
Using total abundance as a proxy for wild 
bee species richness: a practical tool for 
non experts ‐

Article 

Published Version 

Creative Commons: Attribution 4.0 (CC-BY) 

Open Access 

Marini, L. ORCID: https://orcid.org/0000-0001-7429-7685, 
Gazzea, E., Albrecht, M. ORCID: https://orcid.org/0000-0001-
5518-3455, Báldi, A., Batáry, P., Bartomeus, I. ORCID: 
https://orcid.org/0000-0001-7893-4389, Bommarco, R. ORCID:
https://orcid.org/0000-0001-8888-0476, Bruun, H. H. ORCID: 
https://orcid.org/0000-0003-0674-2577, Cappellari, A., Cole, L.
J., Craioveanu, C., Decocq, G. ORCID: https://orcid.org/0000-
0001-9262-5873, Demeter, I., Diekmann, M., Gallé, R., 
Garratt, M. P. D. ORCID: https://orcid.org/0000-0002-0196-
6013, Geppert, C. ORCID: https://orcid.org/0000-0003-1970-
4131, Holzschuh, A., Karise, R., Kolb, A., Knauer, A., Kovács‐
Hostyánszki, A. ORCID: https://orcid.org/0000-0001-5906-
4816, Labonté, A. ORCID: https://orcid.org/0000-0001-5092-
1471, Leander Oh, K., Liiskmann, E., Ljubomirov, T., Lundin, 
O. ORCID: https://orcid.org/0000-0002-5948-0761, Maurer, C.,
Molina, F. P., Montes Pérez, N., Mudri Stojnić, S., Öckinger, E.‐ ‐
ORCID: https://orcid.org/0000-0001-7517-4505, Sándor 
Piross, I., Potts, S. G. ORCID: https://orcid.org/0000-0002-
2045-980X, Proesmans, W. ORCID: https://orcid.org/0000-
0003-0358-6732, Radenković, S., Raderschall, C. A. ORCID: 
https://orcid.org/0000-0003-2005-1705, Scheper, J. ORCID: 



https://orcid.org/0000-0002-4314-996X, Schmidt, A., 
Schweiger, O., Senapathi, D. ORCID: https://orcid.org/0000-
0002-8883-1583, Settele, J., Spicher, F., Sponsler, D. ORCID: 
https://orcid.org/0000-0002-4892-9332, Steffan Dewenter, I., ‐
Szigeti, V., Tamburini, G. ORCID: https://orcid.org/0000-0001-
7546-8183, Timus, N., Török, E., Vanbergen, A. J., Velado‐
Alonso, E., Verheyen, K. ORCID: https://orcid.org/0000-0002-
2067-9108, Vujić, A., Winsa, M., Wulf, M., Zimmermann, N. E. 
and Kleijn, D. ORCID: https://orcid.org/0000-0003-2500-7164 
(2025) Using total abundance as a proxy for wild bee species 
richness: a practical tool for non experts. Journal of Applied ‐
Ecology. ISSN 0021-8901 doi: 10.1111/1365-2664.70167 
Available at https://centaur.reading.ac.uk/124311/ 

It is advisable to refer to the publisher’s version if you intend to cite from the 
work.  See Guidance on citing  .

To link to this article DOI: http://dx.doi.org/10.1111/1365-2664.70167 

Publisher: Wiley 

All outputs in CentAUR are protected by Intellectual Property Rights law, 
including copyright law. Copyright and IPR is retained by the creators or other 
copyright holders. Terms and conditions for use of this material are defined in 
the End User Agreement  . 

www.reading.ac.uk/centaur   

CentAUR 

Central Archive at the University of Reading 
Reading’s research outputs online

http://centaur.reading.ac.uk/71187/10/CentAUR%20citing%20guide.pdf
http://www.reading.ac.uk/centaur
http://centaur.reading.ac.uk/licence


J Appl Ecol. 2025;00:1–13.	﻿�   | 1wileyonlinelibrary.com/journal/jpe

Received: 12 February 2025  | Accepted: 18 August 2025

DOI: 10.1111/1365-2664.70167  

R E S E A R C H  A R T I C L E

Using total abundance as a proxy for wild bee species richness: 
A practical tool for non-experts

Lorenzo Marini1  |   Elena Gazzea1 |   Matthias Albrecht2  |   András Báldi3 |   
Péter Batáry4 |   Ignasi Bartomeus5  |   Riccardo Bommarco6  |   Hans Henrik Bruun7  |   
Andree Cappellari1 |   Lorna J. Cole8 |   Cristina Craioveanu9 |   Guillaume Decocq10  |   
Imre Demeter3 |   Martin Diekmann11 |   Róbert Gallé4 |   Michael P. D. Garratt12  |   
Costanza Geppert1  |   Andrea Holzschuh13 |   Reet Karise14 |   Annette Kolb11 |   
Anina Knauer2 |   Anikó Kovács-Hostyánszki3  |   Audrey Labonté15  |   
Klara Leander Oh16 |   Egle Liiskmann14 |   Toshko Ljubomirov17 |   Ola Lundin6  |   
Corina Maurer2 |   Francisco P. Molina5 |   Nerea Montes-Pérez5 |   Sonja Mudri-Stojnić18 |   
Erik Öckinger6  |   Imre Sándor Piross3 |   Simon G. Potts12 |   Willem Proesmans15,19  |   
Snežana Radenković18 |   Chloé A. Raderschall20  |   Jeroen Scheper16  |   
Anja Schmidt21 |   Oliver Schweiger21 |   Deepa Senapathi12  |   Josef Settele22,23,24 |   
Fabien Spicher10 |   Douglas Sponsler13  |   Ingolf Steffan-Dewenter13 |   Viktor Szigeti3 |   
Giovanni Tamburini25  |   Natalia Timus9 |   Edina Török4 |   Adam J. Vanbergen15 |   
Elena Velado-Alonso5 |   Kris Verheyen26  |   Ante Vujić18 |   Marie Winsa6 |   
Monika Wulf27 |   Niklaus E. Zimmermann28 |   David Kleijn16

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, 
provided the original work is properly cited.
© 2025 The Author(s). Journal of Applied Ecology published by John Wiley & Sons Ltd on behalf of British Ecological Society.

For affiliations refer to page 10.

Correspondence
Lorenzo Marini
Email: lorenzo.marini@unipd.it

Funding information
Horizon 2020 Framework Programme, 
Grant/Award Number: 101003476

Handling Editor: Patricia Landaverde 
González

Abstract
1.	 As there is growing interest among non-specialists in participating in pollinator 

conservation initiatives, developing proxies for wild bee species richness that 
could be potentially used by non-experts can aid conservation, decision sup-
port systems for managers and policymakers, and create entry points for future 
taxonomists.

2.	 We used data from 63 independent studies in which wild bees were sampled, 
covering all main European habitats and climates. We tested two proxies for wild 
bee species richness: abundance of all wild bees (excluding the honeybee) and 
abundance of bumblebees. These proxies require basic taxonomic training and 
have the potential for routine implementation by non-experts.

3.	 Within-region, the abundance of wild bees was a strong predictor of wild bee 
species richness at the local scale, with an average correlation exceeding 0.80. 
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1  |  INTRODUC TION

By providing pollination services to wild plants and crops, pollinators 
support plant reproduction and the functioning of natural ecosys-
tems and a steady supply of ecosystem services, such as healthy and 
sufficient food (Gazzea et al., 2023). Recent evidence of declines in 
pollinator distributions in Europe has boosted multiple conserva-
tion initiatives, such as habitat restoration or creation of protected 
areas, to reverse this decline and mitigate its negative impacts (Potts 
et al., 2016). Much emphasis has been placed on conserving highly 
diverse and abundant pollinator communities, as these often harbour 
rare species and also provide optimal pollination services to crops 
and wild plants (Garibaldi et al., 2011; Kleijn et al., 2015). However, 
despite the high priority for pollinator conservation, we often lack 
funding and/or expertise to assess the effects of local-scale inter-
vention for pollinator conservation. This is particularly relevant for 
local projects such as citizen-science initiatives, agri-environmental 
schemes, and conservation and restoration actions in protected 
areas or urban sites, which often require snapshot comparisons of 
bee diversity across multiple sites.

Pollinators, and wild bees in particular, are a highly diverse 
group. In Europe alone, there are approximately 2000 bee spe-
cies, including several taxa with challenging identification (Reverté 
et  al.,  2023). The assessment of applied conservation initiatives is 

often constrained by the availability of trained experts and by the 
difficulty of species identification (Breeze et al., 2021). In contrast 
to, for example, butterflies, most wild bees cannot yet be identified 
to the species level from photographs by experts or using AI-based 
approaches. In conservation practice, the costs of the analyses, in-
complete reference libraries, and laboratory capacity currently con-
strain the identification of large samples using molecular techniques. 
Data collected through citizen science frameworks can provide a 
cost-effective means of surveying, making them an increasingly 
popular approach to support conservation. However, citizen sci-
ence data are usually prone to serious biases originating from dif-
ferent levels of taxonomic expertise of volunteers, particularly for 
taxonomically challenging taxa such as bees (Kremen et  al.,  2011; 
Ratnieks et  al.,  2016). Such costs or limitations associated with 
species identification reduce our ability to assess the conservation 
effectiveness at scales relevant for conservation activities (Breeze 
et al., 2021; Gibbons et al., 2011), calling for indicators that are easier 
to measure for non-experts.

Developing a suitable set of indicators or surrogates for polli-
nator diversity can aid and thus improve conservation planning and 
decision support systems (Fraixedas et al., 2020; Larrieu et al., 2018; 
Tälle et al., 2023). Effective indicators should be easy to measure, 
cheap to monitor, usable and reliable across habitats or biogeographic 
regions, but should also be sensitive to environmental changes and 

Bumblebee abundance was a poorer proxy for total wild bee species richness 
(correlation coefficient of ~0.55) and was unsuitable for warm-temperate and 
Mediterranean climates. Observed abundance-richness correlations were con-
sistent across climates, habitats and sampling methods, suggesting that, after a 
simple training, counting all bee individuals in transect walks provides a non-lethal, 
robust estimate of wild bee species richness. We observed a weak negative rela-
tionship between sample coverage and the strength of the abundance-richness 
correlation.

4.	 Synthesis and applications. The use of a simple but effective proxy could be an 
important starting point for the expansion of wild bee monitoring initiatives at 
the regional scale, particularly given the growing involvement of non-specialists. 
We provided here a simple implementation framework to use this proxy in rapid 
biodiversity assessments, such as the evaluation of payment-by-result schemes by 
farmers and measuring the efficacy of conservation actions in urban green areas 
or protected areas by citizens and site managers, respectively. It is important to 
stress that we are not advocating for the replacement of the urgently needed 
long-term monitoring of pollinator status and trends. Instead, we propose that 
employing an effective proxy for non-experts could enhance the evaluation of 
many local and regional conservation initiatives that currently lack any basic 
assessment schemes.

K E Y W O R D S
bumblebee, citizen science, indicator, non-specialist, pollinator monitoring, surrogate, 
taxonomy
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meet user requirements (Segre et al., 2023). In the case of bees, it 
is particularly useful to find indicators of species-rich communities 
given their importance for conservation and pollination service de-
livery (Simpson et al., 2022). A recent meta-analysis found that floral 
diversity can be used to predict wild bee diversity with average cor-
relations around 0.65 (Hyjazie & Sargent, 2022). These correlations 
are relatively low for a proxy (Lovell et al., 2007), and plants can also 
be challenging to identify for non-experts. Previous attempts to use 
other, more easily identified pollinator taxa such as butterflies to 
predict wild bee diversity were not successful (Segre et al., 2023). 
Using higher taxa as surrogates of species richness works well, but 
still requires identification skills (Báldi, 2003). However, many wild 
bee species depend on similar floral and nesting resources and share 
sensitivity to the same environmental pressures, such as pesticides 
and habitat degradation (Potts et al., 2016). Therefore, one would 
expect to find a strong cross-taxon congruence in the occurrence 
and abundance of different wild bee species across environmental 
gradients (Ganuza et al., 2022).

Although the link between the number of individuals and spe-
cies richness is deeply rooted in ecological theory, little attention has 
been given to abundance-based measures as potential surrogates for 
species richness in applied ecology (Hallmann et al., 2021; Levenson 
et al., 2024; Magierowski & Johnson, 2006; Tälle et al., 2023). While 
the exact drivers and processes shaping species diversity are com-
plex, local species richness is expected to depend on (i) the regional 
species pool and their relative and absolute frequencies, (ii) the 
spatial distribution of species at the regional scale and (iii) the total 
number of individuals supported by the local environment (Engel 
et al., 2022; McGlinn et al., 2019). If we consider wild bees, there are 
at least two putative proxies for species richness that could be sam-
pled in the field: abundance of all wild bees and bumblebee abun-
dance. First, total abundance is a relevant variable per se because it 
can be directly linked to flower visitation and improved pollination 
services (Fijen et al., 2018). The measure of bee abundance is a rela-
tively easy task, and it requires little training for non-experts, as al-
ready demonstrated in several citizen-science projects (e.g. Burgess 
et al., 2017; Kremen et al., 2011). Second, in temperate regions, bum-
blebees (Bombus spp.) can be used as a potential flagship group that 
is more easily recognised by non-experts due to their large body size 
and typical habitus (Ratnieks et al., 2016). The abundance of bum-
blebees and their relative ease of recognition make them an attrac-
tive option to measure compared to the total wild bee abundance 
as a candidate proxy for non-specialists (Comont & Ashbrook, 2017; 
Garratt et  al.,  2019; Ghisbain,  2021). It remains unclear, however, 
whether there are differences in reliability with respect to the pre-
dictive power of wild bee versus bumblebee abundances as indica-
tors of wild bee species richness. Similarly, it is crucial to explore 
the variability of the abundance–richness relationship across geo-
graphical and environmental gradients (Tsang et  al.,  2025) before 
suggesting the routine implementation of these proxies in applied 
conservation practice.

A key requirement for an effective indicator is the time and costs 
associated with its measurement. Monitoring of wild bees is usually 

carried out using one of two standard methodological approaches: 
(i) direct observations of pollinators on flowers using transect walks 
and (ii) passive sampling using pan-traps (or similar devices). Their 
pros and cons are discussed elsewhere (Klaus et al., 2024; O'Connor 
et al., 2019; Thompson et al., 2021; Westphal et al., 2008), but both 
methods currently rely on taxonomic expertise for species identi-
fication (unless genetic means for identification are used), which is 
the main constraining factor in implementing large-scale monitoring 
programmes and local scale assessments (Breeze et al., 2021). Both 
methods are explicitly included in the current proposal of the EU 
Pollinator Monitoring Scheme as being suitable for capturing differ-
ences in pollinator status, though transect walks are the preferred 
method (Potts et al., 2024). It is therefore highly relevant to test the 
performance of any potential proxy across these different sampling 
methods.

The overarching aim of this study was to identify proxies for wild 
bee species richness that could be used by non-experts to evaluate 
the effectiveness of local conservation interventions or to measure 
the impact of pressures. We collated a large dataset of published 
and unpublished primary data from 63 independent regional studies 
on wild bee communities sampled in different habitats and climates 
across Europe using both pan-traps and transect walks. In particular, 
we (i) tested whether the total abundance of wild bees and bumble-
bees could reliably predict the species richness of wild bees at the 
local scale; and (ii) quantified how sampling method, habitat type 
and climate modify the performance of the candidate proxies across 
Europe. Finally, we provided an operational framework to implement 
the proxy by non-experts, providing guidelines on the domain of ap-
plication, field sampling techniques and data analysis. This frame-
work can be adapted to different contexts, such as citizen-science 
survey programmes, assessment of payment-by-results schemes or 
evaluations of environmental impacts (e.g. pesticide use, manage-
ment intensity and air pollution) on wild bee abundance and diversity.

2  |  MATERIAL S AND METHODS

2.1  |  Data collection

We collated primary, unpublished and published data from different 
sources by contacting a large number of scientists working on wild 
bee conservation in Europe. We contacted scientists involved in 
the Safeguard, STACCATO and SHOWCASE projects and other 
relevant EU pollinator projects to contribute, as these initiatives 
include most researchers who could potentially provide suitable 
datasets. Building on this researcher network, we employed a 
snowballing approach to identify additional datasets through 
scientific collaborations. We did not conduct a systematic search 
of published studies, as the limiting factor was the availability of 
the raw data. Our search aimed to find studies across a diverse 
set of habitats and climates that represent the major European 
environmental gradients. The requirements to include a study 
were as follows: (1) a minimum of seven sites for each habitat type 
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4  |    MARINI et al.

sampled in at least 1 year, (2) all wild bee species (Hymenoptera, 
Apoidea) identified at the species level or at least to morphospecies, 
(3) single species abundance quantified using pan-traps or transect 
walks and (4) study was carried out in Europe. Each study (n = 63) 
included one or more species-by-site matrices, reporting species 
identity and abundance, and information on the sampling method 
and the sampled habitat type. Often, datasets included abundance 
per species already pooled over multiple sampling rounds. Apis 
mellifera L., the western honeybee, was sampled in 48% of the 
datasets (n = 59). If multiple habitats and/or multiple years were 
sampled in a study, we created a separate matrix for each habitat 
and year combination and assigned a unique dataset identifier 
(Figure 1). Based on the original habitat description, we reclassified 
the habitats into the following categories: crop (both annual 
and perennial crops, n = 26 datasets), grassland (semi-natural 
grasslands, agricultural pastures, agricultural meadows; n = 39), 
forest (forest interior and forest openings such as clear-cuts and 
wind-thrown areas; n = 16), ecotone (field margin, hedgerow, and 
forest edges; n = 31) and urban habitat (road verges, urban green 
areas such gardens, brown fields, parks; n = 11). For each study, we 
classified the sampling methods into direct observations (transect 
walks; n = 60 datasets) or trapping using pan-traps (n = 63) and we 
retrieved the region where the sampling was performed. Based 
on the region, we extracted the dominant Köppen climate type 

for each dataset (Beck et  al.,  2018) and grouped them in three 
climate types: (1) Cs: Temperate with dry summer (n = 33), (2) Cf: 
Temperate oceanic climate (n = 26), (3) Df: Continental climate 
(n = 64). This approach led to a total of 123 datasets (i.e. habitat 
per study per year combination) for further analysis.

2.2  |  Data analysis

2.2.1  |  Total wild bee abundance and bumblebee 
abundance as proxies for wild bee diversity

Sampling effort was constant within single studies (e.g. number of 
traps, trap exposure, length or duration of transect walks); however, 
it largely differed between studies. Therefore, in the analyses, we 
always tested the predictive power of our proxies in explaining 
the between-site variability in species richness within the same 
dataset (Figure 1). We did not, however, attempt to correlate our 
proxies with raw species richness across different datasets, as 
they varied in both sampling methods and sampling effort. Where 
necessary, for each site in each dataset, we computed wild bee 
species richness by pooling species across multiple sampling 
rounds. Then, we estimated two putative proxies: (i) the total 
abundance of wild bees and (ii) the total abundance of bumblebees. 

F I G U R E  1  (a) Geographical distribution of the 63 published or unpublished independent studies sampling wild bees using either pan-
traps or transect walks; (b) schematic of data processing and analysis steps to test the abundance-based proxies at the regional scale: Each 
study sampled multiple sites across one or more habitat types in one or more years. Based on the pooled species abundance across sampling 
rounds, we calculated abundance and species richness, and computed the correlation between our proxies and wild bee species richness 
within each habitat, year and region combination. Correlations were then transformed into effect sizes and analysed using a multi-level 
meta-analysis to test the strength of the abundance-richness relationship and how habitat type, climate, and sampling method modify this 
strength.
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    |  5MARINI et al.

In the main analysis, A. mellifera L., the western honeybee, was 
excluded as its abundance strongly depends on the presence of 
managed colonies, and it was sampled only in 48% of the datasets. 
However, we tested the effect of the honeybee on our proxy in 
our sensitivity analyses, using the subset of datasets that included 
the honeybee (see below).

For bumblebee abundance, we removed datasets in which 
bumblebees comprised less than 5% of the total number of indi-
viduals. The inclusion of datasets with lower relative abundance of 
bumblebees (<5%) included too many zeros to compute a correla-
tion. Using scatterplots, we visually verified that within each data-
set the relationship between our proxies and species richness was 
positive and monotonic (i.e. as the value of the proxy increases, 
so does species richness). As we often observed both monotonic 
linear and nonlinear relationships between abundance and spe-
cies richness, we ln-transformed abundance and computed the 
Pearson's correlation. Although Spearman correlation can capture 
nonlinear relationships, we opted for Pearson's correlation due 
to its straightforward integration into meta-analytic frameworks, 
where estimating variance can be systematically addressed. We 
estimated a correlation index between (i) total wild bee abundance 
versus wild bee species richness, and (ii) bumblebee abundance 
versus wild bee species richness. A single correlation was com-
puted across sites belonging to the same habitat within the same 
dataset to ensure consistency in both sampling method and sam-
pling effort (Figure 1).

The Pearson's coefficient (r) of each dataset was normalised 
using Fisher's z transformation (1):

while the variance (�) was estimated using the sample size (n of sites per 
dataset) (2) (Koricheva et al., 2013):

We used a weighted meta-analysis to compare the strength 
of the correlation between species richness and the two prox-
ies across datasets. We used the correlations as effect sizes and 
weighted them against their precision, that is inverse variance. 
Some datasets contained data from multiple years or habitats, 
allowing us to compute more than one correlation. Therefore, 
we used multi-level meta-analytical models (equivalent to linear 
mixed-effects models) to examine the heterogeneity in effect sizes 
and to account for non-independence of observations (Borenstein 
et al., 2021). We accounted for clustered effect sizes by including 
the study ID as random factor (Bishop & Nakagawa,  2021). For 
each dataset, we tested the following moderators as fixed effects: 
(i) sampling method (pan-traps vs. transect counts); (ii) habitat 
type; (iii) climate type; (iv) sample coverage and (v) sample size 
(i.e. number of sites used to compute the correlation). Sample cov-
erage was computed using the iNEXT function in R (Hsieh et al., 
2016). The sample coverage of a community is the probability that 

a new individual will belong to one of the species already observed 
in the sample. We examined the significance of heterogeneity in 
effect sizes attributed to each moderator variable using Qm sta-
tistics in a single model that included all moderators. We tested 
for potential collinearity among moderators using the GVIF from 
the metafor package and no collinearity issues were present. In 
preliminary analyses, we also tested for potential two-way inter-
actions between sampling method, habitat type, and climate type, 
comparing models fitted with ML with and without one of the 
interactions using AIC. No interaction was supported, that is no 
model including interactions had a AIC difference larger than 2. 
To visualise model results, we displayed the mean effect alongside 
the 95% confidence intervals (CI) and prediction intervals (i.e. a 
range of values that is 95% likely to contain the value of a new ob-
servation). We back-transformed Z-scored effect sizes to Pearson 
correlations to help interpret the results. The statistical analyses 
were carried out using the R statistical environment (version 4.2.1; 
R Core Team, 2022). We used the package ‘metafor’ for the meta-
analysis (Viechtbauer, 2010).

2.2.2  |  Effect of honeybees

As A. mellifera was sampled in c. half of the studies, we could 
test whether including honeybees in the total abundance would 
negatively affect the performance of our proxy. We computed two 
correlations: one using species richness versus total abundance 
excluding honeybees (our proxy) and the second using species 
richness versus total abundance including honeybees. Then, we 
regressed one correlation against the other and tested whether the 
slope was different from 1 using linearHypothesis() from the car 
package. A slope different from 1 would indicate a systematic bias 
(e.g. lower correlation when abundance included the honeybee).

3  |  RESULTS

We collected data from 2780 sites across 15 European countries. 
The sampling covered all major biogeographic regions from the 
Mediterranean to boreal climates (Figure 1). The average sample 
coverage across datasets was 0.92 (min: 0.52, max: 1.00). While 
the relative abundance of bumblebees did not differ significantly 
between the investigated habitat categories, the contribution of 
bumblebees to the total number of observed bees was significantly 
different between climate types and sampling methods. In warm 
temperate regions such as Spain and south Italy, the relative 
abundance of bumblebees was negligible, while bumblebees 
represented on average c. 40% of the total abundance in colder 
climates (Figure S1A). Irrespective of the climate and habitat, the 
proportion of bumblebees in the total number of observed wild 
bees was almost three times higher for transect walks than for 
pan-traps (Figure  S1B), a difference that was highly significant 
(Table S1).

(1)z = 0.5 ln

(

1 + r

1 − r

)

(2)� =
1

n − 3
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6  |    MARINI et al.

3.1  |  Total abundance without honeybees

The meta-analysis showed that, across the 123 datasets (i.e. habi-
tat per study per year combination), the total abundance of wild 
bees (ln-transformed) was a strong predictor of total wild bee spe-
cies richness with an average correlation above 0.80 (Figure 2a). In 
the figure, it is also possible to see the prediction intervals, that is 
the lowest and highest values that will contain a future observa-
tion with a 95% confidence (low PI: 0.57–high PI: 0.93). The low 
end of the prediction interval indicated that the correlation be-
tween total abundance and species richness was strong across 
all datasets; that is, only 2.5% of future observations will have a 
correlation below 0.57. Climate, sampling method, habitat and size 
of the sampling (number of sites) did not modify the observed cor-
relations (Table  1), indicating that the performance of the proxy 
was consistent under different environmental contexts. However, 
we found a significant negative effect of sample coverage (prob-
ability that the next individual sampled belongs to a species that 
has already been observed) on the correlation between abundance 
and species richness, that is datasets with high sample coverage 
tend to present a slightly weaker correlation (Figure 3). However, 
when the sample coverage approximated 1 (no new species ex-
pected with increasing sampling effort), the correlation was still 
above 0.75.

3.2  |  Total abundance including honeybees

In 59 datasets, we could include honeybees in the computation of 
total abundance. For this subset of studies, we regressed the correla-
tion between species richness and total abundance including honey-
bees (explanatory variable) versus the correlation between species 
richness and total abundance excluding honeybees (our proxy). We 
found a slope of 0.934 (SE = 0.094, t = 9.93 p < 0.001, R2 = 0.634) that 
was not different from 1 (p = 0.49), indicating no systematic biases. 

However, as expected, we observed a weak trend for lower correla-
tions when the honeybee was included in the computation of the 
proxy (Figure 4).

3.3  |  Bumblebee abundance

Out of the 123 datasets, we could use 80 datasets with more than 
5% of bumblebee individuals. Using bumblebee abundance as a 
proxy for total wild bee species richness was also supported by our 

F I G U R E  2  Forest plots reporting raw Pearson correlations between (a) total wild bee abundance (ln-transformed) and species richness, 
and (b) bumblebee abundance (ln-transformed) and species richness of wild bees. Each dot represents a dataset with dot size indicating 
precision (1/SE). Bold lines indicate confidence intervals and thin lines indicate prediction intervals (PIs) at 95%. PIs indicate the range of 
values that is 95% likely to contain the value of a new observation.

-0.5 0.0 0.5 1.0
Pearson correlation

Precision (1/SE) 2 4 6 8 10

(a) Total abundance

-0.5 0.0 0.5 1.0
Pearson correlation

Precision (1/SE) 2 4 6 8 10

(b) Bumblebee abundance

TA B L E  1  Multi-level meta-analysis results of the between-group 
test of climate, sampling method, habitat, sample coverage and 
number of sites.

df Qm p-value

(a) ln (total wild bee abundance) vs. species richness (n = 123, all 
datasets)

Model 1 Climate 2 2.580 0.275

Sampling method 1 0.401 0.526

Habitat 4 4.564 0.335

Sample coverage 1 23.312 <0.001

Number of sites 1 1.282 0.257

(b) ln (bumblebee abundance) vs. species richness (n = 80, datasets 
with at least 5% bumblebee individuals)

Model 2 Climate 2 1.231 0.540

Sampling method 1 0.185 0.667

Habitat 4 0.901 0.924

Sample coverage 1 1.410 0.235

Number of sites 1 0.003 0.956

Note: Moderators were included in a single model. The table shows 
degrees of freedom (df), p-value and heterogeneity (Qm) explained 
by the moderator for (a) ln (total wild bee abundance) versus species 
richness and (b) ln (bumblebee abundance) versus species richness. The 
rma.mv() model included study ID as random factor.
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    |  7MARINI et al.

analysis, but the correlations were lower than those for total abun-
dance (Figure  2b) (estimate: 0.498, CI: 0.42–0.57). The prediction 
intervals at 95% were much larger than those obtained using total 
abundance with the low end crossing zero (PI: −0.11-0.83). Large 
prediction intervals indicate high heterogeneity between datasets. 
For this proxy, climate, sampling method, habitat, sample coverage 

and sample size did not modify the observed correlations between 
bumblebee abundance and wild bee species richness (Table 1).

4  |  DISCUSSION

There is growing interest among non-specialists in participating in 
wild bee conservation initiatives, including monitoring activities. 
The identification of simple but effective proxies for bee diversity 
could be an important starting point for the expansion of pollinator 
monitoring initiatives across Europe, particularly given the growing 
involvement of non-specialists and regions where funding or 
taxonomic expertise are lacking. Hence, finding effective, cheap and 
easy-to-implement proxies is urgently needed to inform management 
and conservation decision-making, while at the same time improving 
the knowledge base for wild bees through education and training for 
questions beyond species numbers. Here, using a large dataset of 
wild bees sampled across several key European habitats and climates 
from Mediterranean to boreal regions, we tested two proxies for 
wild bee species richness that require little taxonomical training and 
can potentially be surveyed by non-experts such as citizen scientists 
or farmers. Both total abundance of wild bees and of bumblebees 
correlated significantly with total wild bee species richness and 
seem promising proxies when comparing the diversity of bees across 
different sites. However, the total abundance of wild bees emerged 
as a more robust metric across disparate habitats and climatic zones, 
with potential to be used across European regions.

Across habitat types, climate types, and sampling methods, 
the total number of wild bee individuals correlated with species 
richness at values above 0.80. We found that high sample cov-
erage slightly reduced the strength of the correlation that how-
ever remained above 0.75. This suggests that incomplete sampling 

F I G U R E  3  (a) Bubbleplots depicting the relationship between sample coverage and the effect size, i.e. z-transformed correlation between 
species richness and total abundance (k is the sample size) and (b) same effect on the back-transformed correlation. Sample coverage is the 
probability that a new individual will belong to one of the species already observed.
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F I G U R E  4  Scatterplot showing the relationship of Pearson's 
correlation coefficients computed between species richness and 
abundance computed with (x-axis) or without honeybees (y-axis) for 
the 59 datasets that included honeybees in the sampling. Dotted 
line represents a fixed slope of 1 with an intercept of 0, while the 
solid line represents a linear regression.
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8  |    MARINI et al.

coverage may artificially strengthen the abundance-richness 
correlation, as predicted by the asymptotic relationship between 
sampling effort and species richness (Hsieh et al., 2016). Overall, 
the strength of this correlation was higher than has been observed 
previously between wild bee and flowering plant species richness 
(r = 0.65) (Hyjazie & Sargent, 2022) indicating that total wild bee 
abundance is a more accurate predictor of wild bee species rich-
ness. Besides its stronger predictive power, the advantages of 
using bee abundance over flower-based indicators are that it does 
not require expertise in the taxonomy of insect-pollinated plants 
and it provides important functional information that links directly 
to flower visitation and pollination services (Fijen et  al.,  2018). 
Moreover, people's willingness to protect pollinators is often 
linked to specific values associated with pollinators (Geppert 
et  al.,  2024). Therefore, finding indicator taxa or proxies within 
the target group for conservation is expected to improve public 
engagement and build general knowledge about pollinators, par-
ticularly as this proxy allows for non-lethal assessment, making it 
more suitable for non-experts.

Considering the efforts required to measure wild bee species 
richness, our results provide evidence-based support for using wild 
bee abundance as a proxy in projects where identifying species is 
not yet feasible due to technical or economic constraints. Current 
monitoring schemes running in several European countries, such 
as the UK pollinator monitoring schemes (O'Connor et al., 2019), 
have already tested the ability of citizens to distinguish wild bees 
from other groups of flower-visiting taxa. Typically, after a few 
hours of training, data are reliably collected across a diverse set of 
recorders (Kremen et al., 2011; Ratnieks et al., 2016). On the one 
hand, a recent study indicates that without specific training, non-
experts often misidentify solitary bees as social wasps or hover-
flies (Griffiths-Lee et al., 2023). Hence, the adoption of wild bee 
abundance as a proxy by non-specialists necessitates an adequate 
level of training but, following that, it can ensure accurate inter-
pretation and application.

As the accuracy of distinguishing bumblebees from other 
groups of bees tends to be similar between researchers and citizen 
scientists (MacPhail et al., 2020), we also explored the relationship 
between the abundance of bumblebees as a proxy of wild bee spe-
cies richness. We found two major limitations in the application 
of this proxy. First, hot European climates are not suitable for the 
large majority of European bumblebee species, which are adapted 
to temperate and cold climates (Ghisbain et al., 2024). Accordingly, 
in our study, ca. 30% of the datasets, all from the warmest re-
gions, did not include sufficient numbers of bumblebees to test 
this proxy. This indicates that bumblebee abundance cannot re-
liably be used in these areas as an indicator of wild bee species 
richness. Second, the correlation between bumblebee abundance 
and wild bee species richness (on average around 0.5) was con-
siderably lower than the correlation with total bee abundance, 
even in regions where bumblebees are a dominant component of 
wild bee communities. The literature still lacks a consensus on a 
minimum correlation strength to define a candidate biodiversity 

proxy as reliable. Some authors indicate a stringent threshold of 
0.75 (Lovell et al., 2007), while others suggest more relaxed values 
varying between 0.3 and 0.5 (Lamoreux et  al.,  2006). Based on 
these studies, the performance of bumblebee abundance can be 
considered only weak to moderately good in predicting wild bee 
species richness.

Most surrogates and biological indicators are tested in single 
regions, and rarely across different ecosystems (Feld et al., 2009). 
Despite the differences between the two tested proxies discussed 
above, their performance remained constant across contrast-
ing climates and habitats. This result indicates that both proxies 
could be implemented across urban, agricultural and natural/
semi-natural habitats. Similarly, climate did not explain any vari-
ability in the correlation strength, with the only limitation being 
that the bumblebee proxy should not be used in warmer climates 
because of limited population abundances (Ghisbain et al., 2024). 
Concerning the sampling method, we also found that the perfor-
mance of the two proxies was equal between transect walks and 
pan-traps. Altogether, these tests indicated high spatial and tem-
poral robustness of both proxies, suggesting that they could be 
applied at the regional scale across different environmental condi-
tions. Below, we provided practical guidelines for the implementa-
tion of the proxy (Figure 5).

4.1  |  Practical guidelines on how to implement the 
proxy by non-experts

4.1.1  |  Domain of application and limitations

Based on our analysis, we recommend using the proxy only for 
comparing sites within a single region. In our pool of study areas, 
the size of a region varied from a few tens to hundreds of kilometres. 
When sampling with a more comprehensive taxonomic identification 
is not possible or is not the focus of the project, we suggest using wild 
bee abundance as a proxy for wild bee species richness to compare 
sites across environmental gradients within a single habitat or across 
multiple habitats to perform rapid biodiversity assessments of 
pressures or intervention effectiveness. Applying this proxy at very 
large spatial extents, combining data from different biogeographical 
regions (e.g. continental or global) would require further tests, as the 
abundance–richness relationships tested here might take different 
forms. Similarly, the use of the proxy for long-term monitoring of 
species richness trends cannot be recommended, since our results 
are only based on snapshot studies performed in the same region 
and year.

4.1.2  |  Recorder knowledge requirements

Users should be able to identify the following groups of pol-
linators: wasps, bumblebees, solitary bees, hoverflies, other 
flies and the honeybee. Even if misidentified, other bee-looking 
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    |  9MARINI et al.

insects such as bee flies (Bombyliidae), some hoverflies or wasps 
(Vespidae) are expected to have a small impact on the proxy 
due to their low relative abundance in transect walks (Lanuza 
et al., 2025). In most cases, the application of the proxy by non-
experts would require a certain degree of training and validation 
as wild bees are often misidentified by non-specialists (Kremen 
et  al.,  2011). We suggest carrying out small pilot studies to 
measure recorders' accuracy depending on their previous expe-
rience in monitoring pollinators and the diversity of the regional 
species pool.

4.1.3  |  Field selection

In evaluating conservation interventions or pressures by non-
experts, the first step involves identifying a set of reference sites 
that represent the ideal target for pollinator species richness in 
the landscape. The identification of reference sites should be done 
in concert with trained bee taxonomists. These sites provide a 
reference system to evaluate sites subjected to specific impacts and/
or interventions (Hiers et al., 2012). A critical aspect to consider here 
is the variability in the reference sites. The higher the variability, the 
greater the number of reference sites that should be monitored to 
estimate the reference system. If an intervention is tested, in the 
monitoring phase, it would also be useful to include control sites, that 
is sites with no intervention. As pollinator communities are highly 
temporally dynamic and both species richness and abundance can 
vary considerably between and within years (Kremen et al., 2018), 
reference systems and sites under evaluation should always be 

monitored and compared within the same time frame (i.e. within a 
few days).

4.1.4  |  Pollinator sampling

During the whole season, multiple sampling rounds should be 
performed using the same method and sampling effort across 
different sites following standard pollinator monitoring protocols 
(e.g. Potts et  al.,  2024). In most cases, 3–5 rounds represent the 
minimum requirement. Because the efficiency of pan traps can 
be influenced by the floral resources in their immediate vicinity 
(O'Connor et  al.,  2019), and conservation actions often target 
improvements in floral resources, we do not recommend using pan 
traps for studies evaluating conservation initiatives, even though the 
reliability of wild bee abundance as a species richness indicator was 
not influenced by the method. When counting only the total number 
of wild bees, active methods like transect walks have additional 
advantages over pan traps in that they do not require killing any 
individuals (Lövei & Ferrante, 2024) and that they are more cost- and 
time-efficient. We suggest a minimum of 15′–25′ active sampling 
time per round, but this time should be adjusted according to the 
local species pool diversity. The length of the transect or the size 
of the plot should also be adjusted depending on the sampled 
habitat and the species diversity expected in the area. Finally, this 
proxy could be implemented in easy-to-use mobile applications or 
video recording cameras for continuous flower monitoring. These 
tools could be equipped with AI-based software able to distinguish 
between bee and non-bee pollinators.

F I G U R E  5  Main operational steps to implement the proxy for wild bee species richness by non-experts. The proxy should be used to 
compare sites at the regional scale (extent: from tens to hundreds of kilometres). In the preparatory phase (a), after the definition of the 
sampling protocol, a short taxonomic training of non-experts might be needed; (b) Total abundance of wild bees should be measured using 
a standardised transect walk with the same spatial and temporal sampling effort over multiple rounds (minimum 3–5 rounds depending on 
climate and regional species pool) during the season when bees are active (marked in green); (c) After completing the sampling in 1 year, 
total abundance is computed across rounds and ln-transformed to obtain the proxy; (d) The proxy values can be used to rank a number of 
sites from species-poor to species-rich, but no raw species richness can be estimated. Potential ecological applications include snapshot 
evaluations of pressures or intervention effectiveness on wild bee species richness. Based on our results, the use of the proxy for long-term 
monitoring of species richness trends cannot be recommended.
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10  |    MARINI et al.

4.1.5  |  Data analysis and interpretation of the proxy

For each site, raw abundances should be summed across sampling 
rounds. It is also important to stress that the correlation between 
abundance and species richness was computed on a log scale, and 
this should be considered when interpreting the abundance data 
measured in the field. After summing the total abundance across 
sampling rounds, the total abundance needs to be ln-transformed 
to obtain the ranking of the sites. The final use of the proxy is not 
to provide an absolute number of species per site but to rank them 
from species-poor to species-rich sites. Due to differences in the 
sampling effort and sampling methods across studies, our analysis 
cannot provide a single parameter to directly estimate raw species 
richness from abundance data.

4.2  |  General implications for pollinator monitoring

We found strong evidence supporting the use of total wild bee 
abundance as a reliable proxy for wild bee species richness when 
comparing sites in snapshot regional studies. After receiving 
appropriate training, counting all bee individuals in transect walks 
could provide a non-lethal, effective method for estimating wild bee 
species richness. With the growing involvement of non-experts such 
as citizens, NGOs and farmers in pollinator conservation efforts 
(Breeze et al., 2021; Garratt et al., 2019), the use of this proxy could 
facilitate the expansion of pollinator monitoring initiatives across 
Europe, particularly where the lack of funding or taxonomic expertise 
is limiting factors (O'Connor et  al.,  2019). This versatile proxy 
holds promise for various applications, including the assessment 
of payment-by-result schemes by farmers and measures of the 
efficacy of conservation actions in urban green areas by citizens or 
in protected areas by site managers. It is important to stress that we 
are not advocating for the replacement of the urgently needed long-
term monitoring of pollinator species status and trends. Instead, we 
propose that employing an effective yet simple proxy for wild bee 
species richness could enhance the evaluation of many local and 
regional conservation initiatives that currently lack basic assessment 
schemes. The results could contribute valuable evidence to inform 
the design of effective pollinator conservation interventions in 
different habitats and would facilitate the engagement of non-
experts in pollinator monitoring, taxonomy, and conservation. When 
long-term trend data on species richness become available, it will 
be possible to test whether this proxy can also be used to evaluate 
temporal diversity trajectories.
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