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The immunological dependence of plant-feeding animals on their
host’s medical properties may explain part of honey bee colony
losses
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Abstract The honey bee (Apis mellifera) is an important

pollinator of agricultural and horticultural crops, but also of

wild flowers. The species has been facing declines in many

areas of the world, the causes being identified as multi-

factorial. Recently, it has been theorised that some plant-

dwelling animals may develop a dependence on the

medicinal properties of their hots plant’s secondary

metabolites. Here, the question of honey bee self-medica-

tion using organic materials, namely propolis, nectar,

honey, honeydew, pollen, wood, and algae for self-medi-

cation is addressed. Self-medication in honey bees is a

largely unexplored area and thus a comprehensive over-

view of the field is provided. Prior studies suggest that

recent honey bee colony declines are driven by decreased

forage plant availability. The problem is expanded and it is

suggested, that if honey bees developed a dependence on

medical properties of some disappearing plants or materi-

als, this could explain a part of the colony losses observed

around the world. To date, convincing evidence points

towards self-medication with honey and propolis. Bees also

contact plant secondary metabolites, fatty acids, essential

oils, and microorganisms that are active against the cau-

sative agents of American foulbrood, European foulbrood,

nosemosis, chalkbrood, stonebrood, and varroasis. In the

future, selected taxa of plants with medicinal properties

may be planted to boost honey bee health without

chemotherapy. Future directions of research are discussed.

Keywords Immunological dependence · Non-

immunological defence · Self-medication · Honey bee ·

Apis mellifera · Invertebrate medicine

Introduction

The honey bee (Apis mellifera L., 1758) is considered to be

the most important pollinator of horticultural and agricul-

tural crops (Abrol 2012). It has been estimated that the

economic value of pollination of only agricultural crops

represents €153 billion, or 9.5% of the total value of the

global human food production (Gallai et al. 2009). In

addition, honey bees produce commodities such as honey

or royal jelly and provide a range of ecological services

such as biodiversity maintenance that cannot be quantified

economically. However, recently, this species has faced

large scale declines (Ellis et al. 2010; Potts et al. 2010), the

causes being challenging to identify (Neumann and Car-

reck 2010). It has been suggested that the reasons are

multifactorial; however, pathogens and parasites probably

play a key role. The most damaging pathogens include the

bacteria Paenibacillus larvae, the causative agent of

American foulbrood, Melissococcus plutonius, and some

other bacteria associated with European foulbrood, several

species of fungi that cause chalkbrood (Ascosphaera apis),
stonebrood (Aspergillus fumigatus, Aspergillus flavus, and
Aspergillus niger), and nosemosis (Nosema apis, Nosema
ceranae). The ectoparasitic mite Varroa destructor is

counted among the most important pests (Williams 2000).

Most treatment methods today relay on chemotherapy that

is, however, unsustainable from the long-term viewpoint,

since it leaves residue in bee products (Mullin et al. 2010),

and the treated pathogens or parasites may quickly develop

resistance (Hubert et al. 2014).
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Recently, a study describing host-specificity in the

jumping spider Lyssomanes viridis was published. A higher

hatching success on leaves of Liquidambar styraciflua than

other sympatric species was demonstrated (Tedore and

Johnsen 2015). The reason provided was that the jumping

spider may be dependent on the medical properties of the

secondary plant metabolites that assure a higher hatching

success. The study thus theorised that some plant-dwelling

animals become immunologically dependant on the medi-

cal properties of their host plant. Apart from that, the study

also suggests that when the optimal host of L. viridis is

removed, the species may face problems. Could a similar

deprivation of medicinal plants occur in honey bees?

It is recognised that quality nutrition has a key effect on

honey bee health (Somerville 2005). Malnourished bees

have impaired immune system which can increase their

susceptibility to disease (Alaux et al. 2010). They are also

more susceptible to environmental stressors such as pesti-

cide poisoning (Wahl and Ulm 1983). Both quality and

diversity of pollen are required for optimal honey bee

nutrition (Di Pasquale et al. 2013). The decrease in honey

bee forage availability as a result of agricultural intensifi-

cation has been linked to a honey bee declines (Naug

2009). Is it possible that honey bees are directly dependent

on medical properties of the plants they forage on, simi-

larly to the jumping spider L. viridis? If yes, could the

higher honey bee colony losses correlated with the loss of

cropland, pastureland, and rangeland (Naug 2009) be

caused by the removal of plants that the bees are

immunologically dependant on? While the role of adequate

nutrition for honey bee health is relatively well-studied,

much less is known about honey bee self-medication (Erler

and Moritz 2015). Therefore, the first role of this article is

to summarise our current knowledge on A. mellifera self-

medication with plant-produced materials. The work then

discusses how the removal of plants the bees may self-

medicate on could lead to elevated colony losses.

Honey bee self-medication

Honey bees collect nectar, honeydew, pollen, and resins on

plants and thus are subjected to a diversity of bioactive

substances throughout their life. As bees bring these sup-

plies into the hive, bioactive substances are then contacted

by other members of the colony and stored. This would

theoretically provide a framework of an efficient non-im-

munological system that many colony members come into

contact with. Social immunity is characterised as individ-

uals collectively responding to an infection by actions that

benefit the colony (Cremer et al. 2007). Self-medication is

defined by Simone-Finstrom and Spivak (2012) as “an

individual responding to infection by ingesting or

harvesting non-nutritive compounds or plant materials”. So

far, self-medication and several other aspects of non-im-

munological defence have been confirmed across several

insect taxa including the woolly bear caterpillars, army-

worms, Drosophila fruit flies, and monarch butterflies

(Parker et al. 2011; Abbott 2014). An increasing body of

research currently focuses on self-medication in bees. The

issue is discussed more broadly by Erler and Moritz (2015).

Self-medication with Propolis

In case of A. mellifera, self-medication was convincingly

proven in the case of propolis. It has been demonstrated

that propolis has vast antimicrobial actions (for example

Ertürk et al. 2014). The role of propolis in the social

immunity of the honey bee is well understood; it has been

shown that bee colonies that had their nests treated with

propolis invest less energy into immunity, because the

propolis decreased the bacterial load on the bees (Simone

et al. 2009). Simone-Finstrom and Spivak (2012) demon-

strated that in response to infection by the

entomopathogenic fungus A. apis, more bees forage on

resin. This collective response to infection indicates self-

medication behaviour.

Self-medication with nectar and honey

Nectar has been shown to have antimicrobial effects (for

example Sasu et al. 2010) and so it would not be surprising

if this plant excretion had a role in honey bee self-medi-

cation. Indeed, honey bees infected with Nosema prefer to

feed on honeys with high antimicrobial activities, which

suggest self-medication behaviour (Gherman et al. 2014).

Other less direct evidence for self-medication with honey

includes the work of Erler et al. (2014) that demonstrated

that some honeys show strong inhibitory actions against P.
larvae, the causative agent of American foulbrood and

some other bacteria that are associated with European

foulbrood. In addition, it has also been shown that with

changing plant nectar sources, the concentration of P. lar-
vae spores changes as well (Olofsson and Vasquez 2008).

The concentration of P. larvae spores probably oscillates in

bee colonies with ample stores of honey (Bzdil 2010),

which could have important epidemiological implications.

It is important to note that the changes in P. larvae spore

load may be explained by seasonal changes in nectar

sources and availability. Nevertheless, these changes may

also be accounted for by the different antimicrobial prop-

erties of honeys produced during the different times of the

year.

Similar interesting results were reached with bumbles

bees. It was recently shown that when Bombus impatiens
feeds on nectar, it also consumes a number of plant
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secondary metabolites, namely alkaloids, terpenoids, and

iridoid glycosides. These secondary metabolites decrease

the spore load of the intestinal parasite Crithidia bombi
(Manson et al. 2010; Richardson et al. 2015). Additional

studies revealed that if bumble bees consume medicinal

plant secondary metabolites at higher than normal con-

centrations, it reduces or completely eliminates the parasite

load without negative impacts on the host (Anthony et al.

2015). This holds true for other bumblebee species as well.

B. terrestris with high pathogen loads preferentially feed on
nectar containing nicotine. Nicotine is known to alleviate

C. bombi infections (Baracchi et al. 2015). However, these
interactions are not quiet unequivocal, since they have been

shown to depend heavily upon the interactions between the

secondary metabolites, parasites, and environmental con-

ditions (Thorburn et al. 2015). Table 1 provides an

overview of phytochemicals found in nectar that are known

to beneficially affect pathogen load in bumblebees. Similar

studies remain to be conducted with honey bees.

A number of honeys show high levels of antimicrobial

activity (Al-Waili 2004). The antimicrobial effects vary

between different honey varieties. The antimicrobial

activities of honey are probably influenced by its hydrogen

peroxide content, acidity, osmolality, flavonoids, phenolic

acids, and in some cases by the level of non-peroxide

factors (Molan 1992; Wahdan 1998). Importantly, in many

cases, the antimicrobial activity of honeys has been linked

directly or indirectly to their botanical origin (Molan

1992). In theory, by planting herbs that produce antimi-

crobial honey, it should be possible to stimulate honey bee

health.

Self-medication with pollen

Less evidence exists for self-medication of bees with plant-

derived substances other than propolis and honey. The

pollen bees collect displays broad spectrum antimicrobial

activities against human pathogens as well as fungi

pathogenic to bees (Kacániová et al. 2012). Rinderer et al.

(1974) put forward the idea that honey bees intentionally

collect pollen that may be active against P. larvae, the

causative agent of American foulbrood. Since then, our

understanding of bee foraging behaviour on medicinal

plants did not provide any conclusive evidence for self-

medication.

Bees may nevertheless self-medicate on pollen since it is

a source of beneficial microorganisms, antimicrobial fatty

acids and perhaps also essential oils. Stored pollen contains

lactic acid bacteria that play a key role in honey bee health

(Forsgren et al. 2010). It has also been suggested that in

periods of pollen dearth and when supplied with pollen

substitutes, bees do not have access to important

microorganism which decompose harmful substances of

plant origin (Kaznowski et al. 2005). Some fatty acids

found in the pollen of various plants (Manning 2001) are

active against important bee bacterial pathogens (namely P.
larvae and M. plutonius) (Feldlaufer et al. 1993a, b; Hor-
nitzky 2003). Bees may come in contact with these simply

by touch, ingestion but also when the pollen is stored in

cells, the fatty acids may theoretically leak out and sterilise

the six adjacent cells (Tadman 2014). Apart from fatty

acids, a number of plant extracts and essential oils that are

found in plants have been shown to have antibacterial

(Alippi et al. 1996; Fuselli et al. 2006; Flesar et al. 2010),

antifungal (Boudegga et al. 2010; Kloucek et al. 2012), and

miticidal activities (Isman 2000; Gashout and Guzmán-

Novoa 2009). Given the activities of pollen components

and plant extracts against important honey bee parasites

and pathogens, the role of pollen in self-medication,

although not particularly well studied, is probably greater

than we currently imagine. Since some plants contain more

substances useful for bee health than others, some authors

recommend that beekeepers grow these plants to stimulate

their colonies’ health (Manning 2001; Tadman 2014). An

overview of such plants is provided in Table 2.

Self-medication on wood

Much research focuses on nectar and pollen as the domi-

nant sources for bee nutrition (Brodschneider and

Crailsheim 2010). However, it is often overlooked that

foragers often visit, for no clear reason, other substrates

such as dead wood or sawdust (Ingle 1988). Some foraging

honey bees can also be seen burrowing in soil (E. Tihelka,

Table 1 Phytochemicals in plant nectar known to control pathogen load in bumblebees (Bombus spp.)

Phytochemical Examples of plants References

Anabasine Nicotiana glauca Richardson et al. (2015), Anthony et al. (2015), Thorburn et al. (2015)

Catalpol Chelone glabra Richardson et al. (2015)

Gelsemine Gelsemium sempervirens Manson et al. (2010)

Nicotine Nicotiana glauca Richardson et al. (2015), Biller et al. (2015), Thorburn et al. (2015)

Tymol Tilia europea Richardson et al. (2015), Biller et al. (2015)
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pers. observ.). More curiously, adult bees have also been

observed on cattle dung (Crailsheim pers.com.). The reason

for this behaviour remained unexplained, until Stamets

(2014) suggested that bees collect beneficial fungi when

visiting wood. Indeed, dead and decaying wood, alongside

other abovementioned materials, is a rich source of various

microorganisms (Stokland et al. 2012). These fungi play a

key in increasing bee longevity. The fungi species Fomi-
topsis officinalis, Inonotus obliquus, Fomes fomentarius,
and Ganoderma resinaceum have been shown to reduce the

bee´s viral load (Stamets 2015). This may be another novel

example of self-medication in honey bees.

Before the genesis of modern beekeeping techniques

some 200 years ago, bees had a relatively easy access to

beneficial fungi for self-medication. Colonies lived several

metres above ground in gradually decaying tree cavities

(Seeley and Morse 1976), which would expose them to

beneficial fungi on a daily basis. Moreover, before the

intensification of forestry (Kokeš 1982), bees would be

able to forage freely for logs of dead wood. However,

today dead wood is so scarce that the existence of a number

of species of saproxylic insects is threatened (Speight

1989). Most modern beekeepers today keep bees in well-

ventilated beehives (Büdel 1957, Grziwa 1957), some are

even made of plastic and other artificial materials instead

of wood. In addition, placing beehives on the ground level

profoundly impacts the colonies’ mycobiota. Bee bread of

colonies kept on the ground level had a lower load of

Aspergillus spp. and Penicillium spp. that inhabit the

growth of the pathogen Ascosphaera apis, the causative

agent of chalkbrood, than colonies kept approximately 2–

4 m above ground in semi-natural cavities (Royce et al.

2015). In, addition, the widespread use of fungicides in

modern agriculture may also threaten the ability of bees to

self-medicate on beneficial fungi (Yoder et al. 2013). All

these factors would deprive bees of their natural source of

self-medicaments.

Self-medication with honeydew

The self-medication potential of honeydew remains unex-

plored regarding honey bees. This is a pity, since in many

regions, honeydew provides a major honey flow. Also,

since with modern forestry practices the likelihood of

honeydew contamination with chemicals harmful to bees

seems minimal (Zahradnı́k 2016) it can serve as a

stable supply of pesticide-free feed. Nevertheless, some

fragmented evidence suggests honey bee self-medication

may be possible with honeydew. Some galls associated

with aphids, the primary producers of honeydew, show

antimicrobial activities (Yoram and Inbar 2011). In addi-

tion, dark honey produced from honey dew has a higher

antimicrobial activity than other honeys (Molan 1992;

Vorlová et al. 2005).

Self-medication with algae

Vigilant beekeepers have observed that their bees often

don´t generally forage on water provided to them in clean

containers but rather seek water from “dirty” ponds, dit-

ches, swimming pools, or fountains. Often, these are

overgrown with algae. As the bees take in water, they

directly contact the algae biomass. The relationship

between bees and algae remained unexplained until very

recently.

Prášil et al. (2016) report that during several past years,

some bees hived in apiaries throughout Třeboň, Czech

Republic have been bringing green powder from their

Table 2 An overview of plants that may produce pollen containing substances useful for honey bee self-medication

Plant Comment

Antirrhinum sp. High content of palmitic acid (Manning 2001)

Arctotheca calendula High content of linoleic acid (Manning 2001)

Borage (Borago officinalis) High content of antimicrobial fatty acids including linoleic, linolenic, oleic, and palmitic acids (Tadman 2014)

Oregano (Origanum
vulgare)

Contains substances effective against P. larvae (Tadman 2014). In vitro, oregano extracts cause a high mortality of

Varroa mites (Gashout and Guzmán-Novoa 2009). Extracts also show inhibitory actions against the causative

agent of chalkbrood (Kloucek et al. 2012).

Common poppy (Papaver
rhoeas)

High content of antimicrobial fatty acids, namely linolenic acid (Manning 2001)

Scabiosa ssp. High content of antimicrobial fatty acids such as linolenic acid (Manning 2001). Very attractive to bees

Common thyme (Thymus
vulgaris)

Extracts from thyme suppress chalkbrood (Boudegga et al. 2010) and display antimicrobial and miticidal activities

(Fuselli et al. 2006; Gashout and Guzmán-Novoa 2009). Feeding Nosema infected bees with thymol extended

their life and decreased their spore load (Costa et al. 2010). Thymol is added into commercially produced

varroacides such as Apilife Var, Thymovar or Apiguard

Compiled according to Tihelka (2016)
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foraging flights. A closer examination showed that this

green powder was in fact dried Chlorella algae the bees

were collecting in a nearby biotechnology facility. The

bees were actively foraging for the dried algae and storing

it in their combs similarly to pollen. Subsequently, when

the biotechnology facility was repaired, the bees were

prevented from having access to the dried algae. This has

drastically reduced the honey yield of the colonies. The

authors suggest that algae may have acted as an important

source of nutrients for the bees. Preliminary studies have

also shown that the algae of the genus Chlorella are active

against P. larvae, the causative agent of American Foul-

brood and a major cause of colony mortality in the region.

It remains to be investigated whether honey bees are able to

self-medicate on algae under natural field conditions.

Honey bee declines as a result of forage loss

As eusocial insects, honey bees rely more heavily on social

immunity and have a less developed immune system on the

individual level (Riessberger-Gallé et al. 2015). This is

supported by the fact that the honey bee genome only

contains one-third of genes encoding for immune defence

effector proteins when compared to Anopheles or Droso-
phila (Evans et al. 2006). That implies that if honey bee

social immunity was somehow limited, this could have

significant negative effects on the colony health. The

decline of bee forage and dead wood in agricultural land-

scape (Williams and Carreck 2014) may have a negative

effect on the bee’s ability to gather enough resources for

self-medication. Indeed, honey bee colonies located in

areas with more bee forage have been shown to have a

higher honey yield (Naug 2009) which may be linked to

their health status, as is discussed above.

It is known that diverse pollen sources affect bee

physiology, tolerance to parasites (Di Pasquale et al. 2013),

immunity (Alaux et al. 2010) and the colony health overall

(reviewed in Brodschneider and Crailsheim 2010). In here,

it is suggested that with the disappearing bee forage, the

bees have less possibilities to self-medicate and thus are

more susceptible to infections. Further research will of

course be needed to verify these assumptions.

Conclusion and discussion

Self-medication using various plant materials has been

demonstrated in several insect taxa (Abbott 2014). In honey

bees, an increased number of bees forage on plant resins to

fight infection with entomopathogenic fungi (Simone-Fin-

strom and Spivak 2012). Bees infected with gut parasites

also preferentially feed on honeys that decrease the parasite

load (Gherman et al. 2014). Apart from these two examples,

direct experimental evidence lacks for honey bee self-

medication on other plant-derived materials such as pollen

or honeydew although there is considerable evidence sug-

gesting that this occurs. Self-medication also seems likely

in bees foraging for wood and algae. Because honey bees

rely heavily on social immunity (Evans et al. 2006) and

their forage is disappearing as a result of changes in agri-

cultural practices (Naug 2009; Williams and Carreck 2014)

it is herein suggested that this may lead to negative effects

on honey bees. If the ability of honey bees to self-medicate

dropped due to limited forage availability this would lead to

a decreased ability of bees to fight infections.

Wax combs probably play a key role as a reservoir of

substances bees may self-medicate on. It can be expected

that plant secondary metabolites, fatty acids, beneficial

microorganisms, and others accumulate in bee combs

throughout time. This agrees with older studies that iden-

tified a diversity of chemical substances in beeswax

including some fatty acids (reviewed by Tulloch 1970).

Other studies demonstrated an inhibitory action of wax

combs against P. larvae (Lavie 1960) and Aspergillus fla-
vus, A. fumigatus and A. niger, fungi associated stonebrood

(Kacániová et al. 2012). As such, bee colonies with older

wax combs should be less susceptible to disease. This is in

contrary to the prevailing beekeeping practices where old

combs are frequently replaced with new ones. However,

the wax comb is a dynamic environment that is often

contaminated with agrochemicals and miticides (Mullin

et al. 2010) and so relations between comb age and colony

health may not be straightforward. Further studies should

determine the persistence of fatty acids and other plant

metabolites in combs and their interactions with pesticide

residues.

A finding of great significance is that some plants may

be more useful for self-medication than others. The

antimicrobial effects of honey are significantly affected by

its botanical origin (Molan 1992). Also, pollen of some

plants has a higher content of antimicrobial fatty acids

effective against the causative agents of some dangerous

bee diseases, namely American and European foulbrood

(Manning 2001; Manning and Harvey 2002). This may not

be a mere coincidence, since it was shown that honey bees

feed preferentially on plants whose pollen has a high lipid

content (Singh et al. 1999). This has inspired some authors

to create lists of plants on which bees can restore their

health (Manning 2001; Tadman 2014) (Table 2). If future

research verifies the importance of these taxa for bees, they

could then be planted for bees to self-medicate on. As such,

the beekeeping industry would no longer need to rely so

heavily on chemotherapy. Cultivating diverse flower mix-

tures would not only benefit bees but also other

invertebrates (Haaland et al. 2011).
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Future research will also need to not only look more

closely at the beneficial effects of honey bee forage but also

its negative influences. Some minerals may, under certain

circumstances, lead to honey bee paralysis (Horn 1985).

Also, anecdotal observations indicate that palmitic acid

(shows antimicrobial actions against the causative agents

of bee diseases) is toxic to the queen bee when over 75 ml

is fed to a colony (Somerville 2005). In addition, a few

species of plants produce toxic nectar (Adler 2000) that

may under certain circumstances lead to the production of

toxic honey (Goodwin 2013). It is especial noteworthy, that

while the phytochemicals in the nectar of the yellow jas-

mine (Gelsemium sempervirens) can reduce the pathogen

load in bumble bees (Manson et al. 2010), it can also be

toxic to A. mellifera (Brown 1879). It is clear that honey

bee forage does not only have positive influences.

Some may suggest that the most prominent cause of

colony collapse is the loss of food sources as a whole. By

restricting the access of bees to food, their immunity is

reduced which may arguably have a much greater impact

than the mere absence of materials important for self-

medication. This claim seems to be supported by the fact

that relatively little plant taxa are known that contain

substances important for self-medication (Tables 1, 2).

However, this may be more because only a handful of taxa

were studied in this regard. Eusocial insects may come into

contact with hundreds plant species each year, and any (or

every) of these plants may be crucial for self-medication.

Given the results of the studies cited in the present text,

it is very likely that the bees at least partially rely on plant-

derived products and other materials for self-medication. It

now remains to be experimentally tested whether bees react

to infection by increased collection of these substances. It

is equally possible that honey bees simply do not self-

medicate on substances other than propolis and honey. If

nothing, the present work describes a testable hypothesis

and a further avenue of research that promises new inter-

esting discoveries in the field of pollinator-plant

interactions and invertebrate medicine.
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