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Sammanfattning 

Minskningen av pollinatörer, inräknat solitärbifamiljerna Megachilidae, 

Colletidae och Apidae, har visats för hela Europa. Saknaden av bra 

boplatser på grund av mänsklig habitatförstörelse är en anledning och denna 

studie var gjord för att se vilket typ av virke som är mest lämplig som 

boplats, för att se en ökning av solitära bin i Trönninge, Halmstad. 

Resultatet visar att av 12 taxonomiska grupper 3 var specialister. 

Eumenidae, Heriades truncorum och H. crenulatus var signifikant mer funna 

i ask (Fraxinus excelsior) än andra löv- och barrträdsarter. Medan Osmia 

caerulescens och O. leaina signifikant föredrog poppel (Populus sp.). Bägge 

trädarter är kända för att vara bra för biodiversiteten men minskar numera 

på grund av sjukdomen askskottsjuka (Hymenoscyphus fraxineus). 

Dödlighet hos poppel har också noterats i Europa. De andra arterna inom de 

taxonomiska grupperna av vilda bin är generalister men studien visar att 

lövträd är föredras som boplatser framför barrträd.  

 

Nyckelord: solitärt bi, trätyp, ask, poppel, Sverige, Halmstad, Megachilidae, 

Colletidae, Apidae, askskottsjuka, Eumenidae, Heriades, Osmia, 

pollinatörer  



 

 

Abstract 

The loss of pollinators, including solitary bee families Megachilidae, 

Colletidae and Apidae is evident all over Europe. The loss in suitable 

nesting opportunities due to human habitat destruction is one cause and this 

study was made to see what type of wood was most suitable as nest sites to 

see the increase of solitary bees in Trönninge, Halmstad. The result shows 

that of the 12 taxonomic groups, 3 were specialists. Eumenidae, Heriades 

truncorum and H. crenulatus were found significantly more often in ash 

(Fraxinus excelsior) than in the other deciduous- and coniferous wood 

types. While Osmia caerulescens and O. leaiana significantly prefered 

poplar (Populus sp.). Both wood types are known to be good for 

biodiversity but are declining in volume because of ash dieback 

(Hymenoscyphus fraxineus). Dieback of poplar has also been seen in 

Europe. The other species within the taxonomic groups of wild bees were 

generalists, but this study still shows that deciduous trees were more 

suitable for nesting than conifer tree types.  

 

Keywords: solitary bee, wood type, ash, poplar, Sweden, Halmstad, 

Megachilidae, Colletidae, Apidae, ash dieback, Eumenidae, Heriades, 

Osmia, pollinators   
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Introduction 

That humans negatively impact the environment has been globally known 

for years but just how severe this has become is just now being noticed 

(Kearns et al., 1998). At the same time, important ecosystem services that 

humans utilize have been degraded (Kearns et al., 1998). With the 

development of the modern world the environment has been exposed to the 

introduction of invasive species, deforestation, habitat destruction and 

agriculture measures for crops (Kearns et al., 1998; Kopit & Pitts-Singer, 

2018; Potts et al., 2010; Ghazoul, 2005; Sgolastra; et al., 2018). With the 

human destruction of the environment, the problematic decline of 

pollinators has been acknowledged which affects ecosystems globally, as 

pollinators are vital for the reproductive success of plants (Kearns; et al., 

1998; Kopit & Pitts-Singer, 2018; Potts; et al., 2010; Ghazoul, 2005; 

Sgolastra; et al., 2018). Bees (Apoidea) are the major pollinators, thus the 

loss of bees, most notably in Europe, is of great concern for the ecological 

welfare for the continued success of plant biodiversity (Potts; et al., 2010; 

Ghazoul, 2005). The case for European crops is the same, meaning a loss of 

pollinators leads to both loss in crop production and economic gain 

(Vanbergen & Insect Pollinators Initiative, 2013;  Gallai; et al., 2009). 

Pollinators are essential for biodiversity on earth, as 90% of plants need 

pollinators for successful reproduction, which is the base for the rest of the 

ecosystem's food webs (Öhman, 2020).  

When pollinators are mentioned, most people think of honeybees and 

bumblebees, known to be living socially, but in fact 70% of bee-species live 

solitarily (Sgolastra; et al., 2018). Therefore, solitary bee species are of great 

importance to crop production and plant biodiversity. Protection of solitary 

bees are also included in the 17 Sustainable Development Goals, as goal 15: 

Life on Land, where restoring and protecting biodiversity is an important 

part (United Nations, 2021).  

For successful reproduction, a female solitary bee needs a place for its nest 

(Sgolastra; et al., 2018). Underground is where you will find most solitary 

bees, but of those species that nest above ground, the majority make their 

nests in different types of wood (Sgolastra; et al., 2018; Bogusch & Horak, 

2018). Dead wood, either killed by natural causes or human impact are 

important habitats for this,as solitary bees are saproxylic insects (i.e. utilise 

dead trees for their nests) (Orheim, 2020). Different genera of solitary bees 

in the families Megachilidae, Colletidae and Apidae use old holes made in 

dead wood for this purpose (Kopit & Pitts-Singer, 2018; Westrich, 1996; 

Sgolastra; et al., 2018). Most commonly in Sweden old holes from beetles 

Anoplodera sanguinolenta and Hylecoetes dermestoides are used for 
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solitary bee nests (Westerfelt; et al., 2015). Osmia sp. and Megachile sp. are 

some of the genera that use dead wood and insect holes for their nest 

(Westrich, 1996). The increase of dead wood is positive for solitary bees 

(Eckerter; et al., 2021). Humans are however likely to remove dead wood 

from the landscape (Horak, 2018)- Thus, in order to improve solitary bee 

recruitment, we need to preserve or provide adequate nesting opportunities.  

(Horak, 2018; Langor; et al., 2008; Hedman et al, 2020). 

Human impact is not only the thing affecting the tree biodiversity. In major 

parts of Europe Hymenoscyphus fraxineus ‘ash dieback’ is a deadly disease 

attacking ash trees (Kowalski & Holdenrieder, 2009; McKinney; et al.; 

Gross; et al., 2014). Sweden's ash trees are also affected by the necrotic 

effects from the diseases (McKinney; et al., 2009; Gross; et al., 2014). 

Hymenoscyphus fraxineus, a fungus, causes a big loss for biodiversity with 

ecosystems being affected by the death of the ash trees (Pautasso; et al., 

2013; McKinney; et al., 2009; Enderle; et al., 2019) and one can reasonably 

conclude that this also included solitary bees dependent on this tree type. 

Although a few (1%) of ash trees have a resilience against the disease it's a 

large problem as there is no full treatment of this disease (Enderle; et al., 

2019). However, studying pesticides shows that the disease can slow down 

(Maso; et al., 2014). 

When adequate nesting opportunities such as dead wood with holes, are not 

available providing artificial nest boxes are an option. Nest boxes are 

artificial nests, with pre-fabricated holes that are placed in the landscape. 

(Maclvor, 2017) As so, they mimic the beetle-made holes that solitary bees 

utilise when making their nests (Maclvor, 2017; Westerfelt; et al., 2015). 

This creates a good nesting place for solitary bees in the landscape 

(Maclvor, 2017). In addition to nesting places, the female solitary bee needs 

to collect nesting materials as well as food for its offspring (Westrich, 1996; 

Sgolastra; et al., 2018). She will find this in the immediate surrounding area 

(the home range), as females do not travel far. The home range can be from 

a few hundred to a few thousand meters depending on the species 

(Gathmann & Tscharntke, 2002; Zurbuchen; et al., 2010a). Hylaeus 

punctulatissimus has a home range of over 1000m, Osmia adunca of 180m, 

Chelostoma rapunculi of 200m, Chelostoma florisomne of 150m and 

Megachile rotundata of 500m (Zurbunchen; et al., 2010a). However, habitat 

destruction leads to a decrease in these resources (food and nesting material) 

(Westrich, 1996; Ghazoul, 2005; Kearns; et al., 1998). Limiting resources 

(food and nesting material) increases the difficulty for bees to find suitable 

nesting opportunities (Gathmann & Tscharntke, 2002; Zurbuchen; et al., 

2010a; Westrich, 1996; Ghazoul, 2005; Kearns; et al., 1998).  
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Hushållningssällskapet works on many fields, such as nature and water 

conservation, climate and plant cultivation (Hushållningssällskapet, 2021). 

One of their projects is called LIFE-Goodstream. LIFE-Goodstream aims to 

improve the biodiversity in the stream Trönningeån drainage area, both in 

water and adjacent land (Strand; et al., 2018; Hedman; et al., 2020). Insect 

hotels constructed by Hushållningssällskapet, created specifically for 

solitary bees were placed adjacent to Trönningeån in order to examine 

which specific wood type is most beneficial for each solitary species or 

taxonomic group. The aim of this study is to investigate the 45 insect hotels 

located around Halmstad, in the Trönningeån drainage area by 

Hushållningssällskapet in their LIFE-Goodstream project and thereby 

answering the following questions: (1) Does wood type affect how many 

nests of the 45 insect hotels that are occupied? and (2) Which wood type is 

most desirable for each species and is it different for different taxa?  

Material and Methods 

Field work 

The field data was collected between the 23th of February to the 8th of 

March by me and Irina Green together with Björn Klatt 

(Hushållningssällskapet Halland). We examined the locations near 

Trönningeån, Halmstad where insect hotels constructed by 

Hushållningssällskapet had been placed (fig 1). The placement of the hotels 

varied from agriculture landscapes, industrial areas and some placed in 

forests around Trönningeån drainage area.  
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Fig 1. Map over Trönningeån drainage area marked where insect hotels 

were located. Made by Maria Holmgren with GoogleMyMaps.   

 

There were 3 different types of insect hotels: those with 8 boxes of different 

wood types together (box is the name used for each board with drilled 

holes). (Fig 2A), those with 3 boxes together (Fig 2B) and those with 1 box 

(Fig 2C).  
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Fig 2. Photos of the different kinds of insect hotels placed around 

Trönninge. The different insect hotels contained A: 8 boxes, B: 3 boxes and 

C: 1 box. Photo: Maria Holmgren 

 

At each location we noted the wood type and box number  (Fig 3B). In total 

there were 251 boxes made from 8 tree types, 6 deciduous species and 2 

coniferous species, as shown in Table 1. 

 

Table 1: The different kind of boxes put out 

-------------------------------------------------------------------------------------------- 

Tree species       Latin name                           Box numbers        Total boxes 

-------------------------------------------------------------------------------------------- 

Ash                            Fraxinus excelsior          201-228                     28 

Beech                        Fagus sylvatica               501-512                     12 

Birch                         Betula sp.                        401-424                      24 

Elm                           Ulmus glabra                  301-326                      26 

Oak                           Quercus robur                 101-129                      29 

Pine                          Pinus sylvestris                701-736                      36 

Poplar                       Populus sp.                      601-617                      17 

Spruce                      Picea abies                      801-879                       79 

 

We then investigated all the holes in the box to be able to find out which 

species had made their nest there (Fig 3A). The holes in the boxes were of 

different diameters (1.5mm to 16mm), however, we did not take this into 

account in the statistical analyses and figures. Each hole was just 

categorized as a hole, with no consideration of size. Ash, elm, oak and pine 

had holes that were bigger than 10mm, while the remaining wood types 
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birch, beech, poplar had a maximum of 5mm. Spruce being an exception 

with holes up to 8mm.  

 

60 were the common number holes in each box. However, there were some 

wood types with boxes that had more or fewer holes. However, this was not 

taken into consideration when doing the analyses either.  

 

 
Fig 3. Photos showing A: A nest being occupied (middle, seconds row), 

versus unoccupied empty nests surrounding it. B: The tree species as well as 

box number located under each box. Photo: Maria Holmgren 

 

We used the identification key Westrich (2005), which utilizes the fact that 

different groups of solitary bees and wasps use different methods and 

materials for the closing lid of the nest holes. We then categorize the 

occupied nests into the following taxonomic groups, shown in Table 2.  
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Table 2: The taxonomic groups investigated.  

-------------------------------------------------------------------------------------------- 

Short. tax. group name.             Species included in each taxonomic group.  

-------------------------------------------------------------------------------------------- 

Hyl                                             Hylaeus sp.  

OsV                                           Osmia caerulescens, Osmia leaiana 

OsVb                                         Osmia brevicornis 

Mr/Mw                                      Megachile rotundata, Megachile                                                                                               

--------------------------------------willughbiella 

Her                                            Heriades truncorum, Heriades crenulatus 

Pas                                             Passaloecus gracilis, Passaloecus remiata 

Pas 2                                          Passaloecus sp. (other species than -----------

--------------------------------------taxonomic group Pas)  

Che                                            Chelostoma florisomnae, Chelostoma --------

--------------------------------------rapunculi 

OsA                                           Osmia adunca 

OsL                                           Osmia cornuta, Osmia bicornis, Megachile -

-------------------------------------ericetorum 

Eum 1                                       Trypoxylon sp., Ancistrocerus nigricornis, ---

-------------------------------------Odynerus mutinesis, Microdynerus ------------

-------------------------------------nugduensis, Symphis sp., Euodynerus 

                                                 sp., Gymnomerus sp., Chelostoma -------------

------------------------------------ distinctum.  

Eum 2                                      Ancistrocerus antilope, Euodynerus------------

------------------------------------ quadrifasciatus.  

-------------------------------------------------------------------------------------------- 

 

We used a flashlight to be able to see into the nest holes. For example if the 

nest lid was reflective we would know it was Hylaeus sp. Otherwise we 

would check which other taxonomic group the nest was from. We would 

check how compact the nest was: hard or soft. If the nest was not rock hard 

we took of a little bit with tweezers to be able to investigate what kind of 

material was used to build the nest more closely (membrane, plant material, 

resin or clay). This investigation was mostly done by Björn Klatt, by feeling 

it with his hands, looking at the color and how it fell apart if crushed 

between his fingers. We then looked at what condition the material used to 

build the nest lid was in (whole, chewed, filled with stones, transparent, 

covering only the hole-entrance, covering the wood around the hole), to be 

able to find out what taxonomic group the nest was made from.  
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Statistical analysis 

I used the program SPSS, version 25. In order to examine the effect of wood 

type on solitary bees all boxes were treated as individual units independent 

of which insect hotel they belonged to. Although the data was not normally 

distributed, a One-Way ANOVA was used to analyse if there was a 

significant difference in nests occupied between different wood types. This 

was because both Kruskal Wallis Test as well as One-Way ANOVA showed 

very low p-values. As they both showed very low p-values the One-Way 

ANOVA was chosen so that the different wood types could be analysed 

using post-hoc tests. In total 12 One-Way ANOVA was used to examine if 

the different taxonomic groups (see Table 1) showed preferences for certain 

wood types. 1 One-Way ANOVA was used to answer the first question 

“Does wood type affect how many nests of the 45 insect hotels that are 

occupied?”. I applied One-Way ANOVA for each taxonomic group using 

wood type as factor, in total 10 analyses. The taxonmic group Chelostoma 

sp. (Che) only had 1 individual found, which made it unable to perform an 

accurate One-Way ANOVA test. This was also the case for the taxonomic 

group Osmia adunca (OsA) where only 3 individuals were found. To find 

out which wood types were significantly different from each other, 10 Post 

Hoc tests were used, one for each taxonomic group. I didn’t take into 

consideration how many holes was in each box/wood type when doing my 

analyses.  

Results 

Wood Type affects how many nests are occupied.  

There was a significant difference in the nest occupied between the different 

wood types (ANOVA, F = 12.221; df = 7; p = <0,001; Fig. 4). There were 

significantly more nests occupied in ash than elm, oak, poplar, birch, pine 

and spruce. There were significantly more nests occupied in beech than in 

pine and spruce. Elm, oak, poplar, and birch had significantly more nest 

occupied than pine and spruce (p < 0.05, Post Hoc test Tukey HSD). 
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Fig 4. ANOVA, Comparing the different wood types against nests occupied 

with error bars. Post hoc result shows that a was significantly more 

favorable than b, c more favorable than d and e more favorable than f. Mean 

value, Error bars represent +/- 1 SE.  

 

Ash and Poplar were significantly more popular for certain 

groups of solitary bee and wasp species.  

Wood Type significantly affected how many Eumenidae (Eum 1, see table 

1) were occupied in each box (F = 9,987; df = 7; p = <0.001; Fig. 5A). 

There was significantly more Eumenidae in Ash-boxes than in elm, birch, 

oak, pine, spruce and poplar. Elm, beech, and oak had significantly more 

species occupied than spruce (p <0,05, Post Hoc test Tukey HSD; Fig 5A) 

 

Wood type significantly affected how many Heriades sp. (Her) were located 

in each box (F = 2,418; df = 7; p = 0.021; Fig. 5B). Ash had significantly 

more Heriades sp. nests than beech, pine and spruce. Birch, elm and oak 

were significantly more favorable than pine and spruce (p <0.05, Post Hoc 

test Tukey HSD; Fig 5B).  

 

Woodtype significantly affected how many Osmia caerulescens and Osmia 

leaiana (OsV) was located in each box (F = 3,022; df = 7; p = 0,005). 

Poplar had significantly more nests occupied than ash, birch, elm pine and 

spruce (p  <0.05, Post Hoc test Tukey HSD; Fig. 5C).  

 

 



 

15 

 

 
Fig 5. ANOVA, Eumeninae (Eum 1), B: Heriades sp. (Her) and C: Osmia 

caerulescens and Osmia leaiana (OsV) nesting preferences for wood type. 

Mean value, Error bars represent +/- 1 SE.       Post hoc result shows that a 

was significantly more favorable than b and c more favorable than d.  

 

Wood type made no significant difference for nests choice for Hylaeus sp. 

(Taxonomic group Hyl), Osmia brevicornis (OsVb), Megachile rotundata, 

Megachile willughbielle (Mr/Mw), Passaloecus sp. (Pas, Pas 2), 

Chelostoma florisomnae, Chelostoma rapunculi (Che), Osmia Adunca 

(OsA), Osmia cornuta, Osmia bicornis, Megachile ericetorum (OsL) and 

Ancistrocerus antilope, Euodynerus quadrifasciatus (Eum 2), (ANOVA, p 

>0.05). Figs 6, 7. 
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Fig 6. ANOVA, D: Ancistrocerus antilope, Euodynerus quadrifasciatus 

(Eum 2), E: Hylaeus sp., F: Megachile sp. and woodtype with error 

bars. Mean value, Error bars represent +/- 1 SE.  

 

 

 
 

Fig 7. ANOVA, G: Osmia cornuta, Osmia bicornis, Megachile ericetorum, 

H: Osmia brevicornis, I: Passaloecus gracilis, Passaloecus remita, J: 

Passaloecus sp. and woodtype with error bars. Mean value, Error bars 

represent +/- 1 SE.  

 

How many individuals of each taxonomic groups found in total can be seen 

in table 3.  
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Table 3: Individuals found of each taxonomic group 

-------------------------------------------------------------------------------------------- 

Short. tax. group name.             Total Individuals found 

-------------------------------------------------------------------------------------------- 

Hyl                                             42 

OsV                                            129 

OsVb                                          6 

Mr/Mw                                       19 

Her                                             110 

Pas                                              57 

Pas 2                                           7 

Che                                             1 

OsA                                            3 

OsL                                            80 

Eum 1                                        1248 

Eum 2                                        7 

-------------------------------------------------------------------------------------------- 

 

Chelostoma sp. (Che) had only 1 nest in spruce. Two nests from an 

unidentified species which make nest of hard clay without rocks were found 

in pine. Of the 3 individuals of Osmia adunca (OsA) found, 1 made its nest 

in pine and 2 in birch. 

 

Discussion 

I noted clearly that wood type affected how many nests that was occupied, 

which answers question 1. The result was very significant with such a low 

p-value that it became evident that wood type must have an affect. Fig 4 

shows that ash was preferred for nesting over all other tree types except for 

beech. Elm, birch, oak, pine, poplar, and spruce are all less favorably picked 

than ash. It is also noticeable that the remaining deciduous tree types: birch, 

elm, oak and poplar all were more chosen than pine and spruce. Reasons for 

solitary bees being more prone to deciduous forest can be the structure of 

the tree as females are picky about finding the most protective hole for 

laying their eggs (Westerfelt, 2015.) Ash was a popular option for the 

females, why ash wasn’t better than beech could be because beech is known 

to have even harder wood than ash (Träcentrum, 2021) which would be 

protective. Coniferous forest trees are less desired than the deciduous, with 

ash being the most desired choice. Coniferous tree holes might not be of 

good for the protection needed for the female to ensure that its offspring 

survives (Westerfelt, 2015). As the spruce is a soft tree prone to rot and 

cracks (Boutelje & Ryndell, 1995) which could be a reason for the low 
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number of solitary bees who made their nests in spruce. The stem structure 

of ash however makes a better place for nesting (Douglas; et al., 2013). Ash 

is much harder and is not prone to cracks (Boutelje & Ryndell, 1995). 

Biodiversity is known to be higher in deciduous forest compared to mixed 

forests (Remm & Lõhmus, 2011). In Swedish boreal forest, the lack of 

solitary bees is noticeable when compared to other insect-species. 

(Westerfelt, 2015). Of 5800 holes located in dead wood, only 2% were 

chosen by solitary bee females to make their nest (Westerfelt, 2015), which 

corresponds well with my investigation. Even though some chose to make 

their nest in coniferous trees, the majority chose deciduous forest types 

(Westerfelt; et al., 2015; Westerfelt; et al, 2018).  

Although placement of the insect hotel was not investigated, sunlight could 

have an impact for the lack of solitary bees in coniferous forests. Solitary 

bees prefer open landscapes with much sunlight illuminating the area 

(Koffman, 2014; Westerfelt, 2015; O’Neills & O’Neills, 2010). The sun-

needing flowering vegetation is needed to gather food. Solitary bees have 

been found in coniferous forest however the forest that has lost its original 

state because of human impact wasn't a good match (Koffman, 2014). One 

might speculate that this is because of the lack of good food opportunities. 

Hilszczanski; et al. (2016) study in Norway did not show any difference in 

favorable conditions of sunlight by saproxylic insects in pine and spruce 

forest, however. Rinehart; et al (2011) showed that temperature as well 

might have an impact on bees' survival over winter. This was the case for 

Megachile rotundata (Rinehart; et al., 2011). Westerfelts (2015) found that 

hole diameter is of importance, which we did not measure. Although we 

didn’t measure it, the hole diameter didn’t have a big impact with females 

choosing their nest in the Trönningeån drainage area. The size of the bee 

matters where they can make their nest, but as roughly all boxes had the 

same size on their holes with holes under 10mm, one would think it would 

be a more equal spread over the different wood types if the hole size was of 

bigger importance. But as we can see in Fig 4, there is a significant higher 

amount of female choosing deciduous wood type than coniferous ones.  

When it comes to what taxonomic group preferred what wood type, my 

result could significantly show what 3 taxonomic group favored, answering 

question 2. Of the 12 taxonomic groups, you could see that 3 were 

specialists (Fig 5.) and the remaining taxonomic groups were generalists 

(Figs 6, 7). The specialists were Eumenidae, Heriades sp. and Osmia 

caerulescens and O. leaiana. For Eumenidae it was clearly shown that ash 

was the most chosen wood type. It was very significantly more chosen than 

all other wood type, with the exception of beech. Elm, beech and oak were 

more significantly chosen than spruce as well. If the quality of wood are of 

importance, this could explain this result. I also find it interesting that beech, 
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with the least boxes still was of more interest than spruce with the most 

boxes. Ash, beech and oak being the wood type with hardest wood 

(Träcentrum, 2021). Elm is not as hard as the previous wood types, but still 

harder den spruce (Träcentrum, 2021; Palm; et al., 2005). Eumenidae was 

the taxonomic group with most individuals found but although spruce was 

had the most boxes it was the least chosen by the females.  

When looking at the other specialist it can also be seen that spruce was the 

least chosen. Although there were 10 times as many Eumenidae, my result 

show that Heriades sp. and Osmia caerulescens and O. leaiana also had 

very significant result so I can conclude that spruce are the least favorable 

wood type for solitary bees with pine being the next least favorable. Both 

pine and spruce are softwood trees (Wikipedia, 2021) which doesn’t seem to 

be of large interest for the solitary bee females. Heriades sp., just like 

Eumenidae, had ash as the most chosen wood type over beech, pine and 

spruce. Birch, elm and oak were significantly more chosen than pine and 

spruce. Poplar was however not chosen at all by the female of Heriades sp. 

compared to the next specialist group Osmia caerulescens and O. leaiana.  

The remaining generalists: Hylaeus sp. (Hyl), Osmia brevicornis (OsVb), 

Megachile rotundata, Megachile willughbielle (Mr/Mw), Passaloecus sp. 

(Pas, Pas 2), Chelostoma florisomnae, Chelostoma rapunculi (Che), Osmia 

Adunca (OsA), Osmia cornuta, Osmia bicornis, Megachile ericetorum 

(OsL) and Ancistrocerus antilope, Euodynerus quadrifasciatus (Eum 2) did 

not show any significance in wood type preference. However, the type of 

wood that the generalist preferred the following: Ancistrocerus antilope and 

Euodynerus quadrifasciatus prefered ash. Ash together with beech was most 

favorable for Passaloecus gracilis and Passaloecus remiata. Beech was 

most populated at Megachile rotundata and Megachile willughbiella. Beech 

and elm at Osmia cornuta, Osmia bicornis and Megachile ericetorum. 

Beech and poplar at Passaloecus sp. Beech, elm and pine at Osmia 

brevicornis. Osmia adunca more prefered birch. Lastly Hylaeus sp. could be 

found most in ash, birch, elm and poplar. Although no significance could be 

found the result match that of question 1 and the result of the specialist. The 

most individuals could be found in deciduous hardwood tree types: ash, 

beech, elm, poplar and birch (Wikipedia, 2021), as the softwood pine and 

spruce are not so high quality. With the exception for Osmia brevicornis 

which had most individual found in pine, but there was only 7 individual of 

O. brevicornis found in total. For the taxonomic group with under 10 

individuals found: Osmia brevicornis, Passaloecus sp., Ancistrocerus 

antilope, Euodynerus quadrifasciatus it could be hard to get an accurate 

justification on what wood type actually is of interest, as it was so few 

individuals found. It could just be a coincidence what type of wood type that 

was chosen. This could explain why Osmia brevicornis differed from all 
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other group with having pine with most individual found. Passaloecus sp., 

Ancistrocerus antilope, Euodynerus quadrifasciatus both had spruce as the 

least chosen option, however this was over other wood types that wasn’t 

chosen by the females.  

In modern times ash populations are decreasing, not only by human impact, 

who play a major role in the decline of forest worldwide but also through 

disease (Villari; et al., 2018). In the Holarctic region poplar has been shown 

to be the best tree for biodiversity (Remm & Lõhmus, 2011). Dieback of 

poplar does occur, noticed in both North America and Europe (Hardenbol; 

et al. 2020; Worrall; et al., 2013). Which can affect Osmia caerulescens and 

Osmia leaiana who depend on that tree type. Therefore, specialist solitary 

bee taxonomic groups are vulnerable to the continued decline of poplar and 

ash. 

To summarize, yes, wood type affects nest occupancy of solitary bees and 

wasps. Deciduous trees, especially ash and poplar are considerably more 

favorable than the other wood types and deciduous tree types in general are 

more favorable than the coniferous tree species: pine and spruce. Regarding 

what type each solitary bee taxonomic group preferred, ash was 

significantly chosen by Eumenidae and Heriades sp. Poplar was 

significantly chosen by Osmia caerulescens and Osmia laiana. Although the 

other taxonomic groups did not show any significant differences when it 

came to their preference of tree type, the general understanding is that 

deciduous trees are more favorable than the conifer tree types. Other studies 

have shown that biodiversity is higher in deciduous forest and although 

solitary bee species have been found in mixed and coniferous forests, they 

are few in numbers (Westerfelt, 2015; Remm & Lõhmus, 2011). Poplar 

especially have been shown to be great for biodiversity and ash being a 

good place for solitary bees to make their nest (Remm & Lõhmus, 2011; 

Douglas; et al., 2013).  

For best results in the LIFE-Goodstream project when it comes to increasing 

the solitary bees in the river Trönningeån drainage area 

Hushållningssällskapet should introduce more dead wood into the forest 

environment, this can be made either by killing an already existing tree or 

by introducing more dead wood where needed (Skogsstyrelsen, 2020; Jong 

& Almstedt, 2005). The wood types they put their effort in ash and poplar 

tree types, as they were the most significantly important among the 

taxonomic groups. The other deciduous tree types are also good, especially 

compared to the coniferous types. They should not continue making insect 

hotels with coniferous tree types: pine and spruce as they were shown to be 

less preferable.  
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