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Abstract
In a commentary on our paper (Renner et al., Oecologia 195:825–831, 2021), Harder and Miksha lay out why they think that 
our finding of higher honeybee abundances reducing wild bee abundances in an urban botanical garden is not statistically 
supported. Here, we explain the statistical test provided in our paper, which took advantage of a natural experiment offered 
by 2019 being a poorer year for bee keeping than 2020.
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Introduction

Despite much concern over the possibility that urban bee-
keeping may lead to unsustainably high bee abundances, 
resulting in foraging honeybees displacing wild bees from 
flowers (Weissman et al. 2021 for a recent review), statisti-
cally supported findings have been lacking. To study honey-
bee and non-honeybee densities at flowers in an urban set-
ting—regardless of the flowers’ pollination syndromes—we 
offered bachelor thesis projects in the botanical garden of 
Munich, which has been in its current location since 1914 
and offers a stable set of ornamental and native species in its 
display gardens and meadows. Each of the bachelor projects 
was limited to about 6 weeks of field work, during which the 
students counted bee visits to flowers or inflorescences for 
a total of about 9 h per species, with the number of flowers 
chosen so that all bees could be seen and counted with preci-
sion. Observations were only made during dry, sunny or at 
most slightly overcast days. Our initial goal was to find out 
the relative abundances of both groups of bees at flowers, 
and the working hypothesis was that there would be strong 
niche separation because of flowers’ different suitability for 

honeybees versus wild bees in terms of flower sizes, flower 
morphology, and flower numbers. Results in 2019, how-
ever, showed surprisingly little niche separation. Instead, 
honeybees visited all types of flowers (Renner et al. 2021: 
Table 1). To test this unexpected result, the observations 
were repeated in 2020. We expected there would be natural 
fluctuation in the abundances of wild bees as well as honey-
bees in 2020 compared to 2019, and that relative abundances 
at flowers would, therefore, be different, with some flowers 
receiving more wild bee visits, others more honeybee visits.

However, this expectation again was not met. Instead, 
abundances of the two types of bees remained unchanged in 
April 2020 compared to April 2019, but from May to July 
2020, honeybee abundances consistently increased com-
pared to 2019, mostly due to natural reproduction (swarm-
ing of bees). We carried out a chi-square test of independ-
ence that compared the number of observed shifts in visitor 
spectra in April with those in May–July (Renner et al. 2021: 
p. 828) to test the expectation that under food competition, 
increased honeybee densities would shift the relative pro-
portions of wild bees and honeybees. The results showed 
reduced numbers of wild bee visits in nine of 20 May/June/
July-flowering species, while visitor spectra did not change 
in the ten April-flowering species (as we reported, Renner 
et al. 2021: Table 1, this shows 30 observations, because 
Nepeta mussinii was observed in April and May; χ2 = 6.43, 
df = 1, P = 0.05 (As usual, df = (r − 1)(c − 1), where r is 
the number of rows and c is the number of columns.) All 
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observed shifts in visitor spectra were in the direction of 
increased honeybee numbers.

Conclusion

We are grateful to Harder and Miksha (2021) for their criti-
cal comments, but stand by our interpretation that our study 
demonstrates the depressing effects of increased honeybee 
densities on the simultaneous proportions of wild bees at 
flowers of the same species. However, as we pointed out, 
we lack data on the fitness effects of this observation. It is 
plausible that in the summer of 2020, wild bees had to travel 
further and/or use less profitable flowers compared to 2019, 
but to determine whether this had non-trivial effects on their 
fitness would require competitive exclusion experiments 
combined with longer term studies of wild bee populations. 
To our knowledge, no such study has been carried out. That 
the visitor shifts observed in 2020 might instead have been 
due to lower abundances of wild bee species, or to higher 
or lower flower densities, seems implausible given the com-
plete consistency of the direction of shifts (from wild bees 
to honeybees) throughout all 3 months with higher honeybee 
densities, and the stable supply of nectar and pollen in the 
botanical garden, where dense plantings of ornamentals are 
maintained year-round in fertilized soil that is always kept 
watered.

 Author contribution statement  SSR and AF wrote the manuscript.

 Funding  Open Access funding enabled and organized by Projekt 
DEAL. Not applicable.

 Availability of data and materials  The data analyzed for this comment 
were presented in Table 1 of Renner et al. (2021).

 Code availability  Not applicable.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Ethical approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

Harder L, Miksha R (2021) No statistical evidence that honey bees 
competitively reduced wild bee abundance in the Munich Botanic 
Garden—a comment on Renner et al. (2021). Oecologia (in press)

Renner SS, Graf MS, Hentschel Z, Krause H, Fleischmann A (2021) 
High honeybee abundances reduce wild bee abundances on flow-
ers in the city of Munich. Oecologia 195:825–831. https://​doi.​org/​
10.​1007/​s00442-​021-​04862-6

Weissmann JA, Walldorf IRM, Schaefer H (2021) The importance of 
wild bee communities as urban pollinators and the influence of 
honeybee hive density on wild bee crop visitation rates. J Pollinat 
Ecol 29:204–230

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00442-021-04862-6
https://doi.org/10.1007/s00442-021-04862-6

	Statistical evidence that honeybees competitively reduced wild bee abundance in the Munich Botanic Garden in 2020 compared to 2019
	Abstract
	Introduction
	Conclusion
	References




