a continuum of impacts of non-native bees on native bees.



Management and sociality tend to magnify the impacts of non-native bee species.



Conservation of native pollinators requires limiting impacts of non-native bees.
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Abstract

Invasive bee species have negative impacts on native bee species and are a source of conservation
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concern. The invasion of bee species is mediated by the abiotic environment, biotic communities, and
propagule pressure of the invader. Each of these factors is further affected by management, which can

re

amplify the magnitude of the impact on native bee species. The ecological traits and behavior of invasive
bees also play a role in whether and to what degree they compete with or otherwise negatively affect

lP

native bee species. The magnitude of impact of an invasive bee species relates both to its population size
in the introduced habitat and the degree of overlap between its resources and the resources native bees
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require.
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Introduction

Globally, over 80 species of bees have been introduced accidentally or deliberately outside their native
range [1]. While approximately 75% of these arrived via unintentional pathways, including accidental
transport (i.e., solitary, cavity-nesting bees introduced through shipping containers [1]), we are aware of
sixteen bee species intentionally introduced outside their native ranges for pollination services. Of those,
eleven have escaped management and established invasive populations (populations of non-native species
that cause conservation, social, or economic concerns [2]) (Table 1). Although most introduced bee
2

species are solitary [1], social bees are more frequently managed for pollination services, meaning that
humans deliberately rear and spread these bees (Table 1). Managed non-native and invasive bee species
are a conservation concern due to the negative impacts they have on native wild bee species [2,3]. Given
the valuable contribution of wild native bees to agricultural pollination, invasive bee species could also
pose an economic concern [4].
Management of non-native bee populations increases their population growth and survival through abiotic

of

factors (e.g., shelter and overwintering conditions that improve survival) [5], biotic factors (e.g., influence

ro

over local plant composition and diversity, or controlling natural enemies) [6], and by increasing

propagule pressure (e.g., repeated introductions, supplemental nesting substrates, agricultural land

-p

expansion into natural habitat) [7]. Thus, among bee species there exists a continuum from least impactful
(managed native solitary species) to most impactful (managed non-native social species) (Fig. 1). Herein,
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na

Invasive bees threaten native bees

lP

conservation of native wild bee populations.

re

we explore how the managed-to-invasive bee species continuum intersects with bee sociality to affect the

The impacts of invasive bees on native bees are multifaceted [8]. The most visible impact is direct
competition via territorial or aggressive interactions; for example, invasive Anthidium manicatum
territorially defend floral patches [9]. Further, invasive bees may compete directly for limited floral
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resources. This form of competition is likely to be greatest where there is significant niche overlap. For
instance, one study found that Osmia lignaria may be more threatened than other Osmia by the invasion
of Osmia taurus and Osmia cornifrons, because they emerge at the same time, use similar floral
resources, and have similar nesting habits [10]. Although some research suggests invasive bees visit a
different component of the plant community than the native bee community [11], other studies show
significant overlap in floral resource utilization between invasive bees and native bees (e.g. [12–14]).
3

Resource overlap is likely also affected by floral preference: generalist invasive bee species will overlap
with a larger number of native bee species, including specialists (Fig. 1). Invasive bees also compete
indirectly by increasing fitness in invasive plants, which alter plant community composition through
direct above- and below-ground competition (e.g. Apis mellifera enhance invasive Lythrum salicaria
reproduction in North America) [12].
Invasive bees also compete for nesting sites [12,15], and where availability is limited, this can have

of

negative consequences for native wild bees [16]. For example, invasive ground-nesting species may

ro

compete for nesting sites where access to suitable sandy, noncompacted soils is in short supply [17].

However, as most introduced bee species are cavity-nesters [1], with regards to nest site competition,

-p

greater concern is required for native bees that nest in above-ground cavities. Nest site competition occurs
between related species with similar nesting habits [11], such as the invasive Bombus terrestris compete

re

with native Bombus for nesting sites in Japan [12]. Competition has been documented across different
families with stem-nesting behavior (e.g., between invasive Ceratina (Apidae) and native Hylaeus

lP

(Colletidae) in Hawaii [18] or between invasive Megachile sculpturalis (Megachilidae) and native
Xylocopa virginica (Apidae) in North America [19,20]). M. sculpturalis competitively remove adult and
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larval X. virginica from nest cavities in their introduced range [20] and are increasingly common in bee
hotels, which are artificial nest enhancements touted as tools to support native cavity-nesting bees [21].
Invasive stem-nesting Megachile species (e.g., Megachile apicalis in California) are also more likely than
native Megachile to inhabit bee hotels in urban areas [7,21]. More work is needed to evaluate relative
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attractiveness and context-dependence of bee hotels as enhancements for native bees and not
(inadvertently) invasive ones [7].
Invasive bees also have a negative impact on native bees through pest and disease transmission,
particularly via co-invasion of bee-specific pathogens and resulting pathogen spillover [22,23]. Closely
related bee species are likely more vulnerable to shared pathogens and pests [24–26], but pathogens have
also been shown to be transmitted across different bee genera [27], and sometimes across different bee
4

families [28–30]; for example, parasitic Varroa destructor mites have been shown to vector deformed
wing virus to wild bumblebees [31].

Management magnifies bee invasions
While not all invasive bees are managed and not all managed bees are invasive, management may
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generate large populations of bees, facilitating their escape and invasion and magnifying risks to native
bee communities. Native, managed populations of bees can also present risks to unmanaged native bee
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populations. For example, managed Bombus impatiens populations in Canada carry higher pest or

pathogen loads that spread into native populations [2,32,33]. Managed populations can also threaten
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reproduction in native populations, either because they are a distinct subspecies or they hybridize and

re

homogenize local unmanaged populations [34,35]. One study found that more than 45% of wild caught B.
terrestris were first generation hybrids with a commercial lineage in Spain [36].
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When large populations of managed non-native bees are kept in circumstances where individuals can
continually escape [37], establishment in new habitats, spread, and biological invasion is a reality. There
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is a positive relationship between the number of reproductive individuals introduced to a new habitat and
the chance an invasive population will establish ([38] but see [39]). Greater numbers of introduction
events lead to greater genetic diversity in invading populations and higher probability of establishment
and spread. In many cases, managed bee species are repeatedly reintroduced to maintain large populations
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for pollination services or other products (e.g. honey or wax). Managed non-native solitary bees are
almost all gregarious cavity-nesters, making them easier to transport, but also more likely to be
accidentally spread and establish populations [1]. For example, Megachile rotundata is primarily
produced in Canada and transported throughout North America for alfalfa pollination annually [40].
Native or non-native managed bee populations retain many competitive advantages over unmanaged bee
populations, including enhancements to nesting habitat [21], floral resources [5], human-mediated land5

use change [6], and chemical or physical assistance with natural enemies, pests, and pathogens [8] (Fig.
2). This means non-native managed bees have a greater chance of becoming invasive and are likely to
have impacts on unmanaged native bees.
Sociality amplifies impacts of bee invasions
While there are invasive solitary bee species that compete for floral resources with native solitary bee
species (e.g. Anthidium manicatum, [9]), social bee species that reach high population densities and

of

require an equally high amount of resources [12,13,41,42] will have a larger impact. Social bee species
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also tend to have longer periods of activity than solitary species [12], which are generally active for a
shorter fraction of the flowering season. This competitive effect may be exacerbated if habitat is

-p

converted to favor managed introduced species (e.g. monoculture clover plantings for managed Apis

re

mellifera).

Managed social bees at high densities are more likely to vector disease, despite management to intervene
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[8], while solitary bees (managed or unmanaged) tend to be more susceptible [43,44]. Bees managed in
high densities may be prone to disease or pest outbreaks and if the management response is poor or
delayed, outbreaks could spread to wild bees before the outbreak has been controlled in the managed
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bees. Moreover, social bees are typically generalists, and therefore can potentially spread disease via
floral hosts to a wider community of native bee species [45,46]. A wide variety of pathogenic
microorganisms have been shown to transmit through plant-pollinator networks [47]. For example, Apis
mellifera transmits Ascosphaera through flower sharing [44], and it appears the infection is more

Jo

damaging in solitary than social bees, as well as more difficult to manage [44].
Both sociality and intentional management can influence the ultimate population size of the bee, but in
different ways. Social bees have higher population growth rates and reach higher densities more quickly
in new environments because they have large colonies with many workers compared to solitary bees
which operate independently [12] (Fig. 3). Managed bees might receive supplemental feeding when

6

natural sources are limiting [5]. Despite a higher carrying capacity and subsequently a competitive
advantage when managed, solitary bee species are unlikely to reach the same population densities as
social species.
Mitigating the managed-to-invasive species continuum
To mitigate the managed to invasive bee species continuum, we recommend: 1) government restrictions

of

on bee species importation, 2) incentives and research to promote native pollinators in managed contexts
(e.g. crop pollination) 3) wild pollinator monitoring schemes [48], and 4) public outreach and

ro

communication. We also recommend a tiered conservation approach with both fine scale conservation for
rare or specialist species [49] and coarse scale conservation including diverse hedgerows, pollinator

-p

gardens, and habitat corridors [50–52].

re

First, governments should restrict bee importations because eradication of invasive bee species – many
providing important pollination services in conventional agricultural landscapes – is both difficult and
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undesirable [12]. Indeed, the full consequences of the threat of invasive bees to native bees have not been
fully evaluated as a trade off to the management of non-native bees as pollinators for economically
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important crop systems despite high probability of escapees. Contemporary invasive species management
tactics for removal are therefore not an option and most recommendations for mitigating impact involve
preventative measures. For example, it is inadvisable to domesticate and transport new bee species for
pollination services as managed bees are likely to have larger impacts [2]. Greater effort must be
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expended to ensure trade in insect pollinators is regulated and restricted to their native ranges.
Second, there should exist research and incentives to promote services provided by native pollinators in
managed contexts. More research is necessary because it is difficult to establish the quantitative effects of
interactions between invasive bees and native bees on population dynamics [8,41,53]. Moreover, not all
introduced bees will have the same impact, and not all native bees will be equally impacted [8,54]. There
are also ways to adapt management to mitigate the impacts of invasive bee populations. One option for
7

reconciling the competition for floral resources amongst keepers of managed bees and conservationists
could be distance-based beekeeping, for example, by increasing space between apiaries to limit the
amount of land with high densities of honeybees [55]. Another strategy is to manage entire communities
of diverse, wild pollinators by improving habitat quality and integrity. For example, planting pollinatorfriendly habitat can be mutually beneficial for managed and native bee species if it focuses on restoring
diverse, native habitats [56], rather than planting large monocultures of a single species to favor primarily

of

the introduced bee species [57]. Plant diversity and land cover heterogeneity promote bee diversity and
health [56,58], and improving floral resource availability and nutrition was listed as one of the emerging

ro

global biological conservation issues for 2020 [59]. Moreover, there is a need to improve our

understanding of which plant communities decrease competition between managed non-native bees and

-p

native bees [60].
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Third, we need to establish global and nation-wide schemes to monitor and protect wild pollinator
diversity. Several recent examples of this have been developed, including the Native Bee Monitoring
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Scheme in the United States [48] and local and national pollinator protection schemes (e.g. the Toronto
Pollinator Protection Strategy [61] and All-Ireland Pollinator Plan [62]). Given year-to-year variation in
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this extremely diverse group of insects, a substantial investment must be made for meaningful patterns in
populations to be detected [63].

Lastly, an effort for public outreach and communication is essential. It is necessary both to educate the
public on the importance and diversity of wild pollinators, as well as the potential risks to introducing

Jo

non-native species [64]. Current research shows significant heterogeneity in public perceptions of the
importance of wild pollinating insects [65]. Moreover, controversy exists when conservation initiatives
are directed toward non-native managed bee species [66].
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Figure 1. A flow chart used to categorize a continuum of hypothetical impacts of different bee species on
native bees, ranging from highest impact (red) to lowest impact (yellow). Both sociality and management

Jo

ur
na

influence impact and invasion potential in introduced bees.
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Figure 2. A heuristic diagram of how managed populations of non-native bees might impact native bee

lP

species, both through their natural competition for nest and floral resources, inevitable spread of invasive
populations, spillover of pests and pathogens, and human-mediated habitat simplification to favor the

ur
na

managed species. Blue arrows represent threats posed by managed populations, while orange arrows
represent threats posed by invasive populations. These threats also interact with one another (not
visualized). In this figure, we also categorize actions that fall under intentional management versus

Jo

unintentional anthropogenic change. Figure created with help from BioRender.com.
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Figure 3. Hypothetical population growth curves for solitary (blue) and social (yellow) bee species, along
with their managed (dotted lines) and unmanaged (solid lines) populations. K indicates the carrying
capacity of the managed and unmanaged bee populations. We posit that management increases the

ur
na

carrying capacity of the population, while sociality increases the rate of growth in the population.

Table 1. Bee species with both invasive and managed populations. A managed bee can be social or

Jo

solitary and native or non-native. A managed bee population is not invasive, but management increases
propagule pressure, which can lead to invasion via establishment, independent of human management and
spread.

Species
Nomia
melanderi

Life
history

Non-native range

Native range

Solitary

New Zealand

North America
18

Solitary

North America, Mexico, New Zealand, Chile,
Argentina, Australia, Canada, Denmark

Europe to China

Solitary

US, Denmark, Korea

East China, Japan

Apis cerana

Social

Apis mellifera
Apis dorsata
Bombus
impatiens

Social
Social

Australia, Russia, Iran, Papua New Guinea,
Samoa, Fiji, Vanuatu
global
Japan

Social

Chile, Mexico, Central America, Canada

Social
Social
Social

New Zealand

Social

New Zealand

North America
United Kingdom
United Kingdom
United Kingdom
United Kingdom

Jo

ur
na

lP

re

-p

Bombus
ruderatus
Bombus
hortorum
Bombus
subterraneous

Chile, China, Israel, Japan, Mexico, South
Africa, South Korea, New Zealand, Tasmania,
Taiwan
New Zealand, Chile, Argentina, Patagonia,
Canary Islands

Europe, Mediterranean
Asia

ro

Bombus
terrestris

Asia

of

Megachile
rotundata
Osmia
cornifrons
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