
Pollen nutrition and colony development in honey bees – Part I 
1
 

 

Irene Keller, Peter Fluri and Anton Imdorf 

 

Swiss Federal  Research Station for Animal Production and Dairy Products (ALP), 

Bee Research Centre, Liebefeld, CH-3003 Bern 

 

 

Pollen is the bees’ main source of several important nutrients. Consequently, an 

adequate pollen supply will be essential to ensure the long-term survival of a colony 

and to maintain its productivity. This review focuses on the botanical and chemical 

composition of bee-collected pollen. Further, we discuss the impact of pollen on 

honey bee physiology and assess the pollen requirements of individual workers and 

larvae.  

 

In many industrialized countries, modern agricultural practices have led to an 

impoverishment of the flora over large areas. This might reduce the availability of 

profitable pollen sources and could have severe detrimental effects on honey bees (Apis 

mellifera) 74. The preservation of healthy colonies, however, will be of considerable 

economic importance as bees do not only produce honey but also serve as pollinators of 

many cultivated plants 8. To assess the quality of a given environment for honey bees, a 

thorough understanding of their pollen nutrition will be essential. In this article, we 

review the literature on the botanical composition of bee-collected pollen, with a focus on 

European studies from the last five decades (section A). In section B, we investigate the 

                                                 
1 Dedicated to the memory of Hans Wille, head of the Apicultural Section of the Swiss Federal Dairy 
Research Station in Liebefeld-Bern from 1957 to 87. The topic of this review was a crucial point of his 
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protein and mineral content of pollen from different plant species. It is conceivable that 

differences in the nutritional value of pollen might strongly influence the foraging 

decisions of honey bees. Finally, we try to estimate the quantity of pollen required per 

worker and worker larva and discuss the impact of pollen consumption on the 

physiological development of honey bees (section C). 
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A. Botanical composition of the pollen collected by honey bees 

Main pollen sources in Europe and northern Africa 

Data on the composition of bee-collected pollen was available from one location in 

Egypt, one in England, several locations in Scottland, three in Italy and 17 in Switzerland 
39, 42, 53, 56, 60, 66, 71-73. As some of these studies reported findings from several colonies 

and/or several years, a total of 114 data sets could be considered.  

Across all investigations, it was apparent that the bulk of the pollen generally came from 

few plant species. Thus, the five most common pollen sources yielded on average more 

than 60% of the total collected pollen. Such an unbalanced pollen composition does not 

appear to be a recent phenomenon but was also observed in studies from the late 1940s 

and early 1950s 60, 74. In fig. 1, we plotted the number of times a given plant taxon ranked 

among the five main pollen sources of a colony. We omitted 29 plant taxa, which were 

among the five main pollen sources in fewer than three of the data sets.  

Unfortunately, most authors did not provide any information on the abundance of 

different plant species in the vicinity of the bee colonies. Nonetheless, it seems safe to 

conclude that many of the important pollen sources were plants occurring at high 

densities either naturally or due to cultivation. Agricultural crops with an important role 

as pollen sources included white and red clover (Trifolium repens and pratense), corn 

(Zea mays), rape (Brassica napus) and sunflowers (Helianthus sp.). Several other plants 

from fig. 1 such as plantain (Plantago sp.), dandelion (Taraxacum officinale) and 

mustard (Sinapis arvensis) are generally abundant in meadows and pastures 7. A third 

group of important pollen sources included different tree species such as maple (Acer 

sp.), willow (Salix sp.), stone fruit (Prunus sp.) and pome (Pyrus sp.). Of course, this list 

is strongly influenced by the overrepresentation of study sites from the Swiss midland, 

and many other plant species may be locally important.  

Even within one geographical area, the composition of the pollen collected by colonies at 

different locations may vary considerably due to differences in the surrounding 

vegetation. Thus, 18 pollen types occurred at frequencies of ≥5% in a least one of 13 

samples collected at three locations in the Swiss midland in 1981 73. Out of these, only 

three plant taxa were detected in all three study areas (Brassica napus, Trifolium repens 
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and Zea mays), while the remaining pollen types were found at only one or two of the 

locations. These differences become even more pronounced if we include colonies from 

other geographical areas. Thus, pollen from heather (Calluna vulgaris),  European 

chestnut (Castanea sativa) and scotch broom (Cytisus scoparius) was quite dominant in 

samples from Intragna in southern Switzerland (black bars in fig. 1), but was not found at 

other localities. The study sites Schönried and Davos were located in the subalpine region 

of Switzerland at an elevation of 1250 and 1560 m above sea level respectively. 

Dominant plants at these two locations were crocus (Crocus sp.) and sedges (Carex sp.). 

Two other taxa,  Rhinanthus sp. and Euphrasia sp., were found exclusively in samples 

from Schönried (white bars in fig. 1). Again, no information is available on the 

vegetation in the vicinity of the colonies. However, many of the above-mentioned plants 

are known to be common in the respective habitats 7, 16, which further suggests that 

abundant plants are generally important pollen sources.    

Van der Moezel et al. 43 compared the composition of bee-collected pollen with the 

composition of the surrounding flora and found that the bulk of the pollen indeed came 

from common plants. However, it is likely that the pollen composition does not simply 

reflect the proportions of different flowers in the surroundings but is, at least to some 

extent, determined by true preferences. In this case, the proportion of a preferred pollen 

type should be higher in the bee-collected samples than in the environment 6. Instead of 

analysing the actual pollen intake of colonies, Visscher & Seeley 62 assessed the foraging 

effort directed towards individual plant patches by studying recruitment dances of pollen 

foragers. They found that on a given day the pollen foragers of a colony indeed showed 

clear preferences and focused on only a few of the plant patches available within their 

foraging area. On the other hand, honey bees may also exhibit pronounced dislikes of 

some pollen types. Workers from colonies placed near cucumber or cotton fields, for 

example, completely ignored these abundant plants as pollen sources 45, 56. The factors 

responsible for such preferences or dislikes are largely unknown (see section B of this 

article for a discussion of the potential role of the nutritive value of different pollen 

types). 

Individual preferences of different colonies can be detected by comparing several hives 

from one location, where the availability of flowers is likely to be the same for all 
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colonies. Sixteen data sets were available, where the pollen intake of two or more 

colonies had been investigated at the same location and in the same year 39, 60, 73. We used 

chi-square tests to investigate if the proportions of the more common pollen types were 

different between colonies at the same location. A combined probability across all studies 
57 indicated that this was indeed the case. Most of these differences were quantitative 

rather than qualitative. Bees from different colonies often collected pollen from similar 

plants but sometimes in quite different amounts. Three of the samples obtained from 

colonies in Galmiz in 1981, for example, contained more than 30% of pollen from white 

clover (Trifolium repens) as opposed to a proportion of only 16% in the fourth sample 73. 

Occasionally, the pollen samples also differed in terms of their botanical composition. 

Thus, three colonies at Intragna (1981) collected around 10% of ivy (Hedera helix) 

pollen, whereas a fourth colony did not use this pollen source at all 73.   

The results of this literature review support the hypothesis that honey bee colonies may 

differ in their use of the pollen available at a given location. The study of van der Moezel 

et al.43 showed that the preferences of a colony were not necessarily fixed but could 

change from year to year. In their first study year, the authors found that the bees mainly 

visited one abundant plant, whereas a second common species was ignored. In the 

following year, this preference was inverted although the availability of both plants was 

unchanged. This observation could be easily explained if the flower preferences of 

different colonies were determined largely by chance. Thus, it is conceivable that 

foragers simply continue to visit the pollen source they happened to encounter first. This 

would be consistent with behavioral observations, which showed a remarkable constancy 

of individual foragers with respect to preferred pollen types 19, 65. Alternatively, it is 

possible that our assumption of equal availability of flowers for different colonies at a 

given location is false. Synge 60, for example, observed that one of his study hives was 

shaded much longer than the other in the mornings, which delayed the start of pollen 

foraging in this colony. As the available flower spectrum generally varies throughout the 

day 39, 41, this could lead to differences in the botanical composition of the collected 

pollen.  
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Chronology of the main pollen sources 

At the beginning of the vegetation period, a uniform pattern was observed across most 

available studies with a very pronounced dominance of different tree species as the most 

popular pollen sources 28, 35, 39, 55, 60, 66, 71. These included maple (Acer sp.), ash (Fraxinus 

sp.) different fruit trees (Prunus sp. and Pyrus sp.), poplar (Populus sp.), oak (Quercus 

sp.), willow (Salix sp.) and elm (Ulmus sp.). At some Swiss locations, dandelion 

(Taraxacum officinale) was also an important pollen source in spring 39, 66, 71. In May and 

June, the spectrum of pollen types became much more diverse and generalisations across 

all study sites were hardly possible. In Ireland and England, some shrub species such as 

hawthorn (Crataegus monogyna) and elder (Sambucus sp.) were important pollen sources 
10, 60, whereas rape (Brassica napus) was frequently collected at several of the Swiss 

locations 66, 71. In midsummer and early fall, pollen from red and white clover (Trifolium 

pratense and repens), corn (Zea mays) and plantain (Plantago sp.) dominated the samples 

from all locations from the Swiss midland 39, 66, 71. In  southern Switzerland, European 

chestnut (Castanea sativa) and heather (Calluna vulgaris) were the dominant pollen 

sources at this time of the year 66, 71. In Ireland, on the other hand, large amounts of pollen 

were collected from blackberry (Rubus sp.) and meadowsweet (Filipendula ulmaria) 10. 

Towards the end of September, ivy (Hedera helix) became the dominant pollen source at 

several locations 10, 66, 71.    

The chronology of the main pollen sources may differ considerable between successive 

years at a given study site 66, 71. To a large extent, this may be due to changes in the 

surrounding vegetation, which can be very pronounced for colonies located close to 

farmland. Further, annual weather differences may influence the phenology of the flora 

and consequently the period when a given pollen type is available.  

If we considered the mode of pollination of the dominant plants, we observed a consistent 

pattern at different localities. Generally, wind-pollinated plants were dominant pollen 

sources in spring and were then replaced by insect-pollinated plants 47, 55. This was a 

consequence of the importance of anemophilous trees as early pollen sources. The 

frequency of pollen from wind-pollinated plants may show a second peak in midsummer 

at locations where corn (Zea mays) was an important pollen source 55.  



 7 

0

10

20

30

40

50

60

Zea
 m

ay
s

Trif
ol

iu
m

 re
pe

ns

Tar
ax

ac
um

 of
fic

in
al

e

Pl
an

ta
go

 sp
.

Bra
ss

ica
 na

pu
s

Ace
r s

p.
Sa

lix
 sp

.

Trif
ol

iu
m

 p
ra

te
ns

e

Pa
pa

ve
r s

p.

Hed
er

a h
eli

x

Hel
ian

th
us

 sp
. 

Pr
un

us
 / 

Py
ru

s s
p.

 
Po

ac
ea

e

Cal
lu

na
 v

ul
ga

ris

Cas
tan

ea
 sa

tiv
a

Si
na

pi
s a

rv
en

sis

Que
rc

us
 sp

.

Cro
cu

s s
p.

 
Car

ex
 sp

.

Cyt
isu

s s
co

pa
riu

s

Ran
un

cu
la

ce
ae

Bra
ss

ica
ce

ae

Fa
gu

s s
yl

va
tic

a

Cor
nu

s s
an

gu
in

ea

Lag
er

str
oe

m
ia 

in
di

ca

Hel
ian

th
em

um
 sp

.

Rhi
na

nt
hu

s s
p.

Aste
ra

ce
ae

Eup
hr

as
ia 

sp
.

Rub
us

 sp
.

Vic
ia 

fa
ba

pollen types

n
u

m
b

e
r
 o

f 
st

u
d

ie
ss

 

FIG. 1: Number of studies in which a given plant taxon ranked among the five most common pollen sources. A total of 114 data sets were included in the 
analysis. (black bars = pollen types found only at Intragna, CH; white bars = pollen types found only at Schönried, CH; striped bars = pollen types found only at 
Schönried and Davos, CH) 
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B. The chemical composition of the pollen collected by honey bees 

 

Like all animals, honey bees have to consume certain essential nutrients with their food. 

Pollen is their main source of proteins, minerals and several other substances, while 

nectar provides the bulk of carbohydrates 24. In the following, we will review the 

literature on the protein and mineral composition of pollen and investigate if honey bees 

prefer pollen types with a high nutritional value.  

Honey bee foragers mix freshly collected pollen with some nectar before packing it into 

their corbiculae 46. In the hive, the workers add more nectar and glandular secretions to 

the pollen, which then undergoes a lactic acid fermentation. Consequently, the chemical 

composition of pollen samples will depend on whether they were obtained directly from 

flowers, from foragers or from brood combs 25, 61. Whenever possible, we will indicate 

which type of pollen was analysed.  

 

Protein, amino acid and mineral content of pollen from different plant species 

The protein concentrations in hand-collected pollen from 377 plant species from 93 

families are given in the extensive review by Roulston et al. 52. Pollen from different 

species may vary considerably in protein content, with values ranging between 2.5% in 

the cypress Cupressus arizonica and 61.7% in Dodecatheon clevelandii (Primulaceae). 

Within plant families, however, protein concentration appears to be highly conserved, 

except in the species-rich Cactaceae and Fabaceae 52. On average, animal-pollinated 

plants do not appear to be richer in pollen protein than wind-pollinated plants 52.  

Ten amino acids are reported to be essential for honey bees, i.e. they cannot be 

synthesized by the organism but have to be ingested with food 15. These are arginine, 

histidine, lysine, tryptophane, phenylalanine, methionine, threonine, leucine, isoleucine 

and valine. The content of essential amino acids was found to be positively correlated 

with the total protein content of a pollen 70. Generally, there appear to be few qualitative 

differences in the amino acid composition of different pollen types and most of them 

contain all essential amino acids (see 24, 51, and references therein). Wille et al. 70 also 

detected very similar proportions of the different amino acids in bee-collected pollen 
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samples from 99 plant species. There are a few plants such as for example Taraxacum 

officinale, whose pollen lacks one or several of the essential amino acids 3, 70.    

The pollen ash content of 33 North American plant species was estimated at 0.9 to 6.4% 

of the dry weight 61. However, very little data is available on the different minerals and 

trace elements making up pollen ash and on how their composition varies between plant 

species. Todd & Bretherick 61 and Vivino & Palmer 63 found that their bee- and hand-

collected pollen samples contained potassium, phosphorus, calcium, magnesium, iron and 

surprisingly high levels of copper. More recent pollen analyses have also detected 

sulphur, sodium and the trace elements manganese, zinc and selenium 14. The 

concentration of a given substance appears to differ considerably between plant species 
61.  

In their study at eleven Swiss locations, Wille et al. 68 found that the protein content of 

bee-collected pollen was subject to considerable temporal variation due to differences in 

its botanical composition. Generally, the protein content was low in early spring and then 

reached a maximum of 25-30 % in May. Low pollen protein concentrations where 

sometimes observed in June, but then the values remained relatively constant around 20% 

for the rest of the vegetation period. The yearly average appeared to be around 20% 

although there was some variation due to location, year and colony 68. The mineral levels 

in pollen were also found to vary considerably in the course of the year due to differences 

in the floral origin of the pollen 26. This was true for potassium, magnesium, calcium, 

manganese and iron, while the zinc and copper content of pollen appeared to be more 

constant.  

 

Assessment of pollen quality by honey bees  

As discussed above, the pollen produced by different plant species may differ 

considerably with respect to protein and maybe also mineral content. Such qualitative 

differences might have a strong impact on the foraging decisions of honey bees and could 

possibly explain preferences for certain pollen types. However, due to our insufficient 

understanding of the nutritional requirements of honey bees, it may be very difficult to 

determine which pollen types actually have a high nutritive value for the animals. Most 
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researchers used somewhat arbitrary criteria such as the content of essential amino acids 

to determine pollen quality.   

It has been shown that honey bee foragers may indeed exhibit preferences for certain 

pollen types (see also section A of this article). Even when pure pollen was offered to 

eliminate visual signals of the flowers, honey bee foragers gathered higher quantities of 

some pollen types than of others 33. However, it remains to be seen if such preferences 

are really associated with pollen quality or if they are due to other factors such as, for 

example, smell or visual signals of the pollen itself 36.   

In choice experiments, honey bees were offered pollen from rape Brassica napus and 

broad bean Vicia faba 11. Rape pollen was considered to be of higher nutritional value 

because it contained a greater proportion of essential amino acids. The bees showed no 

consistent preferences, except for colonies which had been fed rape pollen before the 

experiment. When offered a choice between rape and bean pollen, these colonies 

continued to collect significantly higher quantities of the former. The authors argued that 

this behaviour might be a consequence of the supposedly higher quality of rape pollen. 

However, they acknowledge that the two pollen types probably also differed in many 

other respects.  

Waddington et al. 64 found that honey bees that had collected pure pollen were more 

likely to perform a recruitment dance than animals that had been presented with a mixture 

of pollen and cellulose powder, which had a lower nutritive value. However, Pernal & 

Currie 49 argued that it was not possible to attribute these behavioural differences to 

pollen quality as the test foods used by Waddington et al. 64 were not standardized for 

pollen odour concentrations. In their own study, Pernal & Currie 49 found that foragers 

responded to such olfactory cues, whereas their behaviour was not affected by changes in 

the protein content of the soy flour they were offered.  

In conclusion, no experimental study has so far provided conclusive evidence of 

preferences for high-quality pollen in honey bees. The main difficulty of such studies 

consists in finding adequate test diets, which differ only with respect to the property that 

is to be investigated.   
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Some indirect evidence is provided by the observation that, on average, animal-pollinated 

plants do not have higher pollen protein contents than wind-pollinated plants 52.  This 

would not be expected if pollinators preferred protein-rich pollen. Indeed, it is possible 

that honey bees are not able to assess the nutritive value of pollen because they do not 

consume it directly but transport it to the hive in their pollen baskets. This could also 

explain why honey bees may readily collect toxic pollen 37, 44. In conclusion, it is well 

possible that colonies regulate the quantity rather than the quality of the pollen that is 

collected. In a natural environment, this may suffice to ensure an adequate supply with all 

essential nutrients.  
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C. Pollen nutrition and honey bee physiology  

 

The bulk of the pollen available to a colony is consumed by the workers, which then feed 

queens, drones and larvae with caste-specific food jellies 23. The high protein contents of 

these jellies are derived from secretions of the hypopharyngeal glands of the nurse bees 
23, 24. Worker and drone jellies may also contain some pollen, which constitutes an 

additional source of protein 23. However, this pollen fed directly to the larvae was 

estimated to contribute less than 5% to the total protein necessary for larval development 
4.  

 

Influence of pollen on the physiological development of honey bee workers 

Honey bee workers start to consume large quantities of pollen within the first 42 to 52 

hours after emergence 20. The pollen content of the gut reaches a maximum in 8-9 day old 

workers and then decreases to very low levels in individuals older than ca. 20 days 13, 34. 

Older individuals, which perform foraging tasks, mainly consume nectar but may also be 

fed with protein-rich jelly by nurse bees 12.   

An adequate pollen supply is indispensable for the development of some of the internal 

organs of worker bees. If newly emerged bees were kept on a pure carbohydrate diet their 

hypopharyngeal glands remained undeveloped 40. Pollen-feeding, on the other hand, 

induced the growth of these glands and of the fat body. Generally, the size of the 

hypopharyngeal glands showed a similar age dependence as the intensity of pollen 

consumption, i.e. it reached a maximum in ca. 10 day old bees 13. Not surprisingly, it is 

the animals in this age group, which perform most of the brood rearing duties in a colony 
29. Different pollen types were found to vary considerably in their effectiveness, with 

some low quality pollen types having as little impact on physiological development as a 

pure carbohydrate diet 38, 40. Standifer 58 reported that pollen quality did not appear to be 

associated with total protein content. Other than that, little information is available on the 

chemical components determining the physiological effectiveness of a given pollen type. 

The vitamin and mineral requirements of honey bees, for example, are virtually 
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unknown, although these substances play a significant role in the growth and 

development of all living organisms 24. 

 

Pollen quantity required per adult bee or per larva 

Based on analyses of the gut contents of adult honey bees from two colonies, Crailsheim 

et al. 13 estimated that a worker consumed on average 3.4 to 4.3 mg of pollen per day. In a 

different colony, Schmidt & Buchmann 54 found that the pollen-sucrose mixture 

consumed per bee and day contained 0.11 mg of nitrogen. This means that each worker 

consumed ca. 3.1 mg of pure pollen, assuming a nitrogen to protein conversion factor of 

5.6 50 and an average pollen protein content of 20% 68. Thus, the two studies gave very 

similar estimates of the daily pollen consumption of workers although the between-

colony variability would need to be investigated in more detail. Further, it is unclear if 

these results apply to more natural conditions. For example, it is conceivable that the 

mixture of pollen and sugar solution used by Schmidt & Buchmann 54 will also attract 

foragers, which would not normally eat pure pollen 17. 

Some of the pollen protein consumed by honey bee workers will be used for the 

production of proteinaceaous food jelly, which is then fed to larvae. To our knowledge, 

the amount of protein required to raise one queen or drone larva has not been investigated 

so far. Caged colonies provided with a mixture of pollen and honey used on average 140 

mg of pollen to rear one worker 1. Based on estimates of the yearly pollen supply, pollen 

protein content and number of brood cells in 59 colonies, Wille & Imdorf 67 found that 

ca. 180 mg of pollen were available per larva, which would be in good agreement with 

the result of Alfonsus 1. However, it needs to be stressed that these values overestimate 

the amount of protein actually fed to each larva because they do not account for the 

metabolic requirements of the workers themselves. These may be quite substantial as 

indicated by the increase of the protein content of the pharyngeal glands and the fat body 

at the beginning of the adult stage 18. Further, there will be some metabolic losses as 

pollen is likely to be digested with an efficiency of around 80% rather than 100% 54. 

More accurate estimates of the protein requirements of larvae can be obtained by 

examining their nitrogen content. Pupae and newly emerged adults contained between 
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1.73 and 1.87 mg of nitrogen 21, 22, 27. This would indicate a consumption of 68 – 73 mg 

of pollen per worker larva, if we assume a nitrogen to protein conversion factor of 6.25, a 

pollen protein content of 20% and a digestive efficiency of 80% (see above; note that the 

two different nitrogen to protein conversion factors used in this section result from 

differences in the nitrogen content between pollen and animal protein 50). This estimate 

will be somewhat too low because the animals defecate before pupation. Consequently, 

the nitrogen content of larvae will be higher than that of pupae or emerging adults.  

It is essential to bear in mind that all of the above results depend on various assumptions 

and should not be considered as more than rough estimates of the pollen requirements of 

individual honey bees. Further, we know very little about the between-colony variation of 

factors such as the pollen quantity collected per larva or the nitrogen content of larvae 

before pupation. At least the former has been reported to vary considerably between 

colonies 2, 69. Among other factors, the botanical composition of the pollen may 

determined the number of bees reared with a certain pollen quantity 9. 

 

Pollen digestion 

Of course, the value of pollen will be determined to a large extent by the efficiency with 

which it can be digested by an organism. Pollen digestion may be quite difficult due to 

the several cell wall layers that surround the nutrient-rich cytoplasm. The innermost of 

these layers is known as the intine and consists mainly of cellulose and pectin. The next 

layer, the exine, is composed of sporopollenin and is generally perforated by so-called 

germination pores. The exine is covered by the semi-solid pollenkitt, which is made up of 

lipids, proteins and sugars 51. 

The crop of honey bees is mainly a storage organ but it may also be involved in pollen 

digestion. Thus, Klungness & Peng 30 reported that most of the pollenkitt layer of 

dandelion pollen (Taraxacum officinale) was separated from the exine in the crop. Peng 

et al. 48, on the other hand, suggested that the pollenkitt was not removed until the 

midgut.  

From the crop, the pollen is transported through the proventriculus, where it is formed 

into a lump or so-called bolus before entering the midgut (see 5 and references therein). 
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Kroon et al. 32 argued that differences in osmotic pressure between crop and midgut 

might cause the pollen grains to burst and expose the nutrient-rich cytoplasm. This 

hypothesis was not supported by other studies, which detected a high proportion of intact 

pollen grains in the anterior part of the midgut 31, 48. In the midgut, the pollen bolus is 

encased in several membrane layers, which probably protect the gut from injury and may 

also release digestive enzymes (see 5 and references therein).  

In the anterior midgut, the protoplasm of dandelion pollen appeared to be gradually 

removed through the germination pores 48. In the median and posterior midgut, an 

increasingly high proportion of the pollen grains was characterized by ruptured cell walls 

and a strong reduction of the protoplasmic volume 31, 48. The exine of the cell wall was 

found to be undigestible, in contrast to the intine from which the polysaccharide 

components were partially removed 30, 31. 

Most of the abovementioned investigations focused on dandelion pollen, while little 

meaningful data is available on other pollen types and the efficiency of pollen digestion 

in general. Crailsheim et al. 13 found that the percentage of empty grains in the rectum 

was higher for pollen from Castanea than from Trifolium. Further, the efficiency of 

pollen digestion appeared to decrease with the age of the bees 13. In agreement with this 

result, the lipase activity was found to be highest in the gut of 3-12 day old workers 34, 

but we do not know if similar patterns exist for other digestive enzymes. Schmidt & 

Buchmann 54 carried out a detailed analysis of food intake and excretion in a honey bee 

colony. They found that 83% of the nitrogen ingested with pollen was indeed utilised by 

the animals, which would indicate a very efficient pollen digestion. Although larvae 

consume only very little pollen directly (see above), they also appear to be very efficient 

at digesting this food source. Thus, analyses of the gut contents of larvae fed with corn 

pollen showed that 98% of the pollen grains were at least partially digested 4.  
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Perspectives 

Studies from different countries showed that the bulk of the pollen was collected from a 

limited number of plants, which were often common species such as agricultural crops. 

This result indicates that honey bees may not necessarily suffer from an impoverishment 

of the flora in agricultural areas, although some periods of pollen shortage may occur, 

which might not be observed in a more diverse environment 59. 

Plant abundance was clearly not the only factor determining the foraging decisions of 

honey bees and some true preferences seemed to exist. Several studies suggested that 

such preferences were probably not based on assessments of the nutritive value of a given 

pollen type. However, it remains unclear which factors actually do determine the current 

value of a food resource for honey bees.  

High-quality pollen is necessary to induce the development of the hypopharyngeal glands 

in young worker bees. These glands secrete the food jelly, which is fed to the larvae. 

Consequently, a direct relationship between pollen availability and colony development 

can be expected. This topic will be covered in a second part of this review article to be 

published in a following issue of Bee World.   
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