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Summary

Red mason bee Osmia bicornis (L.) is a solitary bee which has been shown to be a successful
pollinator of many field crops and greenhouse crops. In favorable environmental conditions, this
solitary bee can significantly raise the efficiency of crops. Controlled honeybee farms are invaded
by various accompanying fauna. The aim of the study was to find out if the biotope may increase
or limit the presence of foreign fauna in the nests of the solitary bee O. bicornis (L.). Four different
biotopes were selected: a traditional orchard, the dendrological park of the Polish Academy
of Sciences in Kornik, a mixed forest, and a haymeadow, where artificial aggregations
of O. bicornis (L.) were made, with 300 specimens in each. They were given artificial nests
of common reed. The nests were then analysed after the end of the brooding period. The number
of brood chambers built by females was determined. The number of chambers where the forms
of development stopped at the egg or larva stage, the number of parasite-invaded chambers, and
the systematic membership of the encountered foreign fauna, was also determined. The analysis
of variance and Duncan’s test with the significance level of a=0.05 proved that the biotope influenced
the development of the O. bicornis (L.) population. The females in the forest biotope built the most
brood chambers in each tube on average, and the result was significantly different from the other
biotopes. The largest number of larvae died in the nests which had been placed in the dendrological
park, and that value was also statistically different from the others. The highest parasite invasion was
noted in the nests situated in the forest.
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INTRODUCTION of solitary bees. For this reason, it is

Solitary  bees including Osmia recommended that measures be taken to

bicornis  (L.), are a  significant eradicate parasites. . . .

supplementary factor for good pollination I natural aggregations of solitary bees it
of plants (Bosch and Kemp, 2002). With 1 possible to notice the harmful activity of
the continuously decreasing population ~Parasites, cpmmensals, kleptoparasnes and
of honeybees nowadays, solitary bees other assoc;ated entom.ofaunz’i in the nests of
continue to contribute to the increased Many species of Osmia (Wojtowski and
yield of seeds and fruit of many plants Szym‘a’s, 1973; Wojtowski et al., 1991;
(Torchio, 1991b; Kemp, 2000; Monzon ~ Kruni¢ et al, 2005). Goodell (2003)
etal., 2004; Komissar, 2005). Controlled posed the hypothesized that limitation of
breeding of the solitary bee is invaded @ food base may reduce the reproductive
by various fauna, including parasitopids, ~ SUCCess Qf bred bees.gnd intensify the risk
cleptoparasites, and predators (Kruni¢ et of Pfeda?“’n Or parasitism.

al., 2005). After some time, the influence | The aim of our study was to ﬁnd out
of the harmful accompanying fauna may if the biotope increases or limits the

weaken or even destroy some aggregations ~ Presence of foreign fauna in solitary bee
O. bicornis (L.) nests.
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MATERIAL AND METHODS

In order to test whether the environment
may influence the increase or limitation
of parasitical and associated entomofauna
in O. bicornis (L.) nests, four different
biotopes were selected. The biotypes were
located within the community of Kornik
(52,238N;17,095E), District of Poznan,
Poland. It was the first time O. bicornis (L.)
was bred in the selected biotopes.

The four biotopes were: a traditional
orchard, the dendrological park of the
Polish Academy of Sciences in Kornik
[Arboretum], a mixed forest, and a
haymeadow. All the biotypes were located
8 km away from each another. Three
brood nest containers as field shelter for
O. bicornis (L.), were placed in each of the
biotypes (Wojtowski et al., 1991). The
containers were located on 0.5 ha in each
of the biotopes. Sunny spots in the centre
rather than at the edge of the area were
chosen. The field shelters were placed
on stands, about 1.5 m above the ground.
Each field shelter contained four artificial
nests made of common reed (Phragmites
australis (Cav.) Trin. ex Steud.) cut into
pieces 18 cm in length. The diameter of the
reed tubes fluctuated from 6 to 9 mm. There
were about 80 empty tubes in one nest. In
each research spot, artificial aggregations
of O. bicornis (L.) were made with 300
specimens: 150 females and 150 males
in cocoons. The sex was determined by
the size and location of cocoons in the
nest tubes (Raw and O’Toole, 1979).
The nests from which the cocoons were
collected came from the own breeding of
the Department of Apidology, Institute
of Zoology, Poznan University of Life
Sciences. This department has a long
history of experience, and is located in the
orchards of the Przybroda Agricultural and
Orchard Experimental Farm. The cocoons
were placed in cardboard incubators
(Wojtowski et al, 1991) in the field
shelter, directly on empty artificial nests,
10 days before the due hatching of
imagines. The hatching took place in late
April and early May, in the research year
2010.

Honey plants in each ecosystem were
inventoried within about 500 m from
the field shelter. Also, the average daily
temperature, cloudiness, and precipitation
were noted during the experiment.

After finishing the total development of
a first filial generation (November), the
settled nests were analysed. The number
of brood chambers (cells) built by females
was determined as well as the number of
chambers where the forms of development
stopped at the egg or larva stage. The
number of parasite-invaded chambers
and the systematic membership of the
encountered foreign fauna was determined.

In order to determine if there were
differences in the number of brood
chambers built by the females and in the
number of dead larvae per nest tube, a
one-way analysis of variance was done
for the mean values of the characteristics
in question. In order to determine which
of the characteristics under investigation
had significantly different mean values,
Duncan’s test was performed, where the
probability was 0.05. The calculations
were made with the package Statgraph 4.0.
For better visualisation, the results were
presented in tables, where the same small
letters meant the absence of significant
differences.

RESULTS

Table 1 shows the biotope characteristics.
There were similar weather conditions in all
the biotopes during the experiment. Table 2
shows mean temperatures, precipitation,
and cloudiness during bee activity.

There were unfavourable weather
conditions to the reproduction of the
O. bicornis (L.) (Tab. 2). A particularly
large number of rainy days in May caused
less intensive flights of females. The result
was a smaller number of brood chambers
built in the nests (Tab. 3).

Table 3 shows the results of the analysis
of settled nests in individual biotopes.

The highest average number of brood
chambers (6.59) in each settled tube was
in the meadow, biotope (2). It differed
significantly from all the other biotopes
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Table 1.
The biotope characteristics
Biotope Area characteristics Flora
Cotoneaster lucidus (Schltdl.), Viburnum fragrans (Bunge),
The arboretum of the Institute of Viburnum Sieboldii (Miq.), Syringa vulgaris (L.),
Dendrology, Polish Academy of Syringa meyeri (Palibin), Azalea pontica (L.),
Arboretum Sciences contains a wide collection Rhododendron sp. (L.), Eranthis hymealis (L.),

) of woody plants and bushes Fagus sylvatica (L.), Betula (L.) sp., Quercus (L.) sp.,
from the temperate zone of the Tilia (L.) sp., Aesculus hippocastanum (L.), Cerasus
northern hemisphere (Europe, (Miller) sp., Myosotis arvensis (L.), Laburnum (Fabr.)sp.,
Asia, North America) on 50 ha. Ranunculus acer (L.), Magnolia acuminata (L.),

Magnolia x soulangeana.(Soul-Bod.)
Ranunculus acris (L.), Taraxacum officinale (L.),
Lychnis flos-cuculi (L.), Leucanthemum vulgare (Lam.),
Knautia arvensis (L.), Leontodon hispidus (L.),
Meadow Semi-natural haymeadow in Tragopogon pratensis (L.), Vicia cracca (L.),
()] the second year of use Daucus carota (L.), Urtica dioica (L.), Campanula patula (L.),
Myosotis arvensis (L.), Trifolium repens (L.),
Trifolium pratense (L.), Cardamine pratensis (L.),
Bellis perennis (L.)
Pinus (L.) sp., Picea (Dietr) sp., Abies (Mill.) sp., Fagus
- Mixed forest mostly with (L) sp., Betula (L.) sp., Quercus (L.) sp., Populus (L.)
Forest coniferous trees; chiefly pines sp., Frangula alnus (Mill.), Euonymus (L.) sp., Corylus
- Relatively numerous bushes in L.) sp, Rubus fruticosus (L.), Hypericum perforat (L.),

®
lower layers, herbaceous plants Convalaris silvestris (L.), Hierocilum murorum (L.),
in understory and groundcover Scorzonera humilis (L.), Oxalis acetosella (L.)

Orchard - Trees planted in five rows, each Trees: Persica vulgaris (L.) aged 12 years,

@ 200 mlong (about 0.5 ha) Prunus domestica (L.) aged 2 years and

- Lawn grown between trees. Cerasus vulgaris (Mill.) aged 8 years.
Table 2.
The weather conditions during the experiment
. . Mean daily Number of days Number of
Period of observation temperature (°C) with rainfall cloudy days
1-31 May 2010 18 22 5
1-30 June 2010 22 6 19
1-10 July 2010 27 1 7
Table 3.

The average number of brood chambers

built and dead larvae of O. bicornis (L.)

per nest tube in individual biotopes

) Brood chambers | Dead Osmia
Biotope per tube bicomis larvae
Arboretum (1) 6.05a 3.06a
Meadow (2) 6.59b 119b
Forest (3) 5.83a 098c
Orchard (4) 5.83a 111 bc
* different letters indicate significant differences at o = 0.05.
(Tab. 3). The highest larva mortality was Table 4 shows the total number of

noted in the dendrological park (1). On
average, the dendrological park larva
mortality was as high as 3.06 in each tube
and it was significantly different from the
other three biotopes. The fewest larvae died
in the tubes placed in the forest (3) (0.98).

settled and empty brood chambers and
the percentage of chambers invaded by
harmful and associated fauna in individual
biotopes.
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Table 4.
The degree of parasitical invasion of brood chambers in individual biotopes
Chambers invaded by harmful
Biotope Total number of and associated fauna in total
P brood chambers | number of settled brood chambers
(%)

Arboretum (1) 3149 (11)a
Meadow (2) 4639 (5.9b

Forest (3) 2435 9.5)c

Orchard (4) 3644 (24)a

* Identical small letters refer to insignificant differences, where o= 0.05.

The females built different total numbers
of brood chambers in the nest tubes at
the biotopes under investigation. The
highest number was noted in the meadow
(2) and the lowest - in the forest (3). An
intermediate number of chambers was
noted in the nests situated in the orchard
(4) and in the arboretum (1) (Tab. 4).

The highest percentage of parasite
invasion was noted in the forest (3). It
was significantly different from all the
others. The second most invaded biotope
was the meadow (2) which also differed
significantly from the other three biotopes.
On the other hand, in the dendrological
park (1) and orchard (4), the percentage
of chambers invaded by parasites did not
differ from each other but were different
from those of the meadow and forest (3)
(Tab. 4).

When the species composition of the
parasites found in the brood chambers
was determined, it turned out that in
all four biotopes, the insects from the
following orders had the highest share:
from Hymenoptera: Chrysis ignita (L.),
Monodontomerus obscurus (West.), and
Sapyga quinguepunctata (Fab.); and from
Diptera: Hemipenthes morio (L.), Anthrax
anthrax (Sch.) and Cacoxenus indagator
Loew. The number of species of foreign
fauna was not determined.

DISCUSSION
At present the methods of breeding
bees from the Megachilidae family

are well-known. These methods are
applied in many countries all over the
world (Wojtowski, 1971; Raw, 1972;

Parker et al., 1987; Torchio, 1991a;
Bosch, 1994; Delaplane and Mayer,
2000; Kemp, 2000; Kruni¢ and
Stanisavljevi¢,2006). Bees of the Genus
Osmia, for example Osmia cornifrons
(Rad.), are used especially for pollination
of orchard crops in Japan (Maeta, 1978;
Sekita, 2001), but Osmia lignaria (L.)
bees are also used in the United States
(Torchio, 1976; Bosch and Kemp,
2001). In Germany and in the United
Kingdom (Raw, 1972) Osmia bicornis (L.)
(Holm, 1973; Krisatjansson, 1989) is
used. In Spain (Bosch, 1994) and Serbia
(Kruni¢ etal., 1995, 2005) Osmia cornuta
(Latr.) is used. In Poland Osmia rufa (L.)
syn. Osmia bicornis (L.) (Wdjtowski et
al., 1991; Wilkaniec, 1990; Zientek-
Varga, 2006) is used. The use of other
bees than honeybees for pollination of
crops is one of the alternative methods of
satisfying the needs of plant pollination as
well as future needs (Torchio, 1991b).

In all the biotopes, the average number
of brood chambers per one settled reed
tube was the same as in the results
provided by other authors (Wdjtowski
and Wilkaniec, 1969; Wilkaniec etal.,
2000; Bak and Wilde, 2003, 2005), who
reported about 6-8 brood chambers in one
tube. The length and diameter of the tubes
used in our experiment are similar to those
of other authors. The results of this study
fluctuated around the lower limit, though,
and amounted to 5.8-6.5 brood chambers
in one tube. This may have been caused by
a large number of rainy days in May and,
as a consequence, worse flights of Osmia
females in the aggregations. The largest
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number of brood chambers was built in
the nests placed in the meadow biotope.
This was due to the more favourable and
more diversified composition of plant
species, which were the food base for
bees in the biotope. On the other hand, the
O. bicornis (L.) females reproducing in
biotope 3 (forest) and biotope 4 (orchard),
built the fewest brood chambers - the
average value was 5.83 chambers in each
settled tube. No statistically significant
differences between those two biotopes
and biotope 1 (arboretum) were proved,
where the O. bicornis (L.) females on
average built 6.05 chambers in each settled
nest.

The observed high larva mortality in
the arboretum biotope may have been
caused by the O. bicornis (L.) females
having access to the toxic pollen of
widely blooming plants in several
hectares of the dendrological park.
The pollen of the following plants, fell
within the flight range of our bees, and
is toxic to bees: Thymelaeaceae (Juss.),
Rhododendron (L.), Laburnum (Fabr.),
and Aesculus (L.) (Palmer - Jones,
1964; Ott, 1998; Glinski et al., 2006).
However, a palynological analysis
of pollen stores in nest tubes was not
performed. For this reason, we can only
speculate on the possible impact of the
above mentioned plants on the survival of
larvae.

The harmful effect of parasites in big bee
aggregations was noted by Wojtowski
and Szymas (1973),and Szymas (1991),
especially in the controlled bee farms of
Woéjtowski and Wilkaniec (1969).
The highest invasion of foreign fauna in
brood chambers was found in the nests
located in the forest biotope. According
to Goodell (2003), limited access to the
food base may affect the reproductive
success and intensify parasitism, which
probably was also true in our experiment.
Of the foreign fauna, the following species
of kleptoparasites commonly found on the
European continent were noted: Cacoxenus
indagator Loew (Diptera, Drosophilidae),
and Chrysis ignita L. (Hymenoptera,

Chrysididae). The observed parasitoids

were: Monodontomerus obscurus
Westwood (Hymenoptera, Torymidae),
Hemipenthes  morio L.  (Diptera,

Bombyliidae), Sapyga quingepunctata F.
(Hymenoptera, Sapygidae) and Antrax
antrax Sch. (Diptera, Bombyliidae). All
of them were confirmed by many authors
in the studies analysing the parasitical and
associated fauna of the nests of different
solitary bee species (Linsley, 1958;
Eves, 1970; Wojtowski and Szymas,
1973; Eves et al., 1980; Szymas, 1991;
Bosch, 1992; Felicioli and Pinzauti,
1998; Kruni¢ et al., 2005).

CONCLUSION

1. The biotope type was found to
influence the degree of fauna invasion of
solitary bee O. bicornis (L.) nests.

2. The most brood cells were built in
the nests situated in the meadow biotope,
whereas the least - in the forest biotope.

3. The most brood chambers invaded by
foreign fauna were observed in the nests
situated in the forest biotope, whereas
the least - in the dendrological park and
orchard.

4. The highest percentage of dead larvae
was found in the dendrological park
biotope. This might have been caused by
the toxicity of some plants’ pollen to the
larvae.
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FAUNA TOWARZYSZACA 1 PASOZYTNICZA
GNIAZD PSZCZOLY SAMOTNICZEJ
OSMIA BICORNIS (L.) SYN. OSMIA RUFA (L.),
ZASIEDLONYCH W ROZNYCH BIOTOPACH

Fliszkiewicz M., Kus$nierczak A., Szymas$ B.

Streszczenie

Osmia bicornis (L.) podobnie jak inne pszczoly samotnicze, stanowi powazny czynnik
uzupekniajacy w stosunku do pszczoty miodnej, umozliwiajacy dobre zapylenie roslin. Kontrolowane
hodowle pszczot samotnych w znacznym stopniu opanowywane sa przez rézng faung towarzyszaca
i pasozytnicza. Celem pracy bylo stwierdzenie, czy biotop moze zwigksza¢ badz ograniczad
wystgpowanie fauny obcej w gniazdach pszczoly samotniczej O. bicornis (L.). Wybrano 4 rézne
biotopy: sad tradycyjny, park dendrologiczny PAN w Koérniku, las mieszany, taka kosna, w ktorych
utworzono sztuczne agregacje murarki ogrodowej O. bicornis (L.) liczace po 300 osobnikow.
Udostegpniono im sztuczne gniazda z trzciny pospolitej, ktore poddano analizie po zakonczonym
okresie rozrodczym. Okreslono liczbg zbudowanych przez samice komor lggowych, liczbg komér,
w ktorych zamarty formy rozwojowe w stadium jaja badz larwy, liczb¢ komor spasozytowanych,
a takze okreslono przynalezno$¢ systematyczna spotkanej fauny obcej. Przeprowadzona analiza
wariancji oraz test Duncana na poziomie istotnosci 0=0,05, wykazaly ze biotop miat wptyw na
rozwdj populacji murarki ogrodowe;j. Najwigcej komor lggowych $rednio w kazdej rurce, zbudowaty
samice w biotopie las i wynik ten byl istotnie r6zny w stosunku do pozostatych biotopéw. Natomiast
najwigcej larw zamarto w gniazdach wystawionych w parku dendrologicznym i rowniez ta warto$¢
roznila sig statystycznie w stosunku do pozostatych. Najwyzsze spasozytowanie komoér odnotowano
w gniazdach usytuowanych w lesie.
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