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Environmental Risks of Bumblebee
Commercialization and Suggestions for
Prevention

Ayhan Gosterit', Fehmi Gurel®, Cengiz Erkan’

Abstract

Bumblebees are an important pollinator of wild flora as well as agricultural crops and are increasingly
used as an effective commercial pollinator in greenhouses crops mainly in tomatoes all over the world.
Eurasian Bombus terrestris L. is the most reared subspecies for commercial pollination and has been used
outside its natural distribution area. Very early after commercial introduction, it was recognized that this
species is invasive and may disturb local ecosystems. There are many invasive characteristics of B.
terrestris such as high migration ability, early seasonal emergence, high adaptability under adverse
climatic conditions in various habitat, polylectic foraging strategies and regulation of life cycle in a year
in newly colonized area. A single commercially produced B. terrestris colony may produce more than a
hundred of new queens which may escape from greenhouses and found nest in native flora. The invasion
and the increase in population of introduced B. terrestris in the new areas have caused some problems,
such as competition with native pollinators for, floral resources and nes sites, the introduction of parasites
and pathogens, and hybridization with native species. Therefore their potentially effects on the environment
are also being observed carefully. The aim of this report is 1o raise awareness about the environmental
risks of bumblebee commercialization and make suggestions for prevention of this possible ecological

damage.

Keywords: Bumblebee, Bombus terresiris, Commercialization, Invasion, Ecology

1. INTRODUCTION

Contributions of bees which commonly known as beneficial insects to pollination of flowering plants cannot
be ignored. Bees which include about twenty thousand species are most important insect group and have 8 or
9 families according to morphological characters [1]. Honeybees (Apis mellifera L.) are most effective
pollinator insects of native flora due to their extensive rearing all over the world. Bumblebees. of which about
250 species have been determined. are in second place for pollination of many flowering plants. 1 his bee genus
is used for the pollination of many cultivated plants in many countries [2, 3]. Because of their rearing is easier
and their colony population is larger than the others, Bombus terresiris is the most year round reared species,
in comparison to other bumblebee species. This species which includes nine subspecies is used mainly for
greenhouse tomato pollination. They reduces pollination labor costs and improves the quality and quantity of
crops. Commercially reared B. ferrestris colonies are used in many countries, including some outside of its
native range [4, 5].

Bumblebees are indispensable pollinator. However, B. ferrestris has an invasion potential into new locations
where they are non-native. Early seasonal emergence, high adaptability under adverse climatic conditions in a
range of habitats, generalist or polylectic foraging strategies, and great phenological flexibility are most
important invasive characteristics of B. terestris. Soon afier its commercial introduction, it was recognized that
this species is invasive, can spread into new locations, and may disturb local ecosystems [6, 7). Competition
with native pollinators for floral resources and nest sites, the introduction of parasites and pathogens,
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hybridization with native species and alteration of natural pollination systems are major problems that caused
by invasion and the increase in population of introduced B. terrestris in the new areas. A single commercial B.
terrestris colony is capable of producing more than a hundred new queens, which potentially could escape from
greenhouses and form nests among the native vegetation [8, 9]. Therefore, these environmental risks should be
taken seriously.

2. ECOLOGICAL FLEXIBILITY OF B. TERRESTRIS

B. terrestris has a broad spread area in the world. The natural distribution range of B. terresiris is the Palacarctic
region between latitudes 60°N and 30°N and longitudes 10°W and 105°E. About ten geographically separated
subspecies have been recognized in this distribution range. It is known that this species adapts better to hot and
dry climate [4, 10, 11]. Commercial rearing of B. terrestris started to about thirty five years ago and this industry
has developed rapidly. Colonies are produced by more than 30 suppliers and marketed to all over the world.
We estimated that total number of colonies that use for pollination is to be around two millions per year.

B. terrestris has also speed and broad invasive potential related to other bumblebee species. Invasion speed of
this species differs to their population density and ecological conditions. Researches displayed that B. terrestris
has spread at 90 km in New Zealand, at 30 km in Israel. and at 25 km in Tasmania [12, 13]. It is also proved
that B. ferrestris can visit the flowers of many plants for pollen and nectar resources from sea level to 1500 m
in altitude. containing all of the major native vegetation types [2, 13, 14].

B. terrestris shows great ecological flexibility, particularly in terms of diapause responses [12, 15]. Bivoltinism
has been reported for some Mediterranean B. terrestris populations [15]. New Zealand B. terrestris populations
are largely bivoltine and that nest founding by B. terrestris is possible any time of the year in some parts of
New Zealand due to the variety of plants which provide some pollen and nectar throughout winter [1]. Similarly.
two distinet generations have been found in Tasmania in the same season [16]. Our previous study that
condueted in Mediterranean Coastal Region of Turkey showed that, native B. terrestris populations forage on
47 flowering plant species from 20 families. Two of the plant species (Arbutus unedo L. and Vitex agnus-casius
I..) have long flowering periods and play a crucial role in the life cycle of native B. rerrestris populations. The
emergence of queens at the aestivation site was synchronized with the flowering of Arbutus unedo L., while
the emergence of sexuals coincided with the flowering of Vitex agnus-castus L. [14].

3. RISKS OF BUMBLEBEE COMMERCIALIZATION

As a result of the contribution of humans, the potential of crossing geographical obstacles of living organisms
has reached a level that cannot be predicted. Although a part of introduced species are beneficial for human
health and that they cause little environmental damage. the other part of them quickly spread to new areas and
have done great ecological harm [13]. The best example in this regard is the European honeybee, Apis mellifera
I... which taken afterwards to America. Numerous studies have demonstrated that A. mellifera displaces native
anthophiles and contributes to the pollination of weeds [17, 18]. The potential of B. terrestris to invade many
habitat around the world raises concerns because of this species have similar harmful environmental impacts
like honeybees. Possible negative effects of B. terrestris invasion are competition with native pollinators for
floral resources, competition for nest sites, introduction of parasites and pathogens that may infect native
organisms, disruption of pollination of native plants, and the hybridization with native species [6, 11].

Different organisms such a birds, insects and mammals that living in a specific region are fed by pollen and
nectar gathered from flowers. One of the most important group of insects is bees. Foods of all bee species
include pollen and nectar collected from flowers. Therefore. introduction of new species to a specific region or
extreme increase of exotic species in this region make competition inevitable with host bee species in terms of
the use of plant sources [11].

B. terrestris has the potential to compete for floral resources with host bee species, as a consequence of its
polylectic foraging behavior. Many of these plants constitute the significant portion of food resource of other
many native bee species. Life cycle and ecology of B. terrestris overlap with the foraging profiles of all other
bee subgenera. Foraging period of bumblebees that forage during the spring and summer is longer than other
pollinators. They have also capable of more use the pollen and nectar resource according to other pollinators
[19]. Furthermore, B. terrestris that the most reared species for commercial pollination may has an advantage
for competition of floral resource using because of its crowded colony population [11]. B. terrestris has
comparatively larger and more hairy body than many other bee species. Bees that have a large body also take
an advantage in cold weather because of their high ability to protect temperatures. B. ferrestris can work very
long hours, forage from dawn to dusk even on cold, rainy or foggy days. Overlap in floral resources is shows
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that there is a competition between the B. ferrestris and other bee species. However, if the nectar and pollen
resources are not scarce, competition may not appear [20].

Other critical resource for bees in native fauna is nest site. There may be competition between the introduced
B. terrestris and native organisms for nest sitcs. Sexuals (young queens and males) are produced in bumblebee
colonies towards the end of the colony cycle in late summer. After mating. the young queens go into diapause
while the founding queen. The following spring, the queens that survived hibernation seck the nest site for
found their colonies. B. terrestris generally found their colonies in existing cavities below ground. often using
abandoned rodent holes and spaces beneath man-made structures such as garden sheds [6]. The time of diapause
{ermination varies according to region where native populations live. For example, in Mediterranean Region of
Turkey, while queens of a native populations emerge from diapause in autumn at the Phassalis site (coastal
region), queens of other native populations emerge from diapause in in spring at the Termessos site (500 — 700
m altitude) [14]. Founding nest site takes place in an ccological balance in native fauna. However. queens
produced in commercial colonies potentially could escape from greenhouses and form nests among the native
vegetation where using of commercial colonies for pollination agent is common. This case may increase the
competition for nest site by disrupting the ecological balance.

Invasions and increased populations of introduced B. ferrestris into new areas have also caused the transmission
of parasites and pathogens. Locustacarus buchneri, Nosema bombi, Crithidia bombi and Apicystis bombi arc
some important pest and diseases which are determined in commercially reared colonies. In japan,
determination of endoparasitic mite, L. buchneri, in introduced colonies of B. ferrestris clearly reveals the risk
that the transfer of parasites and diseases [21]. Transfer of parasite and diseases may affect the not only native
bumblebee species but also other inseet species.

Another negative effect of bumblebee invasion is disturbing the pollination of native flora [6]. There must be a
harmony between the morphology of the flower and pollinator for effective pollination. Flower of plant are
visited by many pollinator and pollination quality of these pollinators is different. B. ferrestris visits the
different species of plant and sometimes provide the poor quality pollination. B. terrestris that as known also
nectar robing obtain the nectar of flowers with long corolla by making perforations at the base of the corolla
tube. This behavior inhibits the visiting the flower by other pollinator and finally sced set [22]. Very few of
plants that visited by bumblebees are host plants of the region where they live. Therefore, they may cause to
increasing of pollination of exotic plant. It is inevitable that increasing of exotic plants causes to ecological and
economic harm [23].

Interspecific hybridization between non-indigenous B. ferrestris and indigenous bumblebee species was
demonstrated [24]. Negative effects of inter-subspecific hybridization on native ecosystems have also been
evaluated [25]. Our previous study revealed that hybridization between commercial and native genotypes
generally resulted in intermediate expression of the colony traits. Maternal genotype primarily determines the
colony traits. Our results imply that hybridization with the commercial genotype affected some colony traits of
native B. ferrestris colonies [9]. However, information about consequences of nearly 30-year history of
commercialization of bumblebee respect to their hybridization level is not sufficient.

4. CONCLUSION AND SUGGESTIONS

Bumblebees have become an indispensable pollinator, especially for greenhouse tomato production, because
of its pollination efficiency, which reduces pollination labor costs and improves the quality and quantity of
crops. Currently, about 250 species of true bumblebees have been identified. B. terrestris is the most commonly
commercially reared species. This species is also one of the most abundant and widespread bumblebees
throughout continental Europe and many Mediterrancan and Atlantic island. It easily adapts to cloudy weather
and to small enclosed areas, such as greenhouses. Commercially reared B. terresiris colonics are excellent
pollinators and have been used in many countries for pollination agency. However, their negative effects on
native ecological systems have been intensely discussed. Especially, negative effects of their commercialization
such as competition with native pollinators for floral resources and nest sites, introduction of parasites and
pathogens, disruption of pollination of native plants, and the hybridization with native species must be taken
into attention for ecological sensitivity. Industry of bumblebee rearing and pollination service has an economic
and sociological importance. Therefore, it is clear that prevention or restriction of use of commercially reared
bumblebee colonies not rational and possible. However improve structural conditions of greenhouses, using
covering nets, killing colonies and then burning the hive after use, using queen excluder and using colonies
with health certificate can be can be suggested as a solution to decrease the negative ecological impacts of
bumblebee commercialization.
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