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Swedish Abstract - Sammanfattning 

Pollination är en av samhällets största och viktigaste ekosystemtjänster. Pollinering som direkt kan 

kopplas till matproduktion har blivit uppskattad till att ha ett ekonomiskt värde av €153 miljarder euro, 

samtidigt som matväxter beroende av bi-pollination ofta har ett högt närings- och kulturvärde vilket är 

svårt att värdera ekonomiskt. Den senaste tidens forskning indikerar att den globala bi-populationen 

minskar. Solitära vildbin är oftast specialiserade till att ha enstaka växter som födokälla och är därför 

sårbara för habitatfragmentering och -förstöring. Omfattande forskning kring pollenspektra, 

habitatpreferenser och annan specialisering görs nu världen över för att ta reda på vad som kan göras 

för förhindra en fortsatt minskning. Tyskland och England är främst vid den europeiska 

forskningsfronten,  och det är önskvärt att veta om information som tagits fram där kan användas i 

bevarandesyfte i övriga Europa. Syftet med denna studie är därför att jämföra om resultaten från 

europeisk forskning kan appliceras på svenska förhållanden. Pollenspektra hos svenska Andrena-bin 

analyserades genom att använda en museisamling av svenska vildbin (mestadels insamlade under 1900-

talet). Pollen insamlad av honbin från åtta olika arter analyserades och artbestämdes. Graden av 

specialisering (oligolekti eller polylekti) blev också undersökt för att bättre förstå arternas begränsningar 

och möjligheter sett till födoval. Till största delen stämde resultatet överens med forskningen från 

Europa, men vissa arter påvisade ett bredare pollenspektrum än det som beskrivits i litteraturen. I 

överensstämmelse med litteraturen katagoriserades två arter som polylektiska och tre arter som 

oligolektiska. Däremot visade sig A. marginata och A. ruficrus, arter beskrivna som oligolektiska, att 

vara polylektiska med en stark preferens och A. hattorfiana katagoriserades som monolektisk istället för 

oligolektisk. Resultaten ger oss en djupare kunskap som kan bidra med att optimera bevarandebiologin 

på området i framtiden. 

Abstract 

Today’s society depends greatly on the ecosystem services of pollinators. Worldwide pollination of food 

crops has been estimated to have the economic value of €153 billion. Besides this, pollination by bees 

is often closely linked to plants with strong nutritional and cultural value. Accumulating evidence is 

indicating that there is an ongoing global decline of the bee-population. Wild solitary bees often have a 

highly specialized food preference and therefore tend to be vulnerable to habitat-fragmentation and 

destruction. Extensive research about wild bee food preference, habitat requirements and specialization 

has therefore begun to show how to prevent further declines. Germany and England are leading the 

European research about wild bees and it is important to known if their results can be used for 

conservation-biology in other European countries. This project therefore aims to investigate if European 

research about diet breadth amongst wild bees can be applied to Swedish conditions. Diet breadth 

amongst Swedish Andrena bees was analyzed by using a museum collection, containing bees mainly 

collected during the 20th century. Pollen collected by female bees from eight different species was 

analyzed and compared with the European literature to assess their resemblance. The degree of 

specialization, referring to oligoleges and polyleges, was also investigated to discover limitations and 

possibilities in means of diet breadth. Most findings proved to be compatible with the European results, 

but some species showed a broader floral preference than described in the literature. Two species were 

categorized as polylectic and three as oligolectic, in line with the literature. Whereas A. marginata and 

A. ruficrus, earlier described as oligolectic species, were categorized as polylectic with a strong 

preference and A. hattorfiana proved to be monolectic rather than oligolectic. The results provide us a 

deeper understanding of diet breadth amongst Swedish Andrena that can be used to design better 

conservation strategies in the future. 

Keywords: Andrena, solitary bees, diet breadth, oligolectic, polylectic, Sweden 
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1.0 Introduction 

Today’s society, despite numerous technologies, still depends greatly on the natural ecosystem services. 

Pollination is considered to be one of the most important and irreplaceable ecosystem services, amongst 

others such as clean drinking water, natural drainage of rainwater and soil stabilization by plants (Palmer 

et al., 2004). As many as 87.5% of the world’s flowering plants are pollinated by insects and other 

animals, and three quarters of the global food crops can, at least in parts, benefit from animal pollination 

(IPBES, 2016). The economic value of the global insect pollination of food crops has been estimated to 

€153 billion, using 2005 world production values (Gallai et al, 2009). Fruits, vegetables and edible oils 

are the crops that depend most on insect pollination (Gallai et al, 2009). It is known that the world’s 

main staple crops such as rice, corn and wheat, do not depend on insect pollination. But as pointed out 

by Klein et al. (2006) and Steffan-Dewenter et al. (2005), insect pollinated crops are high in important 

macro- and micro-nutrients and have a great cultural value for people around the world. It is important 

to remember that not only human beings depend on pollination. Pollination is an extremely important 

ecosystem function for many organisms and crucial for plant reproduction, agricultural production and 

the maintaining of biodiversity (IPBES, 2016; Johnson & Klemens, 2005).  

1.1 Bees as pollinators 

There are over 20 000 bee species worldwide and almost all species are considered pollinators (IPBES, 

2016). Bees (Apoidea) are regarded as the most important amongst the animal pollinators (IPBES, 

2016). In modern agriculture, the domesticated European honeybee (Apis mellifera) is the most 

frequently used bee species (Potts et al., 2010) and I would dare to state that it is also the world’s most 

famous one. It has long been regarded as the most efficient and important pollinator for agricultural use 

(Carreck & Williams, 1998), but the honeybee population has experienced a severe decline during the 

last decades, some feral populations even being near extinction. This is largely owing to the parasitic 

varroa mites (Varroa sp.) and tracheal mites (Acarapis woodi) (Delaplane & Mayer, 2000). As a 

reaction, attention has shifted to wild pollinators and especially to wild bees, to investigate the 

opportunities for commercial use. Evidence is building up that wild bees play a much greater role than 

earlier thought and that their contribution to food crop pollination, which was often ignored in the past, 

is highly important (Losey & Vaughan, 2006; Klein et al, 2006; Breeze et al, 2011). It is thought that 

wild bees enhance crop yield (Garibaldi et al., 2013) even for self-pollinated crops (Greenleaf et al., 

2006) and that this might be due to the big species diversity and diversity of strategies that wild bees 

can offer (Garibaldi et al., 2013; Greenleaf et al., 2006)

1.2 Wild bee strategies, oligolecty and polylecty 

Several factors are thought to constrain the wild bee population. Pollen access is one of them (Larsson 

& Franzèn, 2007) as solitary bees feed their larvae with it. Like many other animals, wild bees exhibit 

a large range of diet breadths. As Larkin et al (2007) described, some bees are specialized for a very 

narrow and restricted pollen diet, only including one plant species, genus or family. These are called 

true oligolectic bees. Polylectic bees, on the other hand, prefer a varied diet consisting of pollen from 

unrelated host plants (Larkin et al., 2007). A well-known polylectic bee is the European honeybee (Apis 

mellifera). The cause of the diversification in diet breadth amongst bees is still not completely clear 

(Larkin et al., 2007), but polylectic bees tend to be less sensitive to changes to their habitats due to their 

broader diet (De Palma et al., 2015). As Wood & Roberts (2017) stated, this does not automatically 

imply that all oligolectic bees are rare. It is more a question about rare and even declining resources. 

The plant resources must be abundant enough for a population to survive. Larsson & Franzèn, (2007) 

found that ten females of the bee species Andrena hattorfiana, which is specialized on the plant Knautia 

arvenis, need access to 780 inflorescences or 156 individuals of K. arvensis. Wild bees on a very 

restricted diet consisting of only one genus can, on the other hand, be quite common if the resource in 

question is an abundant plant genus like, e.g., Salix (Wood & Roberts, 2017).  

1.3 Aim 

Wild bees seem to decrease globally (FAO, 2005; Potts et al, 2010; IPBES, 2016) and considering their 

contribution as pollinators, there is a large interest in preventing further decline. In Sweden 274 wild 
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bee species (bumblebees included) currently reproduce and live (Svensk taxonomisk databas, n.d.b), of 

which about one third are red-listed (ArtDatabanken, 2015). Since it is known that the diversity of 

specialization among wild bees is great (Larkin et al, 2007) researchers around Europe have begun to 

investigate the diet breadths of different solitary bee species (Wood & Roberts, 2017; Gusenleitner, 

1985; Westrich, 2018; Dylewska & Bak, 2005; Waser and Ollerton, 2006; Stenmark, 2013) to better 

understand wild bee’s limitations and opportunities. This is valuable information in terms of 

conservational biology, and it is important to know if research results derived from other parts of Europe 

can be applied on, e.g., Swedish conditions. This study therefore aims to investigate if observations on 

wild bee diet breadths in other European countries, of the genus Andrena in particular, can be applied 

on Swedish wild bees.  

The genus Andrena was in focus in this study since the genus consists of both polylectic and oligolectic 

bee species although oligoleges dominate (Waser & Ollerton, 2006). In Sweden there are existing 55 

reproducing species of Andrena (Svensk taxonomisk databas, n.d.a) of which some are well investigated 

(Stenmark, 2013; Larsson & Franzèn, 2007), but for others the information is inadequate. The following 

eight species (Table 1) from the genus were investigated in this study to assess diet breadth and pollen 

spectra; Andrena denticulata, A. haemorrhoa, A. hattorfiana, A. helvola, A. lathyri, A. marginata, A. 

ruficrus & A. wilkella. 

Table 1 

Current information from the literature about the eight species of Andrena that were used in this study. Two species were 

documented as polylectic and the rest as oligolectic (Westrich, 2018) 

Species Status Active Host range Reference 

A. denticulata LC VII-IX Oligolectic (SLU, ArtDatabanken, n.d.; 

Westrich, 2018; Andrena species, 

2019, 4 January) 

A. haemorrhua LC IV-VII Polylectic (SLU, ArtDatabanken, n.d.; 

Westrich, 2018) 

A. hattorfiana LC VI-VIII Oligolectic (SLU, ArtDatabanken, n.d..; 

Westrich, 2018) 

A. helvola LC IV-VII Polylectic (SLU, ArtDatabanken, n.d.; 

Westrich, 2018) 

A. lathryi LC V-VI Oligolectic (SLU, ArtDatabanken, n.d.; 

Westrich, 2018; Wisniowski ,2018) 

A. marginata NT VI-IX Oligolectic (SLU, ArtDatabanken, n.d.; 

Westrich, 2018) 

A. ruficrus LC III-V Oligolectic (SLU, ArtDatabanken, n.d.; 

Westrich, 2018; Andrena species, 

2019, 4 January) 

A. wilkella LC IV-VIII Oligolectic (SLU, ArtDatabanken, n.d.; 

Westrich, 2018; Andrena species, 

2019, 4 January) 
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2.0 Method  

2.1 Pollen collection 

All pollen samples were collected from preserved Swedish wild bees belonging to the Natural History 

Museum of Gothenburg. The bees were caught during the 19th century and up until 2017 (Figure 1), 

mostly from southern Sweden. The bees had been identified and labelled with scientific name and 

information in advance.  Only female solitary bees belonging to the genus Andrena were used in this 

project.  

For the pollen sampling I used a method much 

like the one Larkin et al. (2007) used in their 

research. Using a stereo microscope, female 

Andrena bees were searched for pollen, mainly 

at the corbiculae (A hairy structure designed to 

hold compressed pollen during transportation, 

which is located at the hind legs of female 

bees). The bees who had gathered pollen were 

given an ID-number and labelled with their 

scientific name and other helpful information 

before sampled. Since the bees were collected 

over a long period of time and by different 

people, the amount of information given about 

individual bees varied a lot.  

A microscope slide marked with ID was placed 

underneath each bee so that pollen being 

removed could fall directly down on the slide. 

Collected pollen was removed very carefully 

from one of the corbiculae with a clean 

watchmaker’s tweezer. If the pollen was too crystallized to spread out, a drop of water was added to 

dissolve the lump of pollen. The sample was then set to dry. All samples were finished with a drop of 

glycerol gelatin containing safranin and a bacterium killing agent (phenol). The safranin stains the pollen 

exine (the outer layer of the pollen grain which mainly consists of sporopollenin) into a pink color, 

making it easier to distinguish the pollen grains from spores and other organic material. At last, the 

sample was sealed with a 24 x 24 mm sized cover glass. 

All bees with filled corbiculae were sampled. In total 74 samples were obtained and of these, 44 were 

used for analysis. Only samples which had a known ID and a minimum of three replicates (Wood et al, 

2016) were used for the final pollen analysis. The following eight species of Andrena were used for 

pollen analysis; Andrena haemorrhoa (n=7), A. wilkella (n=3), A. lathyri (n=3), A. helvola (n=3), A. 

ruficrus (n=2), A. marginata (n=5), A. hattorfiana (n=17) and A. denticulata (n=4).  

2.2 Pollen analysis 

Pollen was analyzed in a Leitz Laborlux 8 light microscope at a magnification of 400x (Larkin, Neff & 

Simpson, 2007). The 400 first pollen grains were counted and identified for each sample. All samples 

were counted from the top down, starting in the left corner. To ensure that no pollen grain was counted 

twice, only pollen within a 320 µm wide span were counted. After finishing one transect the slide was 

moved one step to the right and the procedure above was repeated.  

Pollen was identified based on the exine morphology and the size of the pollen grain (Larkin, Neff & 

Simpson, 2007). Pollen from my samples were compared to pictures and reference slides of flowering 

and dried plants, for accurate identification. Information from the literature (SLU, ArtDatabanken, n.d.; 

Wisniowski ,2018; Andrena species, 2019, 4 January) about the bee’s flying period (Table 1) were 

compared to flowering seasons to narrow down the plant candidates and facilitate the search for the right 

pollen species. Since this study aims to investigate if the current knowledge based on European bees can 

Figure 1 

The distribution of samples over the years with regard to 

collection date (in %). 56,8% of the bees were collected during 

the time span 1900-1955. 
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be applied to Swedish wild bees, the work of Westrich (2018) was used as a starting point for the pollen 

analysis. I counted and identified 17 600 pollen grains in total, to the nearest taxonomic group possible. 

Pollen grains belonging to the Rosaceae family, especially those of fruit trees (Pomoideae, Prunoideae 

-type), are hard to distinguish in a light microscope (Hebda & Chinnappa, 1994) and could not be 

identified to a species level. Even species within the genera Vaccinium, Salix and Taraxacum are hard 

to distinguish further than to genus and was therefore only identified to this extent. Following the 

recommendations of Waser & Ollerton (2006), data was presented in a manner that allowed for the best 

and most informative comparison with other research results. Thus, the results of the pollen analysis 

were presented as the mean amount of a certain pollen type in the samples (%) and the percentage of 

individuals with pure loads with pollen from the preferred host plant. All data was used for the 

calculations but species representing <2% of the total pollen load (Species-wide) were excluded from 

the assessment of floral preference in the results (Ritchie et al, 2016; Wood & Roberts, 2017). This was 

done to control for pollen-contamination. The boundary was set at 2%, because the discontinuity of data 

was most notable below this point. Finally, the percentage of individuals with pure pollen loads from 

the preferred host plant was calculated. Pure pollen loads were defined as when the amount of one pollen 

type was equal to or more than 90% of the individual pollen load. (Waser & Ollerton, 2006; Wood & 

Roberts, 2017; Wood et al., 2016) 

Figure 2 

Examples of pollen grains in a light microscope, stained with safranine. A. Lathyrus pratensis, B. Knautia arvensis, C. 

Vaccinium ssp., D. Lathyrus linifolius, E. Leontodon autumnalis, F. Succisa pratensis, G. Trifolium pretense (largest pollen), 

H. T. repens (smaller pollen), I. Leucanthemum vulgare, J. Lotus corniculatus, K. Taraxacum coll., L. Quercus robur, M. 

Narcissus pseudonarcissus and N. Salix ssp. All species are shown in the same scale.  
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2.3 Simpson’s index of diversity  

Simpson’s index of diversity (Jost et al., 2010) was used to estimate the diversity of pollen in each 

sample. This index calculates the probability of picking two different species of pollen when two random 

grains are picked out from the sample. The index also considers the probability of randomness. If there 

is only one individual of a species in the total sample, this will be considered as a random occurrence in 

the formula and thus calculated as zero. 

𝐷 = 1 −
∑𝑛(𝑛 − 1)

𝑁(𝑁 − 1)
 

Where n is the number of individuals belonging to one species, type or trait. N is the total number of 

individuals in the sample (Royal Geographical Society, n.d.). 

I found calculation of this Index to be an appropriate method to estimate if the pollen counted in my 

samples were collected intentionally or not by the bees.  

2.4 Categorization of host range 

To assess if the investigated bee species could be categorized as polylectic, broadly oligolectic or 

narrowly oligolectic, a method earlier used by Müller & Kuhlmann (2008) was used on my dataset. The 

mean percentage of the dominating pollen type (species, genus or family) was calculated for each bee 

species. The limit was set to 95% for all categories (Table 2) to allow for contamination. As pollen often 

gets transported by air, contamination can easily occur on plants with open flowers or even on the bee 

itself. Contamination can also occur when polylectic bee- and insect-species visit the same flowers as 

oligolectic bees, or simply when the bees are handled for preservation and sampling (Larkin, Neff & 

Simpson, 2007). 

Table 2 

Categorization of host range. Method and table are based on the work of Müller & Kuhlmann (2008) 

HOST RANGE NUMBER OF POLLEN GRAINS 

MONOLECTIC 95 % or more of the pollen grains counted belong to one plant 
species 

NARROWLY OLIGOLECTIC 95% or more of the pollen grains counted belong to one plant genus 

BROADLY OLIGOLECTIC 95% or more of the pollen grains counted belong to one plant family 

POLYLECTIC WITH 
STRONG PREFERENCE 

70-95% of the pollen grains counted belong to one plant clade 
(family, subfamily, tribe, genus or species) 

POLYLECTIC  Less than 70% of the pollen grains counted belong to one plant 
family 

3.0 Results 

3.1 Pollen load analysis and host range 

Host range was based on the work of Müller & Kuhlmann (2008) see table 2. The results showed that 

four species turned out to be polylectic of which two were already known polyleges (Table 1), viz. 

Andrena haemorrhoa and A. helvola. Further, A. ruficrus was categorized as polylectic with a strong 

preference for the Salix genus and A. marginata was categorized as polylectic with strong preference 
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for the species Succisa pratensis (Table 3). Note that results for A. ruficrus were included in the report 

due to interesting findings even though the requirements for minimum sample size were not fulfilled. 

The remaining species were categorized as oligolectic. Two were broad oligoleges; A. denticulata, 

broadly oligolectic for the plant family Asteraceae (see table 4 for full floral content) and A. wilkella, 

broadly oligolectic for the family Fabaceae (Table 3). A. lathyri was the only bee in this study to be 

categorized as narrowly oligolectic for the genus Lathyrus (see table 4 for full range of species 

collected).  Finally, A. hattorfiana was categorized as monolectic for the species Knautia arvensis even 

though the value (94.4%) was slightly lower than the requirements of Müller & Kuhlmann (2008). This 

decision was based on the high level of pollen contamination (in total 3,5% were <0,5% of total pollen 

load, see Appendix 1) compared to other species, in the A. hattorfiana samples, which may have caused 

the proportion of Knautia arvensis to seem less than it should have been. 
 

Table 3 

Results of species-wide host preference (%). Pure pollen loads of preferred host plants were defined as ≥ 90% of individual 

pollen load (Waser & Ollerton, 2006). Host plant range is defined based on the criteria of Müller & Kuhlmann (2008) and 

presented in table 2. Plant taxa AST Asteraceae, AMA Amaryllidaceae, CAP Caprifoliaceae, ERI Ericeaceae, FAB 

Fabaceae, FAG Fagaceae, RAN Ranunculaceae, ROS Rosaceae & SAL Salicaceae. 

BEE SPECIES n RESULTS OF POLLEN 
ANALYSIS (%) 

INDEVIDUALS WITH 
PURE LOADS OF 

PREFERRED HOST 
PLANTS (%) 

HOST RANGE 

A.denticulata 4 AST 97.2 & RAN 2.75 75.0 Broadly oligolectic 

A.haemorrhoa 7 AST 45.9, FAB 27.8, 
ROS 17.1 & FAG 8.04 

42.9 Polylectic 

A.hattorfiana 17 CAP 94.4 (Knautia 
arvensis), AST 2.10 

88.2 Monolectic 

A.helvola 3 ROS 42.8, ERI 33.3 & 
FAB 23.8 

33.3 Polylectic 

A.lathyri 3 FAB (Lathyrus) 99.5 100 Narrowly oligolectc 

A.marginata 5 CAP 81.4, AST 16.1  40.0 Polylectic, with strong 
preference for Succisa 

pratensis 

A.ruficrus 2 SAL 86.8 & AMA 12.6 50.0 Polylectic, with strong 
preference for the Salix 

genus 

A.wilkella 3 FAB 99.9 100 Broadly oligolectic 

 

3.2 Species-wide floral preference 

All pollen-species representing <2% of the total pollen load (species-wide) were excluded from 

assessment of floral preference in the results (Ritchie et al, 2016; Wood & Roberts, 2017). Total pollen 

counts for all species can be viewed in Appendix 1. The results of species-wide floral content show that 
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Andrena denticulata, being broadly oligolectic for the Asteraceae family, had a strong preference for 

Leontodon autumnalis since three quarters of the individuals had gathered pure loads from this plant 

species (Table 3 and 4). Narrowly oligolectic A. lathyri showed specialization for the genus Lathyrus 

having gathered pollen solely from this genus. 

Further, Andrena.ruficrus, A. haemorrhoa, A. marginata and A. helvola had gathered pollen from plant 

species belonging to unrelated plant families (Table 3) and were thus categorized as polyleges (Table 2; 

Müller & Kuhlmann, 2008). All samples from the species categorized as polylectic with a strong 

preference, contained pollen from the preferred host, whilst the true polylectic species (A. helvola and 

A. haemorrhoa) did not show the same level of preference, especially the samples from A. helvola which 

did not show favoritism to any host plant. 

Table 4 

Floral preference presented as mean (%) for each species. All pollen-species representing <2% of the total 

pollen load (species-wide) were excluded from assessment of floral preference (Ritchie et al, 2016; Wood & 

Roberts, 2017). Some Andrena showed a preference for one specific species (marked **) or genus (marked *). 

Simpson’s index of diversity demonstrates the mean pollen diversity of the pollen loads for each Andrena-

species. Notice that this index shows the diversity of pollen-species within a sample, ranging from 0-1. 0 

indicates no diversity or only one species per sample. 

BEE SPECIES n FLORAL PREFERENCE %  SIMPSONS’S INDEX OF 
DIVERSIRY 

Andrena denticulata 4 Leontodon autumnalis  

Centaurea montana 

Ranunculaceae 

76.5% 

20.6% 

2.75% 

0.078 ±0.15 

Andrena 
haemorrhoa 

7 Taraxacum coll. 

Lotus corniculatus  

Cf. Prunus spinosa 

Quercus robur 

Rosaceae – fruit tree type 

45.9% 

27.8% 

10.6% 

8.04% 

6.43% 

0.15 ±0.20 

Andrena 
hattorfiana** 

17 Knautia arvensis 

Leucanthemum vulgare 

94.4% 

2.07% 

0.11± 0.060 

Andrena helvola 3 Cf. Pyrus communis 

Vaccinium sp. 

Trifolium repens 

Rosaceae – fruit tree type 

33.3% 

33.3% 

23.8% 

9.42% 

0.14 ±0.23 

Andrena lathyri * 3 Lathyrus pratensis 

Lathyrus linifolius 

66.4% 

33.1% 

0.010 ±0.0050 

Andrena marginata 
** 

5 Succisa pratensis 

Leucanthemum vulgare 

Leontodon autumnalis 

81.4% 

5.00% 

11.1% 

0.28 ±0.25 
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Andrena ruficrus 2 Salix sp. 

Cf. Narcissus 
pseudonarcissus 

86.7% 

12.6% 

0.20 ±0.25 

Andrena wilkella 3 Trifolium pratense 

Lotus corniculatus  

Trifolium repens 

46.1% 

36.3% 

17.5% 

0.20 ±0.33 

 
3.3 Simpson’s index of Diversity 

Calculations of Simpson’s index of Diversity showed no clear pattern linking host range to diversity 

within the individual samples. Polylectic species had both lower and higher values than oligolectic 

species (Table 4). Amongst the polylectic species (including polyleges with a strong preference) the 

samples of Andrena helvola and A. haemorrhoa showed the lowest diversity in mean, however all 

samples of the polylectic species had relatively high values to their indices (Table 4). Further, the 

samples from the oligolectic species gave variating results. Two species, A. denticulata and A. lathyri, 

stood out with very low values to their indices indicating low diversity within the individual samples, 

however one of the samples from A. denticulata was more mixed and therefore resulted in a higher 

standard deviation (SD) for the species (Figure 4). The most specialized species, A. hattorfiana which 

was categorized as monolectic, had a fair amount of diversity in the samples but also a low SD (Table 

4), meaning that the individual samples were equally diverse. 

 

4.0 Discussion 

4.1 Data sampling and analysis 

The results of this study indicate which host plants some of the Swedish wild Andrena bees depend on. 

It is however important to address that these results should be treated with caution. The most crucial 

drawback is the small sample sizes in this study which are far from desirable for most species, with 

exception of A. hattorfiana, with 17 samples. This was unavoidable since the material used for pollen 

collection was very limited. First, since only female bees collect pollen, all male bees from the museum 

collection were excluded. Second, only about 50% of the female bees had pollen filled corbiculae, thus 

excluding 50% of the female bees. The last problem was that some bees were not identified, and that I 

lacked the knowledge to identify them myself. As Waser and Ollerton (2006) describe, there are also 

other disadvantages of using museum collections for pollen analysis. The most important is if the 

collector failed to provide information that only she or he could know. For example, observations on the 

vegetation, amount of host plants and date of capture is valuable information, which often gets lost. This 

leads to the pollen analysis being more time consuming. A positive aspect on the other hand, is that the 

analysis gets less biased (Waser and Ollerton, 2006). With no preconceived idea of what might be found 

in the samples, the researcher can only document what he or she sees. When a museum collection is 

used, it is also possible to cover a large geographical area and for a long time period (Waser and Ollerton, 

2006), which can be very useful.  

Considering the vast changes of the agriculture during the last decades, floral host availability has 

probably changed over time (Wood & Roberts, 2017). I would therefore preferred to have used new data 

in my study, but the available time did not allow for an extensive data sampling like that of  Wood & 

Roberts (2017), Gusenleitner (1985), Müller & Kuhlmann (2008) & Westrich (2018). However, the age 

of the data used in some of the literature was even older than my data, therefore using the museum 

collection was not seen as a problem in this study (Wood & Roberts, 2017; Gusenleitner, 1985).  
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4.2 Simpson’s Index of divercity 

Simpson’s index of diversity was not compared to that found in other studies since it is based on the 

diversity of types within samples and can therefore differ, depending to which level (species, genus or 

family) the pollen types are identified (Waser & Ollerton, 2006). Instead, the percentage of individuals 

with pure pollen loads served the purpose to illustrate diversity when comparing my results with the 

results from the literature. An interesting outcome of my study was that Andrena marginata, a species 

described as oligolectic (Westrich, 2018), was categorized as polylectic with a strong preference for 

Succisa pratensis. Also, the pollen samples of A. marginata had an overall high mean of Simpson’s 

index of diversity (Table 4), compared to less specialized species (A. helvola, A. haemorrhoa and A. 

wilkella). Considering the small sample sizes, no conclusions can be derived from this result, but one 

can speculate if a normally single-species specialized oligolectic bee as A. marginata must utilize other 

host plants when its preferred source is lacking (Vergeer et al., 2003) and therefore becomes polylectic. 

The other polylectic species in my study showed a lower index-value and seemed to have gathered purer 

pollen loads even though being polylectic. A. helvola (n=3) had two almost pure samples, one consisting 

of Pyrus communis-type (33,3%) and the other of pollen from Vaccinium sp. (33,3%). The same 

tendencies were seen in the samples of A. haemorrhoa (Table 4) who had three pure loads of Taraxacum 

(45,9%) and two samples consisting purely of Lotus corniculatus (27,8%). All these host plants often 

bloom abundantly and are quite common, which can explain why a polylectic bee chooses to fill their 

corbiculae with pollen from only one species. It can also be a sheer coincidence that the bee was caught 

in a field where Taraxacum was the only source available. It is important to keep in mind that the results 

of this study only give us information about what the individual bees collected in the moment of capture 

and not what the entire population collected during their entire active season, which is what determines 

whether they are oligolectic or polylectic. 

4.3 Comparison with previous studies 

Andrena helvola and A. haemorrhoa 

Information in literature (Wood & Roberts, 2017; Gusenleitner, 1985; Westrich, 2018; Dylewska & 

Bak, 2005; Waser and Ollerton, 2006; Stenmark, 2013) seems to fit quite well with the results of my 

study, especially for the polylectic bees. Andrena helvola was categorized as polylectic in all the 

compared studies (Wood & Roberts 2017; Gusenleitner, 1985; Westrich, 2018; Dylewska & Bak, 2005) 

and has a preference for a broad range of host plants. My results showed that A. helvola had a slight 

preference for members of the Rosaceae family in accordance with the literature (Gusenleitner, 1985; 

Wood & Roberts 2017). I could also note that a fair amount of the total pollen load (56,1%) consisted 

of pollen from the Ericaeae and Fabaceae families which was not recorded in the literature mentioned 

above. It is more plausible that these pollen types were previously overlooked than that this is a new 

discovery, referring to the compared studies where the results of recorded host plants for A. helvola 

varied a lot between different studies. Even my results from analyses of A. haemorrhoa pollen loads 

resembled those reported by Wood & Roberts (2017), Gusenleitner (1985), Westrich (2018) and 

Dylewska & Bak (2005). However, none of these reported findings of A. haemorrhoa collecting pollen 

from the Fabaceae family, whereas my samples contained Lotus corniculatus (Table 3). On the other 

hand, my samples did not contain Salicaceae pollen which Gusenleitner (1985) reported as a preferred 

host plant for this species. Wood & Roberts (2017) and Dylewska & Bak (2005) also reported the 

Salicaceae family as a part of the diet for A. haemorrhoa.  

Andrena ruficrus and A. marginata 

Two species turned out to be polylectic with a strong preference (Table 3). The first was Andrena 

ruficrus which had previously only been documented to collect pollen from the Salix genus and was 

therefore categorized as oligolectic in the literature (Gusenleitner, 1985; Westrich, 2018). My samples, 

however, also consisted of pollen from Narcissus pseudonarcissus (12,6 %) which puts the species in 

the category polylectic with a strong preference for Salix. The small sample size for A. ruficrus is 

unsatisfactory but since the analysis provided novel information, the results were still included in the 

report. It is however important not to put too much weight on this result. According to my results and 

the definitions used in the present study, A. marginata should be categorized as polylectic with a strong 

preference for Succisa pratensis. This is surprising since the species has been documented to be an 
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oligolege specialized on Succisa pratensis and other members of the Caprifoliaceae family in the 

literature (Westrich, 2018; Gusenleitner, 1985; Stenmark, 2013). Apart from Succisa pollen, my samples 

consisted of a fair amount of pollen from the asteraceans Leucanthemum vulgare and Leontodon 

autumnalis (16,1% in total), which resulted in the species being classified as polylectic. These plant 

hosts had not earlier been documented for this bee species and can maybe indicate that the species can 

change hosts if needed.  

Andrena denticulata and A. wilkella 

My results from the samples of Andrena denticulata are strikingly similar to those of Wood & Roberts 

(2017). Their study was comprised of pollen data from two time periods, 1941-1949 (Chambers, 1968) 

and 1985-2016, both categorizing the A. denticulata as broadly oligolectic for the family Asteraceae. 

The biggest resemblance was to the results from 1941-1949 in the work of Chambers (1968), where the 

percentage of individuals with pure pollen loads from the preferred host (Asteraceae) was 71.4% as 

compared to my 75%. Observations from a later time period (1985-2016 by Wood & Roberts (2017)) 

showed a similar but higher number (87.5%). Westrich (2018) also described A. denticulata as  

oligolectic for the family Asteraceae and with a special preference for Leontodon autumnalis, an 

interesting notation considering that my samples contained 76.5% of L. autumnalis. None of the authors 

mentioned documented the family Ranunculaceae as a food source for the species; However, one of my 

samples contained a fair amount of pollen belonging to this family (Table 4). Further, A. wilkella also 

turned out to be broadly oligolectic in my study, but for the family Fabaceae. This result aligns with 

those of both Westrich (2018) and Wood & Roberts (2017). Chambers (1968), on the other hand, 

categorized the species as polylectic with a strong preference for Fabaceae. Wood & Roberts (2017) 

expressed their skepticism against this result as A. wilkella belongs to a taxonomically difficult subgenus 

(Taeniandrena) and newer studies of the species only recorded Fabaceae as a food source (Westrich, 

2018; Wood & Roberts, 2017). The authors therefore suggested that Chambers’ results should be 

omitted and treated with caution until the identification of his bee samples could be reassessed. 

Andrena lathyri and A. hattorfiana 

Two of the species showed a very high degree of oligolecty.  Andrena lathyri fulfilled the requirements 

as narrowly oligolectic for the genus Lathyrus (99.5%), which was expected since Westrich (2018) 

documented the species as a Lathyrus specialist. Westrich (2018) and Wisniowski (2018) also reported 

that the species tends to gather pollen from the genus Vicia but none of my samples consisted of such 

pollen (Table 4). Considering my small sample size (n=3), it might be possible that Swedish A. lathyri-

bees utilizes both Lathyrus and Vicia as host plants and that I just by coincidence got bees which had 

gathered only Lathyrus-pollen. Another highly specialized species is A. hattorfiana, which  is described 

as a specialist on Knautia and Scabiosa (Westrich, 2018; Dylewska & Bak, 2005; Waser and Ollerton, 

2006). I propose to categorize A. hattorfiana as monolectic even though the requirements (Müller & 

Kuhlmann 2008) were not completely fulfilled (the value of the dominating pollen type is 0.6% below 

the limit). This categorization could be called into question; however, the value was very close to the 

required value and the literature acknowledges the species as a specialist on Knautia arvensis (Westrich, 

2018; Dylewska & Bak, 2005; Waser and Ollerton, 2006). Further, the level of contamination was higher 

in the A. hattorfiana samples than those of the other bee species (Table 3). In total, 3,5% of total number 

of pollen types in the pollen load (n=17) were made up of 51 different species of pollen (Appendix 1), 

a very low frequency per pollen species which probably indicates pollen-contamination. Ergo, only 

96,5% of the total pollen load for A. hattorfiana was considered as deliberately collected which was low 

compared to other species in this study (A. lathyri 99,5%, A. wilkella 99,9% and A. denticulata 99,9%). 

Since the 400 first pollen grains were counted, contamination may lower the actual number of pollen 

that the bee deliberately collected, which otherwise could have resulted in a higher mean of K. arvensis 

for A. hattorfiana. Even though being categorized as monolectic, pollen from Leucanthemum vulgare 

was found (2.07%) in my samples. The amount of this pollen is quite small but considering that this 

species was represented by a relatively high sample size (n=17), it might be plausible that A. hattorfiana 

utilizes other plant hosts than those from the Caprifoliaceae family.  
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5.0 Conclusion 

Taking small sample sizes and old data into account, the results from this study were in general 

agreement with previous studies (Wood & Roberts, 2017; Gusenleitner, 1985; Westrich, 2018; 

Dylewska & Bak, 2005; Waser and Ollerton, 2006; Stenmark, 2013), old and new. It is therefore my 

belief that results from other European countries can be applied to Swedish conditions. However, a 

problem for all studies analyzing diet breadth amongst bees, is that the pollen recorded from a captured 

bee only tells us what that individual collected in the moment of capture. One can compare it to a picture 

of what you ate for lunch yesterday as a description of your total diet. Only extensive and repeated 

studies during the entire active season of the Swedish wild bee population, including large samples sizes, 

can give us complete pictures of their preferred food sources. It is therefore recommended to do repeated 

studies with newer data, more species and larger sample sizes to create a more complete picture of the 

wild bee diet.   
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Appendices 

Appendix 1 – total pollen counts 

Results of total species-wide pollen counts from analyzed samples. Ig=Ignotus (unknown). 

 

Andrena denticulata 

Pollen species Total amount of counted pollen grains % 

Leontodon autumnalis 1224 76,50 

Centaurea montana 330 20,63 

Ranunculaceae 44 2,75 

Leucanthemum vulgare 1 0,06 

Ig60 1 0,06 

 

Andrena haemorrhoa 

Taraxacum coll. 1286 45,93 

Lotus corniculatus 779 27,82 

Cf. Prunus spinosa 298 10,64 

Quercus robur 225 8,04 

Rosaceae fruit tree type 180 6,43 

Ig58 21 0,75 

Betula 7 0,25 

Picea 3 0,11 

Ig56 1 0,04 

 

Andrena hattorfiana 

Knautia arvensis 6417 94,37 

Leucanthemum vulgare 141 2,07 

Taraxacum coll. 35 0,51 

Ig15 33 0,49 

Campanula rotundifolia 27 0,40 

Poaceae 16 0,24 

Trifolium pratense 12 0,18 

Ig7 12 0,18 

Centaurea cyanus 10 0,15 

Ig6 9 0,13 

Ig32 7 0,10 

Ig4 6 0,09 

Ig9 5 0,07 

Ig19 5 0,07 

Ig24 4 0,06 

Ig1 3 0,04 

Ig8 3 0,04 

Ig17 3 0,04 

Ig20 3 0,04 

Ig31 3 0,04 
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Viola 3 0,04 

Humulus 3 0,04 

Rumex 2 0,03 

Ig3 2 0,03 

Ig5 2 0,03 

Ig16 2 0,03 

Ig18 2 0,03 

Ig23 2 0,03 

Ig30 2 0,03 

Ig33 2 0,03 

Jasone 2 0,03 

Succisa pratensis 1 0,01 

Asteraceae 1 0,01 

Ig10 1 0,01 

Ig11 1 0,01 

Ig12 1 0,01 

Ig13 1 0,01 

Ig14 1 0,01 

Ig21 1 0,01 

Ig22 1 0,01 

Ig25 1 0,01 

Ig28 1 0,01 

Ig29 1 0,01 

Ig34 1 0,01 

Ig35 1 0,01 

Ig36 1 0,01 

Ig37 1 0,01 

Apiaceae 1 0,01 

Lamiaceae 1 0,01 

Ericaceae 1 0,01 

Chenopodiaceae 1 0,01 

Juncaceae 1 0,01 

Pinus 1 0,01 

 

Andrena helvola 

Cf. Pyrus communis 400 33,33 

Vaccinium sp. 399 33,25 

Trifolium repens 286 23,83 

Rosaceae fruit tree type 113 9,42 

Ig48 1 0,08 

Ericaceae 1 0,08 

 

Andrena lathyri 

Lathyrus pratensis  797 66,42 

Lathyrus linifolius 397 33,08 
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Trifolium pratense 3 0,25 

Poaceae 2 0,17 

Betula 1 0,08 

 

Andrena marginata 

Succisa pratensis 1628 81,40 

Leontodon autumnalis 222 11,10 

Leucanthemum vulgare 100 5,00 

Ericaceae 14 0,70 

Ig38 11 0,55 

Ig42 7 0,35 

Poaceae 5 0,25 

Centaurea cyanus 4 0,20 

Campanula rotundifolia 3 0,15 

Ig39 2 0,10 

Rumex 1 0,05 

Ig41 1 0,05 

Ig43 1 0,05 

Ig32 1 0,05 

 

Andrena ruficrus 

Salix sp. 694 86,75 

Narcissus pseudonarcissus 101 12,63 

Ig51 4 0,50 

Ig52 1 0,13 

 

Andrena wilkella 

Trifolium pratense 553 46,08 

Lotus cornicolatus 436 36,33 

Trifolium repens 210 17,50 

Urtica 1 0,08 

 


