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ABSTRACT

Pollinators play an important role in ecosystems. Their ties to plants are essential for the
reproduction of many plant species and thus for the protection of species diversity. Pollinator
species therefore need to be protected. But to protect them effectively, it is necessary to
understand the relationships between pollinators. However, the interaction between pollinators
is a complex topic that needs further research. One of the current threats to pollinator populations
is commercial pollinator rearing. Commercially reared species, especially Apis mellifera and
Bombus terrestris, have been introduced almost all over the planet due to their positive effects on
crop yields and its by-products. Moreover, in their native ranges they are bred in much higher
concentrations than would be possible without human intervention. But high concentrations of
commercial pollinators do affect populations of wild ones. This thesis describes forms of pollinator
competition and addresses the impact of commercially reared pollinators on wild pollinator

populations.
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ABSTRAKT

Opylovadi jsou duleZitou soucasti ekosystémd(. Jejich vazby na rostliny jsou nezbytné pro
rozmnozeni nemalého poctu druh( rostlin, a tak i k ochrané diverzity druh(. Proto je potfeba druhy
opylovacl chranit. Aby vsak byla jejich ochrana efektivni, je potfeba rozumét vztahim mezi
opylovaci. Interakce mezi opylovaci je viak komplexni téma, které potrebuje dalsi vyzkum. Aktudlni
velka hrozba pro populace opylovadl je jejich komercéni chov. Komercéné chované druhy, hlavné
Apis mellifera a Bombus terrestris, byly diky svému pozitivnimu vlivu na drodu a vedlejSim
produktlim, introdukované témér po celé planeté. Navic v arealech jejich plvodniho vyskytu jsou
chované v mnohem vétsich koncentracich, nez by bylo mozné bez zasahu ¢lovéka. Avsak vysoka
koncentrace komercnich opylovach ma vliv na populace téch volné Zijicich. Tato prace popisuje
formy kompetice mezi opylovaci a zabyva se vlivem komeréné chovanych opylovacll na populace

opylovacu volné Zijicich.

KLICOVA SLOVA:
VeEely — Cmelaci — Pestfenky — Usurpace hnizd — Pfenos patogend — Ochrana druh( — Invazivni

druhy
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1 INTRODUCTION

Pollinators transfer pollen (male gamete) onto the stigma (female reproductive part) of a plant. Many
angiosperms (about 80%) rely on pollination mediated by an animal . There is a huge
diversity of pollinators —the number of species that provide pollination is 350.000. The most numerous
pollinator groups are Arthropoda: Hymenoptera (bees, wasps), Diptera (hoverflies, bee-flies),
Lepidoptera (moths, butterflies), Coleoptera, Thysanoptera; Aves: Hummingbirds, Sunbirds,

Honeyeaters; and Mammals: Bats, and other non-flying mammals

Competition occurs when a resource is in short supply, this makes it a limiting factor to be
fought over. This confrontation can be carried out directly — interference competition (direct
aggressive encounter); or indirectly — exploitative competition (carried via the efficiency of resource
utilization). Competition among species can take place intraspecifically (occurring within one species)
or interspecifically (occurring between different species)

. The pollinator species can
be divided into generalists and specialists. Specialists are adapted to smaller variety of flowers and
have tighter bonds with the flower they pollinate. This usually makes them more efficient in handling

this flower, but also more brittle to the population changes of flower they are adapted to

Pollination has a positive effect on crop yield, hence, man started rearing pollinators and
introducing them out of their natural range . The most used species
are Apis mellifera (later in this thesis only called the honeybee, if another honeybee species is

mentioned, it is specified) and Bombus terrestris

Objectives of this bachelor thesis:

- I. List and describe forms of competition among pollinators

- 1l. Describe the impact of managed species on wild bee populations



2  THE COMPETITION AMONG POLLINATORS

Competition among pollinators is an important topic for understanding the ecological structures in
ecosystems. Understanding of ecological structures is key for the protection of the tight bonds
between pollinators and by protecting bonds among pollinators, protecting pollinator species
themselves (Thomson and Page, 2020). Furthermore, with higher comprehension we can focus on

getting the ideal conditions for pollination and thereby increase crop production.

Unfortunately, studying competition among pollinators is very challenging as it seems to be a
very complex problem (Geslin et al., 2017). Additionally, most research is observational — studying
negative correlations or species niche overlap. To understand competition better, experimental study
would be more beneficial. Regrettably, experiments are logistically very difficult (Thomson and Page,
2020). To understand these interactions, further and more extensive research is needed to be done

(Ogilvie and Forrest, 2017; Thomson and Page, 2020; Zimmerman and Pleasants, 1982).

Pollinators can compete: for resources (exploitative competition) — floral resources (nectar
and pollen) or nest sites (Thomson and Page, 2020), through pathogen transfer (Durrer and Schmid-
Hempel, 1994; Graystock et al., 2015), through social parasitism (Bohart, 1970) or through
introgression (transfer of genetic material to the gene pool from other species) (Goulson, 2010) [Fig. 1].

In this chapter forms of interaction are discussed in greater detail.
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FIGURE 1: Diagram illustrating the impact of different factors (grey arrows) on reproductive success
throughout the pollinator life cycle (black arrow). Competition may alter the availability of nest sites
and floral resources. The intensity of competition depends on resource abundance (dashed black
arrows). The diagram shows parasitism as another factor that might influence fitness. Taken from The
Importance of competition between insect pollinators in the Anthropocene (Thomson and Page, 2020)



2.1 Interference competition

Interference competition is conducted through a direct aggressive encounter when competing species
interfere in foraging, reproduction or survival
. Direct interaction among pollinators seems to be rare or not researched

enough . Nevertheless, some cases of interference competition can be found.

Apis mellifera is known for its robbing behavior when workers rob the stores of different
colonies. Honeybees usually rob other honeybee colonies, but it can also stray into other apid colonies.
While robbing a nest, a fight usually breaks out at the entrance to the nest. Robbing mostly happens
when resources are limited, leaving the weaker colony to starve . Colonies of honeybees
that engage in robbing have an increase in foraging and nest defiance. Furthermore, attacks on
nestmates returning from foraging have occurred. These attacks were probably due to the change of
odor caused by the visit to another colony . Aside from the honeybee, Bohart in
The Evolution of Parasitism Among Bees (1970) mentions some species of bumblebees (Bombus) and

stingless bees (Meliponini) have also adapted this behavior.

In some species of stingless bees (Meliponini), aggressive competition for floral resources has
been observed . Aggressive encounters have
been recorded in Mexico between the Africanized honeybee (Apis mellifera scutellata) and local
stingless bees at flower and water resources . On Costa Rica, encounters of
Meliponini with other bees on occupied flowers goes from a mere threat (threatening posture or
hovering) to a wrestling match which often results in the death of one of the opponents. Since
aggressive encounters take place over food, it can be assumed that food is the limiting factor in local
conditions. The species Trigona silvestriana and T. corvina have been observed to be especially
aggressive . In a later study on Costa Rica, the authors observed that
Trigona fulviventris is intraspecifically aggressive but not interspecifically and posed a hypothesis that

intense intraspecific competition leads to interspecific competition

In Panama, the nectar robbing Trigona ferricauda attacks the hummingbird Phaethornis
supercilious while visiting a flower, driving the hummingbird away to another part of flower patch.
Aggressive behavior from hummingbirds has not been observed. Hummingbirds tend to avoid patches
with a high abundance of bees, even though the nectar production of visited flowers exceeded what
bees could retrieve . In contrast, in Bamenda Highlands, Cameroon, the nectar robbing
songbird (Cinnyris reichenowi) aggressively attacks the carpenter bee (Xylocopa caffra) on patches of
Hypoestes aristata, of which X. caffra is the main pollinator . Aggressive

encounters have also been observed among hummingbirds in Brazil. Here aggressive behavior was



induced by a lack of resources . The authors of the study in Brazil, unfortunately,

observed only interactions among hummingbirds and not with other pollinators.

2.2 Competition for floral resources

If there are enough resources for everyone, there is little reason to compete. Unfortunately, resources
in nature are limited. This leads to exploitative competition for resources among species and

individuals

In competing for floral resources, social insects are assumed to have an advantage in the
utilization of floral resources. Social pollinators can forage further than nonsocial pollinators.
Honeybees (Apis mellifera) can share information about profitable locations with other workers in
their hive. Thanks to hives and nests, social pollinators have a stock in case of deficiency of floral
resources and can forage earlier in the morning as staying in the hive or nest enables them to easily
maintain body temperature . Furthermore, the social way of life enables them
to divide tasks among different castes, which gives social insects the ability to do tasks simultaneously
(e. g. being able to defend the nest while still foraging and taking care of the brood)

. This has been shown in cage experiment in which the solitary red mason bee (Osmia
bicornis) was not able to compete with honeybees which were better at using limited available

resources

In a study conducted in southeast England in 2019 on bramble (Rubus fruticosus), in which
researchers removed bumblebees, honeybees or both, reciprocal competition between honeybees
and bumblebees was proven. In the patches where honeybees were removed, abundance of
bumblebees had increased and vice versa. Other pollinator groups have been observed. However, the
effect of excluding honeybees and/or bumblebees on other pollinator groups — hoverflies, solitary
bees, and wasps, had not been shown. In the case of butterflies, there was so little data that they had
to be completely excluded from this study . Reciprocal competition between
honeybees and bumblebees has been supported by more studies: a study on lavender (Levandula x
intermedia ‘Grosso’) in the UK demonstrates that bumblebees are better at using lavender flowers and
therefore drive honeybees away . On the contrary, the presence of honeybees
leads to bumblebee workers having a smaller body size , as worker body
size in bumblebees is variable and depends on the conditions such as temperature or floral resources

. Smaller bumblebee worker size might be caused by scarce floral resources

caused by the presence of the honeybee



Competition also depends on the size of the pollinator

. Inside bumblebee colonies, the size of workers varies. Bigger bees

are more efficient at foraging (are able to carry more pollen) and therefore they are the ones that
collect resources . There are two hypotheses regarding the effect of
pollinator size on competition: (1) larger pollinator species are better at using resources and are
therefore more efficient in their use of resources, or (2) smaller pollinator species have lower energy
requirements and therefore do not need as many resources which makes them better competitors
. Excluding honeybees or bumblebees from patches of bramble led to an

increased number of large solitary bees. From this result, it can be assumed that size influences the
competition. Since larger species have larger demands and therefore react more to the competition —
large solitary bees need more resources and therefore avoid more honeybees and bumblebees.
Smaller solitary bees do not mind lower availability of nectar and pollen due to their smaller size, hence
smaller demands. In conclusion, small solitary bees are not strongly affected by the competition with
honeybees and bumblebees . Likewise, a study on the red mason bee (Osmia
bicornis) on rapeseed (Brassica napus) in a cage experiment indicates that the resulting pollination

effect correlates with the size of the pollinator as the species of similar size compete together

Even though the competition of hoverflies with other pollinator groups has not been shown,
the authors of the study on bramble suggest that hoverflies are competing for the same floral
resources by trying to mimic their model . Hoverflies use Batesian mimicry, where
a mimic (in this case the hoverfly) mimics their model (bees, bumblebees and wasps), resulting in not
appearing tasty to its predator . Batesian mimicry were first introduced
by Henry Bates (1862) in his study on South American butterflies. To avoid predation, hoverflies adapt
their behavior to match their model. Therefore, they visit the same flowers at a similar time of the day
and compete for the same floral resources. This behavior has been proven on groups of hoverflies

mimicking bees and bumblebees.

Intraspecific competition among bumblebees (Bombus spp.) is expected, as they occur in a
similar niche, use the same food resources, have overlapping active seasons, and are morphologically
very similar . Surprisingly, regardless of their similarities, bumblebees are relatively
diverse in the locations they inhabit. This diversity might be caused by the different length of proboscis
among bumblebee species, hence an adaptation to a different flower

. Bumblebee species can feed on flowers of various depths but are
most efficient with the depth of corolla that corresponds in length to their proboscis. Species with

longer proboscis can utilize deeper flower corollas and therefore visit a wider variety of flowers but



are less efficient because of longer handling time . Species of bumblebees
in the UK do not completely fit into this theory, as species with a similar length of proboscis and high
niche overlap are found in high densities (particularly Bombus lapidarius, B. terrestris and B. lucorum)

. Ranta (1984) came to the same conclusion with data from Europe and
North America: the bumblebee species with the same length of proboscis are present in the same area.
The authors therefore concluded that bumblebee species do not compete interspecifically or that the
length of proboscis is not the key morphological feature in bumblebee competition . Pyke
(1982) came to the same conclusion as Ranta and Lundberg (1980) that the proboscis length correlates
with the visited flower corolla depth (bees are most efficient when the corolla they feed on matches
their tongue length). Pyke, based on his observations in Colorado, divided bumblebee species by the
length of their proboscis into long-, medium- and short-tongued species. In addition to these 3 groups,
Pyke has identified one more group: short-tongued species, in which mandibles are very well

developed and therefore well equipped for nectar robbing

Nectar robbing is another adaptation that undermines the theory of competition based on the
length of the proboscis in bumblebees. Insects (such as bees and ants) and some species of birds have
adapted to this behavior. Nectar robbing occurs when the robber cannot reach the length of corolla
with its morphological features and therefore bites a hole near the base of the corolla, hence skips the
reproductive organs of the flower . Nectar robbing was described by
Charles Darwin. In an article titled “Humble-bee”, Darwin (1841) wrote: "What unworthy members of
society are these humble-bees, thus to cheat, by boring a hole into the flower instead of brushing over
the stamens and pistils, the, so imagined, final cause of their existence!"

Nectar robbers are divided into primary robbers, which make the hole in the flower corolla (usually
short-tongued species — Xylopa sp. and Bombus sp.); and secondary robbers, which use an already
existing hole . Short-tongued bumblebee species are more likely to turn to
nectar robbing while long-tongued species act more as legitimate pollinators

Nectar robbing can be transmitted socially: when a legitimate pollinator visits a flower that has been
robbed, it might become a primary robber itself . Since robbed plants
contain less nectar , visiting them may lead to lower food intake

Richardson (1995) observed that the bumblebee (Bombus sonorus) is not able to distinguish a robbed
flower from unrobbed one, honeybees (Apis mellifera), on the other hand, have avoided robbed

Chilopsis linearis flowers, which were robbed by the carpenter bee (Xylocopa californica)

As mentioned before, studying competition among pollinators is very complicated, especially

competition for floral resources as the quantity of pollen and nectar depends not only on the visit of



pollinator but also on the flower species and its conditions. Therefore, using the amount of pollen
accessible on the studied location should have more informative value than using only the number of
open flowers on the location . More studies examining competition
for floral resources among pollinators are needed. Especially ones focused on groups of pollinators

other than honeybees and bumblebees

2.2.1 Seasonal variation

Competition for floral resources varies seasonally as the utilization of resources changes throughout
the year. In a study in Boracéia, tropical rainforest honeybee colonies have shown a peak in harvest of
pollen in August and of nectar in December. In the native stingless bee (Melipona sp.) a similar peak of

nectar collecting has also occurred

The availability of floral resources fluctuates considerably throughout the flowering season.
After the spring bloom (from early April to the end of May), when floral resources are abundant, comes
a period beekeepers call the “June Gap” when resources are scarce. Another period with low floral
resource availability is at the end of summer (late July to August) [Fig. 2].
Scarce floral resources in late-summer months were also shown in a study in Sussex (England), where
the foraging distances of Apis mellifera were measured. The worker bees foraged the greatest
distances in July and August, even though the quantity or quality of nectar brought back hadn’t
changed noticeably, indicating lower availability of floral resources in late-summer months
. The shortage of floral resources during July and August leads to stronger competition

among honeybees and bumblebees

Low floral resource availability in late summer months in Great Britain where those studies
were located, also correlates with the high seasonal activity of individual pollinator groups within these
months. The majority (62%) of pollinator species has its peak in July and August — specifically aculeate
wasps (71%), bees (60%) and butterflies (72%). Current agricultural management in Great Britain has
few plants blooming in late summer. The high abundances of pollinators and lack of floral resources
naturally leads to fiercer competition, which results in a high extinction rate of late-summer foraging

pollinator species

By understanding the changes of seasonal needs of pollinators we can adjust land
management to protect their biodiversity and maximize crop production
. Moreover, because, it seems that fiercer competition at the end of summer leads

to a higher extinction rate amongst pollinators
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FIGURE 2: Daily sugar production throughout the flowering season on three different farms in England

in 2017. Different locations are represented by different symbols. The solid black line represents mean
sugar production with standard error (SE) in dashed lines. The red lines represent high and low estimates
of sugar production with SE in dotted lines. The flowering season is then divided into periods when floral

resources are abundant (in grey) and when scarce — called “gaps” (in pink). (Timberlake et al., 2019)

2.3 Competition for nest sites

Nest sites are one of resources that can become a limiting factor for species and therefore lead to
competition if scarce or low quality (Goulson, 2003; Michael Begon and Colin R. Townsend, 2014).
Nesting sites among many pollinators overlap which leads to a greater likelihood of shortages (Hubbell

and Johnson, 1977; Inoue et al., 2007).

In a study on competition of stingless bees in Costa Rica, interspecific competition for nesting
spaces has not been observed. However, the authors suggest exceptions for larger bodied species such
as Trigona fulviventris or Trigona silvestriana. Every observed bee species has a minimal diameter
requirement for nesting, but not a maximal limit (smaller species might utilize holes wider than their
minimal diameter but not vice versa). This may result in a stronger competition for branches with a

wider diameter (Hubbell and Johnson, 1977).

In bumblebees, competition for nest sites depends on the number of queens emerging from
hibernation. The larger the number, the fiercer the competition is expected. Competition among
emerging queens may result in nest usurpation (Bohart, 1970). Another factor is the time of
emergence. Bees that emerge earlier have a better choice of nesting sites. The later emerging ones

have to choose nest of worse quality or fight (Higginson, 2017).



2.3.1 Nest usurpation
Nest usurpation is a form of facultative social parasitism LA

considerable amount of research has been done on social parasitism among bumblebees; therefore,

it is described below.

Nest usurpation happens when a hibernated bumblebee queen looks for its future nest. Some
gueens, especially the ones that start searching later, instead of finding a new empty nest, choose an
already established one and fight for dominance over this nest. As evidence of the struggle, the dead
gueen is left in the nest. The frequency of nest usurpation depends on the number of new queens that
season — with high queen abundance nest usurpation tends to become very common. The bigger the
established colony is, the less likely it is to be usurped by another queen . Nest
usurpation is made possible by the difference in time of emergence from hibernation. This difference
is even conspecific . These take-overs happen mostly among the same species, but may
occur among species with similar requirements for nests . In his book Bumblebees:
Behaviour, Ecology, and Conservation, Goulson (2010) comments that, even though the success rate
of nest usurpation is unknown, it must be successful at times, otherwise this strategy would have
already disappeared. Previously, in his book The Evolution of Parasitism Among Bees, Bohart (1970),

based on his experiments concluded that invaders often win.

In a 2013 study, intraspecific nest owner replacement in solitary bees was commonly
observed. In the species Andrena vaga and Anthophora plumipes, most of the nest replacements was
by occupying an abandoned nest. In Osmia rufa and Colletes cuninularis, around half of the cases of
nest replacement were done by true usurpation. In Colletes, in over 60% of the usurpations the usurper
and the original owner shared the nest for a short period of time, resulting in one or both of them
leaving the nest in the end . Intraspecific nest usurpation has also been observed in

the leaf-cutter bee Megachile apicalis

Interspecific nest usurpation was recorded in Australia among stingless bee species:
Tetragonula carbonaria and Tetragonula hockingsi. Around 260 nests were monitored each year for 5
years, during which 46 interspecific nest changes happened. Out of these changes 41 were in the
direction of T. carbonaria to T. hockingsi. During the study the population of T. hockingsi increased.
However, the majority of the hives in the study were T. carbonaria, hence proportional studies haven’t

shown T. hockingsi as a better usurper



2.4 Pathogen transfer

Pollinators, by sharing floral resources, create a pathway for the transmission of pathogens
. Pathogen transfer through the plant-pollinator system can be intraspecific or
interspecific . For example, Crithidia bombi infects multiple bee families
. Moreover, A. mellifera viruses have been found in a hoverfly — Eristalis sp
. Studying pathogens can be very challenging as pollinator viruses are difficult to study without
damaging the colony. Molecular methods can only determine whether the virus is present, but not
whether it affects the species and to which degree . Furthermore, current

research is strongly biased towards honeybee and bumblebee pathogens

Pathogen transfer depends on the character of the landscape. Landscape simplification leads
dominant pollinators to alter their foraging patterns and hence changes pathogen prevalence.
Pathogen prevalence is diluted in a more diverse landscape . Parasite prevalence
varies through the season. Pathogen transmission increases as the number of social bees (honeybees
and bumblebees) rises and decreases with the rising number of flowers
Specialized pollinators that visit a smaller variety of flowers may have a lower exposure risk.
Generalists, on the other hand, can act as a link between multiple forage plant species hence increase

the chance pathogen transfer

2.5 Hybridization

Another risk to pollinator species is hybridization with other species. In the first half of 20™" century, a
new variety of bumblebee Bremus affinis ‘novae-angliae’, which was formed by the mating of Bremus
affinis and Bremus terricola . Bremus is synonym to Bombus used in older literature.
Concerning is the risk of introgression between native and introduced species

. This is described in the later chapter — threads

to wild populations.
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3  THE IMPACT OF MANAGED BEES ON WILD BEE POPULATIONS

With a larger population of people on the planet, a change of agriculture had to come. To satisfy the
growing demands for food, measures to maximize crop production were taken
One way of increasing crop production is
pollination as it leads to higher numbers and larger crops. Crops that have increased fruit and vegetable
production by pollination make up 20 percent of the overall production and 15 percent comes from
crops that have increased seed production by pollination . Thanks to modern
agriculture which relies on monocultural systems, farmers must turn to the use of transported
pollination. Especially for crops such as almonds, soybeans, alfalfa, clover, canola and more
. The annual profit from pollination by the honeybee in the United States in 2000
was estimated up to 14.6 billion US dollars . Given the benefits of
pollination, it is not surprising that the most used pollinator, the honeybee, has been introduced world-

wide, making it one of the most massively introduced species

Aside from the honeybee, which is intensively used, species of bumblebee have also been
introduced around the world — especially B. terrestris . The choice of named species is
no surprise as the social way of life makes the management easier . Furthermore,

there are other advantages: (1) managed pollinator species (MPS) are generalists and therefore can be

used for a wide range of crops ; (2) MPS are foraging at great
distances, f. e. honeybees are able to forage up to 12 km away , with
the average foraging distance being 5.5 km ; B. terrestris can reach up
to 2878 m while foraging , furthermore in field experiments, misplaced workers
have been able to return from up to 9.8 km ; (3) MPS are bigger on average

; (4) MPS are calorizators and therefore are very adaptable to new environments
; (5) MPS have a long active season, making them usable for a wide variety of crops
; (6) thanks to nests, MPS can maintain body temperature which makes them able to
forage daily for longer periods as MPS can get warm faster in the morning hours ;
(7) MPS have the ability to communicate within their nest about locations of resources and hence be

more efficient in foraging

The above-listed advantages of MPS are also what makes them highly competitively capable.
Colonies of MPS offer ideal conditions for pathogen facilitation and spillover onto the wild pollinator
populations . Competition asymmetry with wild pollinator species is enhanced by the

management of MPS which are fed supplementarily when resources are scarce. Making them persist
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in high numbers in habitats where it wouldn’t be naturally possible (Goulson, 2003). In conclusion high

usage of MPS may lead to a decrease of wild pollinator diversity.

Apart from B. terrestris and A. mellifera, the leaf-cutting bee Megachile rotundata has also
been massively introduced. This originally European solitary bee was introduced to America, Australia,
and New Zealand (Bohart, 1972). This species is not as researched and widespread as the previous two,

so there is not as much attention given to it.

In this chapter the history of introduction of managed species and their impact on wild

pollinators is described.

3.1 Apis mellifera

Although A. mellifera is native to Africa, western Asia, and southeast Europe (Gullan and Cranston,
2014, p. 334; Han et al., 2012), the honeybee has been introduced worldwide. Currently the honeybee
is present on every continent except Antarctica and is found in a variety of environments except the
desert and areas with permafrost (Moritz et al., 2005)[FIG. 3]. The public throughout Europe recognizes
the honeybee as native to this region, even though it is unlikely that honeybees would persist or thrive
in such a high abundance in northern parts of Europe without human intervention (Colla and Maclvor,

2017).

- Invasive range
B e ronge

Predominantly
managed
population

FIGURE 3: Distribution of Apis mellifera in its native range (green), invasive/introduced range (orange)
and areas where A. mellifera is mostly managed (in stripes). Therefore, in Africa, in its native range,
most of the species is feral; in Europe, Asia and New Zealand most of the species is managed, and in

America and Australia feral populations predominate (Pirk et al., 2017).
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3.1.1 Competition with wild-bee species
Woijcik (2018) reviewed previous articles on the competition of the honeybee with wild bee species to

qguantify the effect on wild-bee communities. When choosing only articles focused on experimental
assessments, 19 articles met the criteria: 9 of those studies have shown no interaction or not powerful
enough, 10 studies have shown competition with native bee species (Wojcik et al., 2018). The result
demonstrates that honeybees compete with wild-bee communities, but describing this competition is

far more complicated than whether the honeybee is present or not.

Herrera (2020) accessed the records of field studies of flora, plant-pollinator networks, and
crop pollination during 1960-2019 in countries around the Mediterranean Sea, where the honeybee is
native, but not in such high densities (Ollerton, 2021). The density of managed honeybees increased
steadily over the last 50 years. With the increase of honeybee populations, the proportion of wild bees
on flowers significantly decreased. At the beginning of this period, the proportion of wild bees on
wildflowers was about four times more than honeybees. Fifty years later the results show an almost
1:1 ratio. On cultivated flowers the shift of the ratio in favor of the honeybee is even more dramatic
[Fig 4] (Herrera, 2020). The change of the proportion of the wild-bee and honeybee, however, may be

caused or enhanced by the habitat change (Cairns et al., 2005; Goulson, 2003).
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FIGURE 4: Change of proportional number of wild-bee species to all bee species on wildflowers (in blue)

and cultivated flowers (in green) through 1963-2017 (Herrera, 2020).

The impact of beekeeping on wild-bee diversity is well demonstrated in a recent study from
Greece. This study was conducted through 2005-2015 on 13 islands in Central Greece, on which the
intensity of beekeeping substantially varies. Data was collected by pantraps and hand-netting three

times over the course of the flowering season per year. The honeybee visitation rate negatively relates
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to the wild-bee diversity. The competition for floral resources increased with a larger population of
honeybees. The intensity of competition varied significantly for different bee families. In low honeybee
densities, the competition was fiercest with Apidae. However, in high honeybee densities the
competition was fiercest with Andrenidae and Colletidae (Lazaro et al., 2021) [Fig 5]. Conversely, in
another study carried out in another nature reserve in Greece, no effect of honeybee abundance on
wild-bee densities was observed. Here wild-bee densities corelated strongly with floral resource

availability (Reverté et al., 2019).
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FIGURE 5: Increase of potential competition of honeybees with different bee families (Lazaro et al.,

2021).

Herbetsson (2016) observed competition between honeybee and wild bumblebee populations
when adding beehives on studied locations. But the competition also depended on other factors: hive
density, landscape context and the ratio of natural to disturbed habitat (Herbertsson et al., 2016). The
competition of honeybee and wild-bee species correlates with the level of disruption of the landscape
(Lazaro et al., 2021). In Mexico, habitats that are disturbed are dominated by the honeybee. Intact
habitats, on the contrary, are dominated by the native stingless bee (Cairns et al., 2005). Goulson
(2003) similarly observed locations with a high honeybee density being strongly disturbed. Therefore
he suggests that besides competition, the reason for low native bee densities may be the unsuitability
of the environment for native species (Goulson, 2003). The strength of the competition with wild-bee
species does not depend on the honeybee being natural to the habitat or introduced (Wojcik et al,,

2018).
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Asia has a different native honeybee species — Apis cerana . The
queens of A. mellifera and A. cerana use a similar pheromone to attract drones, resulting in
interspecific breeding. This mating does not produce offspring (post zygotic barrier), therefore making
mated queens sterile . Keeping A. cerana and A. mellifera in proximity led to spillover
of the parasitic mite Varroa destructor onto A. mellifera. Because of V. destructor and viruses
associated with it, there were huge loses of A. mellifera populations in Europe and North America

. Varroa mites have a big diversity in Asia. Moreover, future spillback of a more virulent

strain on A. cerana is possible

3.2 Bombus terrestris

Even though the bumblebee does not produce honey, its pollination service is frequently searched for.
Bumblebees are used in greenhouses, in orchards (f. e. apples, pears, or avocado) or for other crops
(f. e. peppers) . Compared to honeybees, bumblebees can forage
even in low temperatures (even below 10°C) and in rain

. Bumblebees seem to be a better pollinator than honeybees for many crops — f. e. Bombus
sp.in Scotland on raspberries (Rubus idaeus) where bumblebees are less abundant in the habitat than
honeybees yet are better at transferring pollen. The main reasons are: (1) Bombus is more abundant
on raspberry patches; (2) Bombus selects younger flowers; (3) foraging early in the morning when
pollen separation is at its peak; (4) Bombus carries more pollen on its body (it is hairier); (5) Bombus
visits more flowers per minute; (6) Bombus it is more prone to travel across plants, perhaps even across

cultivars in a single trip

Another advantage setting the bumblebee apart from the honeybee is the capability of buzz-
pollination, which is essential for crops such as tomato (Solanum lycopersicum) and other Solanaceae,
as some flower species only release pollen once vibrated. . The bee lays its thorax close
to the anther, and by contraction of the flight muscles it begins to vibrate [Fig. 6]. Other
species have also been documented to be capable of buzz-pollination f. e.: Xylopida sp.

, Euglossa sp., Melipona sp., Protandrena sp., Nomia sp.,

Oxea sp.
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Poricidal anther

Anther cone

FIGURE 6: Buzz-pollination — a bumblebee on a Solanaceae-type plant. The body of the bumblebee (1-
3) is in direct contact with an anther cone (4). Vibration is produced by indirect flight muscles which by
contracting deform the shape of the thorax. The vibration spreads to flower petals (5) and produces
sound (6) which gives buzz-pollination its name, even though the effect on pollen transfer is minimal.
Axis y, z and x represent the directions of the vibration of the anther. The amount of released pollen

depends on the vibration velocity of the z and y axis (Vallejo-Marin, 2019).

3.2.1 History of management

The first recorded human-mediated introduction of the bumblebee dates to the 19" century in New
Zealand, where colonists had planned to breed cattle and horses, but the local native flora was not
nutritious enough for their herds. Hence clover (Trifolium pratense) was introduced. However, the local
pollinator species were not able to pollinate clover. Accordingly, after a few years of transporting seeds
and the unsuccessful introduction of clover, the decision to introduce British pollinators was made.
The first ship carrying hibernating queens of multiple bumblebee species sailed in 1885 and this was
repeated in several subsequent years. In the end, 4 species of bumblebees were established: Bombus
horturum, B. subterraneus, B. terrestris, B. ruderatus (Goulson, 2010; Plath, 1925). Unfortunately,
B. terrestris is not an ideal clover pollinator as it has tendencies for nectar robbing because of the short
length of its proboscis (Goulson, 2010; Inouye, 1980). Since then, many more introductions have been

made worldwide.

In the 19th century, tomatoes in greenhouses in Europe were pollinated mechanically by
vibrating the plant or were treated with hormones. This process was financially extremely demanding.
In 1985, a Belgian veterinarian discovered the importance of bumblebees for tomato pollination. Two
years later (1987), he founded the company Biobest for the commercial rearing of bumblebees. This

initiative was then followed by more companies: Kopert Biological Systems and BBB (Bunting Brinkman
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Bees) and has since been followed by many others. Nowadays there are over 30 bumblebee producing
companies, but most of the market is covered by the first 3 companies

The methods of reproduction are kept secret by these companies . Nowadays, if
there’s no policy preventing the import of commercially reared bumblebees to a country, almost

anyone can order a nest

3.2.2 Bombus terrestris invasions
This chapter describes the introduction of B. terrestris into different parts of the world and illustrates

its invasive potential.

3.2.2.1 Tasmania
A good example of the high invasive potential of B. terrestris is how this species spreads on islands.

Such an example is Tasmania, where a B. terrestris population was established in 1982

. Later studies have shown that the population was founded by only two hibernating queens,
which were brought by accident with ship cargo probably from New Zealand

. There were unsuccessful

attempts at introduction from New Zealand before —in 1909 and 1935 by Tarlton Rayment. Therefore
there are speculations about whether the introduction was “unintentional”
B. terrestris can also be found on two surroundings islands — Mewstone and De Witt Island (6 and 22
km south of Tasmania). This draws concern about B. terrestris moving across the islands north of

Tasmania all the way to Australia

In a study done in 2002 no negative impact of introduced bumblebees on natural bee
populations was noted. This may be explained by the preference of introduced bumblebees for
introduced plants and by introduced bumblebees being long-tongued as opposed to the native ones

. The founding queens brought few parasites (only mite Kuzinia laevis) which may
have reduced the bottleneck effect on introduced species and the negative impact
on the native species. In the case of honeybees, which had been introduced to Tasmania in the early
19th century, a greater number of native species was observed in places where honeybees were not

present
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3.2.2.2 Japan
Japan is another island where a B. terrestris population was established and where its spread was

recorded. The species was brought in 1991 for pollination in greenhouses . Despite
warnings from scientists and efforts to secure greenhouses against bee escapes, the population settled
in the wild. In 1996 the first naturally occurring nest was discovered in the Hokkaido region which

proved the naturalization of the species

Maki N. Inoue (2007) and her team monitored the impact of introduced B. terrestris on six
native species (B. hypocrita sapporoensis, B. ardens sakagamii, B. hypnorum koropokkrus, B. schrencki
albidopleuralis, B. pseudobaicalensis and B. diversus tersatus) in the south of the Hokkaido region for
3 years (2003-2004). Out of the 6 natural bee species 3 have niche overlap with B. terrestris: flower
resources and nest sites with B. hypocrita sapporoensis, flower resources with B. pseudobaicalensis
and nest sites with B. diversus tersatus. The only native species with a significant population decline
during the study is B. hypocrita sapporoensis. The results show that nesting sites are a limiting factor,
and the introduced species has increased this competition. The effect is enhanced by increased nest
usurpation on the locality indicated by a higher number of dead queens per nest

[Fig. 7].

Laboratory experiments have shown B. terrestris mating with B. hypocrita sapporoensis. By
their mating, a diploid egg is produced, but none of the eggs have hatched. Results indicates potential
competition for mates, but also a low risk of introgression of the gene pool of B. h. sapporoensis

. Interspecific mating was confirmed in another study, here already observed in the field.
B. hypocrita queens were mating with B. terrestris drones in high frequencies. The frequency was
higher in B. hypocrita sapporoensis than in B. hypocrita hypocrita subspecies. The authors justify high
frequencies of interspecific mating by the smaller population densities of native species. No viable

offspring have been observed. This makes the queens sterile as they usually mate only once

To protect Japanese native species an “Invasive Alien Species Act” was enforced in 2006.
According to this law, farmers must ask the minister to use B. terrestris, greenhouses must be secured
to prevent escape and all the B. terrestris nests must be destroyed after the end of the season

. Despite this law, large numbers of drones were recorded escaping from the greenhouses
into the wild . Nowadays, the greenhouses must be whole covered in a net, that

disables the escape of bumblebees. This is also very costly
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FIGURE 7: The number of overwintered queens of B. terrestris (white) and B. hypocrita sapporoensis
(black) seen by person per hour in the Hokkaido region in the years 2003-2005. Authors explain the
decrease of B. terrestris in 2004 by high number monitoring volunteers and therefore higher pressure

on the bees (Inoue et al., 2007).

3.2.2.3 Patagonia
For the red clover pollination, B. ruderatus was chosen as a perfect species and shipped from New

Zealand to Chile in the early 1980s (Arretz and Macfarlane, 1986). Subsequently B. terrestris from
Belgium and Israel was introduced to Chile in 1998 for tomato pollination in greenhouses (Ruz and
Herrera, 2001). In 2006 B. terrestris was recorded in the wild in Argentina (Torretta et al., 2006). These

introductions had a negative impact on the native species B. dahlbomii (Morales et al., 2013).

Southern Patagonia only has one native bumblebee species — B. dahlbomii. This generalist
bumblebee is the largest and the most southern bumblebee worldwide (Franklin, 1912). Morales and
her team (2013) recorded bumblebee species visiting amancay (Alstroemeria aurea) through the years
1994-2013 in the Challhuaco Valley. In this locality more than 90% of the visits on amancay in 1994
and 1995 was by B. dahlbomii (Aizen, 2001). There was a decline in the population of native
B. dahlbomii after the introduction of B. ruderatus. The decline was further enhanced by the
introduction of B. terrestris to this locality. Furthermore, the introduction of B. terrestris led to a sharp
decline in the population of B. ruderatus. Since 2008 B. dahlbomii has not been recorded in the
Challhuaco Valley (Morales et al., 2013) [Fig. 8]. Smaller competition of B. ruderatus and B. dahlbomii
can be explained by the contrasting foraging patterns of these species (Aizen et al., 2011). The likely

reason for the decline of Bombus spp. after the introduction of B. terrestris is its pathogen Apicystis
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bombi which spread to populations of B. ruderatus and B. dahlbomii. There was no record of A. bombi
before the introduction of B. terrestris and PCR tests have not found its DNA in museum collections of

the prior species (Arbetman et al., 2013).
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FIGURE 8: Abundance of bumblebee species visiting Alstroemeria aurea through 1994-2013 in

the Challhuaco Valley (Morales et al., 2013).

In the 2011 survey of bumblebee species abundance through the range of B. dahlbomii, 33 sites were
sampled in total. B. dahlbomii was observed on 48% of the sites but was locally dominant (over 90%
of observed individuals) at only 18%, of which 6 were the most southern. B. ruderatus was observed
on 24% and was not dominant on any site. B. terrestris was observed on 88% of the sites and locally

dominant on 48% of the sites (Morales et al. 2013) [Fig. 9]

B. terrestris has been introduced so massively that describing all the cases of its introduction
and impact on native pollinator communities would far exceed the scope of this thesis. Nevertheless,
the possible effects of the introduction of invasive B. terrestris and its enormous invasion potential are
clearly discernible in the cases described in this chapter. This illustrates the possible ways of
competition with native species: unobserved in Tasmania (Goulson et al., 2002), for nesting spaces and
through hybridization in Japan (Inoue, Yokoyama, and Washitani 2007; Kanbe et al. 2008; Kondo et al.
2009), or through pathogen spread in Patagonia. Furthermore, this shows that the impact and

character of the invasions is very variable.
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FIGURE 9: Map of sampled sites during a survey in 2011 showing the proportional distribution of
Bombus spp.. BR1982: location of first introduction of B. ruderatus; BR1993: location of first record of
naturalization of B. ruderatus; BT1997: location of first introduction of B. terrestris in Chile; BT2006:
location of first record of naturalized B. terrestris in Argentina. The map in the right corner shows the

distribution of B. dahlbomii before the arrival of the invasive Bombus spp. (Morales et al., 2013).
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3.2.3 Threats to wild pollinators

Various effects of B. terrestris on wild-bee populations have been recorded: floral resource
competition, competition for nesting sites, transmission of pathogens and parasites, genetic

contamination

The long active season is one of the factors of strong competition for floral resources. In some
locations in Europe B.terrestris has been recorded to have a bivoltine cycle. Observations from the UK
show the occurrence of B.terrestris even through winter . Dafni (2010) has observed

B. terrestris queens throughout the year except January in Israel

The commercial use of bumblebees provides an ideal place for pathogen and parasite
facilitation. Commercially reared nests often get infected by parasites such as Crithidia bombi and
Lucostacarus buchneri, which then spillover from greenhouses onto the wild population

. In North America commercial use of Bombus occidentalis had to be stopped as it
was tied with outbreaks of Nosema bombi . And as mentioned before in Patagonia, the
spread of Apicystis bombi led to local extinctions of B. dahlbomii . On contrary, in
a study set in the UK, no evidence of pathogen (Crithdia spp. and Nosema b.) spreading to wild
bumblebees was noticed. Here, the parasitic infection was no higher at commercial farms than at wild
farms. Furthermore, in B. pratorum was prevalence of Crithidia higher in wild farms. The study,
however, has shown the increase of prevalence of Crithidia in commercial bees at the end of the

season, and therefore suggesting a pathogen spillover at the end of the season

In Europe different subspecies of B. terrestris are naturally distributed. This poses risk of
hybridization and introgression between native and commercial subspecies . In
laboratory conditions the commercial B. t. dalmatinus drones mated with queens of native B. t. audax,
but they preferred queens of the same subspecies . Goulson (2010)
points out that these laboratory experiments do not mean crossbreeding in nature, where the
environment is more complex. Nevertheless, he warns that the hybridization between subspecies
would lead to an overall decline in biodiversity . In a later study no evidence of
hybridization and introgression between B. t. dalmatinus and B. t. audax has been shown

. As mentioned before, in Japan introduced B. terrestris mates with native B. hypocrita, which

results in non-viable offspring, therefore it makes the queen of the native species sterile
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3.2.4 Current management

In factories in Europe, over 1 million B. terrestris nest are produced yearly . Many
countries see the threat of commercially reared bumblebees and take policies to reduce their impact

. In Europe, the use of reared bumblebees is permitted, but the nest should
be destroyed at the end of the season. However, there is a lot of doubt that farmers go through the
proper destruction of the nests at the end of season and concern that even when they do, some bees

still escape to nature. Destroying the nests also does not eradicate the threat of pathogen spillover

One of the policies is to use reared bumblebees but ones native to the country. In America,
protests against the non-native bumblebee species have taken place. The previously used B. impatiens
from Europe was replaced by the native B. occidentalis. Later B. occidentalis use has been stopped as
there was a great pathogen spillover onto the natural population
Strange (2015) suggests the use of B. huntii and B. vosnesenskii, because based on his experiments
these native species are equally efficient in pollination of tomatoes . Japan has turned
to the use of the native B. hypocrita instead of the B. terrestris, but unfortunately, B. terrestris had

already established a population in the wild

Australia is still B. terrestris free and the government is trying to keep it this way. Australian
farmers would like to use B. terrestris in greenhouses with barriers against leakage
When keeping bumblebees inside of the greenhouses, pollen from outside flowers is still found in the

nest . In Japan, bumblebees escaped even when precautions were taken
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4  CONCLUSIONS

The commercial use of pollinators and enforcement of managed pollinators brings benefits to man but
not necessarily to the ecosystem . Yet, the pollination service and honey
production is a great industry and its benefits are immense . The
ideal solution would be to find a balance between using commercial pollinators and protecting wild-
bee species. For the protection of wild-bee diversity, environmental protection seems to be the crucial
step, as wild-bees prosper in natural habitats

. Protecting wild-bee species and their diversity would lead to stronger

communities that would be better adapted to withstand disturbances

B. terrestris is a massively introduced managed bee species with great invasion speed and a
devastating impact on native bee populations. More attention and thought should be taken before
introducing it to a new area . Policies for using B. terrestris should be adopted and it

be monitored whether they are being followed.

One of the solutions for reducing the use of massively managed bee species could be the use
of different species of pollinators. The hoverfly Eristalis tenax is a great pollinator that has already been
reared in laboratory conditions. There are no records of management out of the laboratory yet. This
species has a great potential as it is not only an efficient pollinator of many crops, but its larvae also
feed on decaying matter providing another service for agriculture . Other
species of hoverflies are interesting for management, because their larvae feed on aphids ,
so they could serve as pest control and reduce the burden of pesticides on the landscape. Another
interesting species are ‘honey wasps’ of the genus Brachygasta, which are native to Central and South
America. This species collects honey that can be harvested (even though in smaller amounts than
honeybees) and predates on various arthropods (f. e. honey wasps preying on amphids have been
documented) , hence it can also

be used for pest management.
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