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Abstract
There are numerous studies describing nest-boxes as breeding places for
birds, and sometimes for mammals. However, our results show that in urban
conditions nest-boxes are also important nesting places for Hornets (Vespa
crabro). The proportion of nest-boxes occupied by V. crabro in this study was
between 8 and 20% and varied significantly from year to year. We did not find
any relationship between birds’ presence in nest-boxes in winter, as well as in
spring, and nest-box occupancy by Hornets. We found high nest-site tenacity,
defined as a preference to re-use the same nest-box during the study period.
However, this tenacity did not persist in the last season when new boxes
were added. The high occupancy level of nest-boxes we have observed might
increase human-hornet conflicts. Therefore, when placing bird nest-boxes in
urbanized areas it must be borne in mind that a substantial proportion may
become occupied by this particular insect.
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Introduction
In urban landscapes the presence of wildlife is limited by the availability of
habitats, human disturbance, collisions with vehicles and behavioral shyness
(Fernández-Juricic & Jokimäki 2001, Randler 2003; Chace & Walsh 2006,
Ditchkoff et al. 2006). To attract wildlife to urban areas various techniques
are used. Among many different methods aimed at increasing the number of
wild animals in urbanized areas, artificial sites for reproduction are the main
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tion and most are intended for birds. However, they are sometimes occupied
by other animals, including undesirable pests, especially some mammals
and insects (e.g. Berg & Berg 1998, Czeszczewik et al. 2008). The common
secondary nesters in bird boxes are wasps, including hornets (Pawlikowski
& Pawlikowski 2003, Abraham & Peters 2008, Stanback et al. 1999). The
European Hornet Vespa crabro is a large, easily distinguishable wasp and in
urban areas it can be a public nuisance. It has a range of potential economic
and health impacts. The wasps make holes in ripe fruit to obtain sugar, scrape
off the tender bark of young trees to obtain construction material and sugary
sap. In summer and autumn, they can raid beehives and enter dwellings in the
search for sugary foodstuffs for nourishment and for meat to feed their larvae.
European wasps are also great scavengers and are usually found around areas
of human habitation and activity (Antonicelli et al. 2003). This is why they
can be a major social pest as they disrupt people’s enjoyment of the outdoors
(Beggs 2000). Furthermore they can also inflict dangerous stings (McGain
et al. 2000). Most serious reactions to wasp stings are allergic in nature and
the allergic reaction is often severe (called anaphylactic shock) and may be
fatal unless treated promptly.
The typical habitat of the European Hornet is deciduous woodland. The
wasp preferentially builds its nest in hollow trees, but because of a shortage
of natural nesting places, hornets also nest in farms as well as in urbanized
areas. The aboveground nests are built in barns, attics, holes and cavities in
walls of buildings, in abandoned beehives or in bird nest-boxes. (Matsuura
1991 and references therein, Edwards 1997). Most information on occupancy
of artificial nesting sites by hornets as well as other wasps are descriptive in
nature. Little is known about the role of these sites for population persistence
(e.g. occupancy rate) and factors affecting occupancy.
The main goals of this paper were to determine the level of occupancy of
bird nest-boxes by the European Hornet and its potential relationships with
breeding and wintering birds. We also checked nest tenacity between years,
and tested if, and how, the placing of new boxes affected the earlier pattern
of hornet colony distribution.

Material and methods
The study was conducted in Poznań (16.55° E, 52.28° N), in the west
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of Poland. The study area was the Morasko campus of Adam Mickiewicz
University extending to about 1.2 km2, with three large new buildings and
a small forest containing mainly of Scots Pine (Pinus silvestris) at an age of
about 40 years. One hundred new nest-boxes were hung on the trees on
campus in October 2005. Nest-boxes were numbered 1-100 on their left
external wall. The distance between nest-boxes was 8-400 m. The main bird
occupying nest-boxes in both wintering and breeding seasons was the Great
Tit (Parus major). For more details on the nest-box project, birds occupying
nest-boxes during winter and the breeding season, and the study area see
Ekner & Tryjanowski (2008).
During the bird breeding seasons of 2006-2009 we also checked for the
presence of hornets in the nest-boxes. The nest-boxes were classified as occupied by hornets if either the beginning of, or a complete nest, was present.
Every year, in October, old hornets’ nests were removed from the nest-boxes.
Other hymenopteran insects were also noted in nest-boxes, but occurred in
very low numbers; we noted two cases of nest-box occupancy by Vespula sp.
wasps and 13 cases by bumblebees (Bombus sp.) during the entire four year
study.
To check if hornets prefer newly established nest-boxes, 50 new boxes were
added in October 2008 and all boxes were checked the following summer.
Data are presented as the number (proportion) of nest-boxes occupied
during the study years, and we assumed that the hornet population in late
summer is a good measure of this species’ density for the whole season. Differences between years in the proportion of boxes occupied by hornets were
tested by a G-test. The occupancy rate in the new nest-boxes added in 2008
was compared to the older ones with a G-test. The relationships between
presence of breeding and wintering birds and presence of hornets were investigated by Kendall tau correlation. To establish a measure of nest-site of
hornets tenacity based on presence-absence data the Kendall tau correlation
was calculated. All tests were two-tailed with P = 0.05 used as a threshold
for significance testing.

Results
During the study years 2006-2009 among the original 100 nest-boxes 18,
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8, 20 and 8 were respectively occupied by hornets, and the proportion of
occupied nest-boxes differed significantly between years (G-test, G = 10.59,
df = 3, P = 0.014).
During the first year 13 out of 18 (72.2%) occupied nest-boxes had their
entry holes destroyed by the gnawing behaviour of hornets. We did not find
any significant relationship between presence of birds and hornets (all P >
0.200).
Hornets had a tendency to occupy the same nest-boxes between 2006
and 2007 (Kendall’s tau b = 0.533, P < 0.0001), as well as between 2007
and 2008 (Kendall’s tau b = 0.590, P < 0.0001), but this relationship was no
longer present when new nest-boxes were added (2008 vs. 2009, Kendall’s
tau b = 0.037, P = 0.714).
Hornets significantly preferred new boxes; in 2009 their nests were located
more often in new boxes (12 in 50 boxes) than in old ones (8 in 100 boxes)
(G-test, G = 5.050, df = 1, P = 0.025).

Discussion
Our results demonstrate that bird nest-boxes are important supplementary
nesting site for colonies of hornets. The occupancy rate (ranging 8-24%) was
much higher than was reported in other studies (0.8-6.7%, Pawlikowski &
Pawlikowski 2003; Nadolski 2004). However, the aforementioned studies
were carried out in a large forest and urban parks, respectively. Our study area
had a low number of potential natural nest sites (e.g. tree holes) for European
Hornets. However, the area is known for its rich potential food resources
for hornets, e.g. fruiting trees and refuse bins. Therefore, the nest-boxes in
this area probably provided valuable sites where hornets could reproduce
and forage. It is interesting that nests of hornets in natural conditions are
usually much larger than space available inside nest-boxes. High occupancy
rates also indicate that bird nest-boxes may speed up an urbanization process
in this wasp as nest-boxes are mostly placed in the neighborhood of human
settlements. Interestingly, social wasps sometimes co-occur with birds inside
nest-boxes (Beier & Tungbani 2006), but we did not observe this.
In our study, we have shown that the European Hornet has a high nest-site
tenacity which could be anticipated from knowledge of wasp biology. In our
experiment, hornet nests abandoned in the autumn were carefully removed
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from the nest-boxes. When caged, hornet gynes were reported to prefer
nest-boxes containing the abandoned early hornet nest, avoiding the empty
box (Hoffmann et al. 2000), whereas in the natural environment, European
Hornets tend not to re-use nests (Zucchi & Entling 1988). Nevertheless,
semiochemicals are widely used in this species and we cannot exclude the
possibility that the bird nest-boxes can carry the chemical signal originating from the hornets’ comb. For instance, some Polistes wasps discriminate
between natal and foreign nest fragments (Strassmann 1983, Ferguson et
al. 1987) and the pheromone cues are present on the comb for the winter
months (Starks 2003). Odour cues could save young gynes the energy needed
for finding an appropriate habitat, as it would identify the place to be likely
suitable for reproductive success.
Pheromonal signals deposited at/in the bird nest-boxes are not the only
possible cause of the nest tenacity of hornets. Jeanne & Morgan (1992) reported that microclimate has been found to inﬂuence nest site selection and
reproductive strategies in temperate Polistes wasps, i.e. warm sites were more
attractive to female joiners and usurpers. Our study area was a homogeneous
habitat (pine plantation) in which habitat conditions were virtually identical
for all nest-boxes.
Although we can only speculate as to the reasons for the observed high nest
tenacity, our results suggest that bird nest-boxes were preferred habitats for
European Hornets in an urbanized area and satisfied the nest requirements
of the species. Nevertheless, after we had erected new boxes in autumn 2008,
the distribution pattern of V. crabro quickly changed and the wasps occupied
more new boxes than expected. This result indicates that European Hornets
prefer newly-built boxes, i.e. those made of fresh wood. In newly established
boxes distinct traces of gnawing behaviour of the insects, particularly around
the box entrance, were observed. We could not establish if the insects were
gnawing the wood of two-year or older boxes.

Practical recommendationS
The high occupancy level we have observed might raise human-hornet
conflicts. The hornet is not a vicious insect (Shaw & Weidhaas 1956) but
its presence commonly raises fears in humans. Therefore, when placing new
nest-boxes in urbanized areas it must be taken into consideration that a sub-
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stantial proportion may be occupied by this particular insect. Although the
hornet is an undesired species in human settlements we believe that in other
habitats where human-insect conflicts are rare, e.g. farmland, the presence of
hornets may be beneficial. It is a large species that may control some other
pest species, mostly dipterans (Edwards 1980). In some regions the hornet
is also a threatened species (Hoffmann et al. 2000). Therefore, in such areas
bird nest-boxes may be a useful tool to increase number of hornet colonies.
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