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Summary 
 

Etwa 25% der 571-586 Bienen-Arten in Deutschland nisten in oberirdischen Hohlräumen und 

können künstliche Nisthilfen nutzen. Um diese Arten bestimmen zu können fehlen bisher 

Bestimmungsschlüssel, die auch von Nicht-Taxonomen benutzt werden könnten, denn die  

vorhandenen Bestimmungsschlüssel umfassen bis zu 160 der in Deutschland vorkommenden 

Arten und enthalten entsprechend viele Fachausdrücke, da Arten in großen Gattungen nur 

durch morphologische Details (oder über DNA barcodes) unterschieden werden können. 

Bestimmungsschlüssel für kleinere Gruppen kommen mit weniger Merkmalen aus und sind 

daher leichter zu konstruieren und zu nutzen. Eine weitere Erleichterung für den Nutzer bieten 

„multi-entry“ Schlüssel, die zumeist aber nur online funktionieren, da man für ihr Drucken 
viele Seiten Papier brauchen würde. Multi-entry Schlüssel benutzen eine Mischung von 

"groben“ und „feinen“ Merkmalen, wobei der Nutzer selber jedes Merkmal, das er nutzen 

möchte, bestimmt. Für meine Masterarbeit habe ich mit dem shareware Programm Lucid 3 

einen multi-entry Bestimmungsschlüssel für 78 Arten von Bienen erstellt, die an Nisthilfen in 

Süddeutschland vorkommen, einschließlich der 15 Arten von Kuckucksbienen, deren Wirte in 

Nisthilfen zu finden sind. Für jede Art legte ich zwei Profile (Datenmatrizen) an, eines für 

Männchen, eines für Weibchen, sowie je einen Steckbrief mit zusätzlicher Information zur 

Lebensweise und Nahrung. Für 67 der 78 Arten fertigte ich zudem je vier hochauflösende 

Bilder von genadelten Bienen aus der Zoologischen Staatssammlung in München an. Den 

Schlüssel testete ich an 28 Anwendern mit unterschiedlichem Erfahrungslevel und verbesserte 

ihn entsprechend. Auf Artniveau ließen sich 35 Arten sicher bestimmen, während 43 nur bis 

zu Gattung bestimmt werden konnten. Außerdem kam es zu Fehlinterpretationen, wenn die zu 

identifizierende Biene bereits alt und ihre Flügel und Behaarung abgenutzt waren. Für solche 

Fälle habe ich weitere, „selten zutreffende“ Merkmale angegeben. Der Bestimmungsschlüssel 

zusammen mit meinen Bienen-Detailphotos wird auf der Homepage des Botanischen Garten 

in München veröffentlicht werden.  
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About 25% of the 571-586 species of bees occurring in Germany nest aboveground and are 

able to use artificial nesting aids. So far, no online identification keys that could be used by 

non-taxonomists is available. Recent published identification keys cover up to 160 of the 

species occurring in Germany and contain numerous specialized terms because species in 

speciose genera can only be discriminated with the help of morphological details (or via DNA 

barcodes). Identification keys for smaller groups of taxa require fewer differential characters 

and are therefore easier to build and to use. Another facilitation for users are multi-entry 

identification keys, which usually only function online because printing them would require a 

lot of paper. Multi-entry keys use a mixture of “rough” and “fine-grained” characters, with the 

user deciding which ones he/she wants to use and in which sequence. For my master thesis, I 

used the shareware program Lucid 3 to generate a multi-entry identification key for 78 bee 

species that occur at artificial nesting aids in southern Germany, including 15 cuckoo species 

the hosts of which use artificial nesting aids. For each species, I compiled two profiles (data-

matrices), one for males and one for females, together with a profile with additional 

information about the species’ habitat and flower preferences. For 67 of the 78 species I 

produced four high-resolution photos of needled bees from the zoological collection in 

Munich. I tested and improved my key with the help of 28 volunteers with different levels of 

experience with bee taxonomy. The tests showed that 35 species could confidently be 

determined to species level, while 43 species could only be determined to genus level. 

Misinterpretations occurred, when the bees were old and their wings and hairs worn. For such 

situations, I added further “rarely occurring” characters. The identification key with my close 

up photos will be made available on the webpages of the Munich Botanical Garden, where I 

carried out some of my work. 
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Introduction 
 

The oldest known identification key for plant species is from 1778 (Walter & Winterton 

2007). It is a dichotomous key. Dichotomous keys consist of sets of contrasting characters 

that form a couplet. The user has to decide which character states are found in the unidentified 

specimen that is to be matched with a Latin taxon name. The choice of one character or set of 

characters either leads to the next couplet or to a taxon name (Walter & Winterton 2007). The 

starting point of all keys is a data matrix that is derived from species descriptions and the 

study of – ideally a broad range of – specimens. For each species, the matrix tabulates and 

codes all traits that will be used in the key. Sometimes the characters are illustrated with 

photos or drawings for an easier determination. Computer-generated species descriptions and 

identification keys have been developed since the 1970s (Pankhurst 1970; Watson et al. 1988; 

Edwards & Morse 1995). They require a consistent description of all species included in the 

key because otherwise a computer cannot extract any character states.  

One outcome of consistent descriptions is the option of generating keys by computer. Watson 

and Milne in 1972 developed the first program (KEYGEN) that recorded species descriptions 

in a format that allowed computer processing (Watson & Milne 1972). The KEYGEN 

program later became the basis for several computer-based interactive identification 

programs. The “description language taxonomy” (DELTA) approach can include any amount 

of text and convert it to the form required by key-making programs (Dallwitz 1980; Dallwitz 

2018; https://www.delta-intkey.com/ 06. Nov .2019). A requirement for this approach to work 

is that all character states needed to be stated for each species (as explained above), even 

characters that are unimportant or missing in a particular species must be mentioned (as 

“missing” or “inapplicable”) in its DELTA description. Taxonomists would not normally 

write such consistent, and therefore word-rich, descriptions because most people prefer short 

descriptions. By contrast, a computer-based key requires that even if some character is only 

relevant for keying out one of 78 species, it must be mentioned in each of the 78 descriptions. 

It is this requirement for consistent descriptions (and character matrices) that has prevented 

most taxonomists from using computer-based key-construction software despite their ready 

availability since the 1980s.  

To generate a key, the computer queries the database (i.e. the matrix reflecting all character 

states in all species) and then will use for the first key couplet those characters that are only 

found in one or two species, so they can be keyed out first, meaning they can be separated 

from all species lacking that character. Of course, a “traditional” key-making approach would 

proceed in the same way. To enable a user to select the sequence of characters to use in the 

way he or she prefers with paper-based keys would require many pages of paper, it has been 

tried as have separate keys for males and females or for immature and mature specimens 

(Pankhurst 1970). 
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Keys have long used photos or drawings to illustrate characters. This is easier in computer 

generated keys than in paper-based keys because of the electronic linking possible in different 

types of visualization aids.  The user’s interface in modern key-making software consists of a 

subdivided window displaying the important elements: character list, taxon list, list of 

selected characters, and list of discarded taxa. This allows the user to keep an overview of the 

character choices already made. If the user suspects an error, he/she can get back and reverse 

the previous choices easily. Computer based multi-entry keys can be updated much more 

readily and cheaply than paper-based keys by adding character states and species to the data 

matrix. Dichotomous keys have to be rebuilt completely, when a new species is to be added 

(Watson et al. 1988). 

At least 22 software programs have been developed for building automatic multi-access keys 

(https://www.delta-intkey.com/www/idprogs.htm 09. Nov. 2019). One of them is the 

shareware program Lucid. This program was developed by the Centre of Biological 

Information Technology of the University of Queensland 20 years ago (www.lucidcentral.org 

09. Nov. 2019). For my master project, I decided to construct an identification key using the 

Lucid 3 program for wild bees at nesting aids. 

I chose this particular group of animals because of its conservation relevance. At least since 

the Bavarian petition “Artenvielfalt und Naturschönheit in Bayern - Rettet die Bienen,” every 

German has probably heard about bees, biodiversity, species protection and conservation. In 

February 2019, over 1,7 million of the 9,5 million citizens of Bavaria of voting age, voted for 

more species protection and conservation (Wittl 2019). When talking about bees, many 

people think mostly of the honey bee Apis melifera (Amiet & Krebs 2014) but there are 571-

586 other bee species that occur in Germany and over 2000 in Europe (Schmidt et al. 2015; 

Westrich 2018).  

With few exceptions, these are solitary species in which every female has her own nest and is 

responsible only for the nutrition of herself and her larvae. Bumblebees (and a few other 

species) that live in colonies share their nests with other related females (Westrich 2018). Of 

the ca. 570 species of non-honey bees occurring in Germany, 75% build their nests in soil or 

sand ground about 10 species nest in the walls of buildings or at escarpments; seven species 

of Osmia nest in abandoned snail shells and 10% use holes in wood or hollow plant stems as a 

nesting place (Westrich 2018). About 30 other species use myelinated plant stems as a nesting 

place, where they dig out the pulp themselves (Westrich 2018). Germany also has 120 cuckoo 

species that lay their eggs in the nests of other bee species (Westrich 2018).   

The conservation of bee species that nest above the ground may be supported by artificial 

nesting aids. A description how to build good artificial nesting aids can be found in the 

supporting material “Appropriate artificial nesting aids.”  
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For determining bees that occur in Germany down to species level, several modern 

dichotomous keys have been published (Scheuchl, 1996: 147 species in 14 genera; Scheuchl 

& Schmid-Egger, 1997: 162 species in one genus; Scheuchl, 2000: 143 species in 15 genera; 

Amiet et al., 2001: 93 species in two genera; Amiet et al., 2004: 134 species in nine genera; 

Amiet et al., 2014: 104 species in nine genera; Dathe et al., 2016: 47 species in one genus). 

The species-richest genus is Andrena with 162 species. However, there are also genera, such 

as Nomia or Macropis that include just one or two species. For discriminating 162 species, 

161 character states are required. Describing 161 character states is not possible without using 

specialist terms. This makes the application of keys to species-rich groups difficult. For my 

M.Sc. research, I therefore concentrated on the limited number of bees that use man-made-

nesting aids, namely 78 species. I looked up all such species listed by Westrich (2018) and 

chose those species nesting in holes in wood, in hollow or myelinated plant stems and in holes 

in stone. Additionally, I added 15 species of cuckoo bees whose hosts nest in artificial nesting 

aids.  

While naïve users tend to prefer computer-based keys over paper-based keys, research shows 

that they do not perform better with them (Wright, Morse & Tardivel 1995). Wright and 

colleagues asked 16 people to determine one specimen of woodlice with a computer-based 

key and one specimen with a paper-based key and asked afterwards which key was easier to 

use. Over four times as many users preferred the computer-based key. But the frequency of 

correct identification was the same with both keys. I also tested my key with participants of 

three groups of volunteers, ranging from experienced users over laymen with interest in, and 

basic knowledge of bees, to completely unexperienced users. Each participant was shown 

close-up photos of 12 species and was asked to determine them. I noted whether the 

determination was correct to genus or species level. Hence, I was able to compare the 

identification success of different types of users with different genera and species of tested 

bees.  
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Materials and Methods 
 

Selection of bees 

 

There are about 571-586 wild bee species known in Germany (Schmidt et al. 2015; Westrich 

2018). For my identification key, I included only species known to accept artificial nesting 

aids.  

Nesting aids consist of holes in wood (Figure 1), brick (Figure 2), reed calm (Figure 3), or 

bamboo cane (Figure 4). Additionally, wood can be offered to species that dig their nesting 

holes themselves, such as carpenter bees (Xylocopa). Bees that build their nests in myelinated, 

withered plant stems can be supported by a supplementary supply of stems.  

  

 

Figure 1: Boreholes in wood, partly occupied at an 

artificial nesting aid at the Munich Botanical Garden. 

Figure 2: Holes in some brick, partly occupied at an 

artificial nesting aid at the Munich Botanical Garden. 
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Figure 4: Bamboo cane, partly occupied at an artificial nesting aid at the Munich Botanical 

Garden. 

Figure 3: Reed calm, partly occupied at an artificial nesting 

aid at the Munich Botanical Garden. 
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Lucid v3.3 

 

For creating the identification key, I used the program Lucid v3.3 (www.lucidcentral.org, 

downloaded 17. Apr. 2019), available free of charge for personal or non-commercial use. The 

program consists of two parts. The Lucid3 Builder is for designing the key, while the Lucid3 

Player is for the application. The Lucid3 Builder provides a blank mask, with which I 

designed a multi-entry identification key. I decided to write the program in German, because 

it should make species identification possible for laymen and was planned for German bee 

species.  

 

 

Figure 5: The Lucid3 Builder with “Features and States” in the middle and “Entities” 

(species) on the right column 

The entities in my key were genus and species (Figure 5). Each species is represented by a 

male (e.g. Anthidium manicatum m) and a female (e.g. Anthidium manicatum w), because in 

bees the male sometimes look different from the female. Like in Osmia adunca, the female’s 
hair is white with white hair-stripes on the abdomen, while the hair of the male is brown 

(Figure 6 and Figure 7).  

Each species is described by features and states (Figure 5). There are numeric features, such 

as “Größe (size)” or “Flugzeit (flight season)” and grouping features, such as “Kopf (head).” 
The numeric features refer to a number range, defined in the Spreadsheet Scoring, while the 

grouping features refer to cluster states.  
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In the spreadsheet scoring page (Figure 8), I associated the features and states with the entities 

(species). Blue or green ticks stand for “common” and “rare” species features based on 

information of other identification keys, literature and pictures in books (Scheuchl 1996; 

Scheuchl 2000; Amiet & Krebs 2014; Dathe, Scheuchl & Ockermüller 2016; Westrich 2018). 

Question marks represent an uncertain score, and I used this, when I had no information for 

the respective feature for a species. Red or orange ticks stand for “common and 
misinterpreted” and “rare and misinterpreted score.” I used this, for example, in the case of 

females of the genus Ceratina, that collect part of the pollen in the goiter and the other part on 

the hind legs. The hind legs are a little bit broadened and have more and longer hairs than the 

other legs. But because Ceratina collect only part of the pollen on their hind legs, this feature 

is often not pronounced.  

 

Figure 6: Osmia adunca female with white 

hair on the thorax and white hair-stripes on 

the abdomen. 

Figure 7: Osmia adunca male with brown 

hair on the thorax and light brown hair-

stripes on the abdomen. 
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Figure 8: The Spreadsheet Score page, where the features are associated with the entities 

For each species, I created a profile with the bee’s habitat, nesting behaviour, pollen and 

nectar preferences, and overwintering mode (Figure 9). This additional information can help 

the user to identify the bees or confirm a tentative identification.  

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 9: Photo of Anthidium manicatum female with 

additional information to the species in the bottom field. 
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For 67 of the 78 species, male and female, I took photos of needled bees in the zoological 

collection in Munich, usually four per species, one from the left side, one from the right side, 

one from the front side and one from above. If there were special identification features 

visible on the photos, I noted them down. In some cases, I added more photos, when features 

were not visible on the four photos.  

I chose to use needled bees because they are much easier to photograph than living bees, as I 

confirmed during a pilot phase. Catching bees, cooling them down, and then photographing 

them took many minutes per bee and yielded less sharp images than photographing bees in the 

collection where I could arrange light sources and the camera in the right position.  
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Test with study participants  

 

I tested the key on three types of users ranging from completely unexperienced users, who 

had never used biological identification keys to people interested in bees and with some 

experience in determination of bees, although not necessarily with identification keys, to 

people with experience in the use of identification keys, but not with bee taxonomy.   

I chose 12 species, males and females, for the participants to determine with my key. The 

species were from all genera of the key, except of Heriades. I used only species, that can be 

determined to species level from a photo. For the genus Heriades, there are only two species 

(Heriades crenulatus and H. truncorum) included in the key, and they cannot be discriminated 

based only on photos. The genera, Osmia and Megachile were represented twice, because 

they include 17 and 11 species, respectively. Also, the genus Anthidium was represented 

twice, including two common bee species with different appearance.  

For the test, participants were asked to determine the species from photos of living bees with 

the help of the identification key, and I noted whether the identification was correct to the 

genus or species level. I improved the key throughout the testing period from 12. Aug. 2019 – 

30. Aug. 2019. 
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Results 
 

The identification key, that I created, is a multi-entry key and consists of 78 species of 10 

genera. The key includes all bee species that nest in artificial nesting aids in southern 

Germany. These are bees nesting in present holes for example in wood. In nature, those holes 

are burrows from beetles or other insects. In artificial nesting aids, those holes are boreholes 

in wood. At least 52 of 78 species that could be found in boreholes are species of the genera 

Chelostoma, Heriades, Hylaeus, Megachile, Osmia and Xylocopa.   

The second group of bees, which can be attracted by an artificial nesting aid, are those who 

nest in withered, myelinated plant stems. Some bees only nest in myelinated plant stems, 

where they hollow out the pulp themselves. Other bee species use plant stems that are hollow. 

50 of 78 species nest in plant stems. Those are species of Anthidium, Ceratina, Heriades, 

Hylaeus, Megachile and Osmia. Some bee species are specific in their choice of the right 

nesting place, others use any hole they can find and nest for example in both, plant stems and 

boreholes. 

Other species nest in holes in dry stone walls, and those can use holes in brick and clay tiles. 

In my study, 29 species could be found in holes in stone, like species of Anthidium, Hylaeus, 

Megachile and Osmia. Laslty, some bees naturally use holes in loess or loam soil and some of 

them also use holes in brick or clay tile in an artificial loam wall. At least 16 such species 

belonging to Anthidium, Hylaeus, Megachile and Osmia are included in my key.  

The key also includes cuckoo bees in the genera Stelis and Coelioxys, that parasitize bees in 

the artificial nesting aid.  

I did not include all species of Andrena, Campropoeum, Colletes, Dasypoda, Dufourea, 

Eucera, Halictus, Lasioglossum, Macropis, Melitta, Melitturga, Nomia, Nomoiodes, 

Panurginus, Panurgus, Rophites, Rophitoides, Systropha, because they dig holes in the soil 

for nesting and do not accept man-made nesting aids. I also skipped all species of the cuckoo 

bees Ammobates, Ammobatoides, Biastes, Dioxys, Epeoloides, Epeolus, Melecta, Nomada, 

Sphecodes, Thyreus whose hosts do not occur at nesting aids.  
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It is not possible to determine all 78 species to species level. At least 35 species are easy to 

determine to species level from a photo or at the nesting aid (Figure 10 and Figure 11). To 

determine other species to species level, the user has to have a closer look and has to have 

some experience in insect species determination. The other 43 species, like most species of 

Hylaeus, could not be determined to species from a photo or in the field. For example, the 

females of Hylaeus gracilicornis (Figure 12) and H. hyalinatus (Figure 13) look almost the 

same, but they are different species.  

  

 

In the identification key, each species has attached four photos. So the user is able to compare 

the undetermined bee with the suggested species. But in many cases, living bees are more 

brightly coloured than the dead bees from the collection.  

 

Figure 10: Osmia cornuta female at 

an artificial nesting aid in the 

Munich Botanical Garden. 

Figure 11: Osmia cornuta female from the 

zoological collection in Munich. 

Figure 12: Hylaeus gracilicornis 

female from the zoological collection 

in Munich. 

Figure 13: Hylaeus hyalinatus female 

from the zoological collection in Munich. 
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Difficult to determine are also old and departed bees. They loose their hairs and the bright 

colours (compare Figure 14 and Figure 15). The colour of the hair is one of the most 

important state in the identifikation key. Therefore, it could come to misinterpratations, when 

the hairs are dull or gone.   

 

 

  

Figure 14: An old and departed male of 

Osmia cornuta at the Munich Botanical 

Garden. 

Figure 15: A young male of Osmia cornuta 

from the zoological collection in Munich. 
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Test with study participants 

 

When I had finished the preparation of the identification key, I tested it on 28 people. I chose 

people with a different background experience to look, if the key is practicable for laymen 

and experts as well. I had five people with experience in the use of biological identification. 

However, those people had no experience with the determination of bees. 13 people were 

interested in nature and had amateur-experience in the determination of wild bees, but not 

with the use of identification keys. Moreover, I had ten completely unexperienced 

participants. Each participant was asked to determine the same 12 species from a photo. 

In total, 61% of the bee species and 80% of the genera were correctly identified by the 28 

volunteers (Figure 16). The most correct identifications in species (78%) and genera (93%) 

achieved the 5 experienced users. The 13 users with no experience in the use of identification 

keys, but with interest in wild bees achieved 63% correct identifications of species and 81% 

of genera. The ten completely unexperienced users achieved correct identifications in 41% of 

the species and 65% of the genera (Figure 16). 
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Figure 16: Correct identifications of species and genera of the study participants. 
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The most correct determinations by all 28 volunteers were achieved for Osmia cornuta with 

86%. Also, Anthidium manicatum (79%), Coelioxys brevis (68%) and Xylocopa violacea 

(68%) were correctly identified quite often. The least correct identifications by all 28 

volunteers were for Chelostoma florisomne (32%) and Stelis punctulatissima (39%) (Figure 

17).  

 

 

There were more correct identifications of the genus, than of the species. Chelostoma and 

Stelis seemed to be hard to determine (50% correct identifications by all 28 volunteers) while 

Anthidium, Coelioxys, Osmia and Xylocopa were identified correct in more than 80% of 

determinations. The remaining three genera achieved 75-77% correct identifications (Figure 

18).  
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Figure 17: Correct identifications of 12 bee species by the study participants. 
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Tutorial – How to use the identification key 

 

This identification key is for determination of wild bees at artificial nesting aids. Therefore, it 

is important to use the key in the field only at nesting aids, or for photos of bees that were 

taken at nesting aids. Otherwise the determination could be wrong because the searched bee 

might not be contained in the key.  

Use the program Lucid3 Player for determination of the bees.  

 

Start the program and open the requested key. The folder icon (Figure 19, scope 1) opens the 

explorer, where you can search for the right key. Scope 2 (Figure 19) shows all contained 

species. Female and male bees are listed as two entities, because in many bee species look 

different. Females are marked with “w” behind the species name, males are marked with “m”.  

All the available features are shown in Scope 3 (Figure 19). There are numeric features and 

multistate features grouping the states. In this identification key, there are two numeric 

features: “Größe” (size) and “Flugzeit” (flight season). If you want to select one of these 

features, an additional window opens and asks for numbers in a defined range (Figure 20). In 

the feature “Flugzeit” the number 1-12 represent the month from January (1) to December 

(12).  

Figure 19: The start page of Lucid3 Player. 
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The multistate features contain different states. Select a state if it is true for the searched bee. 

Multiple choices are possible, like on Figure 21 in scope 1 visible. The pictures linked with 

the features or states show hints for determination or classic examples for the state. Figure 22 

is an example for a photo of the state “Kopf” (head) shown in Figure 21 in scope 2. When you 

have selected some features, Scope 3 in Figure 21 shows all species remaining. For more 

detail, for example for “Anthidium manicatum m” marked with scope 4 in Figure 21, click on 

the photo. For every species, there are four photos, one from the left side, one from the right 

side, one from the front side and one from above.  

 

 

 

 

 

 

 

 

 

 

Figure 20: Selection of the numeric feature "Größe" (size). 
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The first photo contains additional information to the species (Figure 23, scope 2), like the 

common name, the habitat and the nesting behaviour. It is also mentioned if the species is 

determinable in the field or from a photo or not. With the arrow sign in Figure 23 scope 1, you 

can click through all photos added to this species. Also, special states for the species helpful 

for determination are mentioned. The program shows all chosen features in scope 5 in Figure 

21 and all discarded species in scope 6 on the same figure.  

 

Figure 21: Selecting the states 

Figure 22: Example for a photo of a state 
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In the best case, there is in the end just one remaining species in the box top right. If there are 

more than one remaining species (Figure 24, scope 1) you can look at the photos and compare 

them with the unnamed bee species. There are some species where determination from the 

photo is not possible. This is mentioned in the first photo of the species.  

 

 

Figure 23: Example for a photo of an entity 

Figure 24: More than one remaining species. 
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Discussion 
 

The identification key 

 

My identification key is intended exclusively for species nesting at artificial nesting aids. Bee 

species nesting in soil are not included. It could be used, for example, by school teachers or in 

school projects, kindergartens, and other educational institutions, to teach children the 

biodiversity of bees, their habitats, living conditions and food requirements. It will also be 

promoted on the website of the Munich Botanical Garden, which has much information on 

wild bees and nesting aids (https://www.botmuc.org/de/bienen/wildbienenforschung.html 09. 

Nov. 2019). The garden currently has four relatively large wooden “walls” with a range of 

nesting aids (Figure 25, Figure 26, Figure 38). 

 

 

 

 

 

 

  

Figure 25: Artificial nesting aid at the 

Iris garden in the Munich Botanical 

Garden. 

Figure 26: Artificial nesting aid at the Pavilion 

in the Munich Botanical Garden. 
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Of the 78 species included in my key, my testing cohort could securely identify 35 species to 

species level and 43 to genus level. Only experts can determine species in the genus Hylaeus 

for which the bees have to be caught, needled and dissected to determine the species.  

The easiest way to determine a bee species is with young and freshly hatched individuals. 

They are colourful and, in many species, have characteristic pubescence and hair color 

(Figure 15). As bees get older, they lose their hair and the colours dull (Figure 14). In this 

stage bees often can no longer be determined to species level. In the spreadsheet score page, I 

added additional “rare” character states for such situations, for example, for the hair of the 

male bee Osmia adunca I chose the state “reddish-brown” as a common score and the state 
“light brown” as a rare score (Figure 27 and Figure 28 ). 

 

 

 

  

Figure 27: Male of Osmia adunca 

representing the common state "reddish-

brown hair” (Westrich). 

Figure 28: Male of Osmia adunca 

representing the rare state "light brown hair". 



Identification key for wild bees at nesting aids  Eva-Maria Reicheneder 

29 

Master Thesis at the Ludwig-Maximilian-Universität München, 2019 

My key contains one question about the female’s pollen transport structure and where it is 

located. Unexperienced user may not know which ones are the hind legs and then choose the 

character state “No pollen transport structure”, like in the species Ceratina cyanea (Figure 

29). This results in the species being “pruned” from the key, resulting in a misinterpretation. 

To avoid such situations, I instated an option called “rare and misinterpreted score”. 

 

Sometimes it is also possible to observe the unnamed bee in its natural habitat and see where 

it collects pollen and this can provide hints helping for the identification. Small bees do not 

fly far from their nesting place to the pollen resources (Hofmann, Fleischmann & Renner, in 

review) and for oligolectic species, the pollen resource can be species specific (Westrich 

2018). 

 

  

Figure 29: Pollen transport structure, marked in red, of 

Ceratina cyanea. 
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Test with study participants 

 

The five expert user had the lowest frequency of misinterpretations with 22% combined to the 

13 interested users (37%) and the ten nonexpert users with 59% of misinterpretations. A 

previous study compared a computer-based key with a paper-based key on woodlice (Wright, 

Morse & Tardivel 1995). They asked 16 volunteers to determine two species of woodlice one 

with the computer-based key, the other with the paper-based key. The volunteers reached up 

to twice as many misinterpretations with the computer-based key. To keep my identification 

key as simple as possible, so also laymen can cope with it, I used simple and uncomplex 

features, for example the colour or the property of hair. But these features have a high 

frequency of misinterpretations, especially when bees are old (compare Figure 14 and Figure 

15). To avoid misinterpretations like this, more features should be included that do not change 

with the age of the bee, like features of the shell or of limbs of antennae or feet. The high 

frequency of misinterpretations of the non-expert users could also be attributed to the lack of 

basic knowledge, like the position and features of pollen transport structure. For example, in 

Osmia adunca the appearance of male and female is distinct (compare Figure 6 and Figure 7). 

In my test, the participants had to determine the female of O. adunca. Some participants got 

the determination of O. adunca correct, but with the question “pollen transport structure” they 
chose “no pollen transport structure” and the correct determination was lost. For the 

unexperienced users it would be helpful to give an introduction and explain the basic parts of 

a bee.  

In 86% of tests, Osmia cornuta was correctly identified. This is a conspicuous bee, with grey 

to black hair on the thorax and rust-red hair on the abdomen (Figure 10). Anthidium 

manicatum was correctly identified in 79% of the tests with different people. It is 

characterized by two yellow spots on each abdominal tergit and the end-tergit with three spiky 

spines (Figure 30).  

 

Figure 30: Abdomen of a male bee of Anthidium 

manicatum. 
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The least correct identifications of all 28 participants (32%) had Chelostoma florisomne. The 

female is characterized by prominent mandibles (Figure 31). This feature is detectable from a 

photo, and it is mentioned at the species profile. But a lot of unexperienced participants had 

problems to detect this feature. 

 

 

The species Stelis punctulatissima was misidentified in 61% of identifications of all 28 

participants. It is a cuckoo bee parasitizing on Anthidium manicatum, A. nanum and A. 

oblongatum. It is characterized by light brown hair and light brown edgings of the tergits on 

the abdomen (Figure 32). The edgings were often misinterpreted as hair stripes. To prevent 

those misinterpretations the term “rare and misinterpreted score” should be used with the 

character “hair stripes”.  

 

 

Figure 31: Female of Chelostoma florisomne with prominent mandibles. 

Figure 32: Female of Stelis punctulatissima. 
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Also, the female of Megachile ericetorum is characterized by its light brown stripes on the 

abdomen, in this case dense hair in combination with a light brown abdominal brush (Figure 

33). The confusion with colours has led to 57% of misinterpretations in all 28 participants. 

Giving a “rare score” for other colour options would prevent misinterpretations in this case.  

 

 

 

Despite the high frequency of misinterpretations in the determination of the species, in the 

determination of the genus there were less misinterpretations. The most confusions were made 

with the genera Chelostoma, Megachile, Osmia, and Stelis. Many species of Stelis (S. 

franconica, S. minuta, S. ornatula and S. phaeoptera) parasite on species of Osmia. The 

cuckoo bees look similar to their hosts (Westrich 2018). Additionally, some authors do not 

discriminate the genera Chelostoma and Osmia (Amiet & Krebs 2014).  

The most correct identifications of all 28 volunteers of the genera were reached for 

Anthidium, Coelioxys and Xylocopa. The species Anthidium manicatum, had 79% of correct 

identifications, which leads to 88% of correct identifications (88%) of the genus. The genus 

Coelioxys was identified in 93% of determinations, while the species Coelioxys brevis was 

correct identified only in 68%. The genus Coelioxys is easy to determine because of the 

characteristic white stripes on the abdomen, which get wider lateral, while the species 

Coelioxys brevis is characterized by the reddish-brown feet (Figure 34 and Figure 35). This 

character state was overlooked many times. The genus Xylocopa was correctly identified by 

93% of the 28 volunteers, but the species had a frequency of 32% of misinterpretations, 

because Xylocopa violacea was confused with X. iris. The two carpenter bees included in the 

identification key are both big and black bees and therefore different from the other genera. 

The characteristic grey hair on the abdomen of the male of Xylocopa violaceae was confused 

with the black hair of Xylocopa iris sometimes and lead to a misinterpretation (Figure 36 and 

Figure 37).   

Figure 33: Female of Megachile ericetorum. 
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Figure 34: Female of Coelioxys afra. Figure 35: Female of Coelioxys brevis. 

Figure 36: Male of Xylocopa iris. Figure 37: Male of Xylocopa violacea. 
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Outlook 
 

The identification key resulting from this research will be published at the web page of the 

Munich Botanical Garden (https://www.botmuc.org/de/bienen/wildbienenforschung.html 09. 

Nov. 2019).  

Ideally, another person will continue my work on the identification key, and include all 320 

species occurring in Munich, with the most important thing being labelled high-resolution 

images of specimens.  

My identification key could also be extended with species of other insect families occurring at 

artificial nesting aids.  
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Supporting material 

 

Appropriate artificial nesting aids 

 

About one quarter of the wild bees occurring in Germany can be attracted by artificial nesting 

aids (Westrich 2015), which should be located in a sunny and dry place in a southeast or 

southwest orientation with protection against rain. The artificial nesting aid has to be mounted 

tight and must not dangle or wiggle in the wind (Westrich 1997). A mesh in front of the 

nesting places helps protect the brood from predators like woodpeckers or tits.  

 

 

 

 

  

Figure 38: Artificial nesting aid at the Munich Botanical Garden at a sunny place, protected 

against rain by a separate roof and protected against predators by a grid in front of the nesting 

places.  
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Holes in wood can be easily simulated. Suitable is hardwood like Fraxinus, Quercus, or Acer. 

The bees need a smooth surface inside the boreholes. The diameter of the preferred hole fits to 

the width of the head of the female bee (Westrich 2015). The supply of holes with different 

diameters attracts different bee species. It is crucial to drill the holes transverse to the grain 

direction, otherwise the holes may get fissures. The woodblock has to be arranged, so that the 

boreholes are located horizontal.  

 

 

  

Figure 39: Wooden block with partly occupied 

boreholes at an artificial nesting aid at the Munich 

Botanical Garden. 

Figure 40: Trunk of a tree with 

partly occupied boreholes at an 

artificial nesting aid at the Munich 

Botanical Garden. 
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Another opportunity is the supply of bamboo cane or reed calm with a diameter of 3-9 mm. 

The stems should be 9-20 cm long. Preferable, the stems should be cut after a nodei, because 

the holes must be dark with a wall at the end. Otherwise the open end has to be closed 

(Westrich 2015). For the supply of bee species nesting in existing holes, the pulp has to be 

removed without residues to get a smooth surface inside the stems.  

Especially for bee species breeding in holes in stone structure, it is possible to supply brick 

with a diameter of the holes of 5-8 mm (Westrich 2015). Brick with greater holes are not 

suitable. They can be used as bracket for bamboo cane or reed calm (Figure 42).  

 

 

 

Figure 41: Suitable brick, partly occupied, at an artificial nesting aid at 

the Munich Botanical Garden. 

Figure 42: Unsuitable brick, that can only be used as a bracket for 

bamboo cane or reed calm (marked with red arrows). Wild bees will 

not occupy the brick holes. The photo was taken at an artificial nesting 

aid at the Munich Botanical Garden. 
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Wild bee species nesting in myelinated plant stems use plants like Rubus, Verbascum, 

Carduus or Cirsium. Myelinated stems can be supplied as an artificial nesting place. Those 

stems have to be arranged vertical and the bees must have access to the pulp.  

 

 

 

  

Figure 43: Stems of Sambucus at an 

artificial nesting aid at the Munich Botanical 

Garden. 

Figure 44: Stems of Rubus at the Munich 

Botanical garden. 
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