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ABSTRACT. Although research into alien species usually focuses on their negative aspects
associated with their penetration into native ecosystems, their influence is much more complicated.
This study investigated the pollinators of Bryonia dioica, an invasive climber in the temperate zone.
Flowers of this plant in two cities in western Poland (Bydgoszcz and Poznan) were visited by 27
bee species, the most frequent ones being Apis mellifera and Andrena florea. Until recently, the
latter was regarded as rare and threatened in Poland. Our results indicate that the spread of Bryonia
dioica into urban areas has enabled large and stable populations of Andrena florea to flourish there.
This study investigated the daily and seasonal dynamics of its activity. A positive relationship was
found between the spread of Bryonia dioica and the presence of its obligatory pollinator Andrena
florea. Alien plant species are thus not only an additional source of food for local pollinators but
also may favour the occurrence of otherwise rare species with specific food requirements, such as
A. florea.
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INTRODUCTION

The spread of species of flora and fauna outside their natural distribution ranges poses
many threats to native ecosystems (BAX et al. 2003, LEVINE et al. 2003, MORON et al. 2009,
VILA et al. 2010, PISANTY & MANDELIK 2012). This phenomenon, often in the form of
invasion, is currently one of the major problems of nature conservation, besides landscape
fragmentation and the loss of natural habitats (BARTOMEUS et al. 2008). The intentional or
accidental introduction of alien species into the environment significantly affects the
structure and functioning of ecosystems and may threaten global biodiversity.

From the ecological and economic standpoint, the interactions between plants and the
insects that pollinate them, like bees, are particularly important. These relationships are
analysed both separately (TRAVESET & RICHARDSON 2006, MATTESON et al. 2008) and as
whole networks of relationships (BARTOMEUS et al. 2008, MONTERO-CASTANO & VILA
2012), and concern the influence of alien plant species and alien pollinators. Those taxa
form new networks of interactions with native species, and their influence is not always
unambiguously negative (TRAVESET & RICHARDSON 2006, BARTOMEUS et al. 2008, DAVIS
2009). These examples relate mostly to plants used in agriculture, horticulture or for
recreation, which adapt to the new environment but do not damage ecosystems (EWEL et al.
1999). Research on invasion ecology usually focuses on the negative effects of alien
species, while potential positive effects often go unnoticed. Although introductions of alien
species can benefit native biota, ecological studies often overlook potential beneficial
interactions. An understanding of all the interactions between alien and native species may
thus have important consequences for ecological management and nature conservation
(GOODENOUGH 2010, DUDEK et al. 2016).

Towns and cities are special habitats, in which alien species can play a significant role.
Urban areas are relatively new ecological spaces, where to a large extent the flora is
intentionally shaped by human activity; this undoubtedly enriches the food resources in
those areas. Moreover, urban habitats have a specific climate with higher air temperatures
than in surrounding areas. Urban environments also affect other parameters, like solar
radiation, wind speed, precipitation and cloud cover, air and soil pollution, salinity, alien
soils and water deficits (JACKOWIAK 1990, SANTAMOURIS 2013). All these environmental
changes may ultimately provide opportunities for development that cannot be found
elsewhere. The specific urban conditions may favour the colonization of cities by alien
species with higher temperature requirements.

Like Bryonia alba L., B. dioica JACQ. is an invasive species in temperate climate
regions of the world. B. alba has a distribution from central Europe to Kazakhstan, B.
dioica throughout western Europe and into north Africa. Changes in the distribution ranges
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of Bryonia L. species have mostly been caused by human activity, as these plants have been
used as medicines and ornamentals for more than two millennia (RENNER & SCHAEFER
2008). At the same time, researchers in western Europe have observed a gradual increase in
the number of localities of a previously very rare bee species, Andrena florea FABRICIUS,
1793 (SCHRODER & LUNAU 2001, AYASSE et al. 2015, VENNE 2015), which they consider
to be linked with the spread of its forage plant, Bryonia dioica. Such an increase has also
taken place in Poland. The present study thus investigated interactions between the
pollinator Andrena florea and the bee forage plant Bryonia dioica, in order to address the
following questions: (1) To what extent does the expansion of B. dioica affect the spread of
Andrena florea? (2) What is the contribution of A. florea to the total number of pollinators
of Bryonia dioica? (3) To what extent do environmental conditions affect the daily and
seasonal activities of Andrena florea?

MATERIALS AND METHODS

Study organisms

Andrena florea is a Pontic-Mediterranean species, until recently classified in Poland as
endangered (BANAszAk 2004). This bee is associated with its forage plants of the genus
Bryonia, e.g. B. dioica and B. alba, although males have also been observed on other
flowering plants (KocourRek 1989). Andrena florea builds its well-masked nests in the
ground; entry to them is gained only through a small hole.

The distribution of A. florea ranges primarily from western Europe to southern
England and the northern coasts of Africa. In the east, it has scattered localities in e.g. Asia
Minor (GUSENLEITNER & SCHWARZz 2002). Before 2000 it was regarded as very rare in
Poland, recorded only locally (BRISCHKE 1888, DITRICH 1903, LozINskI 1920). It is
widespread in the warm parts of Europe and quite frequent in some areas, but its density is
usually low.

The genus Bryonia belongs to the family Cucurbitaceae. Only two of its numerous
species (12) found in Eurasia, north Africa and the Canary Islands have been recorded in
Poland: B. alba and B. dioica. Both are perennials (hemicryptophytes), climbers with
curling tendrils. Having no supportive tissue, Bryonia spp. climb to heights of 3-4 m on
trees, shrubs and fences. The leaves are relatively large, palmately lobed (5 lobes). They
flower in June and July, and their fruits are berries. The plants are poisonous. In Europe,
they have been grown in gardens because of their ornamental and medicinal value;
currently, as naturalized plants, they are classified as kenophytes (SUDNIK-WOJCIKOWSKA
& KOZNIEWSKA 1988, RENNER & SCHAEFER 2008). They are found in thickets, along
roadsides, and B. alba is a characteristic species of the tall herb community Sicyo-
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Echinocystietum FUALKOWSKI 1978 ex BRZEG et M. WOJTERSKA 2001 (RATYNSKA et al.
2010).

White bryony, Bryonia dioica, has small, greenish-white flowers. Abundant nectar is
secreted to the concave receptacle (LipiNskr 2010). Its fruits are rounded berries, 5-8 mm
across, initially green, then turning orange and red, and are dispersed by birds. In the wild it
is known from south-western Europe and Denmark; it is very common in many parts of
England. First recorded in Poland in 1874 (TOKARSKA-GUZIK et al. 2012), it is currently
reported from a small number of scattered localities all over the country (ZAJAC & ZAJAC
2001) (Fig. 1).

Methods

The main study area was the city of Bydgoszcz (NW Poland) (Fig. 2). The spread of
Andrena florea, compared to the expansion of Bryonia dioica in Poland and in Bydgoszcz,
was analysed on the basis of published data (BRISCHKE 1888, DITRICH 1903, LOZINSKI
1920, KowaLczyK et al. 2004) and original research.

Research on the distribution of localities of B. dioica and the taxonomic composition of
Apiformes pollinating its flowers in Bydgoszcz was conducted in 2008-2016 throughout the
flowering period of this plant. In 2016, insect pollinators of B. dioica flowers were also
recorded in the city of Poznan. Bee species that could not be identified alive in the field
were caught and identified in the laboratory.

Observations of the abundance and daily/seasonal activity of Andrena florea took place
in 2012 and 2013 (Zys$ 2014) at three study sites in the centre of Bydgoszcz:

Site 1: A sunny area in front of the Institute of Environmental Biology, Kazimierz
Wielki University. There, Bryonia dioica grows on shrubs in a belt about 20 m long and
climbs to a height of 3 m. This microhabitat is favourable to both plant and insect.

Site 2: An urban park (Park Ludowy im. Wincentego Witosa). B. dioica grows on
a fence about 25 m long and 2 m high. The microhabitat conditions are intermediate
between sites 1 and 3.

Site 3: The Botanical Garden of Kazimierz Wielki University. B. dioica grows on a low
and spreading shrub of Taxus baccata, about 3 m long and 1.5 m tall. This microhabitat is
unfavourable, as it is shaded and the humidity is high. This specimen of Bryonia dioica is
markedly smaller than at sites 1 and 2.

Two methods were used to estimate bee abundance: a quick assessment in 2012 on
a5 m?patch, and a more detailed assessment in 2013 along a linear transect 100 m long and
1 m wide. The flower-visiting activity of Andrena florea was observed for 18 days during
the flowering season, starting from 07:00 hrs and repeated every two hours until 17:00 hrs.
Seasonal changes in activity were observed for 13 days during the flowering period of
Bryonia dioica at every site. Observations of bee abundance and daily/seasonal dynamics
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were made on both warm, sunny days when the air temperature during sampling was
>25°C, and on cooler, cloudy days (sometimes with rain) when the air temperature was
<18°C. Temperature and precipitation data were extracted from ICM UW weather maps
(Interdisciplinary Centre for Mathematical and Computational Modelling, University of
Warsaw — mapy.meteo.pl).

Fig. 1. Distribution of Bryonia dioica and Andrena florea in Poland. e Bryonia dioica;
A Andrena florea; 1 — Gdynia, 2 — Gdansk, 3 — Bydgoszcz, 4 — Cedynia, 5 — Poznan,
6 — Lodz, 7 — Warszawa, 8 — Lublin, 9 — Opatéw, 10 — Krakéw. Study area:
3 — Bydgoszcz, 5 — Poznan.
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RESULTS

Analysis of the spread of Andrena florea in Poland

Before the year 2000, the species was recorded in Poland in only three regions: the
Masurian Lakeland (BRISCHKE 1888), Silesia (Wroctaw) (DITRICH 1903) — DITRICH
mentioned this species from Silesia for the first time in 1889 as a new species for this
region (DITRICH 1889), and the Krakow-Wielun Upland (Krakow) (LOZINSKI 1920).

After 2000, the species was recorded in different urban areas: in £6dz (Mazovian
Lowland) (KowaALczyk et al. 2004), Lublin (Lublin Upland) (unpubl. data; leg. H.
RATYNSKA), Poznan (Wielkopolska-Kujawy Lowland) (BANASZAK-CIBICKA & ZMIHORSKI
2012), Bydgoszcz (unpubl. data; leg. J. BANASZAK 2008-2016), as well as Cedynia
(unpubl. data; leg. L. TWERD 2014), Gdynia (KOWALCZYK & TWERD 2011) and Gdansk (all
Pomeranian Lakeland) (unpubl. data; leg. W. BANASZAK-CIBICKA 2016) (Fig. 1).

Analysis of the spread of Andrena florea in Bydgoszcz

A. florea was observed in Bydgoszcz for the first time in 2008, at the site in front of the
Institute of Environmental Biology. Then, the first author of this paper noted numerous,
even abundant specimens of A. florea visiting the flowers of Bryonia dioica. This was the
inspiration behind the research on the distribution of B. dioica and its bee pollinators.

Fig. 2. Localities of Bryonia dioica and Andrena florea in Bydgoszcz. For detailed
information about the position of the sites, see the Table 1.
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In 2008-2016 another 18 localities of B. dioica were discovered; consequently, there
were 18 localities of Andrena florea in both the city centre and the suburbs (Fig. 2, Table

1).

Table 1. Localities of Bryonia dioica and Andrena florea in Bydgoszcz.

Sites Street/parks Coordinates
1 Ossolinskich — Institute of Environmental Biology N:53°07'45.29"; E:18°00'58.13"
2 Markwarta — Park Ludowy im. Wincentego Witosa N:53°07'29.64"; E:18°00'49.06"
3 Botanical Garden of Kazimierz Wielki University N:53°07'50.93"; E:18°01'03.93"
4 Szymanowskiego N:53°07'39.41"; E:18°01'04.20"
5 Asnyka N:53°07'45.22"; E:18°00'51.67"
6 3 Maja N:53°07'28.13"; E:18°00'32.03"
7 Mickiewicza /Gdanska N:53°07'54.63"; E:18°00'36.03"
8 Powstancow Wielkopolskich N:53°07'45.29"; E:18°01'13.57"
9 Kopernika N:53°07'42.85"; E:18°00'46.15"
10 Mostowa N:53°07'22.47"; E:17°59'59.35"
11 Mennica — Wyspa Mtynska N:53°07'17.19"; E:17°59'41.12"
12 Wyszynskiego/Powstancow Wielkopolskich N:53°07'45.09"; E:18°02'15.77"
13 Polczynska N:53°07'41.80"; E:18°02'46.52"
14 Curie Sktodowskiej N:53°07'34.15"; E:18°01'47.19"
15 Jagiellonska N:53°07'16.43"; E:18°02'03.09"
16  Nakielska N:53°07'36.35"; E:17°58'42.53"
17 Paderewskiego — Park im. Jana Kochanowskiego N:53°07'45.92"; E:18°00'37.67"
18  Wyspa Miynska N:53°07'21.25"; E:17°59'44.68"

Species composition of bees visiting Bryonia dioica

A total of 27 bee species visiting flowers of B. dioica were recorded in Bydgoszcz and
Poznan (Table 2). This plant was most frequently visited by Apis mellifera as well as
Andrena florea and Evylaeus morio, for which B. dioica was a rich source of food. Other

species of Apiformes were observed sporadically (Table 2).
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Table 2. Species of bees visiting flowers of Bryonia dioica (data from Bydgoszcz and

Poznaf).
Species Abundance Sociality Pollen specificity
Hylaeus confusus NYLANDER, 1852 1 S P
Hylaeus hyalinatus SMITH, 1842 2 S P
Andrena florea FABRICIUS, 1793 70 S O
Andrena nigroaenea (KIRBY, 1802) 2 S P
Andrena nitida (MULLER, 1776) 1 S P
Halictus rubicundus (CHRIST, 1791) 7 E P
Seladonia tumulorum (LINNNAEUS, 1758) 5 E P
Lasioglossum sexnotatum (KIRBY, 1802) 5 S P
Evylaeus albipes (FABRICIUS, 1781) 6 E P
Evylaeus brevicornis (SCHENCK, 1863) 3 E P
Evylaeus calceatus (ScopoLl, 1763) 2 E P
Evylaeus laticeps (SCHENCK, 1868) 2 E P
Evylaeus morio (FABRICIUS, 1793) 50 E P
Evylaeus nitidulus (FABRICIUS, 1804) 2 E P
Evylaeus pauxillus (SCHENCK, 1853) 1 E P
Evylaeus sexstrigatus (SCHENCK, 1868) 7 S P
Osmia rufa (LINNAEUS, 1758) 3 S P
Megachile versicolor SMITH, 1844 1 S P
Megachile willughbiella (KiIrRBY, 1802) 1 S P
Anthophora plumipes (PALLAS, 1772) 3 S P
Nomada moeschleri ALFKEN, 1913 2 CP [P]
Bombus hypnorum (LINNAEUS, 1758) 6 E P
Bombus lapidarius (LINNAEUS, 1758) 2 E P
Bombus muscorum (LINNAEUS, 1758) 1 E P
Bombus pascuorum (ScopoLl, 1763) 6 E P
Bombus pratorum (LINNAEUS, 1761) 2 E P
Apis mellifera LINNAEUS, 1758 85 E P

Abundance: total number of specimens collected across all sites and all years. % of individuals:
percentage of total collection identified as this species (n=2495). Pollen specificity: classification as either
polylectic (collecting pollen from multiple plant families) or oligolectic (collecting pollen from a single
plant family or genus); [P] indicates parasitic species that do not collect pollen. Sociality: classification as
either E — eusocial, CP — cleptoparasitic, S — solitary.
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Daily activity
The daily activity of Andrena florea lasted from 08:00 or 09:00 hrs until 15:00 or 17:00
hrs, depending on the temperature and insolation (Fig. 3).
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Fig. 3. Daily dynamics of Andrena florea at site 1 (a) in 2012; and (b) in 2013. Number of
individuals: sunny weather — air temperature during sampling > 25° C (white), cloudy
weather — temperature < 18° C (grey).
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On warm and sunny days with higher temperatures, the first bees were observed around
08:00 hrs; on colder days they started to appear later, i.e. after 09:00 hrs. On warm and
sunny days this activity peaked around 11:00 hrs, after which the number of bees dropped;
after 15:00 hrs only a few worker bees were noted. On colder days, activity peaked later,
around 13:00 hrs; there were fewer bees, and they ended their visits to Bryonia dioica
earlier. The bees were active for about 8 hours on warm days and around 6 hours on cooler
days (Fig. 3).

Seasonal dynamics

The seasonal flight dynamics of Andrena florea were similar in both years. In 2012, the
first specimens were recorded on 15 May, whereas in 2013, they first arrived on 19 May.
They appeared the earliest at site 1 (in front of the Institute of Environmental Biology), and
the latest (2-3 days later) at site 3 (in the Botanical Garden). The highest density of A.
florea during the season was recorded from 25 May onwards at site 1, and slightly later,
after 29 May, at site 2. At site 3 the density curve of this species was very different: it did
not peak until after 6 June. From the beginning of July, the bees’ activity gradually declined
at all the sites, and after 15 July no more specimens of A. florea were recorded. The
seasonal flight dynamics of Andrena florea in 2013 are presented on Fig. 4.

DISCUSSION

Analysis of the relationships between the pollinator and the bee forage plant revealed
a positive association between the occurrence of Bryonia dioica and the presence of
Andrena florea. The distributions of both species overlap, covering western Europe as far
as England and Denmark in the north (SCHRODER & LUNAU 2001, VoLTz 2008). The
relationships are conspicuous on both the national and local scale. Until recently, Andrena
florea was regarded as rare and threatened in Poland. The present results indicate that
populations of A. florea appear in urban areas as soon as Bryonia dioica spreads there.
Although the majority of bee species are polylectic, collecting pollen from plants of
different families, oligolectic bees restrict their pollen gathering to plant species from the
same genus. Andrena florea is one such oligolectic species, associated with the genus
Bryonia, so its distribution is strongly linked with the distribution of its forage plant.
Moreover, Andrena florea is reproductively dependent on Bryonia. A narrow foraging
niche may suggest a higher vulnerability of this species to disturbance, e.g. declines of its
food sources (KLEIN & RAEMAKERS 2008). The plant species, on the other hand, does not
depend on this specialized bee, as its reproductive success is guaranteed by other, polylectic
visitors to its flowers.
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Analysis of the contribution of Apiformes to the pollination of Bryonia dioica indicated
that three bee species played a major role in this process: Apis mellifera, Andrena florea
and Evylaeus morio; the contributions of 24 other bee species visiting the flowers were
smaller (Table 2). Hence, the present data emphasize the part played by this invasive
climber as a bee forage plant: while enabling the survival of the bee species obligatorily
associated with it, it is also important for many other wild bee species and for the honey bee
(Apis mellifera was often abundant on flowers of Bryonia dioica).

Neither the Nature Conservation Act of 2004 (sect. 5, paragraph 1 c, sect. 120, sect.
120, sect. 130, sect. 131), nor the Regulation of the Minister of Environmental Protection of
9 October 2011 listing alien plants and animals (which — if introduced to the natural
environment — may pose a threat to native species and habitats) to date include both
Bryonia alba and B. dioica. They are not regarded as particularly invasive but are locally
common (especially B. alba) and may endanger native ecosystems. This is evidenced by the
fact that B. alba already forms its own tall-herb community, first described in the Lublin
region by FIJALKOWSKI (1978). Patches of Sicyo-Echinocystietum compete with native
riparian tall-herb fringe communities, representative of a protected habitat type (6430).
RATYNSKA et al. (2010) regard them as a very expansive, xenospontaneous community,
spreading especially along river valleys. The expansion of Bryonia dioica has also been
confirmed by a number of authors from Germany (SCHRODER & LUNAU 2001, CADOUM
& DIDIER 2008, VENNE 2015, AYASSE et al. 2015) and Austria (ZETTEL et al. 2013).

The present observations indicate that there are many sites of B. dioica in cities, and
consequently, of large and stable local populations of Andrena florea. Warmer urban
climates provide living conditions appropriate for plant and bee species from western and
southern Europe. The last 8 years have witnessed the expansion of this climber in
Bydgoszcz and the resultant spread of this bee species, which was rare until recently. It is
noteworthy that Professor Wilhelm Bock, in his Taschenflora von Bromberg published in
1908, listed Bryonia alba but not B. dioica among the 1256 plant species from Bydgoszcz
and its environs. Another German botanist from the Poznan region likewise listed only B.
alba (SPRIBILLE 1887). At present, B. dioica is colonizing new areas in Poznan, too
(currently recorded at 3 sites), which has resulted in the large-scale occurrence of Andrena
florea (observations in 2007-2016 (BANASzAK-CIBICKA unpubl. data)). In comparison,
JACKOWIAK (1990) reported this species from only two sites in the same city. Recent
research has shown Bryonia dioica to be present in botanical gardens in many Polish cities
— Bydgoszcz, £.6dz, Poznan, Krakéw, Lublin, Wroctaw and Warsaw (also the botanical
garden in Powsin, in the suburbs of Warsaw) (GALERA 2003).

Analysis of the relationships between the presence and flowering of B. dioica,
environmental conditions and the occurrence of bee species showed the density of Andrena
florea to be the highest at sites with favourable microclimatic conditions, i.e. in open, sunny
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habitats. At shaded sites, both its flowering and the subsequent visits of bees started later.
These results indicate that both species preferred sunny sites and favourable temperatures.
Urban ecosystems undoubtedly create such favourable conditions for expansion. For years,
many authors (SUDNIK-WOJCIKOWSKA 1998a, 1998b, BANASZAK-CIBICKA 2014) have
reported that for both plants and animals, conurbations constitute heat islands with higher
temperatures, lower humidity and, obviously, higher levels of pollution. This is reflected by
the presence of so-called urbanophilous species, which achieve their optimum in such
conditions, and in the markedly earlier beginning of the growing season than in surrounding
areas (ROETZER et al. 2000, WHITE et al. 2002). For many groups of animals, the warmer
and drier urban microclimate produces suitable living conditions for thermophilous and
xerophilous species originating from southern Europe (BANASZAK-CIBICKA 2014). As
a result of these higher temperatures and the accessibility of bee forage plants, cities can
support not only widespread species but also some rare ones with specific requirements,
like A. florea. This southern bee species is more sensitive to low temperatures. This
relationship is also manifest in the dynamics of the activity of this bee. The present results
show that even a small drop in air temperature leads to a noticeable decline in bee densities
and can even bring bee visits to a halt.

Since 2013, the German “Wildbiene des Jahres” project (AYASSE et al. 2015) has
selected a “Bee of the Year” in order to popularize knowledge about wild bees and to show
that these extremely beneficial insects are threatened. In the scientific sense, this initiative
explains the distribution of the bee of the year and encourages people to search for it in
their environment. The bee of 2015 was A. florea, obligatorily associated with B. dioica,
whose fate is ultimately dependent on sufficient resources of this plant. Such interactions
between alien and native species complicates environment management. Alien plant species
are not only an additional source of food for local pollinators (FRANKIE et al. 2005) but also
enable the spread of insect species obligatorily associated with them, such as bees. Control
of the invader, even if justified for other reasons, could lead to the extinction of a rare
indigenous species. Our research has demonstrated that at present neither the bee nor the
climber are threatened in Poland and are tending to spread. However, since Bryonia dioica
is alien, whereas A. florea was until recently regarded as rare and threatened in Poland, it is
important to monitor the expansion of this bee forage plant in both cities and suburban
areas, and to assess changes in populations of Andrena florea.
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