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Abstract—Field margins support wild bees by providing richer floral resources than 
most crops. While transect-based hand netting offers insight into bee–plant 
interactions, it underrepresents the full range of each bee’s foraging activity. To 
uncover more of each bee's foraging behaviour, we complemented transect data 
with palynological analysis of pollen loads from captured bees. In 2021 and 2022, 
we collected 58 Andrena and 176 Lasioglossum females plus males during transect 
surveys. Sixty-six plant species were identified along the transects, at least to genus 
level. All bee specimens were identified to species level by a taxonomist, and their 
pollen loads (pollen carried on the body in various positions) analysed in the lab. 
The 19 Andrena species were mostly active in spring, showing a succession of 
species, whereas the 18 Lasioglossum species were more common in summer, with 
some overlap. Field observations showed Crepis species were the most frequently 
visited, with 52.7% of Andrena and 58.2% of Lasioglossum collected on them. 
Cichorium intybus was also a common resource for Lasioglossum (17.6%). Pollen 
analysis identified 63 taxa (40% overlapping with transect data) substantially 
expanding the list of visited plant species. Our findings highlight the crucial role of 
palynological analyses in revealing bee foraging preferences, even pointing to an 
underappreciated role of trees, and the importance of considering also male 
individuals. Yet, some observations on transects revealed unexpected food 
sources. For better understanding of lesser-known Apoidea species, we 
recommend incorporating planned pollen analyses into transect monitoring. Both 
bee and pollen identification require specialised expertise, but this integrated 
approach provides vital insights into plant-pollinator dynamics.  

Keywords—Wild bees, pollen analyses, plant-pollinator networks, 
agroecosystems, transect 

INTRODUCTION 

Accurate knowledge of floral resources actually 

collected by wild bees is crucial both for basic 

ecological understanding and for applied 

conservation. Ecologically, such data illuminate 

where, when, and how bees obtain their pollen and 

nectar, revealing niche breadth and overlap among 

species (Wood et al. 2016; Vaudo et al. 2020), 

foraging ranges (Zurbuchen et al. 2010; Beil et al. 

2008), and resilience or vulnerability under 

environmental change (Rasmont et al. 2016). From 

a conservation standpoint, this knowledge 

underpins restoration efforts, habitat planning 

(Mandelik et al. 2012; Ghisbain et al. 2021), and 

interventions like wildflower planting (Hoffmann 

Black et al. 2009; Weber et al. 2023) or agri-

environment schemes (Wood et al. 2016; McHugh 

et al. 2022; Giovanetti and Bortolotti, 2023). Yet, 

our current knowledge remains partial and biased, 

largely derived from floral visitation records 

rather than from the actual pollen and nectar 
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resources collected by bees. Many wild bee species 

are underrepresented in datasets, and direct 

observations often fail to capture hidden 

dependencies on less conspicuous or temporally 

restricted plant species. 

Palynological and molecular pollen analyses 

revealed that wild bees use a broader and 

sometimes markedly different set of plants than 

those detected by visual foraging records alone. 

Beil et al. (2008) demonstrated that pollen loads 

from 56 wild bee species in German sandy 

grasslands included tree pollen from Acer 

pseudoplatanus L. and Tilia spp., despite bees being 

observed mainly on herbaceous plants, showing 

that reliance on woody taxa is underestimated in 

field observations. In Michigan, analyses of pollen 

loads from 152 wild solitary bee species showed 

that in spring and early summer, trees and shrubs 

(e.g. Acer, Prunus, Salix, Cornus, Vaccinium) 

comprise a large fraction of pollen collected, 

shifting to herbs only later in the season; moreover, 

non-native plants become important when native 

herb resources decline. Therefore, studies that 

focus solely on herbaceous visitation risk 

overlooking crucial resources, such as pollen from 

trees and shrubs that sustain bee populations 

outside the main flowering season of herbs. Not 

only shrubs and trees may be overlooked. 

Kobayashi-Kidokoro & Higashi (2010) 

demonstrated that the seemingly generalist 

Ceratina flavipes Smith, 1869, exhibited strong floral 

constancy, selectively foraging on specific plant 

taxa while bypassing more abundant species. 

Similarly, Giovanetti et al. (2006) identified 

unexpected pollen sources, such as Marrubium 

vulgare L. and Cistus albidus L., in the Brassicaceae-

oligolectic Andrena agilissima (Scopoli, 1770), 

suggesting flexibility and potential resilience in 

foraging under resource scarcity. Fisogni et al. 

(2018) found that pollen loads from wild bees 

foraging on Dictamnus albus L. contained a much 

higher diversity of plant taxa than expected from 

visitation data, expanding the perceived foraging 

niche of local bee communities. These findings 

highlight that observational data alone may 

underestimate the breadth or specialization of bee 

diets. 

From a cost–benefit perspective, the relative 

time investment and efficiency of different 

methods to investigate plant sources must also be 

considered. It is now widely recognized that any 

monitoring programme on wild bees should aim 

for both community-level and species-level 

identification (Gonzalez et al. 2013; Portman & 

Tepedino 2021; Potts et al. 2021). This is 

particularly important in biodiversity hotspots, 

where ecological networks are more complex 

(Watts et al. 2016; Dorchin et al. 2018; Liang et al. 

2021), implying that plant species should also be 

identified and quantified. In agroecosystems, the 

situation is often exacerbated by the limited floral 

resources available in human-modified 

landscapes, which can lead to oversimplified and 

potentially misleading conclusions about local 

plant–pollinator networks. Accurate identification 

of pollen grains requires specialist expertise and 

access to robust reference collections. Manual 

pollen analysis is labour-intensive and often 

constrains the number of samples processed or the 

number of grains analysed per sample. It also 

depends on the availability of comprehensive 

identification libraries. Some of these limitations 

may soon be mitigated by automated approaches, 

such as the method proposed by Olsson et al. 

(2021) which applies deep learning convolutional 

neural networks (CNNs) and was tested on pollen 

samples from bumblebees. It remains challenging 

to select one method over the other; yet, a 

combination of observational and palynological 

approaches undoubtedly provides the most 

reliable and comprehensive information to guide 

conservation efforts.  

Andrena Fabricius, 1775 (Andrenidae) and 

Lasioglossum Curtis, 1833 (Halictidae) are two 

highly common genera of wild bees, found across 

a wide range of environments, from mountains 

and plains to urban areas. Andrena species are 

distributed almost worldwide, with the exception 

of Oceania and South America; Lasioglossum, by 

contrast, is also present in these two regions 

(Michener 2007). According to the current global 

checklist (Ascher & Pickering 2020), there are 1,619 

recognised species of Andrena and 1,841 of 

Lasioglossum. Despite the high number of species in 

both genera, information on their foraging 

behaviour remains scattered and limited to a small 

subset of well-studied species. Published pollen‐

load or quantified flower‐preference data exist for 

at least several dozen Andrena species (e.g., 

Chambers 1968; Wood & Roberts 2017), and 

regional or species‐specific studies continue to 



April 2026 Food selection at field margins by wild bees 79 

 

expand this knowledge base (e.g., Wood 2023; 

Zenga et al. 2024; Tourbez et al. 2024). However, 

given the ~1,600 described Andrena species 

worldwide, most remain uncharacterized 

regarding detailed food sources. Similarly, for 

Lasioglossum species no comprehensive global 

synthesis has yet been compiled, even if several 

Lasioglossum species are among the best-studied 

wild bees in Europe with regard to their floral 

diets. For example, Lasioglossum calceatum (Scopoli, 

1763) shows broad pollen use but strong seasonal 

and regional variation, often exploiting 

Asteraceae, Brassicaceae, and Rosaceae, as 

revealed by pollen-load analyses from farmland 

and semi-natural habitats in the United Kingdom 

(Wood et al. 2016). In contrast, Lasioglossum 

villosulum (Kirby, 1802) often exhibits a narrower 

diet, showing marked preferences for yellow 

Asteraceae and other open corollas (Wood et al. 

2016; Heuel et al. 2024). These studies illustrate a 

limited diversity of foraging strategies within the 

genus Lasioglossum but highlight how diet breadth 

and floral specialization vary even among closely 

related species.  

Since transects are a widely employed 

methodology for evaluating pollinator 

biodiversity in agroecosystems, we aimed to assess 

their contribution to understanding the pollen 

sources exploited by the most abundant bee 

genera. Our study integrates transect-based field 

observations with palynological analyses to 

investigate foraging behaviour at field margins. 

Monthly monitoring was conducted over two 

consecutive seasons along a 200 m × 2 m transect 

in the Emilia-Romagna region of Italy. Individuals 

of Andrena and Lasioglossum (the dominant genera 

in these agroecosystems) were collected and 

identified by an expert taxonomist, and the pollen 

loads they carried were analysed using classical 

palynological methods. Flowering plants along the 

transect were also identified to complement the 

visual observations. The results are discussed in 

relation to methodology, bee species phenology 

and the diversity of floral resources revealed 

through both transect observations and pollen 

analyses. 

MATERIALS AND METHODS 

STUDY SITE  

The sampling was conducted in a Natura 2000 

site (SCI-SPA IT4050001) located within the "Parco 

dei Gessi Bolognesi e Calanchi dell’Abbadessa" 

Natural Park in the Bologna province, Italy (92 m 

a.s.l., 44°25'39.08'' N, 11°23'58.62'' E). This site is 

part of a network of locations monitored during 

the BeeNet project (Giovanetti & Bortolotti 2021), 

all selected within agricultural landscapes. It can 

be classified as a semi-natural agroecosystem 

(CORINE Land Cover - CLC 2.4.2: heterogeneous 

agricultural areas) and is characterized by a 

cultivated wheat field adjacent to a wooded area. 

SAMPLING 

Wild bee collections and plant surveys were 

carried out monthly from March to October in both 

2021 and 2022, with the exception of May 2021, 

when mowing prevented sampling. Surveys were 

conducted along a fixed transect measuring 200 × 

2 m.  

For bee sampling, trained personnel walked the 

transect twice per survey day (once in the morning 

and once in the afternoon, one hour each). Bees 

observed within the transect were captured using 

a hand net, placed into individual vials, and stored 

in a refrigerated thermal bag. Individuals 

belonging to the genera Andrena and Lasioglossum 

were washed to recover pollen, then pinned and 

identified to species level by a taxonomist at the 

Laboratory of Entomology of CREA Research 

Centre for Agriculture and Environment (Bologna, 

Italy). Both males and females were caught, and 

male retained when pollen was abundant. 

Throughout the text, the term “load” will refer to 

the pollen that both, males and females, were 

carrying. 

Simultaneously, botanical surveys recorded all 

entomophilous flowering plants within the 

transect. These were identified to the species level, 

or to the genus level when species identification 

was uncertain. Identification was carried out 

directly in the field, by using the PLANTNET© 

app. More details on the monitoring protocol are 

available (in Italian) at: https://www.reterurale.it/ 

flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/248

20. 

https://www.reterurale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/24820
https://www.reterurale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/24820
https://www.reterurale.it/flex/cm/pages/ServeBLOB.php/L/IT/IDPagina/24820
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POLLEN ANALYSIS 

In 2021, we selected specimens that visually 

carried a notable quantity of pollen. In 2022, all 

individuals showing visible pollen traces were 

considered, but only those carrying more than 25 

pollen grains were retained for analysis. Each bee 

was washed by adding 1 ml of distilled water 

directly into the vial and agitating the contents for 

2 minutes using a vortex mixer. After carefully 

checking the specimens, if any pollen was still 

visible on the bee body the process was repeated. 

The resulting pollen suspension was centrifuged at 

14,000 rpm for 20 minutes (modified from 

Louveaux et al. 1978). After centrifugation, excess 

water was removed, leaving just enough to 

resuspend the pollen. A drop of the resuspended 

sediment was placed on a microscope slide using a 

Pasteur pipette and spread over an area of 

approximately 18 × 18 mm. Once dry, a coverslip 

with a drop of glycerine jelly was applied to mount 

the sample. 

Palynological analysis followed the 

methodology described by Nicholson et al. (2024). 

Each slide was examined at 400× magnification 

using a Zeiss Axiolab re optical microscope. A 

maximum of 500 randomly selected pollen grains 

per specimen were counted and identified to the 

lowest possible taxonomic level. The majority of 

individuals (70.7% of Andrena and 77.8% of 

Lasioglossum) carried more than 500 pollen grains 

(> 500 grains: 41 Andrena specimens -5 of which 

were males-  out of 58; Lasioglossum: 137 specimens 

-5 males- out of 176). Identification was guided by 

reference literature and by comparison with the 

CREA Reference Slide Collection, maintained at 

the CREA Research Centre for Agriculture and 

Environment. For each pollen type (hereafter 

referred to as a "pollen taxon"), the percentage 

relative to the total number of grains was 

calculated. 

STATISTICAL ANALYSIS  

We assessed the palynological diversity by 

evaluating both the number of pollen taxa (taxa 

richness) and the Shannon diversity index, using 

the relative abundance (%) of each identified 

pollen type. The Shannon index (H), reflecting the 

diversity in pollen composition, was calculated 

according to Bogo et al. (2025). To visually explore 

interaction patterns between plants and 

pollinators, we built two separate matrices for 

Andrena and Lasioglossum species and the 

corresponding pollen specimens found on each 

individual. We then generated bipartite networks 

using plotweb function from bipartite package 

(Dormann et al. 2008). Networks visualization was 

performed with R software version 4.4.1. All data 

are presented as mean ± SE. 

RESULTS 

WILD BEE COLLECTIONS 

Over the two-year period, we collected 58 

Andrena individuals (of which 18 were males) and 

176 Lasioglossum individuals (23 males), 

identifying 19 Andrena species and 18 Lasioglossum 

species. Males accounted for 31% of all Andrena 

specimens, while Lasioglossum males represented 

only 13.1%. 

Among the total sample (Fig. 1A), the majority 

of individuals belonged to the genus Lasioglossum, 

comprising three-quarters of all specimens 

collected. The most abundant species were L. 

marginatum (Brullé, 1832), L. villosulum (Kirby, 

1802), and L. nigripes (Lepeletier, 1841), with 62, 41, 

and 16 individuals respectively. These were 

followed by Andrena stabiana Morice, 1899 (N = 12) 

and A. livens Pérez, 1895 (N = 9). 

The phenology of the two genera was largely 

overlapping, although Andrena species tended to 

appear slightly earlier in the season, while 

Lasioglossum species were also collected in late 

summer (Fig. 1B). The full list of species and their 

phenological patterns is provided in Fig. 2, where 

individual abundance reflects frequency of 

collection. The figure highlights a distinct pattern 

among Andrena species: they were predominantly 

active in spring, with a clear succession observed 

across spring months. Many Andrena species had a 

restricted period of activity, often being captured 

in a single month. Only a few species, such as A. 

distinguenda Schenck, 1871, A. minutula (Kirby, 

1802), and A. stabiana, were recorded in 

consecutive sampling rounds. Notably, A. afzeliella 

(Kiby, 1802) was recorded in two non-consecutive 

surveys, in accordance with the expected 

bivoltinism. 

Lasioglossum species exhibited a different 

pattern. Most were collected over consecutive 

months, suggesting a longer activity period, with 

the majority active later in the season (June to 
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Figure 1. (A) Species composition of the individuals belonging to the genera Andrena (N = 58) and Lasioglossum (N = 176), 
collected monthly in the years 2021-2022. Percentages are according to total number of individuals; the first five more numerous 
species are represented individually, the others are grouped under the genus name. (B) Annual distribution of the individuals 
according to the genus they belong to. For each month (apart May), data refers to the two years combined. 

 

 

 

Figure 2: Distribution of 
Andrena (above) and 
Lasioglossum (below) 
species records along 
following monitoring 
months, with the number 
of individuals. 



82 Giovanetti et al. J Poll Ecol 40(6) 

 

 

Figure 3. Taxonomic composition of plant records of the transect. The number of species in each family defines the size of the 
corresponding mosaic piece. Bee icons and corresponding numbers represent collected individuals of Andrena (green icon) 
and/or Lasioglossum (purple icon). 

 

August). L. marginatum was mainly active in April 

and was particularly abundant. Apart from this 

species, most others were represented by few 

individuals, and in some cases, such as L. medinai 

(Vachal, 1895), L. calceatum (Scopoli, 1763), L. morio 

(Fabricius, 1793), and L. corvinum (Morawitz, 

1876), records were not from consecutive months. 

PLANT SURVEY AND PALYNOLOGICAL ANALYSES 

Within the transect, we recorded a total of 66 

plant species, belonging to 58 genera and 22 

families. The most represented families were 

Asteraceae, Lamiaceae, and Brassicaceae (Fig. 3). 

With few exceptions, only one species per genus 

was recorded. In the families Geraniaceae and 

Euphorbiaceae, two species were identified within 

the common genera Geranium and Euphorbia, 

respectively. Similar cases were observed for the 

genera Ranunculus (Ranunculaceae) and Silene 

(Caryophyllaceae), represented by two and three 

species, respectively. An exception was the genus 

Trifolium (Fabaceae), for which four species were 

recorded. Bees were collected while visiting 16 

plant species, representing only 24.2% of the total 

plant species recorded in the botanical survey, and 

roughly half of the flowering families (Fig. 3). 

Crepis sp. was by far the most visited plant. More 

than half of both Andrena (52.7%) and Lasioglossum 

(58.2%) individuals were collected on Crepis sp. A 

notable proportion of Lasioglossum individuals 

(17.6%) were also collected on another member of 

the Asteraceae family, Cichorium intybus L. 

Palynological analyses identified a total of 63 

pollen taxa. The most frequent and abundant 

pollen types were the Compositae H-form and 

Compositae T-form, both for each bee genus and 

overall (Table 1). Among the plant species 

recorded within the transect, the Compositae H-

form corresponded to Bellis perennis, Dittrichia 

viscosa (L.) Greuter, Erigeron annuus (L.) Desf, 

Eupatorium cannabinum L. and Senecio vulgaris L., 

while Compositae T-form included Crepis sp., 

Cichorium intybus L., Lactuca saligna L., Sonchus 

asper All. and Taraxacum sect. Taraxacum F.H.Wigg. 

By combining the plant list (N = 63) obtained 

from the transect survey with the taxa list (N = 73) 

derived from palynological analyses, we recorded 

a total of 73 unique pollen taxa. Of these, 86.3% 

were identified through palynological analysis, 

while the transect survey accounted for over 50%. 

The overlap between the two methods was 
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Table 1: List of species with information related to the floral resources. Calculations refer to the dataset obtained from the palynological analyses. Literature utilized to retrieve 
information on lecty include: (Wood 2023) (Zenga et al. 2024) (Standfuss & Standfuss 2010) (Praz et al. 2022) (Westrich, 1989). In red: taxa referring to tree species or groups comprising 
trees. F=female; M=male 

Species Number of 
individuals 

From the 
literature 

Collected on From palynological analyses 

   Plant taxa Taxa 
richness 

Plant taxa Taxa 
richness 
total 

Taxa 
richness 
mean±SE 

Shannon 
index 
mean±SE 

Andrena 
aeneiventris 

1F Possibly 
broadly 
oligolectic  

Ornithogalum 
umbellatum 

1 Geraniaceae; Liliaceae 2 2.00 ± 0 0.68 ± 0 

Andrena afzeliella 3M Polylectic, 
preference 
for Fabaceae  

Geranium molle; 
Trifolium nigrescens 

2 Clematis; Geraniaceae; Ranunculaceae 3 1.33 ± 0.33 0.18 ± 0.18 

Andrena 
distinguenda 

1F 1M Polylectic Bellis perennis; Capsella 
bursa-pastoris 

2 Capsella bursa-pastoris; Compositae T form; 
Ranunculaceae; Quercus robur gr. 

4 2.00 ± 1.00 0.55 ± 0.55 

Andrena flavipes 3F Polylectic Crepis sp. 1 Compositae H form; Convolvulus; Medicago 3 1.67 ± 0.33 0.08 ± 0.04 

Andrena hesperia 4F Broadly 
oligolectic  

Bellis perennis; Crepis 
sp. 

2 Compositae H form; Compositae T form 2 1.25 ± 0.25 0.02 ± 0.02 

Andrena humilis 2F Broadly 
oligolectic 

Crepis sp. 1 Compositae H form; Papaver 2 1.50 ± 0.50 0.05 ± 0.05 

Andrena labialis 1F Broadly 
oligolectic 

Crepis sp. 1 Compositae H form 1 1.00 ± 0 0 ± 0 

Andrena livens 8F 1M Broadly 
oligolectic 

Bellis perennis; Crepis 
sp.; Taraxacum sect. 
Taraxacum 

3 Brassicaceae <20 µm; Compositae H form; 
Compositae T form; Ranunculaceae; 
Malus/Pyrus f.; Oleaceae 

6 1.89 ± 0.31 0.25 ± 0.11 

Andrena minutula 5F Polylectic Crepis sp.; Euphorbia 
helioscopia; Veronica 
persica 

3 Compositae H form; Compositae T form; 
Euphorbia f.; Lamium f.; Veronica; Acer; 
Malus/Pyrus f.; Prunus f. 

8 2.60 ± 0.51 0.59 ± 0.24 

Andrena 
nigroolivacea 

4F Broadly 
oligolectic 

Crepis sp. 1 Compositae T form; Acer; Quercus robur gr. 3 1.50 ± 0.50 0.10 ± 0.10 

Andrena ovatula 1M Broadly 
oligolectic for 
Fabaceae 

Trifolium nigrescens 1 Trifolium repens gr. 1 1.00 ± 0 0 ± 0 

Andrena pellucens 1F Oligolectic Cichorium intybus 1 Compositae T form 1 1.00 ± 0 0 ± 0 
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Tab.1 continued 

    

Species Number of 
individuals 

From the 
literature 

Collected on From palynological analyses 

   Plant taxa Taxa 
richness 

Plant taxa Taxa 
richness 
total 

Taxa 
richness 
mean±SE 

Shannon 
index 
mean±SE 

Andrena pusilla 2F Polylectic Crepis sp.; Euphorbia 
helioscopia 

2 Brassicaceae <20 µm; Compositae T form; 
Euphorbia f.; Lamium f. 

4 2.50 ± 0.50 0.48 ± 0.34 

Andrena ranunculi 1M Narrowly 
oligolectic 

Bellis perennis 1 Compositae H form; Ranunculaceae 2 2.00 ± 0 0.16 ± 0 

Andrena 
senecionis 

1F Broadly 
oligolectic 

Taraxacum sect. 
Taraxacum 

1 Compositae T form; Ligustrum f. 2 2.00 ± 0 0.21 ± 0 

Andrena stabiana 3F 9M Broadly 
oligolectic 

Capsella bursa-pastoris; 
Crepis sp.; Fumaria 
officinalis; Lamium 
purpureum 

4 Compositae H form; Compositae T form; 
Populus 

3 1.17 ± 0.11 0.05 ± 0.04 

Andrena 
truncatilabris 

1F 1M Polylectic Capsella bursa-pastoris 2 Capsella bursa-pastoris; Compositae H 
form; Euphorbia f.; Lamium f. 

4 2.00 ± 0 0.19 ± 0.09 

Andrena 
ventricosa 

2F Polylectic 
with a strong 
preference 
(Fabaceae)  

Trifolium nigrescens; 
Trifolium repens 

1 Trifolium pratense gr.; Trifolium repens gr. 2 1.50 ± 0.50 0.16 ± 0.16 

Andrena 
viridescens 

2F Polylectic Capsella bursa-pastoris 2 Brassicaceae <20 µm; Capsella bursa-
pastoris 

2 1.00 ± 0 0 ± 0 

Lasioglossum 
albipes 

2F Polylectic Bellis perennis; 
Ornithogalum 
umbellatum 

2 Compositae H form; Compositae T form; 
Geraniaceae; Ranunculaceae; Quercus robur 
gr. 

5 3.00 ± 1.00 0.63 ± 0.55 

Lasioglossum 
calceatum 

2F 1M Polylectic Crepis sp.; Trifolium 
nigrescens 

2 Apiaceae; Compositae H form; Compositae 
T form; Lamium f.; Plantago; Poaceae 

6 3.00 ± 0.58 0.70 ± 0.24 

Lasioglossum 
corvinum 

4F 3M Polylectic Centaurea jacea; 
Cichorium intybus; 
Convolvulus arvensis 

3 Compositae H form; Compositae J form; 
Compositae T form; Convolvulus; Labiatae 
M form; Plantago; Poaceae; Castanea; 
Ligustrum f. 

9 2.43 ± 0.57 0.45 ± 0.17 

Lasioglossum 
crassepunctatum 

1F Polylectic Convolvulus arvensis 1 Compositae T form; Labiatae S form; 
Plantago 

3 3.00 ± 0 0.98 ± 0 

Lasioglossum 
discus 

1F 2M Polylectic Centaurea jacea; 
Cichorium intybus 

2 Compositae J form; Compositae T form 2 1.00 ± 0 0 ± 0 
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Tab.1 continued     

Species Number of 
individuals 

From the 
literature 

Collected on From palynological analyses 

   Plant taxa Taxa 
richness 

Plant taxa Taxa 
richness 
total 

Taxa 
richness 
mean±SE 

Shannon 
index 
mean±SE 

Lasioglossum 
glabriusculum 

3F Polylectic Cichorium intybus; 
Convolvulus arvensis; 
Crepis sp. 

3 Compositae H form; Compositae S form; 
Compositae T form; Convolvulus; Papaver; 
Ranunculaceae; Cornus sanguinea; Rubus f. 

8 3.33 ± 1.20 0.59 ± 0.31 

Lasioglossum 
griseolum 

1F Polylectic Centaurea jacea 1 Compositae T form; Labiatae S form 2 2.00 ± 0 0.69 ± 0 

Lasioglossum 
interruptum 

3F Polylectic Centaurea jacea; 
Cichorium intybus; 
Crepis sp. 

3 Clematis; Compositae T form 2 1.00 ± 0 0 ± 0 

Lasioglossum 
leucozonium 

4F 1M Polylectic Cichorium intybus; 
Crepis sp. 

2 Compositae H form; Compositae T form; 
Plantago 

3 1.20 ± 0.20 0.02 ± 0.02 

Lasioglossum 
malachurum 

3F 2M Polylectic Centaurea jacea; 
Cichorium intybus; 
Convolvulus arvensis; 
Crepis sp. 

4 Compositae H form; Compositae J form; 
Compositae T form; Rubus f. 

4 1.40 ± 0.25 0.15 ± 0.13 

Lasioglossum 
marginatum 

61F 1M Polylectic 

 

Bellis perennis; Capsella 
bursa-pastoris; Crepis 
sp.; Euphorbia 
cyparissias; Euphorbia 
helioscopia; Ranunculus 
bulbosus; Sonchus 
asper; Taraxacum sect. 
Taraxacum; Veronica 
persica 

9 Brassica f.; Brassicaceae; Capsella bursa-
pastoris; Caryophyllaceae; Compositae H 
form; Compositae T form; Euphorbia f.; 
Geraniaceae; Lamium f.; Liliaceae; Papaver; 
Poaceae; Ranunculaceae; Trifolium repens 
gr.; Veronica; Acer; Betulaceae; Malus/Pyrus 
f.; Oleaceae; Populus; Quercus robur gr.; 
Salix 

22 2.21 ± 0.14 0.33 ± 0.05 

Lasioglossum 
medinai 

8F 1M Polylectic  Cichorium intybus; 
Crepis sp. 

2 Compositae H form; Compositae T form 2 1.00 ± 0 0 ± 0 

Lasioglossum 
morio 

2F Polylectic Bellis perennis; 
Centaurea jacea 

2 Compositae J form; Compositae T form; 
Convolvulus; Geraniaceae; Malus/Pyrus f. 

5 3.00 ± 0 0.51 ± 0.26 

Lasioglossum 
nigripes 

16F Polylectic Cichorium intybus; 
Crepis sp. 

2 Clematis; Compositae H form; Compositae T 
form 

3 1.06 ± 0.06 0.02 ± 0.02 
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Tab.1 continued     

Species Number of 
individuals 

From the 
literature 

Collected on From palynological analyses 

   Plant taxa Taxa 
richness 

Plant taxa Taxa 
richness 
total 

Taxa 
richness 
mean±SE 

Shannon 
index 
mean±SE 

Lasioglossum 
politum 

1F 1M Polylectic  Ballota nigra; Myosotis 
arvensis 

2 Brassicaceae; Compositae T form; 
Fragaria/Potentilla; Helianthemum; Lotus; 
Plantago; Ranunculaceae; Coronilla/ 
Hippocrepis; Oleaceae 

9 5.00 ± 4.00 0.75 ± 0.75 

Lasioglossum 
puncticolle 

5F 3M Polylectic Centaurea jacea; 
Cichorium intybus; 
Clematis vitalba; Crepis 
sp. 

5 Clematis; Compositae H form; Compositae J 
form; Compositae T form; Malvaceae; 
Plantago; Ranunculaceae; Oleaceae 

8 2.00 ± 0.33 0.41 ± 0.13 

Lasioglossum 
quadrisignatum 

3F Polylectic Cichorium intybus; 
Crepis sp. 

2 Compositae H form; Compositae T form 2 1.33 ± 0.33 0.11 ± 0.11 

Lasioglossum 
villosulum 

33 F 8M Polylectic Ballota nigra; Centaurea 
jacea; Cichorium 
intybus; Crepis sp. 

5 Brassica f.; Brassicaceae; Brassicaceae <20 
µm; Brassicaceae 25 µm; Compositae H 
form; Compositae T form; Convolvulus; 
Labiatae L form; Lamium f.; Medicago; 
Papaver; Ranunculaceae; Cornus sanguinea; 
Malus/Pyrus f.; Populus 

15 1.37 ± 0.13 0.10 ± 0.04 
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approximately 40% (N = 29). A total of 39 taxa were 

detected exclusively through palynological 

analysis, over half of which were trees or shrubs (N 

= 14 and N = 4, respectively). Notably, members of 

the Poaceae family were identified solely via 

palynological data and were absent from the 

transect survey. 

We listed all records in Table 1, where we also 

calculated taxa richness and the Shannon Index. 

The Shannon diversity index values showed 

considerable variation across samples, ranging 

from 0 to 0.98. The highest diversity was observed 

in one sample (mean ± SE: 0.98 ± 0), indicating a 

relatively even distribution of taxa. In contrast, 

several samples displayed very low diversity (e.g. 

0 ± 0 and 0.02 ± 0.02), suggesting dominance by a 

single taxon or minimal species presence. 

Intermediate values reflect moderate diversity 

with higher variability among replicates. Notably, 

some samples with higher standard errors (e.g. 

0.55 ± 0.55 and 0.75 ± 0.75) suggest inconsistency in 

diversity across replicates or subsamples. Finally, 

in Table 2 we summarised correspondence 

between food sources expected from the literature, 

observed from transect collections and recorded in 

pollen loads. 

HIGHLIGHTS FROM THE NETWORK ANALYSES 

We constructed plant-pollinator networks for 

each of the two bee genera, based on their observed 

floral visits. At first glance, Lasioglossum species 

display more generalist foraging patterns (Fig. 4), 

characterised by a complex web of interactions 

with many plant species, though individual links 

tend to show low interaction strength. 

Nonetheless, certain plant preferences emerged 

even within this context of polylectic behaviour. 

For example, L. marginatum exhibited stronger 

associations with both Compositae T- and H-

forms, as well as members of the Oleaceae and 

Ranunculaceae families. Interestingly, it also 

showed notable interactions with anemophilous 

tree species such as Quercus and Acer. 

Andrena species (Fig. 5) demonstrated a similar 

strong affinity for Compositae T- and H-forms. 

However, their foraging behaviour appeared more 

selective, with generally stronger links to each 

plant species visited. Tree species were also well 

represented in the Andrena network, including 

Acer, Betulaceae, Quercus robur gr., Populus, and, to 

a lesser extent, Tilia, Quercus ilex, and Pinaceae. 

Various tree species appear in the list of 

palynological analyses (highlighted in red in Table 

1 and in the last column of Table 2). Out of the ones 

already mentioned, we can list Castanea, 

Malus/Pyrus f., Ligustrum, Salix, and Oleaceae. 

DISCUSSION 

In this study, we began with the idea that 

monitoring efforts aimed at evaluating pollinator 

biodiversity in agroecosystems through transect 

methods could also provide valuable information 

for understanding the pollen sources exploited by 

bees. To verify this assumption, we integrated 

transect-based field observations with 

palynological analyses and data on flowering 

plants recorded along the transect. The results 

prompt a discussion concerning methodology, bee 

species phenology and foraging requirements, as 

well as the diversity of floral resources present at 

field margins. 

Our data showed that the most commonly used 

method for identifying plants important to bees 

(the transect-based observational approach on 

which many conservation efforts currently rely) is 

a good proxy, but not entirely reliable as it yields 

incomplete results. A strong correspondence 

between the pollen types in bee loads and the plant 

species on which the bees were collected is a 

consistent finding in our study. Only 12 out 234 

observational records mismatched the 

palynological records, and in 4 out of these 12 cases 

the pollen was actually present but as traces: for 

this reason, not included in the palynological list of 

taxa. Traces of given pollen could be informative 

also on nectar sources looked for by females and 

males. In a few cases, therefore, observational 

records added potential new plant species to a 

foraging list, as for Andrena stabiana that was 

recorded with 9 individuals with three plant 

species exclusive of the observational records. This 

clearly confirms the reliability of the observed 

plant–bee interactions recorded through the 

transect method. Yet, while each observation 

contributes valuable information to a broad 

picture, a single foraging event represents only a 

minimal snapshot of a bee’s overall collection of 

pollen. Even with increased sampling effort, the 

picture resulting from observational data remains 

partial, as reported for Lasioglossum marginatum 

and L. villosulum in Table 1. This finding is not new 
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Table 2: List of species with comparison on resource expected, recorded during observations, and from the palynological analyses. Bee species are reported in alphabetical order 
(Andrena first, followed by Lasioglossum). Number of individuals are indicated separately for each sex (F=female; M=male). Hypotheses on lecty for each species are reported in the 

4th column and if confirmed by our data present a green check mark (☑), if not they present a red cross (⮽).  The last three columns provide additional information about the number 
of records of plant species and consequently if all of them where or not confirmed from literature, plus we highlighted the presence of tree species. Asterisks (*) indicate cases in 
which pollen was not considered by palynological analyses since it was present as traces. 

 

species n individuals 
F=female 
M=male 

Literature hypothesis Confirmed / 
not confirmed 

observed on match with palynological 
record 

tree 
species 

Andrena aeneiventris 1F Possibly broadly oligolectic  ☑ 1 species ☑ 

 

Andrena afzeliella 3M Polylectic, preference for Fabaceae  ☑ 2 species ☑⮽ 

 

Andrena distinguenda 1F 1M Polylectic ☑ 2 species ☑⮽ present 

Andrena flavipes 3F Polylectic ☑ 1 species ⮽ 

 

Andrena hesperia 4F Broadly oligolectic  ☑ 2 species ☑☑ 

 

Andrena humilis 2F Broadly oligolectic ☑ 1 species ⮽ 

 

Andrena labialis 1F Broadly oligolectic ⮽ 1 species ⮽ 

 

Andrena livens 8F 1M Broadly oligolectic ⮽ 3 species ☑☑☑ present 

Andrena minutula 5F Polylectic ☑ 3 species ☑☑☑ present 

Andrena nigroolivacea 4F Broadly oligolectic ☑ 1 species ☑ present 

Andrena ovatula 1M Broadly oligolectic for Fabaceae ☑ 1 species ☑ 

 

Andrena pellucens 1F Oligolectic ☑ 1 species ☑ 

 

Andrena pusilla 2F Polylectic ☑ 2 species ☑☑ 

 

Andrena ranunculi 1M Narrowly oligolectic ⮽ 1 species ☑ 

 

Andrena senecionis 1F Broadly oligolectic ☑ 1 species ☑ 

 

Andrena stabiana 3F 9M Broadly oligolectic ⮽ 4 species ☑⮽⮽⮽ present 

Andrena truncatilabris 1F 1M Polylectic ☑ 1 species ☑ 

 

Andrena ventricosa 2F Polylectic, strong preference for Fabaceae ☑ 2 species ☑☑ 

 

Andrena viridescens 2F Polylectic ☑ 1 species ☑ 
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Tab. 2 continued 
      

species n individuals 
F=female 
M=male 

Literature hypothesis Confirmed / 
not confirmed 

observed on match with palynological 
record 

tree 
species 

Lasioglossum albipes 2F Polylectic ☑ 2 species ☑⮽ present 

Lasioglossum calceatum 2F 1M Polylectic ☑ 2 species ☑⮽ 

 

Lasioglossum corvinum 4F 3M Polylectic ☑ 3 species ☑☑☑ present 

Lasioglossum crassepunctatum 1F Polylectic ☑ 1 species ⮽ 

 

Lasioglossum discus 1F 2M Polylectic ☑ 2 species ☑☑ 

 

Lasioglossum glabriusculum 3F Polylectic ☑ 3 species ☑☑☑ 

 

Lasioglossum griseolum 1F Polylectic ☑ 1 species ☑ 

 

Lasioglossum interruptum 3F Polylectic ☑ 3 species ☑☑ ⮽* 

 

Lasioglossum leucozonium 4F 1M Polylectic ☑ 2 species ☑☑ 

 

Lasioglossum malachurum 3F 2M Polylectic ☑ 4 species ☑☑☑⮽ 

 

Lasioglossum marginatum 61F 1M Polylectic ☑ 9 species ☑☑☑☑☑☑☑☑☑ present 

Lasioglossum medinai 8F 1M Polylectic ☑ 2 species ☑☑ 

 

Lasioglossum morio 2F Polylectic  ☑ 2 species ☑⮽ present 

Lasioglossum nigripes 16F Polylectic ☑ 2 species ☑☑ 

 

Lasioglossum politum 1F 1M Polylectic ☑ 2 species ⮽ ⮽* 

 

Lasioglossum puncticolle 5F 3M Polylectic  ☑ 4 species ☑☑☑☑ present 

Lasioglossum quadrisignatum 3F Polylectic ☑ 2 species ☑☑ 

 

Lasioglossum villosulum 33 F 8M Polylectic ☑ 4 species ☑☑☑ ⮽* present 
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Figure 4. Plant-pollinator network depicting Lasioglossum species (on the right) food preferences as emerging from the 
palynological analyses. 

 

in itself. Observational (visitation) records and 

palynological (pollen-based) data provide 

complementary, but not interchangeable, 

perspectives on bee foraging. Librán-Embid et al. 

(2024) recently found that only 37% of the total 

unique pairwise species interactions occurred in 

both pollen-transport and flower-visitation 

networks: a result strikingly similar to our overlap 

of approximately 40% of plant species. 

Palynological and molecular analyses of pollen 

loads, nest provisions, or body pollen reveal the 

actual plant taxa from which bees collect pollen 

and therefore uncover hidden interactions, 

seasonal diet shifts, differences in diet breadth and 

niche overlap, that visitation data alone often 

underestimate (Beil et al. 2008; Pornon et al. 2017; 

Wood et al. 2016). From a conservation 

perspective, this kind of information may result 

crucial to protect rare bee species as well as to 

sustain more common ones. 

Another aspect that may be considered is pollen 

chemistry and nutritional quality. Not all pollen is 

equally valuable, so knowing which taxa 
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Figure 5. Plant-pollinator network depicting Andrena species (on the right) food preferences as emerging from the palynological 
analyses. 

 

bees actually collect matters for interpreting 

ecological roles and for conservation planning 

(Vanderplanck et al. 2014). Our palynological 

analyses revealed greater complexity in local 

foraging behaviour, particularly highlighting the 

contribution of numerous tree species, many of 

which are associated to anemophilous (wind) 

pollination syndromes. The comparison of 

taxonomic richness between transect and 

palynological data shows a clear pattern. Among 

the 37 analysed bee species, for 26 species the 

richness in the transect data was lower than the 

total richness detected from palynological 

analysis, equal in 9 species, and higher in 2 species. 

This indicates that palynological analysis captures 

a greater number of plant–insect interactions than 

field observations alone, providing a more 

comprehensive view of the bees’ overall diet. The 

Shannon index was not compared between the two 

methods because, within the transect dataset, it 

would yield only a single aggregated value per 

species, rendering it ecologically uninterpretable 

in this specific context. Trees (Table 1 and 2) were 

found in one third of the samples, with 

anemophilous species as Quercus, Populus, and 

Acer and herbs, such as Plantago. A broad 
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review/meta-analysis shows that insect pollinators 

commonly collect pollen from wind-pollinated 

plants (over 200 records for 101 wind-pollinated 

genera), with grasses/sedges and genera like 

Plantago represented in the literature (Saunders 

2018). Plantago (e.g., P. lanceolata, P. major) is 

generally considered anemophilous (wind-

pollinated), but insect visitors including honey 

bees and wild bees do visit spikes and collect 

pollen under certain local conditions (Clifford 

1962; Sabugosa-Madeira et al. 2008; Brodschneider 

et al. 2021). Borański et al. (2025) demonstrated a 

strong reliance of Osmia bicornis on Quercus pollen, 

both in their own palynological analyses and via 

cross-referenced results from five additional 

studies. Therefore, literature supports the concept 

that interactions with wind-pollinated taxa are 

widespread and ecologically relevant. In our case, 

the transect location likely favoured the 

acquisition of pollen from tree species, as several 

were present within a short distance. A wooded 

area was situated approximately 300 m from the 

transect site. Although we did not conduct direct 

observations of bee visits to trees, the presence of 

various taxa was confirmed. Adjacent to the 

transect, Acer and Populus species were recorded; 

Acer has been recently confirmed as a pollen source 

for pollinators (Chrzanowska et al. 2024). Fruit 

trees were present in private gardens about 100 m 

away; within the wooded area we detected 

Quercus spp., and Salix spp. were found along a 

nearby river. Finally, olive groves (Olea europaea) 

occurred on a hill approximately 250 m from the 

transect. Thus, palynological analysis was 

confirmed as the most effective means of detecting 

the presence and importance of tree pollen in wild 

bee diets. 

Bee nutrition is frequently portrayed in 

simplified terms, with pollen viewed as the 

resource collected by females for larval 

provisioning and nectar regarded as the primary 

energy source for adults. However, this view is 

overly simplistic and old fashioned. Wild bee 

provisioning varies greatly in form and 

consistency, from the soupy mixtures used by 

Colletidae (Danforth et al. 2019) to the almost 

spherical pollen balls of Andrena agilissima 

(Giovanetti & Lasso 2005): therefore, nectar is often 

incorporated into larval provisions as well. 

Conversely, pollen is not exclusively for larvae; 

adults also consume it. Cane et al. (2017) detected 

pollen in multiple gut regions of female solitary 

Halictidae, underlining its dietary importance. In 

an earlier study, Cane (2016) demonstrated that 

pollen intake was crucial for egg maturation in a 

Megachilidae species. Similarly, Urban-Mead et al. 

(2022) found pollen in the guts of both male and 

female Andrena bees; less frequently in males, but 

sometimes in substantial quantities. A pollen-load 

study across many taxa showed male bees carry 

smaller but more diverse pollen loads than 

females, and that pollinator traits (including sex) 

strongly predict pollen composition (Cullen et al. 

2021). Thus, examining pollen loads in both sexes 

can offer valuable insights into consumption 

patterns, preferences and pollination ecology.  

The lecty of bee species is an issue that may 

strongly influence any conservation measure and 

is directly linked to its ecology. Most of the 19 

Andrena species appeared in spring, following a 

clear sequence of emergence, whereas Lasioglossum 

species (18 in total) were more abundant during 

summer, with some overlap among species in 

activity periods. Many Andrena species are 

oligolectic. Literature sources identify eight 

species in our dataset as broadly oligolectic and 

one, Andrena ranunculi, as narrowly oligolectic. We 

collected a single male of this species on Bellis 

perennis, and most of the pollen grains it carried 

belonged to this plant. In the case of the A. 

ranunculi male, some pollen came from an 

evolutionarily distant species, provoking a 

renewed interest on the food requirement of this 

species. The fact that a male carried more than 500 

pollen grains also underline the generally 

underestimated role of male bees in pollination. 

Polylectic species are generally considered more 

resilient to changes in floral composition. 

However, both diet breadth and the availability of 

key resources can influence even generalist 

foragers. Literature reports strong Fabaceae 

preferences in two Andrena species we monitored. 

Our findings support this for A. ventricosa, with 

females collected on Trifolium and showing a full 

pollen load of it. For the second species, only males 

were collected, which complicates interpretation, 

though such data contribute to our understanding 

of possible sexual differences in foraging, a topic 

still poorly documented (Roswell 2019). The case 

of Lasioglossum species differs slightly. While all 

the species we recorded are polylectic, social 

structure introduces additional considerations. 
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Foraging females of social species must provision 

not only themselves and offspring, but also 

queens, workers, and males staying in the nest. 

The needs of the colony influence floral choices, 

and proximity to the nest can increase sampling 

numbers. In our study, the social Lasioglossum 

marginatum (probably one of the more socially 

advanced) was the most frequently collected, with 

63 females and only one male. Its record also 

corresponds to the highest number of plant taxa 

identified in palynological analyses for a single 

species, likely due to the combination of polylecty 

and large sample size. The second most abundant 

was Lasioglossum villosulum, a solitary species with 

33 females and 8 males, with a number of plant 

taxa similar to that of L. marginatum. Probably the 

two species occupy different niches, since visited 

plants differ between the two: especially, we 

recorded more tree species visited by of L. 

marginatum and Euphorbiaceae too. 

Increasing evidence indicates that only a subset 

of plant species provides nutritionally balanced 

pollen capable of sustaining larval development 

and long-term population viability (Filipiak 2019). 

This finding, combined with our results, suggests 

that floral abundance and high visitation rates 

must be viewed through a broader lens when 

selecting plants for bee conservation. Conservation 

strategies based exclusively on adult foraging 

activity may overlook critical dietary constraints 

operating at the larval stage. Field margins are 

widely recognized as resource-rich elements 

within agroecosystems, and their floral richness 

and structural characteristics are often positively 

associated with bee abundance and and 

morphospecies richness (Morrison et al. 2017). 

Shrubby field margins in southern Spain increased 

bee richness and abundance compared to 

herbaceous margins (Pérez-Marcos et al. 2023). The 

high frequency of Asteraceae, Brassicaceae, and 

Lamiaceae in our transects is linked to the ability 

of certain species to withstand farming practices 

(e.g. Crepis spp., Bellis perennis L., Cichorium intybus 

L., Centaurea jacea L., Taraxacum sect. Taraxacum 

F.H.Wigg, Salvia pratensis L., Lamium purpureum L., 

Clinopodium nepeta (L.) Kuntze, 1891, Ballota nigra 

L., Capsella bursa-pastoris (L.) Medik., 1792, Eruca 

sativa Mill.). However, their pollen was not always 

the most frequently recorded in the palynological 

analyses of Andrena and Lasioglossum specimens. 

While Asteraceae (Compositae H–J–T forms) were 

indeed abundant, Brassicaceae appeared to a lesser 

extent, and Lamiaceae even less so. This suggests 

selective foraging preferences by these bee genera 

in field margins, eventually related to 

morphological limitations, while other bees, e.g. 

bumblebees, probably sufficiently pollinated 

them. Tur et al. (2014) demonstrated heterogeneity 

in pollen use and foraging behaviour when 

network analyses were downscaled to the 

individual level, with such variability also present 

among conspecifics. Expanding existing datasets is 

therefore essential. Several limitations of the pollen 

load method were previously noted by Beil et al. 

(2008). First, the number of bees sampled may be 

limited, as not all individuals encountered in the 

field carry pollen loads. In addition, some bee 

species occur at low frequencies, meaning any data 

collected may only be indicative. Second, as Beil et 

al. (2008) also noted, pollen grain identification 

does not always reach species level: this is 

particularly true for the ecologically important and 

taxonomically challenging Asteraceae. Males and 

females differ in their floral interactions: males 

primarily seek nectar for their own energy needs, 

while females also collect resources for brood 

provisioning. Palynological analysis proved 

effective in highlighting these differences, 

revealing stronger plant associations in females 

while also showing similar levels of floral diversity 

between the sexes (Tourbez et al. 2023). Therefore, 

we share some of the conclusion of the colleague 

Filipiak (2019): the conservation of field margins 

and “bee-friendly” plants value depends not only 

on the quantity of floral resources provided, but 

also on their nutritional quality and functional 

relevance for different bee species and different 

developmental stages. Integrating information on 

pollen composition and larval nutritional 

requirements is therefore essential for designing 

field margins and floral enhancements that 

effectively support sustainable wild bee 

populations. Our findings further emphasise the 

role of wind-pollinated (anemophilous) and tree 

species, often excluded from pollination studies. 

We detected such pollen in both sexes, e.g., females 

carried pollen from Acer (3 bee species), Betulaceae 

(1), Malus/Pyrus (5), Oleaceae (3), Populus (2), 

Prunus (1), Quercus (3), and Salix (1); males from 

Castanea (1 bee species), Oleaceae (1), Populus (1), 

and Quercus (1). Historically, trees and hedgerows 

at field margins were a widespread and 
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characteristic feature of many European 

agricultural landscapes, but decades of 

agricultural intensification, land consolidation and 

mechanization have driven large-scale removal 

and simplification of these woody boundary 

elements. Reviews and syntheses show that 

intensification reduced non-crop features 

(including hedgerows and isolated trees), with 

consequent declines in landscape heterogeneity 

and biodiversity (Forman & Baudry 1984; Stoate et 

al. 2001; Priyadarshana et al. 2024). Regional case 

studies confirm this trend at local scales: for 

example, photointerpretation and land-cover 

analyses in Tuscany documented substantial 

hedgerow and isolated-tree loss between the 1950s 

and 2016 (Vannucci et al. 2022). 

In conclusion, we strongly recommend 

including both male and female bees in monitoring 

studies, including analyses of their respective 

pollination networks and complementing 

observational data with pollen analyses. We 

advocate for the integration of palynological 

analyses particularly for rare or poorly studied 

species, and underline that such data may also 

unveil innate preferences at the species, sex, or 

individual level in case of common species: 

information that could deeply help in the 

conservation of this important group of 

pollinators, as fostering restoration measures 

including trees. 
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