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ABSTRACT

Solar energy facilities are rapidly expanding in their land-use footprint worldwide, with significant implications for biodiversity.
Although the impacts of conventional solar development are often negative for biodiversity, it is possible for some species to take
advantage of the novel anthropogenic structures and microhabitats provided by solar facilities. We describe the frequent nesting
of non-native European paper wasps (Polistes dominula) at two solar facilities in the Central Valley of California (USA), conduct-
ing nest censuses to further investigate population density and nest siting behaviour. Active nests were found to occur at a density
of 10-23 per hectare of solar facility, and paper wasps had a preference for nesting in sheltered metal torque tubes compared with
the more exposed undersides of photovoltaic panels. Our study shows that P. dominula might benefit from the construction of
solar energy facilities, which could have a variety of impacts on native species and surrounding agriculture that warrant further
study. The European paper wasp therefore provides an example to illustrate the potential for a varied and relatively unpredictable
set of ecological outcomes to follow land-use change resulting from solar energy development.

1 | Introduction plant and animal communities, to the benefit of some species

(‘winners’) and the detriment of others (‘losers’) (Hernandez

Solar energy is a rapidly growing renewable source of electric-
ity generation worldwide (IEA 2023), but requires large areas
of land for photovoltaic (PV) panels (Hernandez et al. 2014). In
the USA, large, ground-mounted photovoltaic (GPV) facilities
already cover at least 1300km? (Fujita et al. 2023), a footprint
that could grow to 40,000km? by 2050 (DOE 2023). The con-
struction of GPV facilities is typically associated with significant
changes to land cover (e.g., removal of vegetation and topsoil)
and landscape permeability (e.g., construction of fences and
roads), with subsequent vegetation management (e.g., herbicide
use, mowing or grazing) affecting the nature of plant growth
(Hernandez et al. 2014; McCall et al. 2023). Such changes are
likely to have significant effects on local biodiversity, altering

et al. 2014; Lafitte et al. 2023). In addition, the physical infra-
structure associated with GPV facilities, including PV panels
and metal racking systems, may create novel microhabitats used
by animals and plants, such as places for birds to perch and nest
(Hernandez et al. 2014; Visser et al. 2019).

In two GPV facilities in the Central Valley of California, we
noticed the frequent siting of European paper wasp (Polistes
dominula) nests on PV panels and their supporting infrastruc-
ture. These two facilities represent the only solar sites to which
we had field access in summer 2024, and nests were found at
both. Polistes dominula is an introduced social wasp, native
to Eurasia and North Africa, which is now widely distributed
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across North America and considered to be an invasive spe-
cies (Cervo, Zacchi, and Turillazzi 2000). These wasps have a
generalist diet, provisioning larvae with caterpillars and other
insects, while adults obtain sugar from sources such as flo-
ral nectar, fruit and honeydew (Liebert et al. 2006). Impacts
on local ecosystems may include the displacement of North
American native paper wasps (especially Polistes fuscatus) and
the predation of significant numbers of insects, although the
latter may also represent a benefit for the control of agricul-
tural and horticultural pests in certain situations (Baker and
Potter 2020; Liebert et al. 2006). Polistes dominula naturally
builds paper nests on vegetation, but this species also shows
an extremely high affinity for nesting on anthropogenic struc-
tures, including buildings, fences and machinery (Hocherl
and Tautz 2015; Pérez-Bote and Mora-Rubio 2020). Given our
observations of wasps nesting at solar facilities, we decided to
investigate their population density and nest siting behaviour
to gain a deeper understanding of their propensity to thrive
in this expanding anthropogenic land use. To our knowledge,
this is the first published study describing the use of solar pan-
els as nest sites for paper wasps.

2 | Materials and Methods

To estimate nest density at the two GPV facilities, we conducted
censuses by counting all nests of P. dominula along a randomly
selected set of PV panel strings (rows of panels) in summer 2024.
The University of California's 16 megawatt (MW) GPV facility
in Davis (UC Davis facility) is sited on 23 ha of land and includes
936 strings, each containing 40 single-axis tracking PV panels
(Figure 1). For each census, 47 panel strings (5% of the total)
were counted along their entire length between 09:30 and 14:30
on June 7th, July 9th and August 1st. The UC Davis facility is
surrounded on three sides by agricultural crop fields, with a tree-
lined creek to the south. The Sacramento Area Sewer District
EchoWater Resource Recovery Facility's 4-MW GPV facility in
Elk Grove (SacSewer facility) spans eight hectares of land and
includes 342 strings, each containing 38 single-axis tracking
PV panels (Figure 1). For each census, 35 panel strings (10% of
the total) were counted along their entire length between 08:40
and 11:30 on July 16th and August 21st. The SacSewer facility is
surrounded by livestock pasture, with small, wooded areas and
residential neighbourhoods nearby.

Nests were categorised as active if at least one live adult wasp
was present and inactive if no live adult wasps were present at
the time of counting. PV panel strings were visually inspected
for nests, with their location on the structure also recorded.
Reported values are likely an underestimate given that we could
not fully examine hollow elements of the PV string infrastruc-
ture (e.g., metal torque tubes within the racking infrastructure
that support the panels). We extrapolated nest counts up from
our sample of panel strings to estimate facility-level nest num-
bers, multiplying by the relevant factor reflecting sampling
completeness at each site (936/47 or ~19.9 for the UC Davis site
and 342/35 or ~9.8 for the SacSewer site). During the July and
August censuses, we also recorded the number of live wasps per
active nest at both facilities by visually counting wasps on each
active nest we encountered, where visibility permitted complete
counting.

3 | Results

We extrapolated our nest counts (Table 1) to estimate 239-518
active nests across the entire UC Davis facility (10-23 per hect-
are) and 78-127 across the SacSewer facility (10-16 per hect-
are). We found a mean of 9.7 (= 1.4 SEM) wasps per nest (n=35
counted nests, range 1-36 wasps), providing an estimate of 94—
217 adult wasps per hectare of solar facility. Nests were found in
two different locations on the solar infrastructure (Figure 2): (1)
on the underside of panels (typically in corners and around the
edges) and (2) at the end of hollow metal torque tubes running
beneath a string of panels. In total, 66% (47/71) of the active nests
counted were located within the metal tube, with 34% (24/71) on
the underside of panels. For inactive nests, 68% (198/292) were
located on the underside of panels, with 32% (94/292) within the
metal tube.

4 | Discussion

We show the use of solar infrastructure for nesting by the
European paper wasp at two GPV solar energy facilities in the
Central Valley of California. In addition, we contacted other re-
searchers in the field, who confirmed sighting European paper
wasps nesting on GPV infrastructure in the states of Colorado,
Ohio and Wisconsin, as well as the North American native
paper wasp Polistes fuscatus in Ohio. It is therefore likely that
P. dominula commonly nests on solar infrastructure where the
two co-occur, and solar facilities may be sites of intra-generic
competition between Polistes species, supporting both native
and non-native wasps. Two thirds of all active nests were sited
at the ends of the hollow metal torque tube behind a grating or
cover, despite this location comprising a small fraction of the
total surface area available for nesting (Figure 2). This prefer-
ence may result from a lower risk of nest predation by birds in
such a sheltered location (Cervo, Zacchi, and Turillazzi 2000).
Torque tubes often contain small holes throughout their length,
so the true number of nests sited within them could be much
greater than our estimate, which was based on those that could
be readily observed. Differences in solar technology and infra-
structure design affect the availability of nesting locations for
paper wasps, as well as our ability to observe them. For example,
torque tubes are found in tracking PV systems (where they act
as a pivot), such as at the UC Davis and SacSewer facilities, but
not in fixed systems.

Our observations provide an example of one invertebrate
species that could benefit from the increasing development
of GPV facilities in the USA, demonstrating that there may
be ‘winners’ from solar energy-driven land-use change. It is
important to note that ‘winners’ might disproportionately be
generalist non-native species capable of taking advantage of
the disturbance and novel microhabitats created by GPV de-
velopment, such as in the case of P. dominula. Landscapes
dominated by intensive agriculture, where GPV facilities
are typically sited (Walston et al. 2021), have relatively little
high-value nesting habitat for paper wasps (e.g., tall, woody
vegetation and built structures). As a result, certain types of
GPV infrastructure may have the potential to facilitate the
spread and increase the local population size of P. dominula
across the USA. Information about how the local abundance
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FIGURE1 | The locations of the two study sites in which paper wasp nests were counted, within the Central Valley of California, USA.
TABLE1 | Summary statistics of the nest censuses at the UC Davis and SacSewer solar facilities.
Percentage of Active Inactive Total active nests Total inactive
Solar facility Census date  panels surveyed nests nests (estimated) nests (estimated)
UC Davis 07 June 5 26 109 518 2171
UC Davis 09 July 5 12 75 239 1494
UC Davis 01 August 5 12 75 239 1494
SacSewer 16 July 10 8 13 78 127
SacSewer 21 August 10 13 20 127 195

of paper wasps varies with distance from a GPV facility would
have helped to clarify the extent to which they are population
hotspots for P. dominula and the potential population-limiting
effect of nest site availability (e.g., as opposed to food re-
sources). However, sampling wasps away from their nests was
challenging as traps (baited with apple, fermented apple juice

or chicken) were unsuccessful in capturing wasps and flo-
ral visitation rates were too low to yield useful data. Further
investigation would be of benefit into how paper wasp nest
density compares between solar facilities and other habitats,
whether nest site availability directly limits their populations
and whether GPV facilities might even act as ecological traps.
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FIGURE 2 | European paper wasps (Polistes dominula) nesting on solar infrastructure at the UC Davis solar facility (Davis, California, USA).
Nests are constructed in two locations: (a) on the underside of photovoltaic panels and (b) inside metal torque tubes. Photo credit: Nicholas Tew.

If GPV facilities are responsible for increasing the local popula-
tion size, or at least abundance, of European paper wasps, this
could have a variety of effects on the local ecosystem and sur-
rounding agriculture. As a predator of caterpillars and other
herbivorous invertebrate species, P. dominula could increase
nearby crop yields by providing a pest control service (Liebert
et al. 2006). Various studies have discussed or modelled the
potential beneficial spillover effect of pollination services
from GPV facilities to surrounding agriculture (Armstrong
et al. 2021; Dolezal, Torres, and O'Neal 2021; Mishra et al. 2023;
Walston et al. 2018), but equivalent research is lacking for pest
control. A few 100 active P. dominula nests per GPV facility
may harbour in total just a few 1000 wasps at their peak size,
which is roughly equivalent to a single yellowjacket (Vespula
species) nest (Kasper, Reeson, and Austin 2008). The strength
of predation provided by paper wasps nesting at GPV facilities
may therefore be relatively modest, but the principle that solar
facilities could provide a pest control service that spills over
into surrounding farmland warrants further study. In partic-
ular, facilities where vegetation management promotes native,
diverse forbs and grasses beneath and between panel strings
are likely to host significant populations of native predatory
insects as well as pollinators (Blaydes et al. 2024; Walston
et al. 2024). Paper wasps themselves regularly visit flowers for
nectar, thus could also aid in the pollination of nearby flower-
ing crops, with P. dominula shown to be an effective pollinator
of milkweed in North America, comparable to the native P. fus-
catus (Rafferty and Ives 2012). In addition, paper wasps might
be of benefit to local bird populations, acting as a new food
source (Cervo, Zacchi, and Turillazzi 2000). On the other hand,
increased populations of this non-native wasp could reduce

native insect numbers, predate declining species such as cat-
erpillars of the monarch butterfly (Baker and Potter 2020) and
even damage agricultural production through the consump-
tion or spoiling of fruit (Madden et al. 2017). Polistes dominula
therefore provides just one example to illustrate the potential
for a varied and relatively unpredictable set of ecological out-
comes to follow land-use change resulting from solar energy
development.

Author Contributions

Nicholas E. Tew: conceptualization (equal), investigation (lead),
methodology (lead), methodology (lead), writing — original draft (lead),
writing - original draft (lead), writing - review and editing (equal),
writing - review and editing (equal). Michael O. Levin: funding ac-
quisition (supporting), writing — review and editing (equal). Rebecca
R. Hernandez: conceptualization (equal), funding acquisition (lead),
project administration (lead), writing - original draft (supporting),
writing — review and editing (equal).

Acknowledgments

We thank the Sacramento Area Sewer District (in particular, Steve Scott
and Dr. Timothy Mussen) for field site access. We also thank Professor
Lynn Kimsey for advice, and Heide Keeble, Professor Chelse Prather,
Jordan Martin, Stephanie Murray and Leroy Walston for sharing their
observations. Funding for Nicholas Tew and Rebecca Hernandez
was provided by the University of California Office of the President's
California Climate Action Seed Grant (Award A24-1267).

Conflicts of Interest

The authors declare no conflicts of interest.

40f 5

Ecology and Evolution, 2024



Data Availability Statement

Data available from the Dryad Digital Repository https://doi.org/10.
5061/dryad.Ovt4b8h80 (Tew et al. 2024).

References

Armstrong, A., L. Brown, G. Davies, J. D. Whyatt, and S. G. Potts. 2021.
“Honeybee Pollination Benefits Could Inform Solar Park Business
Cases, Planning Decisions and Environmental Sustainability Targets.”
Biological Conservation 263: 109332. https://doi.org/10.1016/j.biocon.
2021.109332.

Baker, A. M., and D. A. Potter. 2020. “Invasive Paper Wasp Turns
Urban Pollinator Gardens Into Ecological Traps for Monarch Butterfly
Larvae.” Scientific Reports 10: 9553. https://doi.org/10.1038/s41598-020-
66621-6.

Blaydes, H., S. G. Potts, J. D. Whyatt, and A. Armstrong. 2024. “On-
Site Floral Resources and Surrounding Landscape Characteristics
Impact Pollinator Biodiversity at Solar Parks.” Ecological Solutions and
Evidence 5: €12307. https://doi.org/10.1002/2688-8319.12307.

Cervo, R., F. Zacchi, and S. Turillazzi. 2000. “Polistes dominulus
(Hymenoptera, Vespidae) Invading North America: Some Hypotheses
for Its Rapid Spread.” Insectes Sociaux 47: 155-157. https://doi.org/10.
1007/PL00001694.

DOE. 2023. “U.S. Department of Energy and U.S. Geological Survey
Release Online Public Database of Large-Scale Solar Facilities.” https://
www.energy.gov/eere/articles/us-department-energy-and-us-geolo
gical-survey-release-online-public-database-large.

Dolezal, A. G., J. Torres, and M. E. O'Neal. 2021. “Can Solar Energy
Fuel Pollinator Conservation?” Environmental Entomology 50: 757-761.
https://doi.org/10.1093/ee/nvab041.

Fujita, K. S., Z. H. Ancona, L. A. Kramer, et al. 2023. “United States
Large-Scale Solar Photovoltaic Database v1.0 (November, 2023): U.S.
Geological Survey and Lawrence Berkeley National Laboratory Data
Release.” https://doi.org/10.5066/P9IA3TUS.

Hernandez, R. R., S. B. Easter, M. L. Murphy-Mariscal, et al. 2014.
“Environmental Impacts of Utility-Scale Solar Energy.” Renewable and
Sustainable Energy Reviews 29: 766-779. https://doi.org/10.1016/j.rser.
2013.08.041.

Hernandez, R. R., M. K. Hoffacker, and C. B. Field. 2014. “Land-Use
Efficiency of Big Solar.” Environmental Science & Technology 48: 1315—
1323. https://doi.org/10.1021/es4043726.

Hocherl, N., and J. Tautz. 2015. “Nesting Behavior of the Paper Wasp
Polistes dominula in Central Europe—A Flexible System for Expanding
Into New Areas.” Ecosphere 6: 1-11. https://doi.org/10.1890/ES15-
00254.1.

IEA. 2023. “Renewables 2022—Analysis and Forecast to 2027.”
International Energy Agency [Online]. https://www.iea.org/reports/
renewables-2022.

Kasper, M. L., A. F. Reeson, and A. D. Austin. 2008. “Colony
Characteristics of Vespula germanica (F.) (Hymenoptera, Vespidae) in
a Mediterranean Climate (Southern Australia).” Australian Journal
of Entomology 47: 265-274. https://doi.org/10.1111/j.1440-6055.2008.
00658.x.

Lafitte, A., R. Sordello, D.-Y. Ouédraogo, et al. 2023. “Existing Evidence
on the Effects of Photovoltaic Panels on Biodiversity: A Systematic Map
With Critical Appraisal of Study Validity.” Environmental Evidence 12:
25. https://doi.org/10.1186/s13750-023-00318-x.

Liebert, A. E., G. J. Gamboa, N. E. Stamp, et al. 2006. “Genetics,
Behavior and Ecology of a Paper Wasp Invasion: Polistes dominulus in
North America.” Annales Zoologici Fennici 43, no. 5: 595-624.

Madden, A. A., S. D. Boyden, J.-A. N. Soriano, et al. 2017. “The Emerging
Contribution of Social Wasps to Grape Rot Disease Ecology.” PeerJ 5:
€3223. https://doi.org/10.7717/peerj.3223.

McCall, J.,J. Macdonald, R. Burton, and J. Macknick. 2023. “Vegetation
Management Cost and Maintenance Implications of Different Ground
Covers at Utility-Scale Solar Sites.” Sustainability 15: 5895. https://doi.
0rg/10.3390/su15075895.

Mishra, S. K., M. Zhu, R. L. Bernknopf, and L. J. Walston. 2023.
“Valuation of Pollination Services From Habitat Management: A Case
Study of Utility Scale Solar Energy Facilities in the United States.”
Environmental Research Communications 5: 65006. https://doi.org/10.
1088/2515-7620/acda7f.

Pérez-Bote, J. L., and C. Mora-Rubio. 2020. “Nesting Ecology of Polistes
Species (Hymenoptera, Vespidae) in Urban Areas of South-Western
Iberian Peninsula.” Sociobiology 67: 462-468. https://doi.org/10.13102/
sociobiology.v67i3.4885.

Rafferty, N. E., and A. R. Ives. 2012. “Pollinator Effectiveness Varies
With Experimental Shifts in Flowering Time.” Ecology 93: 803-814.
https://doi.org/10.1890/11-0967.1.

Tew, N., M. Levin, and R. Hernandez. 2024. “Data from: Solar pan-
els as novel nest sites for the European paper wasp Polistes dominula
[Dataset].” Dryad. https://doi.org/10.5061/dryad.0vt4b8h80.

Visser, E., V. Perold, S. Ralston-Paton, A. C. Cardenal, and P. G. Ryan.
2019. “Assessing the Impacts of a Utility-Scale Photovoltaic Solar Energy
Facility on Birds in the Northern Cape, South Africa.” Renewable Energy
133:1285-1294. https://doi.org/10.1016/j.renene.2018.08.106.

‘Walston, L. J., H. M. Hartmann, L. Fox, et al. 2024. “If You Build It, Will
They Come? Insect Community Responses to Habitat Establishment at
Solar Energy Facilities in Minnesota, USA.” Environmental Research
Letters 19: 14053. https://doi.org/10.1088/1748-9326/ad0f72.

Walston, L. J., Y. Li, H. M. Hartmann, et al. 2021. “Modeling the
Ecosystem Services of Native Vegetation Management Practices at Solar
Energy Facilities in the Midwestern United States.” Ecosystem Services
47:101227. https://doi.org/10.1016/j.ecoser.2020.101227.

Walston, L. J., S. K. Mishra, H. M. Hartmann, I. Hlohowskyj, J. McCall,
and J. Macknick. 2018. “Examining the Potential for Agricultural
Benefits From Pollinator Habitat at Solar Facilities in the United States.”
Environmental Science & Technology 52: 7566-7576. https://doi.org/10.
1021/acs.est.8b00020.

50f5


https://doi.org/10.5061/dryad.0vt4b8h80
https://doi.org/10.5061/dryad.0vt4b8h80
https://doi.org/10.1016/j.biocon.2021.109332
https://doi.org/10.1016/j.biocon.2021.109332
https://doi.org/10.1038/s41598-020-66621-6
https://doi.org/10.1038/s41598-020-66621-6
https://doi.org/10.1002/2688-8319.12307
https://doi.org/10.1007/PL00001694
https://doi.org/10.1007/PL00001694
https://www.energy.gov/eere/articles/us-department-energy-and-us-geological-survey-release-online-public-database-large
https://www.energy.gov/eere/articles/us-department-energy-and-us-geological-survey-release-online-public-database-large
https://www.energy.gov/eere/articles/us-department-energy-and-us-geological-survey-release-online-public-database-large
https://doi.org/10.1093/ee/nvab041
https://doi.org/10.5066/P9IA3TUS
https://doi.org/10.1016/j.rser.2013.08.041
https://doi.org/10.1016/j.rser.2013.08.041
https://doi.org/10.1021/es4043726
https://doi.org/10.1890/ES15-00254.1
https://doi.org/10.1890/ES15-00254.1
https://www.iea.org/reports/renewables-2022
https://www.iea.org/reports/renewables-2022
https://doi.org/10.1111/j.1440-6055.2008.00658.x
https://doi.org/10.1111/j.1440-6055.2008.00658.x
https://doi.org/10.1186/s13750-023-00318-x
https://doi.org/10.7717/peerj.3223
https://doi.org/10.3390/su15075895
https://doi.org/10.3390/su15075895
https://doi.org/10.1088/2515-7620/acda7f
https://doi.org/10.1088/2515-7620/acda7f
https://doi.org/10.13102/sociobiology.v67i3.4885
https://doi.org/10.13102/sociobiology.v67i3.4885
https://doi.org/10.1890/11-0967.1
https://doi.org/10.5061/dryad.0vt4b8h80
https://doi.org/10.1016/j.renene.2018.08.106
https://doi.org/10.1088/1748-9326/ad0f72
https://doi.org/10.1016/j.ecoser.2020.101227
https://doi.org/10.1021/acs.est.8b00020
https://doi.org/10.1021/acs.est.8b00020

	Solar Panels as Novel Nest Sites for the European Paper Wasp Polistes dominula
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	3   |   Results
	4   |   Discussion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References




