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In the last decades, studies have shown a global decrease in pollinators. This is of great concern 

given the essential role that bees play in pollinating numerous crops, which is crucial for human 

sustenance. Habitat loss emerges as the primary threat to bees across Europe. Within this context, 

the Iberian Peninsula stands out in importance for pollinator research. It is a bee hotspot, comprising 

more than half of Europe’s total bee species, but at the same time lacking basic ecological knowledge 

for many species. The problem is not a lack of data but rather the lack of digitization and compilation 

of existing datasets. 

As for this, three years ago, researchers at CSIC, Spain, launched an initiative with the aim of 

combining available observations on bees across the peninsula and creating a large open-source 

database. Initial data retrieval and data cleaning were carried out in 2022 (Bartomeus et al. 2022). 

The subject of this bachelor’s work was to tap in on this work. The objectives were to: 1) incorporate 

more datasets into the database using a reproducible workflow, 2) clean and process the data, 3) 

combine it with EU data on CORINE land cover, 4) calculate habitat preferences for a selection of 

wild common bee species, and 5) examine if habitat preferences could be explained by a species 

phenological or latitude breadth, or by its sociality. 

With this bachelor’s work, the database grew in size from 87,684 records to 93,803, with the 

incorporation of new datasets, containing bee observations from as far back as 1830 up until year 

2022. Habitat preferences were calculated for the 61 most common wild bee species using null 

models based on the observation data.  

The most preferred habitat was found to be agricultural land; arable land and pastures and dehesas, 

particularly, suggesting that agricultural land in the Iberian Peninsula can support biodiversity 

alongside crop production. Andrena spp. was shown to have high preferences on pastures and 

dehesas, highlighting this habitat importance. Natural habitats were also highly preferred, and urban 

environments were found to be the least preferred. Despite this, urban environments were shown to 

host some bee species. This wide variety of habitat preferences demonstrates the importance of 

maintaining high-quality landscapes with a variety of habitats to effectively support bee populations. 

Correlation analyses indicated no significant relationships between habitat preferences and 

phenological or latitude breadth, or sociality, suggesting other traits such as floral preferences, 

nesting behavior, and abiotic conditions may influence habitat choice. 

The large database on Iberian bees makes it possible to conduct all kinds of analyses. Future research 

can delve deeper into understanding the underlying traits driving habitat preferences of Iberian bee 

species or explore other aspects such as population trends over time. 

Keywords: Anthophila, bees, database, habitat preference, Iberian Peninsula, Mediterranean 

pollinators 
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1.1 Reasons for study 

 

In the Anthropocene, humans alter their surroundings by depletion of natural lands 

and the unsustainable use of natural resources (Rockström et al. 2009; Steffen et al. 

2011a). The consequent interconnected environmental stresses pose a threat to 

biodiversity and its direct and indirect benefits to humans; ecosystem services 

(Steffen et al. 2011b). One prominent example of this is pollination (Potts et al. 

2010). For thousands of years, humans have been dependent on pollinators for food 

supply with crops including most fruits, vegetables and nut crops (Klein et al. 2007; 

FAO 2018), and more than 85% of the world’s flowering plants, are counting on 

pollinators to perform their work (Ollerton et al. 2011). 

In the last decades, studies have shown a global decrease in pollinators (Zattara & 

Aizen 2021). This is of great concern, as it jeopardizes ecosystem services provided 

by pollinators and their underpinning life-support mechanisms, while also 

diminishing their resilience (Burkle et al. 2013). However, there are many 

knowledge gaps regarding the status of pollinators. The European Red List of Bees 

released in 2014, stated that half of European bee species lacked data in order to 

assess their conservation status, and called for more pollinator research (IUCN 

2014). The Deputy Director of the IUCN Global Species Programme declared, 

“However, our knowledge about them is incomplete as we are faced with an alarming lack of 

expertise and resources. […] We must urgently invest in further research in order to provide 

the best possible recommendations on how to reverse their decline.” (Vie 2014) 

Bees (Hymenoptera: Apoidea: Anthophila) are considered one of the most 

important pollinators (Winfree et al. 2011), and with over 20,000 known species it 

is a very large and diverse taxonomic group (Ascher & Pickering 2020), that 

requires many different conservation strategies. 

The main cause of the decline of bees is thought to be the depletion and alteration 

of habitat (Brown & Paxton 2009; IUCN 2014), but they are also threatened by 

climate change, chemical exposure and invasive species, and not least the 

unpredictable interplay among all these threats (Potts et al. 2010). Habitat loss can 

1. Introduction 
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reduce available nesting and feeding grounds (Potts et al. 2010), and may create 

fragments in the landscape, which may lead to genetic isolation and subsequent 

inbreeding (Lozier & Zayed 2017). 

Despite habitat loss being considered the main threat, there remains a lack of 

knowledge about the dependence of bees on different habitats as well as basic 

ecological knowledge of many species (Potts et al. 2010; Winfree 2010); 

knowledge that is crucial in understanding the current decline in bee populations 

and in mitigation practices (IUCN 2014). A major obstacle has been the lack of 

large datasets on species-habitat associations at large spatial scales (Winfree 2010; 

Bartomeus et al. 2022), which means that current knowledge is often based on 

modeling attempts. Combining datasets from different sources into a large, rigorous 

database can help bridge this gap. 

The need for assessments and status stands out in importance for bee populations 

in the Iberian Peninsula in a European context (Bartomeus et al. 2022). The Iberian 

Peninsula is a bee hotspot with over 1,000 known species (Bartomeus et al. 2022) 

which make up more than half of Europe’s total known bee species, across a 

peninsula that is fairly heterogenous. The few studies analyzed so far show bee 

declines for some species, but with sampling occurring at a few specific locations, 

and collected by a few specific teams (Bartomeus et al. 2018). Combining data from 

various sources, and thus from various locations, are therefore vital to receive a 

more fundamental view of the status of bees in the Iberian Peninsula (Bartomeus et 

al. 2018). 

Over the past three years, a group of researchers in Spain have been working on 

combining data from museum collections, researcher sampling work, naturalists 

and farmers, which has generated an exceptional large dataset with bee observations 

on the peninsula from the 1800s to present day (Bartomeus et al. 2022). The data 

needs thorough cleaning but could serve as a great tool in filling the current 

knowledge gap in the Iberian Peninsula. It can help answer basic ecological 

questions about phenology and distribution, as well as understanding the 

dependence on different habitats (i.e. habitat preferences). 

 

1.2 Aim and objectives 

This project aims to evaluate the dependence of wild bees on different habitats 

(natural/agricultural/urban) in the Iberian Peninsula. In addition, the phenological 

breadth and latitude breadth, of a selection of species, will be investigated to 

determine whether these traits can explain the habitat preferences of bees. 
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The main objectives are to clean and filter datasets of pollinator observations in the 

programming language R, and to use the obtained data in calculating habitat 

preference and correlation analyses, using the tools of R, QGIS, the EU Corine 

Land Cover data, and linear models. The research questions to be answered are as 

follows: 

RQ1 What are the habitat preferences of a selection of common wild bee 

species in the Iberian Peninsula?  

RQ2 What are the phenological breadth and latitude breadth of common 

wild bee species in the Iberian Peninsula? 

RQ3 Can the habitat preferences of a bee be explained by its phenological 

breadth, its latitude breadth, or by its sociality? 

The relationship between habitat preferences and phenological breadth is expected 

to be positive, meaning that if a species shows a high preference for a certain 

habitat, it also shows a high preference for which days they fly on (i.e. narrow 

phenological breadth). On the contrary, if a species shows a high habitat preference, 

it is expected to have a low latitude breadth, as it is limited by particular habitats. 

Lastly, one could expect that social bees can occupy larger habitats than solitary 

bees and would therefore show lower habitat preferences. 

1.3 Scope 

This bachelor thesis is a continuation of work initiated and developed by Bartomeus 

et al. (2022). Some of the methods described in this study will be similar to those 

of Bartomeus et al. (2022). 

The time frame for this project was 10 weeks. Compromises had to be made in data 

cleaning to allow sufficient time to perform the analyses. The dataset is very 

extensive, and it takes time and effort to go through all pollinator datasets. Also, 

due to time constraints, the different land covers are not explained in detail in this 

project, nor are the habitat preferences for all the different land covers. 
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2.1 Bees (Anthophila) 

There are more than 20,000 known bee species worldwide (Ascher & Pickering 

2020), and new species continue to be found each year (see e.g. Wood et al. 2022). 

As such a large group, they differ a lot from one another. Some are social, meaning 

that they live in colonies; and some are solitary. Bees rely on flowering plants for 

protein, lipids, and sugars (Haydak 1970), which they receive in exchange for their 

service of pollination (Nicolson et al. 2007). The interplay between bees and 

flowers is a result of co-evolution, with correlations including emerging/blooming, 

flying period/flowering period, and tongue length/flower depth (Bartomeus et al. 

2016). 

Bees (Anthophila) is a taxonomic clade from the insect order Hymenoptera, 

comprising bees, wasps, sawflies, and ants. They are subdivided into six families 

(Andrenidae, Apidae, Collectidae, Halicitidae, Megachilidae, Melittidae). (Ascher 

& Pickering 2020). 

Various bee species exhibit preferences for different habitats, as indicated by 

several studies (Strange et al. 2011; Hall et al. 2017; Collado et al. 2019; Sõber et 

al. 2020; Lanuza et al. 2023). These habitat preferences often vary depending on 

the bee's activities, such as foraging, nesting, or over-wintering (Banaszak & Twerd 

2018). While some bee species favor open landscapes, others prefer more densely 

vegetated and sheltered environments. Additionally, each species selects nesting 

sites with specific characteristics; for instance, some bees exclusively nest in tree 

trunks or stems, while others choose ground locations (Michener 2007; Antoine & 

Forrest 2021). Bees may create nesting sites by digging or gnawing holes 

themselves or by utilizing pre-existing cavities, including shells (Hostinská et al. 

2021). 

The majority of bees in temperate regions have annual cycles where they go into 

diapause, either as a larvae or adults, before spring emergence. The opposite is 

perennial bees, who are active all through winter. (Michener 2007) 

The most famous bee, the honey bee (Apis mellifera), has and continues to be of 

great importance to humankind with contributions to medicine, food, and, not least, 

pollination (Matias et al. 2017). It is also by far the most researched bee (IUCN 

2. Background 
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2014). However, the honeybee is a fairly poor indicator for other bees due to its 

substantially different ecological characteristics. Firstly, the honeybee is a 

domesticated species, and it is also one of the few perennial bee species in temperate 

regions. Moreover, the honey can pose a threat to wild bee populations through 

competition over available resources and by spreading invasive parasites or plants 

(Brown & Paxton 2009; Williams & Osborne 2009). Recognizing this, researchers 

and policymakers, such as the IUCN, emphasize the necessity of prioritizing studies 

on the conservation status of wild bees over honeybees, considering the latter's 

relatively well-established body of research (IUCN 2014). 

Bees play a major role in the ecosystem, first and foremost as key pollinators for 

many plants (Klein et al. 2007). Wild bees also play an essential role in a social 

context through bee product harvesting that can be used in medicine and food (Potts 

et al. 2016; Klein et al. 2018), and they have an intrinsic value as part of the world 

biodiversity. 

See Figure 1-Figure 3 for pictures of some of the bees that are included in this study 

(read more in chapter 3.2). 

 
Figure 1. Andrena flavipes, a solitary bee, on the heather Erica umbellate. (Curro Molina) 
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Figure 2. Anthidium manicatum, a solitary bee. (Gail Hampshire) 

 

 
Figure 3. Bombus terrestris, a social bee, on Halimium halimifolium. (Curro Molina) 

2.2 Status of bees 

In 2014, the IUCN released a red list of European wild bees (IUCN 2014). The 

assessment brought together many studies and concluded that, as of 2014, 9% of 

bees in Europe are threatened with extinction and that the main driver is habitat 

loss. The red list also listed more than half of the European bee species as ‘Data 
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Deficient’, meaning that a status assessment of the bee couldn’t be done due to a 

lack of data. This implies that there are species that may be threatened by extinction 

but are unrecorded. In fact, not many European bee extinctions have been reported 

(Ollerton et al. 2014). Bumblebees have the most data and also the most reported 

declines (Bartomeus et al. 2013). 

As previously stated, habitat loss is considered the main driver of bee decline 

(Brown & Paxton 2009). The loss of habitat takes many forms. Urban areas are 

growing and may fail to maintain green areas and ecosystem services. Forests are 

degraded or converted to agricultural land, which can affect forest taxa (Winfree et 

al. 2007; Ulyshen & Horn 2023). Species-rich pastures and grasslands are among 

the habitats that have declined the most and have been converted to cropland or 

planted forest, for example (Plieninger et al. 2015). Such land conversions can lead 

to a loss of floral diversity, which has a direct impact on the pollinators that depend 

on them (Winfree et al. 2011). In this context, researchers often speak of land 

abandonment and agricultural degradation. The former is the process by which 

farmers abandon their land, for example, due to depopulation of rural areas, low 

productivity, and unfavorable natural conditions (Perpiña Castillo et al. 2020), and 

the latter occurs when the land loses quality, for example, through the use of 

intensive farming methods and pesticides.  

Climate change, pollution, pesticides, and invasive species are likely to exacerbate 

the effects on habitat loss and degradation, and their impact on pollinators (Potts et 

al. 2010, 2016). Rising temperatures may lead to droughts, impoverished soils, a 

decline in the resilience of trees, pollution and invasive species that further degrade 

natural soils. 

The importance of habitat was investigated in a study on bees in the northeastern 

United States (Collado et al. 2019). The study used >15,000 bee samples with 

known sampling coordinates and calculated the habitat preference for each 

species. A high habitat preference is defined as the occurrence of a species in a 

particular habitat that is more common than expected by chance. The researchers 

emphasize that it is not sufficient to equate the observation of a bee in a particular 

habitat with a preference, as it may be the only habitat available in that location, for 

example, therefore, null models are needed. The result showed that natural habitats 

had higher bee diversity than agricultural and urban areas. However, a few bee 

species showed preference for modified habitats, which has also been demonstrated 

in other studies (e.g. Hall et al. 2017; Wenzel et al. 2020). 
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2.3 The Iberian Peninsula and Iberian bees 

The Iberian Peninsula is one of the most biodiverse regions in Europe (Araújo et al. 

2007; IUCN 2014), with mountains, forests, moors and scrubland, and with large 

stretches of coastline exposed to the influence of the Atlantic and the 

Mediterranean. Almost half of the Iberian Peninsula is being occupied by 

agriculture (Fernández-Nogueira & Corbelle-Rico 2018). In the northern parts there 

are pastures, maize plantations, moors and heathland and forests, while in the 

southern parts there are more orchards, olive groves, vineyards, and dehesas (a 

traditional agroforestry system with pastures and scattered deciduous trees) 

(European Commission 2024). 

The southern areas are continuously being converted into more intensive 

agricultural systems, for example, horticulture and olive groves (Downward & 

Taylor 2007), while in the northern parts, land is being abandoned (Suárez-Seoane 

et al. 2002).  

The species richness of bees in Europe increases from north to south, with the 

highest species richness being seen in the Mediterranean climatic zone (IUCN 

2014). There are more than 1,000 known bee species in the Iberian Peninsula, with 

the most commonly observed species being Bombus terrestris and Bombus 

pascuorum (Ascher & Pickering 2020; Bartomeus et al. 2022). Nevertheless, very 

little is known about the status of bees in the Iberian Peninsula (Bartomeus et al. 

2022), and there is no red list of bee species in Spain in general. In Portugal, a red 

list for invertebrates was published in 2023; the assessment included 40 species of 

bee species, nine of which were found threatened (Boieiro et al. 2023). Yet, there 

is a rich tradition of pollinator researchers in the Iberian Peninsula, especially in 

Spain, and a lot of available data (Bartomeus et al. 2018). 

As already mentioned, the knowledge gap in the Iberian Peninsula is not due to a 

lack of data, but rather to the lack of digitization of existing datasets, and the 

merging of different data, that can provide a bigger picture of the status of Iberian 

bees. There is a lot of data that can be retrieved from pinned specimens in natural 

collections, data from citizen sampling, and from published or unpublished work 

by researchers (Bartomeus et al. 2018); provided that all these data are 

homogenized and merged in a way that allows analysis. 

2.4 Filling in the knowledge gap 

In this regard, three years ago, an initiative was launched by researchers from the 

Spanish Research Council (CSIC), hereafter referred to as the Iberian bees project. 
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The idea was to combine data on bee observations dating back to the 19th century 

up to present-day records, and to merge records from all different sources, including 

individual researchers, historical collections, and public data, into a large database 

on Iberian bees, hereafter referred to as the Iberian bees database. 

A bee observation is a record of a bee occurrence during a sampling event. 

Preferably, it contains not only information about the bee species observed, but also 

information about the date of the observation, the location of the observation, the 

sex, and other notable information about the observation (e.g. whether it was 

visiting a particular flower, altitude, or weather at the time of the observation). 

The first part of the Iberian bees project began with requesting data through a 

template that was sent to pollinator researchers in Spain and Portugal. The 

researchers who had data should enter their data according to the template. The 

information requested in the template consisted of: what species of bee was 

observed, when and where it was observed, and any other additional information 

that might be relevant, see Table 1. The idea was that the researcher could fill in the 

template with the information available to them and send it back to the CSIC 

research group. The template is also available on the Iberian bees GitHub page1 and 

can be viewed by anyone. See Table A1 in the Appendix for the template. 

Table 1. Requested information in the template that was sent out from the Iberian bee project group 

to researchers, with the purpose of creating the database of Iberian bee observations. The 

information is per bee observation. 

Mandatory information Optional information 

Genus Subgenus Determined by 

Species Subspecies Female 

Country 

Province 

Latitude 

Longitude 

Male 

Worker 

Locality Coordinate precision Not specified 

Year 

Authors to give credit 

Month 

Day 

Start date 

End date 

Collector 

Reference doi 

Flowers visited 

Local ID 

Any other additional data 

Notes and queries 

 

The Iberian bees project also retrieved bee data from natural history collections. 

These collections inherit observation records in the form of pinned specimens along 

with a label with information about the species, and sometimes additional 

information such as year and locality (Bartomeus et al. 2018). Additional valuable 

information can be retrieved from the pinned specimens, as labels often include the 

 

1 https://github.com/ibartomeus/IberianBees. 
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collection location and timing. Moreover, other data can be obtained, e.g. if they 

still contain pollen or other traces of the collection event that can link the species to 

a particular flower. 

Natural history collections can be an important tool to assess the historical 

persistence of bees (and other species) (Bartomeus et al. 2018), and to make models 

designed to extrapolate the distribution of bees over time more robust. A study by 

Bartomeus et al. (2018) showed that Spanish pollinator data were spatially biased 

at a few sampling sites, but using historical records and collections, some of these 

blind spots could be covered. The study also argues that some countries have a fairly 

good number of recent bee records but lack historical collections, e.g. Switzerland. 

Therefore, the assessment of bees in these countries should prioritize the 

digitization of old material before conducting data analyses (Bartomeus et al. 2018). 

However, there is an obvious bottleneck in the use of records from museums: the 

lack of digitization (Bartomeus et al. 2018). Digitization is labor-intensive and time-

consuming and often requires taxonomic identification by experts to confirm the 

label species (Meier & Dikow 2004). Within the Iberian bees project, 10% of the 

specimens deposited in the National Museum of Sciences of Madrid have been 

digitized and implemented (so far), together with digitization from natural 

collections in Leiden (Netherlands), Linz (Austria) and Washington D.C. (USA) 

(Bartomeus et al. 2022). 

The Iberian bees project also included data from two public platforms: 

iNaturalist and the Global Biodiversity Information Facility (GBIF). Both are 

databases with global biodiversity datasets. The data in iNaturalist is open source, 

which means that it can be added not only by scientists but also by naturalists and 

citizens (Loarie 2022), and the data in GBIF includes data from museums and 

private collections, government research institutes, etc. (GBIF n.d.). The Iberian 

bees project downloaded all validated bee observations in the Iberian Peninsula, 

and added these data to the database (Bartomeus et al. 2022). 

The Iberian bees database was generated in the R programming language. Figure 4 

shows an overview of the Iberian bees database and its components. 
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Figure 4. How the Iberian database is created and what datasets are added (read more about this 

in chapter 3.1). Figure created in BioRender.com. 

 

Initial data cleaning and analysis were carried out in 2022, resulting in a journal 

data paper; see Bartomeus et al. (2022). At that time, the database consisted of 60 

individual datasets with a total of 87 000 records collected between 1830 and 2022, 

and 923 unique species, with Bombus terrestris being the most observed one. 

There are still many completed templates as well as digitized historical records that 

need to be incorporated into the database, which is the subject of this bachelor 

thesis. However, it is important to point out that the Iberian bees database is a 

dynamic database that is thought to be updated with each new observation or 

historical digitization, which means that the database in its nature is never complete. 
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The Method chapter will commence by outlining the process of incorporation and 

cleaning of the datasets into the Iberian bees database. Following this, a section will 

detail the methodology used to derive habitat preferences using CORINE Land 

Cover data. Subsequently, another section will explain the process of calculating 

the phenological and latitude niches. Finally, these derived characteristics will be 

examined to determine potential correlations with phenology, latitude range, or 

sociality, aimed at gaining deeper insights into the bees’ preferences. 

3.1 Data cleaning 

The first part of this bachelor’s project was to add datasets to the Iberian database 

that had not been part of the cleaning that took place in year 2022. The datasets 

were incorporated and cleaned using R. R is a programming language most 

commonly used for data analysis and statistical computing, and as opposed to Excel 

or similar spreadsheet programs, it easily handles large datasets (Mizumoto & 

Plonsky 2016). With R, one can either choose to write the code in an online 

compiler, or in a downloaded software program. Within this bachelor’s project, a 

software program called RStudio was used. 

The added datasets were, 

• 22 datasets from researchers that were retrieved from the template, 

• 3 datasets from digitalized museum collections2, 

A dataset was incorporated into the database through an R script3, meaning that 

each dataset had an R script linked to it. All scripts that were created within this 

bachelor project, can be found on GitHub4 but an overview of the datasets, together 

with the number of bee records, is presented in Table A2 in the Appendix. 

Even if the template with requested data sent out to researchers had a clear structure 

to follow, the filled-out templates had all forms of shape and diverted more or less 

 

2 The National Museum of Natural Sciences in Madrid, Oviedo Museum, Torres collection. 
3 An R script is a text file that contains the code. 
4 https://github.com/ibartomeus/IberianBees/tree/master/Scripts/1_2_Processing_raw_data, 

https://github.com/ibartomeus/BeeTrendsSpain/tree/main/Scripts. 

3. Method 
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from the template structure, and the vast majority of the datasets required some kind 

of cleaning in R. Table 2 gives examples of some of the obstacles that had to be 

dealt with when incorporating the datasets into the database. Even within a dataset, 

data could look differently, and had to require additional cleaning. Working in R, 

however, allowed full reproducibility, which was preferable for such large data. 

Table 2. Examples of common issues and solutions/compromises with the data in the datasets. 

Coord. = coordinates (latitude and longitude). 

Deviation from the template Solution 

Data lacks coord. See if coord. can be retrieved from locality. 

Data lacks coord. precision See if precision can be retrieved from locality, or 

by number of decimals in lat/long. If number of 

decimals are equal to or more than 3, a precision 

of <100 m is assumed. If coord. precision is put as 

“GPS”, a precision of <100 m is assumed. 

Coord. faulty placed in water Examine if coord. are written in another format 

than decimal degrees, and in a different 

coordinate system. If not, remove. 

Data lacks province See if province can be retrieved from coord. 

Data lacks dates See if sampling dates are specified in the 

published paper. 

Dates are in weird formats Clean and retrieve correct dates, if possible. 

Data lacks species name Remove data. 

Identified species not known to 

live in the Iberian Peninsula 

A list of these species were sent to a taxonomic 

expert for his judgement. 

Data includes typos Clean. Focus on typos within the mandatory 

information such as species name and province, 

and fix typos within the optional information 

secondly. 

No information on the number of 

species observed, or whether it’s 

female/male/worker 

Data from country other than 

Spain and Portugal. 

Assume one (1) specimen observed and place it in 

the variable Not.specified. 

 

Remove data. 

 

Table 3 shows an example of what a dataset could look like after cleaning. Note 

that it only shows some variables and rows to facilitate reading. 
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Table 3. Example of one dataset after cleaning. The example only includes selected variables out of 

a total of 28, and 5 out of 36 rows. 

Species Province Latitude Longitude Date Female/ 

Male/Worker 

Amegilla andresi Sevilla 37,2622 -6,2216 21-05-21 1 Male 

Ammobates muticus Sevilla 37,2622 -6,2216 21-05-21 1 Female, 1 Male 

Andrena bimaculata Sevilla 37,2622 -6,2216 21-05-21 1 Male 

Andrena flavipes Sevilla 37,2622 -6,2216 21-05-21 2 Females 

Andrena fulvicornis Sevilla 37,2622 -6,2216 21-05-21 1 Male 

 

After the initial cleaning per dataset, all datasets were merged together to form one 

large dataset5 which was followed by three different data filtering processes. In 

contrast to the cleaning that was done to each dataset, the purpose of the filtering 

processes was to prepare the data for forthcoming analyses. The second and third 

filtering processes will be explained later in this Method chapter. The first filtering 

process was based on the following criteria: 

• Only observations of bee species known to the Iberian Peninsula were 

retained. 

• Apis mellifera was filtered out. 

• Data without coordinates was filtered out. 

• Data without a specified year was filtered out. 

All datasets thus far, i.e. those cleaned in 2022 and within this bachelor’s project, 

consisted of 93,803 initial data points, and 66,578 made it through the cleaning and 

filtering processes, meaning that approximately 30% were discarded.  

3.2 Habitat preference analysis 

In order to perform the habitat preference analysis, each bee observation had to be 

linked to the kind of habitat that observation took place in. Habitat information was 

retrieved through the CORINE Land Cover (CLC)6, which is a database on land 

coverage all across Europe, provided by the European Environmental Agency. The 

CLC is divided into 44 different land cover classes, including arable land, pastures, 

olive groves, coniferous forests, airports, and water bodies, to name a few (Kosztra 

et al. 2019). The first version of the inventory was launched in 1990, and updates 

were produced in 2000, 2006, 2012, and 2018. (European Commission 2024). 

 

5 This was done by an existing R script, developed within the initial cleaning of 2022 (Bartomeus et al. 2022). 

The script will not be explained in this thesis. 
6 CORINE - Coordination of Information on the Environment. 
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An additional data filtering (second filtering process) was carried out before the 

habitat preference analysis. This filtering was based on the criteria: 

• Only observations from year 1985 and onwards were retained, as the first 

CORINE Land Cover was released in 1990 (a five-year lag was considered 

acceptable). 

• Only observations with a known year of observation were retained. 

• Species observed fewer than 100 times in total were discarded. 

• Observations with a coordinate precision greater than 100 m were discarded, 

aligning with the resolution of the Corine Land Cover data, which is 100 m. 

• Only one observation of a given species from a collection event was 

retained, defining a collection event as a sampling conducted on a unique 

day and locality (latitude and longitude). Put simply, each collection event 

at a specific time and place had only one observation per species in the 

cleaned database. This measure was implemented to ensure the 

independence of samples. 

 

This filter process additionally removed almost 87% of the data. Compared to the 

original data of 93,803, this meant that 8,985 records made it through both the 

cleaning and habitat filtering processes, and a total of 61 different species. 

Each observation was paired with a land cover using R code created within this 

project. To accomplish this, all five available CORINE Land Cover maps were 

downloaded and integrated into RStudio using shapefiles. The Land Cover map 

closest in time to the actual observation was used to extract the land cover data. For 

example, an observation from year 1992 retained land cover data from the CORINE 

Land Cover 1990, and an observation from 2017 retained land cover data from the 

CORINE 2018. QGIS was used to visualize the CORINE Land Cover maps. 

To enhance the interpretation of the CORINE Land Cover data within the habitat 

analyses, land cover classes were divided into ten main categories, with three main 

classes, see Table 4. The division follows that of the CLC, with the following 

exceptions: 1) Grasslands are given their own class and are not subdivided under 

Scrubs; due to that grasslands in the Iberian Peninsula are distinctively different 

from those of scrubs; 2) Agro-forestry areas are placed under Pastures instead of 

Heterogeneous agricultural areas because most of the agro-forestry areas are 

dehesas or montados7 which are more similar to pastures; see Figure 5 for an 

example of what a dehesa looks like. For a further explanation of the different 

classes, see Kosztra et al. (2019). 

 

7 Dehesa (Spanish) and montado (Portuguese) are Mediterranean agro-forestry systems. 
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Figure 5. A dehesa in Huelva, Spain. Dehesas are a cultural landscape primarily used for grazing 

and are characterized by scattered oak trees. (Juan Eloy Diaz) 

Some classes were altogether removed, meaning that the few observations that 

inherited these land classes were removed from the dataset. These were: mineral 

extraction sites8, coastal lagoons, estuaries, water bodies and water courses9. 

 

 

 

 

 

 

 

 

 

 

 

8 Most likely, the sampling event has not taken place at a mineral extraction site but nearby, and the CORINE 

Land cover faulty assigns it a mineral extraction site due to resolution limitations; or the coordinates are faulty. 
9 Coastal lagoons and various water bodies were removed for the same reason as mineral extraction sites; most 

likely, the sampling event did not take place in actual water but in the surroundings. 
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Table 4. The sectioning of the CORINE Land Cover classes used for the habitat analysis. 

Class 1 Class 2 Main class 

Broad-leaved forest Forests Natural 

Coniferous forest   

Mixed forest   

Moors and heathland Scrubs Natural 

Sclerophyllous vegetation   

Transitional woodland-shrub   

Natural grasslands Grasslands Natural 

Bare rocks Open spaces with little or no vegetation Natural 

Beaches, dunes, sands   

Burnt areas   

Inland marshes   

Intertidal flats   

Peat bogs   

Salines   

Salt marshes   

Sparsely vegetated areas Pastures and dehesas Natural 

Pastures   

Agro-forestry areas   

Non-irrigated arable land Arable land Agricultural 

Permanently irrigated land   

Rice fields   

Annual crops associated with permanent 

crops 

Heterogeneous agricultural areas Agricultural 

Complex cultivation patterns   

Land principally occupied by agriculture, 

with significant areas of natural vegetation 

  

Fruit trees and berry plantations Orchards Agricultural 

Olive groves   

Vineyards   

Airports Continuous urban Urban 

Construction sites   

Continuous urban fabric   

Dump sites   

Industrial or commercial units   

Port areas   

Road and rail networks and associated land   

Discontinuous urban fabric Discontinuous urban Urban 

Green urban areas   

Sport and leisure facilities   
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Determining a bee species' preference for a particular habitat solely based on its 

observations in that habitat is insufficient. Therefore, habitat preferences were 

calculated for each bee species using a null model approach. Initially, the true 

observed occurrences (i.e. the number of species in each habitat) were stored in an 

occurrence matrix. Subsequently, randomized matrices were generated to represent 

occurrences in each habitat expected by chance. This was done in R by the 

‘r2dtable’ method, which maintains species richness (i.e. the total number of each 

species in all ten habitats) but reshuffles its values. This procedure was repeated 

100 times, resulting in 100 random matrices being generated and compared to the 

true occurrence matrix. If a species’ true occurrence was more frequent than 

expected by chance, it indicated a preference for that habitat; conversely, if the 

species’ true occurrence was less frequent than expected by chance, it indicated 

avoidance of that habitat. 

Based on this, a probability was calculated that a species would be found in a given 

habitat. The probability was calculated as the percentile of null distribution in which 

the observed value falls A habitat was considered preferred by a species if it had a 

probability greater than 0.8, avoided if less than 0.2, and no preference in-between 

0.2 to 0.8, as previously used by Collado et al. (2019). 

The full code for the habitat analysis can be found on the Iberian bees projects’ 

analysis page on GitHub10. 

3.3 Calculating phenological and latitude breadth 

Similar to the preparation that was done before the habitat analysis, data filtering 

was also carried out for the correlation analysis (a third filtering process). This was 

built on the first filtering process, and based on the criteria: 

 

• Only observations that included data for both days and months were 

retained. 

• Only one observation of a given species from a collection event was 

retained, defining a collection event as a sampling conducted on a unique 

day and locality (latitude and longitude). 

 

This filter process additionally removed 58% of the data retained from the first 

filtering process. As opposed to the filtering done for the habitat analysis (87%), 

the filtering for the correlation analysis didn’t exclude data before 1985, nor did it 

filter based on the coordinate precision or observation times. Compared to the 

 

10 https://github.com/ibartomeus/BeeTrendsSpain/tree/main/Scripts 
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original data of 93,803, this meant that 27,958 records made it through both the 

cleaning and the correlation filtering processes. 

The latitude breadth (spatial distribution) of a species was obtained by simply 

calculating the difference between the northernmost and the southernmost 

observation, i.e. the difference in latitude. The phenological breadth (flight period) 

was calculated by the difference between the latest day of the year observation and 

the earliest, after excluding the 5th percentile11.  These calculations were carried out 

in R. 

3.4 Correlation analysis in R 

To calculate whether there was a correlation between habitat preferences and 

phenological breadth, latitude breadth, and sociality, respectively, three linear 

models were used. A linear model predicts the value of a variable based on another 

variable, assuming normally distributed model residuals. 

In order to use habitat preferences in correlation analyses, the 10 habitat preferences 

of a species had to be translated into a single preference. This was done by the so-

called Pielou's evenness index, which measures how the species are evenly 

distributed in a community (Jost 2010). The index is defined as a number between 

0 and 1: 1 represents perfect evenness, i.e. not a particular habitat is preferred, and 

0 represents the largest divergence from evenness, i.e. having a strong preference 

for a particular habitat/s. 

 

 

11 Excluding the 5th percentile was done to remove potential errors in the first and last days of sampling. 
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4.1 Results of the dataset incorporation and data 

cleaning 

With this bachelor project, the Iberian bees database grew in size from 87,684 

records to 93,803, due to the incorporation of new datasets. It consists of 934 

different bee species (compared to 923), with the most observed genus being 

Bombus spp. The five most observed species, together with their number of records, 

are shown in Table 5. The first bee observation was from year 1830 up until year 

2022.  

The spatial distribution of the bee observations is presented in Figure 6. The 

observations cover large areas of Spain and Portugal, even if the observations are 

biased toward the coastlines and larger urban areas. 

Table 5. The five most observed species in the Iberian Peninsula during years 1830-2022 and their 

number of records, according to the Iberian bees database. 

Species No of records 

Bombus terrestris 8,147 

Bombus pascuorum 

Xylocopa violacea 

3,980 

2,316 

Lasioglossum malachurum 1,604 

Andrena flavipes 1,459 

 

4. Results 
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Figure 6. Bee species observations according to the Iberian bees database, after the implementation 

of new datasets. The observations range from 1840, and not 1830, due to that the observation of 

1830 lacks coordinates.   

4.2 Habitat preference analysis 

The incorporation of CLC showed that bee observations mainly took place in 

agricultural areas (e.g. annual crop fields) and least in urban areas, see Table A3 

and Table A4 in the Appendix. 

The habitat preference analysis contained 61 different species after filtering. Firstly, 

habitat preferences were calculated for each species and for each of the main habitat 

classes of natural, agricultural, and urban; see results in Figure 7. 57 out of 61 

species showed preferences for one or more main habitats, whereas four species 

lacked preferences (“habitat generalists”), i.e. had a frequency below 0.8 in all three 

main habitats: Andrena agilissima, Andrena nigroaenea, Eucera elongatula, and 

Rhodanthidium septemdentatum. Three species preferred more than one main 

habitat: Bombus terrestris, Megachile sicula (natural and urban), and Panurgus 

calcaratus (natural and agricultural). Agricultural land was the main habitat that 

was preferred by most species (33 species), and 18 species avoiding this main 

habitat (thus the rest 10 species out of 61 showed no preference). For natural habitat, 

19 preferred this habitat, and 30 avoided it. Lastly, in urban habitats, we found 8 

preferring and 45 avoiding this main habitat. 
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Figure 7. Habitat preference for each species in each main habitat (natural, agricultural, urban). 

The total number of species in the habitat analysis was 61. Red bars are the number of species 

avoiding that habitat class, and blue bars are the number of species preferring that habitat. 

Looking more closely into the different kinds of habitat classes (based on class 2 

from Table 4), one can see that 8 out of 61 species showed a preference for a single 

habitat, out of which 7 were for Pastures and dehesas and 1 for Arable land; see 

Appendix Table A5. The overall most preferred habitat was arable land (26 species 

preferring this), and it is also the only habitat with more species with preferences 

(e.g. Lasioglossum spp.) than avoidance (e.g. Bombus spp.). However, Bombus spp. 

tend to avoid agricultural habitats all together (e.g. 7 out of 8 Bombus spp. avoided 

arable lands) and instead prefer natural landscapes of primarily forests and scrubs 

(Table A5 in the Appendix).  

The second most preferred habitat was pastures and dehesas (23 species), but it had 

more avoiders than Arable land (Table 6). Andrena spp. was shown to have a 

preference almost exclusively for this habitat type (Table A5). Grasslands, 

however, did not have as strong preferences (Table 6) and many bees that preferred 

this habitat were also co-dependent on e.g. Pastures and dehesas and Orchards.  

The least preferred (and the most avoided) habitats were both urban, particularly by 

Andrena spp., Bombus spp. and Lasioglossum spp. Despite this, many bee species 

can survive in these habitats (e.g. Andrena agilissima) and even thrive (e.g. 

Anthidium spp. and Xylocopa violacea) (Table A5). Only one species prefers an 

urban habitat without showing a preference for another habitat: Anthidium 
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manicatum. The rest of the bees that prefer urban habitats prefer all kinds of 

different habitats, with no particular specialization in any. 

When examining specific habitats, it's difficult to identify consistent patterns in the 

similarities or differences in habitat preferences. For instance, the preference for 

Arable land doesn't necessarily correlate with preferences for Heterogeneous 

agricultural areas or Orchards. Similarly, preferences for Forests don't consistently 

differ from preferences for Open spaces.   

Table 6. Number of species preferring and avoiding habitat classes. Presented in decreasing order 

of the number of preferring species. Note that a species can prefer more than one particular habitat, 

thus not adding up to 61 species. 

Habitat Main habitat No of species preferring the habitat 

/ No of species avoiding the habitat 

Arable land Agricultural 26 / 25 

Pastures and dehesas Natural 23 / 35 

Orchards Agricultural 18 / 31 

Het agr areas Agricultural 16 / 23 

Open spaces Natural 15 / 23 

Scrubs Natural 14 / 28 

Forests Natural 13 / 33 

Grasslands Natural 12 / 32 

Continous urban Urban 9 / 43 

Discontinous urban Urban 7 / 40 

4.3 Phenological and latitude breadth 

The individual results of the calculation of the phenological and latitude breadth 

will only be briefly presented here; more information will be covered in the 

subsequent chapter of the Correlation analyses. 

The phenological breadth of the 61 species combined was 245 days. The first and 

last flight days, together with the flight times, are presented for each species in 

Table A6 in the Appendix.  

Looking briefly at the latitude breadth, it can be observed that most species are 

found in the full study area, see Table A7 in the Appendix. A handful of species, 

however, are only observed in a limited range, primarily Bombus soroeensis, 

Bombus sylvarum, and Lasioglossum albipes (all in northern Spain). 
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4.4 Correlation analyses 

The next part was to examine what the different habitat preferences could be 

explained by. No significant relationships were found by either phenological 

breadth, latitude breadth or sociality. 

Firstly, the correlation with habitat preferences and phenological breadth was 

investigated. Recall that in this context of correlation analyses, habitat preferences 

were translated into an evenness index. The higher the evenness index, the less 

preference a species has for a particular habitat. The correlation was shown to be 

non-significantly negative (p-value 0.39), with very scattered data and the standard 

error being greater than the estimate, see Figure 8. A negative correlation suggests 

that a species with a higher habitat preference has a wider phenological breadth, in 

contrast to the hypothesis, but the very scattered data and the non-significant 

correlation imply that phenology is not a good indicator of habitat preferences. 

 
Figure 8. Correlation analysis between Evenness index (representing the Habitat preferences) and 

Phenology. Each black point represents one species of a total of 61 species included in the analysis. 

The blue line is the non-significant fitted linear regression line with the estimate -0.00049, standard 

error 0.00057 and p-value 0.39. 

Next, habitat preferences were examined by latitude breadth. This resulted in a non-

significant positive correlation (p-value 0.60), with once again the standard error 

being greater than the estimate, see Figure 9. A positive correlation indicates that 

species with higher habitat preferences have a more restricted spatial distribution 

(consistent with the hypothesis), but since the correlation is non-significant, it 

suggests that latitude breadth is not an indicator of habitat preferences. What Figure 
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9 tells us, though, once again, is that most of the species occur throughout the study 

area, as most points are concentrated in the range of 6-8 degrees latitude difference. 

 

 
Figure 9. Correlation analysis between Evenness index (representing the Habitat preferences) and 

latitude breadth. Each black point represents one species of a total of 61 species included in the 

analysis. The blue line is the non-significant fitted linear regression line with the estimate 0.01094, 

standard error 0.02097 and p-value 0.60. 

Lastly, habitat preferences showed a non-significant relationship with sociality (p-

value 0.07), see Figure A1 in the Appendix. However, social bees show a slightly 

higher habitat preference than solitary bees, in contrast to the hypothesis, see 

boxplots in Figure 10 below. 
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Figure 10. Comparison of Evenness index (representing the Habitat preferences) and Sociality. Due 

to Sociality being defined binary as either a Social or Solitary bee, its relationship (non-significant) 

is visualized by boxplots. 

If addition, a potential correlation between phenological breadth and latitude 

breadth was explored (not part of the scope), see text and Figure A2 in the 

Appendix. 
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5.1 Implications on habitat preferences 

The most preferred main habitat was shown to be agricultural. This was somewhat 

surprising and also differs from the results of Collado et al. (2019) for the United 

States, where natural habitat was preferred by most species instead. This implies 

that the agricultural land in Spain and Portugal can support some biodiversity (at 

least bees) alongside production. Agricultural land in Spain and Portugal consists 

of many perennial flowering plants, such as olive trees, vineyards, and orchards, 

which can provide stable habitats throughout the year, in contrast to agricultural 

land in the northeastern United States, where predominantly annual crops (e.g. corn 

and soybeans) are grown that are only suitable in summers, and the majority are 

wind pollinated. This result highlights the importance of mitigating climate change 

and safeguarding traditional agricultural land in the Iberian Peninsula, which has 

been the target of severe droughts over the past few years (Agencia Estatal de 

Meteorología 2023, 2024; El Diario 2024), leading to decrease in olive oil 

production (Gratsea et al. 2022; EL PAÍS 2023), early almond flowering (Freitas et 

al. 2023), and protesting and road-blockade of farmers (El País 2024b; a). 

It is not surprising that pastures and dehesas are highly preferred habitats. The high 

biodiversity of pastures and dehesas in the context of the Iberian Peninsula has been 

demonstrated in various studies (Moreno et al. 2016; Banaszak & Twerd 2018; 

Simonson et al. 2018; Rodríguez-Rojo et al. 2022). In recent decades, dehesas have 

been exposed to many threats, such as abandonment and intensification (Carmona 

et al. 2015; Godinho et al. 2016; Peco et al. 2017). This study shows the importance 

of conserving and protecting this habitat type, especially for Andrena spp., which 

almost exclusively prefers this type of habitat.  

Bombus spp.  prefers forests and scrubs, which is consistent with other studies 

(Banaszak & Twerd 2018; Sõber et al. 2020; Mola et al. 2021). Compared to open 

habitats, many forests and scrubs can provide food throughout the year, and they 

are often preferred as nesting and overwintering habitats as they offer a more 

protected habitat (Mola et al. 2021), which is particularly important for over-

wintering Bombus queens. 

5. Discussion 
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Similar to Collado et al. (2019) and not surprisingly, this study showed that urban 

environments are the least preferred habitats, and are especially rejected by Bombus 

spp. and Lasioglossum spp. Nevertheless, they may serve as an important habitat 

for some species (also seen in Hall et al., 2017; Collado et al., 2019; Wenzel et al., 

2020), mainly Anthidium spp. and Xylocopa violacea. Anthidium manicatum only 

shows preferences for urban habitats, which is not surprising as it is the most 

widespread unmanaged bee in the world (Strange et al. 2011). It is native to the 

Iberian Peninsula but is considered invasive in other parts of the world, where it 

easily exploits new environments. As urban areas in the Iberian Peninsula continue 

to expand (United Nations 2024), more bee species may need to adapt to city 

environments. Therefore, it's crucial to promote bee-friendly practices in urban 

areas to support these populations (Banaszak-Cibicka & Żmihorski 2012). 

This analysis gives a snapshot of habitat preferences between the years 1985-2022, 

but it does not allow a comparison of how habitat preferences may have changed 

over time. Agricultural degradation and land abandonment have been ongoing in 

Europe, particularly since the 1980s (Corbelle-Rico et al. 2012). It's possible that 

agricultural preferences would have been more pronounced in periods prior to the 

1980s, but this study does not offer insights into such temporal shifts. 

5.2 What can habitat preferences be explained by? 

No significant relationships were identified between habitat preferences and 

phenological and latitude breadth and sociality, respectively. This suggests that 

bees’ habitat preferences are more governed by other traits. In this study, the term 

“habitat” was defined as “land cover” due to the use of CORINE Land Cover data. 

However, it’s important to recognize that a habitat encompasses more than just land 

cover, which may affect habitat preferences. Factors such as floral and nesting 

availability, climate, interactions with other species, available space, and suitability 

for different stages of a bee species’ life cycle (such as foraging, nesting, and over-

wintering) may also play significant roles, yet they were not considered in this 

study. Below are explorations into some of these potential traits and their potential 

effects on habitat preferences.  

Floral preferences: studies have shown that some bees are dependent only on a 

few flowers, meaning that even if they are abundant all across the Iberian Peninsula 

(i.e. high latitude breadth), they will still only visit the places where these flowers 

are present (see e.g. González-Varo et al. (2016) on an example of a solitary bee’s 

full dependence on one single flower). 
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Nesting behavior: bees use a variety of nests, which may impact their choice of 

habitat. A couple of examples from species that were in this study: Panurgus spp. 

create nests in sandy soils (Miliczky 1991) and Rhodanthidium spp. nest inside 

empty snail shells (Hostinská et al. 2021). The calculated habitat preferences 

(Panurgus: grasslands, pastures and dehesas, orchards; Rhodanthidium: most of the 

agricultural habitats, urban, forests, and scrubs), however, don’t showcase those 

kinds of details. 

Abiotic conditions: factors such as soil characteristics, wind, temperature, 

humidity, and light, also influence bees’ presence in different habitats. Soil 

characteristics, for example, may have an impact on the bee’s choice of 

overwintering and nesting (Cane 1991), with influencing factors such as soil 

compaction and moisture (Mola et al. 2021), and pesticide residues (Anderson & 

Harmon-Threatt 2019). Increased wind speeds and strong summer temperatures, for 

example, may lead to reduced foraging efficiency, and many bees seek shelter from 

open habitats to more protected environments (e.g. forests) (Polatto et al. 2014; 

Mola et al. 2021). 

5.3 Biases 

It is important to note that despite the complexity of using opportunistic data, the 

analyses carried out in this project are based on contrasted methods for such types 

of data. Also, the data is thoroughly cleaned through R scripts, thus removing typos 

and ambiguous observations. The process of working with R makes everything 

reproducible and fully transparent, as opposed to, e.g. working in Excel. 

Nonetheless, there are some biases in the database, and in the consequent analyses 

that are highlighted below. 

 

Firstly, the individual datasets carry biases that are being transferred to the 

database. All data are based on observations, all of which have biases in terms of 

personal interests. We also rely on the correct identification of the observed 

specimens, and the coordinate precisions reported by several researchers. This was 

accounted for by only including the 61 most observed species in the analyses (out 

of a total of 934) and excluding species with coordinate precision greater than 100 

m. By excluding more rarely recorded species, however, we may miss some of the 

importance of some habitats. One can suspect that more common species (more 

observed species, in this context) are species that are more adaptable to a human-

shaped environment, e.g. agricultural habitats, and rare species prefer more natural 

habitats. This was not tested in this study, but it is something that should be kept in 

mind. 
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The datasets also carry spatial biases, where difficult areas, such as coastlines and 

mountainous regions, may be under-sampled, whereas easier-access areas, such as 

urban regions, may be over-sampled (Figure 6). This may affect the results by 

exaggerating the importance of some habitats (more sampled habitats, e.g. arable 

land) and understating the importance of other habitats (less sampled habitats, e.g. 

open spaces or wetlands). In this study, however, the spatial biases are thought to 

be quite minor since most of the included species were found in the full study area 

(Table A7) and only the most observed species were included. Also note that the 

null models consider the sampling effort per habitat when calculating the expected 

occurrences, minimizing this problem.  

Secondly, processing large scripts in R may generate some errors. For most of 

the datasets, a manual interpretation or inspection had to be done of the data. Many 

of the datasets that were sent back by researchers in the template version needed 

thorough data cleaning. In the case of a dataset originating from a research paper, 

this could mean looking at the actual paper to see what coordinate system they used 

when providing their latitude and longitude, or to add information on authors and 

collectors, or to interpret an apparent typo in dates or provinces. To account for 

these manual checks, wherever the interpretation or inspection didn’t give a clear 

answer, the observation was altogether removed; one dataset, for example, had an 

observation on the year “197”, and after a manual check, it still wasn’t clear if the 

year in question was 1977 or 1987, hence it was removed. Furthermore, all the 

scripts used in this bachelor project, have been peer code reviewed by Ignasi 

Bartomeus. 

Thirdly, the CORINE Land Cover resolution of the downloaded land cover data 

was 100 m; to compensate for this, only observations with 100 m or less (i.e. 100 

m or finer) were included in the habitat analysis. Shortcomings of the CORINE 

Land Cover data within Portugal and Spain have been studied by e.g. Caetano et al. 

2005 and García-Álvarez & Camacho Olmedo 2017), where they showed that 

agricultural lands were underestimated in the early maps and young forests or 

shrubs are sometimes confused with mature forests. CORINE Land Cover data are 

generally recommended on a pan-European scale rather than a national scale, but 

can still provide a good tool for land analyses if you are aware of its flaws (Aune-

Lundberg & Strand 2021). Another thing to bear in mind, is that the CORINE Land 

Cover has sharp lines between different habitats, but in reality, there may not be a 

clear transition as to where one habitat ends, and the other starts. This can lead to a 

potential incorrectly assigned land cover class, which may be most notable for class 

1, but less for class 2 and the main class (agricultural, natural and urban) (Caetano 

et al. 2005). Lastly, within the incorporation of the CORINE Land Cover data, it is 

important to note that bees are mobile species, and its presence or avoidance in one 

habitat is not only a result of that particular habitat, but also the surrounding 
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habitats. A dehesa that is surrounded by an urban region, might have a different bee 

appeal than another dehesa that is surrounded by other pastureland. The effect on 

the surrounding landscape is not considered in this habitat analysis. In the study by 

Collado et al. (2019), however, they showed that when considering landscape level, 

the results didn’t differ much. 

 

To conclude, the analyses come with some biases, but with a rigorous cleaning 

process that removed more than 90% of the data, the study can be seen as rather 

strong. 

 

 

 



36 

 

6. Conclusions 

In this project, 25 datasets were incorporated into a large database of bee 

observations in the Iberian Peninsula and used to analyze the habitat preferences of 

61 common wild bee species. The overall preferred habitats were agricultural areas, 

highlighting the potential of agricultural landscapes in Spain and Portugal to 

support biodiversity. 

The diverse habitat preferences observed among individual bee species emphasize 

the need to consider bees as distinct entities and not as a homogeneous group. Some 

bees rely on low-intensity agricultural practices, while others thrive in urban 

environments, or forests and scrubland, demonstrating the importance of 

conserving diverse landscapes. 

The results can also be translated into some conservation guidelines: 1) Pastures 

and dehesas serve as important habitats for common pollinators, highlighting the 

need for their protection, 2) Implementing bee-friendly practices in urban areas is 

important for supporting urban bee populations, 3) Recognizing the diverse habitat 

requirements of bees highlights the importance of maintaining high-quality 

landscapes with a variety of habitats to effectively support bee populations. 

No correlations were found between habitat preferences and phenological and 

latitude breadth, and sociality, respectively, suggesting that other traits (such as 

floral preferences, nesting behavior, and abiotic conditions) may be more important 

for bee habitat choice. 

The large database on Iberian bees makes it possible to carry out all kinds of 

analyses. Future research can delve deeper into understanding the underlying traits 

driving habitat preferences of Iberian bee species or explore other aspects such as 

population trends over time and phenological patterns. 
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Table A1. Template sent out from the research group within CSIC, to expand the Iberian bees database. Any researcher can fill in the template with his/her pollinator 

data and send it back to the research group within CSIC. 

 
In GREEN mandatory fields, In YELLOW optional fields of interest 

                  

Genus Generic epithet       

Subgenus Subgenus if relevant       

Species Specific epithet. Just specimens with accepted names would be considered        

Subspecies Taxonomic subspecies if relevant       

Country Countries of the Iberian Península: Spain, Portugal, Andorra        

Province 
See standar list of Provinces, for Spain: http://www.ine.es/daco/daco42/codmun/cod_provincia_estandar.htm and for Portugal: https://en.wik-
ipedia.org/wiki/Provinces_of_Portugal#Provinces       

Locality Locality description       

Latitude Decimal degrees       

Longitude Decimal degrees       

Coordinate.precision Indicate coordinate precision if relevant       

Year Year of capture or observation of the specimen        

Month Month of capture or observation of the specimen        

Day Day of capture or observation of the specimen        

Start.date In case that the specific date is unknown but an interval of dates can be provided, please specify here the start date of the interval        

End.date In case that the specific date is unknown but an interval of dates can be provided, please specify here the end date of the interval        

Collector Collector name       

Determined.by Person who id the species        

Female Number of females captured       

Male Number of males captured       

Worker Number of bee workers (just for eusocial bees)       



46 

 

Not.specified Number of individuals captured without sex information        

Reference.doi Provide DOI if relevant  (e.g. https://doi.org/xxxxxx)        

Flowers.visited Scientific name of the plant species where the specimen was capture or observed         

Local_ID Provide local id of the collection (if there is one)       

Authors.to.give.credit Author list contribution, as many as needed        

Any.other.additional.data Any other relevant information about the specimen        

Notes.and.queries Add a note or comment for the person that would check this data if necessary (e.g. about the species or coordinate precision)        

                
Thanks a lot for your contribution! 

              

                
Example with mandatory fields in green and optional fields of interest in yellow 

         

                

Genus 
Subge-
nus 

Spe-
cies 

Subspe-
cies Country Province Locality Latitude 

Longi-
tude 

Coordinate.pre-
cision Year Month Day Start.date End.date Collector 

De-
termzined.by Female Male Worker Not.specified 

Refe-
rence.doi 

Flowers.vi-
sited Local_ID Authors.to.give.credit 

Any.other.addit-
ional.data 

No-
tes.and.queries 

And-
rena NA 

ra-
mosa NA Spain Huelva 

Parque 
Nacional 
de 
Doñana 37,136 -6,359 100 m 2021 4 1 NA NA 

Francisco 
P. Molina 

Thomas J. 
Woods 0 1 0 NA NA 

Asphodelus 
ramosus Azn_7 

Francisco P. Molina, Thomas J. 
Woods and Ignasi Bartomeus NA New species for science! 
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Table A2. R scripts created in this bachelor project, and how many bee observations (data) each 

dataset consisted of before cleaning. The number in the beginning of the R script name is the 

chronological order of dataset added. 

R script Data (no of bee observations) before cleaning 

59_Antonini_etal 7 

60_Lopez-Angulo_etal 320 

61_Wood 36 

62_Pareja-Bonilla 5 

63_Martinez-Lopez 81 

64_Zafra 10 

65_Alvarez 543 

66_Alvarez_etal 770 

67_life_polinizadores 251 

68_Bornay 1,266 

69_Alvarez 5  

70_Rodrigo_etal 164 

71_Rodrigo_etal 115 

72_Dardon_etal 757 

73_Ornosa 252 

74_Ornosa 52 

75_Ornosa 48 

76_Ortiz 28 

77_Ortiz 2 

78_Ortiz 26 

79_Oviedo_museum 5,385 

80_Torres 12,320 

81_MNCN 2,299 

82_Aguado_asensio 1,116 

83_Asensio 3,905 
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Table A3. Number of observations in each of the main habitat classes, that was included in the 

habitat preferences analysis. Presented in descending order. 

Main habitat class Number of observations 

Agricultural 4.439 

Natural 3.306 

Urban 1.240 

 

 

Table A4. Number of observations in each of the habitat classes, that was included in the habitat 

preferences analysis. Presented in descending order. 

Habitat class Number of observations 

Heterogeneous agricultural areas 1.712 

Forests 1.591 

Pastures and dehesas 1.146 

Arable land 1.136 

Scrub and/or herbaceous vegetation associations 1.033 

Discontinuous urban 731 

Continuous urban 509 

Orchards 445 

Natural grasslands 345 

Open spaces with little or no vegetation 337 
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Table A5. Habitat preferences for the Iberian bees, calculated by comparing the observed 

abundance to the calculated null model matrices. Blue indicates that the species shows a preference 

for that particular habitat (values over 0,8). Red indicates that the species shows an avoidance for 

that particular habitat (values under 0,2). Values in between are not highlighted (no preference). 

Species 

Arable 

land 

Continu-

ous urban 

Discon-

tinuous 

urban Forests 

Heteroge-

neous ag-

ricultural 

areas 

Natural 

grass-

lands 

Open 

spaces 

with little 

or no 

vegeta-

tion 

Pastures 

and dehe-

sas Orchards Scrub 

Amegilla quadrifasciata 1 0,81 0,21 0 0,95 0,02 0,33 0 0,8 0,93 

Andrena agilissima 0,91 0,26 0,71 0 0,64 0 0,83 0,09 0,82 0,65 

Andrena dorsata 0 0 0,73 0,26 0,01 0,08 0,06 1 0,01 0,41 

Andrena flavipes 0,78 0,01 0,24 0,7 0,14 0,85 0,04 1 0,32 0,02 

Andrena humilis 0,02 0 0,02 0,01 0,29 0,25 0,08 1 0 0,11 

Andrena minutula 0,25 0 0 0,44 0,21 0 0,66 1 0,01 0 

Andrena nigroaenea 0,18 0,03 0,09 0,88 0,61 0,1 0,9 0,89 0,6 0,01 

Andrena ovatula 1 0 0,03 0 0,05 1 0,74 0,75 0,12 0 

Andrena pilipes 0,98 0 0,42 0,01 0,64 0,34 0 0,98 0,26 0 

Anthidiellum strigatum 0,75 0 0 1 0,83 0 0 0 0 0,52 

Anthidium florentinum 0,98 1 0,98 0 0,62 0,33 0,01 0 0,99 0 

Anthidium manicatum 0,44 1 0,99 0,44 0,25 0 0,28 0 0,55 0,07 

Anthophora atroalba 1 0,23 0 0,09 0,89 0,49 0,16 0 0,08 0 

Anthophora bimaculata 0,91 0,03 0,18 0,62 0,03 0,35 1 0,07 0 0,54 

Anthophora plumipes 0,12 0,89 1 0,49 0,99 0 0,28 0 0,62 0,15 

Bombus hortorum 0,01 0 0,73 0,03 0,79 0,13 0,98 1 0,01 0,37 

Bombus lapidarius 0,04 0,02 0 0,9 0 0,59 1 0 0,01 1 

Bombus lucorum 0,05 0,8 0,01 1 0 0,96 1 0,05 0 0,7 

Bombus pascuorum 0 0 0,02 1 1 0,13 0,55 0 0 0,95 

Bombus pratorum 0 0,01 0,11 1 0,46 0,64 0,1 0,91 0 1 

Bombus ruderatus 0,34 0,45 0,02 0,82 0,67 0,73 0,03 0 0,19 1 

Bombus soroeensis 0 0 0 0,25 0,13 0,95 1 0,81 0 0,79 

Bombus sylvarum 0,11 0 0 0,06 0,86 0,69 0,33 1 0 0,84 

Bombus terrestris 0 0,13 1 1 0,87 1 0,02 0 0 1 

Ceratina cucurbitina 1 0,12 0 0,94 0,03 0,64 0,96 0,54 0,2 0,2 

Ceratina cyanea 0,23 0,12 0 0,2 0,06 0,84 0,68 0,85 0 0,99 

Colletes nigricans 0,81 0,01 0 0,29 0,37 0 0,72 0 1 1 

Eucera elongatula 0,13 0 0,28 0,64 0,77 0,18 0,97 0,02 1 0,04 

Eucera notata 0,06 0 0,5 0,1 0,1 0 1 0 0,92 0 

Halictus fulvipes 1 0,8 0 0,88 0 0 0,69 0,01 0,78 0 

Halictus gemmeus 0,83 0,04 0,05 0,57 0,11 0 0,98 0,07 0,3 0,94 

Halictus scabiosae 0,86 0,71 0,97 0,29 0,94 0,16 0,05 0 0 0,77 

Halictus subauratus 0,66 0 0,29 0,69 0,28 0,41 0,14 1 0 0,09 

Hoplitis adunca 0,24 0,14 0,13 0,09 0,5 0,64 0 0 1 0,95 

Hylaeus clypearis 1 0 0,05 0,81 0,23 0 0,4 0,01 0,05 0,04 

Hylaeus variegatus 1 0,01 0,21 0,01 0,13 0,33 0,3 0,14 0,03 0,06 

Lasioglossum albipes 0,06 0,07 0 0,04 0,52 0,99 0,36 1 0 0,43 

Lasioglossum albocinctum 1 0 0 0,32 0,99 0 0,32 0,03 0,53 0 

Lasioglossum calceatum 0 0,01 0 0,12 0,23 0,07 0 1 0,02 0,46 
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Species 

Arable 

land 

Continu-

ous urban 

Discon-

tinuous 

urban Forests 

Heteroge-

neous ag-

ricultural 

areas 

Natural 

grass-

lands 

Open 

spaces 

with little 

or no 

vegeta-

tion 

Pastures 

and dehe-

sas Orchards Scrub 

Lasioglossum interruptum 0,87 0 0,04 0,18 0,91 0,21 0,22 0,22 0,95 0,22 

Lasioglossum leucozonium 0,81 0,08 0 0,01 0,07 0,93 0,21 1 0,25 0,42 

Lasioglossum malachurum 0,89 0 0 0,04 0 0,19 0,02 1 0,89 0,01 

Lasioglossum pauperatum 0,05 0,59 0,28 0 0,55 0,73 0 1 0,63 0,14 

Lasioglossum pauxillum 0,93 0 0 0 0,07 0 0 1 0 0 

Lasioglossum punctatissimum 1 0 0 0,02 0,15 0 0 0,95 0,7 0,66 

Lasioglossum villosulum 0,58 0 0 0,54 0,07 0,06 0,22 1 0 0,53 

Megachile apicalis 1 0,28 0 0,06 0 0 0,24 0 1 0,59 

Megachile pilidens 0,92 0,03 0,3 0,14 0,01 0 0,93 0,02 0,97 1 

Megachile sicula 0 0,03 1 0,77 0,51 0 0,99 0 0 0,4 

Osmia caerulescens 1 0 0,1 0 0,77 0 0,23 0 1 0,07 

Osmia cornuta 0,97 1 0,15 0 0,93 0,59 0,28 0 0,12 0,04 

Osmia niveata 0,52 0,15 0,77 0,03 0,84 0 0,18 0,12 1 0,04 

Osmia submicans 0,02 0,02 0,21 0,09 0,83 0 0,04 0 1 0,03 

Panurgus banksianus 1 0 0,05 0 0,37 1 0,81 0 0,05 0,29 

Panurgus calcaratus 0 0 0 0,1 0 1 0,33 1 1 0,12 

Panurgus cephalotes 0,05 0 0,04 0,15 0 0,8 0,19 1 1 0,38 

Panurgus perezi 0 0,09 0 0 0,01 1 0 1 1 0,7 

Rhodanthidium septemdenta-

tum 0,97 0,66 0,14 1 0,24 0 0,4 0,04 0,09 0,01 

Rhodanthidium sticticum 0 0,92 0,03 0 0,98 0,68 1 0 0,99 1 

Xylocopa cantabrita 0 0,71 0,03 1 0,88 0,12 0,22 0 0,26 0,99 

Xylocopa violacea 0,17 1 1 0 1 0 0 0 0,19 0 
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Table A6. Phenological breadth as number of flight days on average for the 61 species. Number of 

flight days are expressed by the difference between the first day of observation and the last day of 

observation. Flight days are expressed as day number (e.g. flight day 60 is 1st of March). 

Species First observed 

day (~first flight 

day) 

Last observed 

day (~last flight 

day) 

Phenological 

breadth 

Amegilla quadrifasciata 60 330 270 

Andrena agilissima 74 213 139 

Andrena dorsata 74 222 148 

Andrena flavipes 32 365 333 

Andrena humilis 60 208 148 

Andrena minutula 32 254 222 

Andrena nigroaenea 32 195 163 

Andrena ovatula 60 232 172 

Andrena pilipes 66 250 184 

Anthidiellum strigatum 98 298 200 

Anthidium florentinum 37 326 289 

Anthidium manicatum 58 365 307 

Anthophora atroalba 46 339 293 

Anthophora bimaculata 32 333 301 

Anthophora plumipes 32 350 318 

Bombus hortorum 37 340 303 

Bombus lapidarius 91 280 189 

Bombus lucorum 40 359 319 

Bombus pascuorum 32 360 328 

Bombus pratorum 32 319 287 

Bombus ruderatus 32 328 296 

Bombus soroeensis 87 238 151 

Bombus sylvarum 56 280 224 

Bombus terrestris 32 365 333 

Ceratina cucurbitina 32 350 318 

Ceratina cyanea 32 324 292 

Colletes nigricans 32 305 273 

Eucera elongatula 50 237 187 

Eucera notata 36 186 150 

Halictus fulvipes 60 365 305 

Halictus gemmeus 60 365 305 

Halictus scabiosae 51 314 263 

Halictus subauratus 34 275 241 

Hoplitis adunca 60 282 222 

Hylaeus clypearis 101 295 194 

Hylaeus variegatus 102 285 183 
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Species First observed 

day (~first flight 

day) 

Last observed 

day (~last flight 

day) 

Phenological 

breadth 

Lasioglossum albipes 102 295 193 

Lasioglossum albocinctum 37 285 248 

Lasioglossum calceatum 32 288 256 

Lasioglossum interruptum 51 317 266 

Lasioglossum leucozonium 64 287 223 

Lasioglossum malachurum 33 365 332 

Lasioglossum pauperatum 60 240 180 

Lasioglossum pauxillum 56 272 216 

Lasioglossum punctatissimum 33 295 262 

Lasioglossum villosulum 44 349 305 

Megachile apicalis 105 310 205 

Megachile pilidens 60 295 235 

Megachile sicula 42 299 257 

Osmia caerulescens 60 319 259 

Osmia cornuta 32 310 278 

Osmia niveata 60 282 222 

Osmia submicans 49 282 233 

Panurgus banksianus 70 247 177 

Panurgus calcaratus 60 256 196 

Panurgus cephalotes 60 338 278 

Panurgus perezi 105 290 185 

Rhodanthidium septemdentatum 46 214 168 

Rhodanthidium sticticum 44 310 266 

Xylocopa cantabrita 36 356 320 

Xylocopa violacea 32 365 333 

Mean number of days   245 
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Table A7. Species distribution as minimum and maximum longitude and latitude within the study 

area. 

Species Min/Max Longitude (°) Min/Max Latitude (°) 

Amegilla quadrifasciata -9.169 / 4.104 36.641 / 43.623 

Andrena agilissima -9.017 / 4.251 36.983 / 43.516 

Andrena dorsata -8.438 / 2.650 37.189 / 43.571 

Andrena flavipes -9.379 / 4.250 36.741 / 43.506 

Andrena humilis -6.649 / 3.097 37.282 / 43.529 

Andrena minutula -8.013 / 3.421 36.795 / 43.516 

Andrena nigroaenea -8.643 / 4.239 36.741 / 43.516 

Andrena ovatula -7.995 / 4.248 36.759 / 43.515 

Andrena pilipes -8.740 / -1.883 37.262 / 43.494 

Anthidiellum strigatum -9.025 / 2.700 36.628 / 43.237 

Anthidium florentinum -9.280 / 3.120 36.648 / 43.008 

Anthidium manicatum -9.194 / 3.157 36.633 / 43.443 

Anthophora atroalba -8.751 / -2.803 36.530 / 42.146 

Anthophora bimaculata -9.187 / 4.045 36.641 / 42.524 

Anthophora plumipes -9.312 / 4.251 36.530 / 43.559 

Bombus hortorum -9.065 / 1.871 39.423 / 43.563 

Bombus lapidarius -8.862 / 2.484 38.768 / 43.464 

Bombus lucorum -8.414 / 3.158 37.252 / 43.654 

Bombus pascuorum -9.463 / 2.993 36.980 / 43.611 

Bombus pratorum -9.184 / 2.633 37.116 / 43.561 

Bombus ruderatus -9.418 / 2.969 36.530 / 43.335 

Bombus soroeensis -6.551 / 0.869 40.680 / 43.642 

Bombus sylvarum -8.360 / 1.380 40.786 / 43.530 

Bombus terrestris -9.473 / 4.262 36.091 / 43.682 

Ceratina cucurbitina -9.025 / 4.101 36.256 / 43.508 

Ceratina cyanea -8.348 / 1.105 36.775 / 43.623 

Colletes nigricans -6.761 / 1.500 36.470 / 42.300 

Eucera elongatula -8.440 / 3.088 36.344 / 43.516 

Eucera notata -8.031 / -2.054 36.530 / 40.445 

Halictus fulvipes -7.912 / 3.430 36.433 / 41.417 

Halictus gemmeus -3.486 / 4.239 36.950 / 41.536 

Halictus scabiosae -9.420 / 4.254 36.450 / 43.625 

Halictus subauratus -8.491 / 3.129 36.702 / 43.529 

Hoplitis adunca -8.673 / 4.239 36.900 / 43.287 

Hylaeus clypearis -8.225 / 4.104 39.353 / 43.298 

Hylaeus variegatus -8.438 / 3.129 37.124 / 43.342 

Lasioglossum albipes -7.026 / -3.849 40.980 / 43.529 

Lasioglossum albocinctum -6.550 / 4.117 37.040 / 42.505 

Lasioglossum calceatum -9.026 / -4.240 39.506 / 43.587 
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Species Min/Max Longitude (°) Min/Max Latitude (°) 

Lasioglossum interruptum -8.544 / 2.035 36.859 / 43.251 

Lasioglossum leucozonium -8.996 / 3.129 37.040 / 43.562 

Lasioglossum malachurum -9.013 / 4.117 36.753 / 43.587 

Lasioglossum pauperatum -8.580 / -1.531 36.433 / 43.529 

Lasioglossum pauxillum -7.856 / 2.692 37.040 / 43.543 

Lasioglossum punctatissimum -8.959 / 4.045 36.741 / 43.529 

Lasioglossum villosulum -7.020 / 4.045 39.416 / 43.558 

Megachile apicalis -8.582 / 3.430 36.529 / 42.444 

Megachile pilidens -9.144 / 4.239 36.529 / 43.416 

Megachile sicula -6.420 / 4.288 37.235 / 40.886 

Osmia caerulescens -6.890 / 4.251 36.092 / 43.452 

Osmia cornuta -6.967 / 2.981 36.674 / 43.355 

Osmia niveata -6.550 / 4.251 36.500 / 43.494 

Osmia submicans -6.681 / 4.288 36.529 / 43.144 

Panurgus banksianus -6.783 / -2.141 36.814 / 43.515 

Panurgus calcaratus -8.840 / -0.940 36.756 / 43.529 

Panurgus cephalotes -6.783 / -4.239 37.195 / 43.443 

Panurgus perezi -8.520 / -4.988 37.124 / 42.431 

Rhodanthidium septemdentatum -9.194 / 4.251 36.228 / 42.291 

Rhodanthidium sticticum -9.242 / 3.098 36.091 / 42.372 

Xylocopa cantabrita -9.209 / 0.029 36.565 / 43.044 

Xylocopa violacea -9.449 / 4.248 36.050 / 43.368 
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Figure A1. Correlation analysis between Habitat preferences (represented by the Evenness index) 

and Sociality. Sociality of 0 is a solitary be species, and sociality of 1 is a social bee species. Each 

black point represents one species of a total of 61 species included in the analysis. The blue line is 

the non-significant fitted linear regression line, with the estimate -0.13, standard error 0.07 and p-

value 0.07. 
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Extra correlation analysis on phenological and latitude breadth 

A potential correlation between phenological breadth and latitude breadth was 

explored to test if more northern species would have shorter seasons (hypothetically 

due to colder temperatures). Although this analysis was not originally planned, it 

was conducted to examine the potential relationship between these two traits, given 

that data on both were available. The correlation was found to be non-significant 

(p-value 0.17). Interestingly, there was a weak indication that species with a longer 

spatial range tended to have longer flight days, contrary to the initial hypothesis. 

However, it's important to note that only a limited number of species included in 

the analysis had a restricted spatial range, such as northern species,' which may 

weaken the comparison. For more details, see the correlation graph in Figure A2 in 

the appendix. 

 

 
Figure A2. Correlation analysis between Phenological breadth and Latitude breadth. Each black 

point represents one species of a total of 61 species included in the analysis. The blue line is the 

non-significant fitted linear regression line, with the estimate 0.004, standard error 0.003 and p-

value 0.18. 
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