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Abstract: Bee diversity was studied in 14 habitats in 7 localities in the Kujawy Lakeland (Pojezierze Kujawskie) in
central Poland. Additionally, we investigated the species diversity and phenology of bumblebees on red clover
(Trifolium pratense). In total, 146 bee species were recorded in the study area, accounting for 30.7% of bee species
reported from Poland so far and 46.2% of bee species known from the Wielkopolska-Kujawy Lowland (Nizina
Wielkopolsko-Kujawska). These include 14 red-listed species.
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INTRODUCTION

Kujawy Lakeland (Pojezierze Kujawskie) is located in central Poland and constitutes the
south-eastern part of the Wielkopolska Lakeland (Pojezierze Wielkopolskie). We chose this
study area because its bee fauna was not investigated before. Earlier publications included a lot
of information on bees in the Wielkopolska-Kujawy Lowland (Nizina Wielkopolsko-
Kujawska) (Alfken 1909, 1912, Torka 1913, 1933, Szulczewski 1948, Banaszak 1982, 1983,
1987, Pawlikowski 1989a, 1989b, 1992a, 1992b, 1993), but excluding this mesoregion.

Additionally, we investigated the species diversity and phenology of bumblebees on red
clover (Trifolium pratense). Many authors made observations on bumblebees visiting red
clover fields in different parts of Poland (Btazejewska et al. 1961, Honczarenko 1965,
Ruszkowski & Bilinski 1968, Sowa et al. 1974, 1983, 1991a, 1991b, Anasiewicz 1976,
Bilinski 1977, Kosior 1980, Banaszak 1984, Bilinski & Ruszkowski 1991).

MATERIAL AND METHODS

Study area

According to the physico-geographical division of Poland (Kondracki 2009), the Kujawy
Lakeland (mesoregion 315.57) constitutes the south-eastern part of the Wielkopolska Lakeland
(macroregion 315). This is an agricultural mesoregion with fertile soils and a small percentage
contribution of forests. It covers an area of 2500 km” and includes the “Nadgoplanski Park
Tysiaclecia” Landscape Park, which is of high conservation value. The Landscape Park
includes Natura 2000 sites: Special Protection Area PLB040004 “Ostoja Nadgoplanska”, and
Special Area of Conservation PLH40007 Lake Gopto. In historical and ethnographic terms, the
study area is part of the Kujawy region, situated between the upper Noteé¢ River, Lake Gopto,
and the Vistula (Mileska 1994). According to the climatic regionalization of Wo$ (1999), the
Kujawy Lakeland is located in region XV, i.e. the central-Wielkopolska region (the largest one
in Poland). It is characterized by a high frequency of days with very warm and cloudy weather,
and often ground frost on very cold days with precipitation (Wos 2003).
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Fig. 1. Map of the investigated area of the Kujawy Lakeland, with location of study sites (description in the main body
of the article).
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Description of research plots

Material was collected from 14 habitats in 7 localities (Fig. 1). Most of the plots were
designated in the town of Piotrkéw Kujawski (UTM: CD32, plots 1-6). Within the
“Nadgoplanski Park Tysiaclecia” Landscape Park, 3 plots were investigated: xerothermic
grassland on the eastern edge of Lake Gopto in the village of Mietlica (UTM: CD22) as well as
moderately moist meadow (UTM: CD22) and old field (UTM: CD23) on the Potrzymiech
peninsula in the village of Ostrowek. Additionally, the old field is even more strongly protected
as part of the nature reserve “Nadgoplanski Park Tysiaclecia” (Zarzadzenie 2015). The
Regional Director of Environmental Protection in Bydgoszcz agreed to insect collection in the
reserve in this study (permission number WPN.6205.64.2015.KLD). The other investigated
habitats were: a manor park and forest community in the village of Swiesz (UTM: CD32),
forest glade in the village of Lubsin (UTM: CD32), willow thicket in the village of Synogaé
(UTM: CD31), and winter oilseed rape field in the village of Czotowo (UTM: CD33).

According to the latest geobotanical classification of Poland, the investigated localities are
within the Brandenburg-Wielkopolska Division (Matuszkiewicz 2008a). The dominant type of
potential natural vegetation in the analysed area of the Kujawy Lakeland is Central European
oak-hornbeam forest Galio-Carpinetum (variant characteristic of Kujawy), in both its poor and
fertile series. Other types of potential natural vegetation in the study area are lowland ash-alder
forest Fraxino-Alnetum and lowland elm-oak forest Ficario-Ulmetum chrysosplenietosum
(Matuszkiewicz 2008b).

Detailed characteristics of research plots are presented below.

1. Synanthropic site composed of a neglected 40-year-old orchard, flower beds, and
vegetable garden. Bee forage plants include many trees: cultivated varieties of Malus
domestica (Reneta, Papierowka, and Kosztela), and Prunus domestica (ssp. syriaca, ssp.
insititia, ssp. italica var. claudiana), P. cerasus, P. persica, Pyrus communis, and Crataegus
monogyna. Shrubs are represented by single specimens of Rosa canina and Syringa vulgaris.
Herbaceous bee forage plants include Taraxacum officinale, Malva pusilla, Alcea rosea,
Helianthus annuus, Calendula officinalis, and cultivated species of Cucurbitaceae, Solanaceae
and Fabaceae. Herbaceous vegetation was grazed by cattle. The plot included also a clay wall
of a farm building, where nests of several species of wild bees were observed. Bees were
studied there in April-May in 2011 and 2012, and in April-September in 2013 and 2014.

2a. Sandy grassland community of the alliance Koelerion glaucae, developed on an old
field abandoned about 25 years ago. It is subject to ecological succession towards forest
communities: gradually colonized by woody plants, e.g. Robinia pseudoacacia, Pinus
sylvestris (large patches), and Betula pendula. The habitat directly borders with a yellow lupine
field, hay meadows, and farm buildings. It is a dry and sandy site, so the major plant species
are Centaurea stoebe, C. scabiosa, Echium vulgare, Oenothera biennis, Jasione montana,
Helichrysum arenarium, and Berteroa incana, accompanied by less numerous Taraxacum
officinale, Achillea millefolium, Senecio jacobea, Verbascum thapsus, and Vicia sp. Bees were
studied there in June—August in 2013 and 2014.

2b. Sandy grassland community of the alliance Koelerion gaucae. The overgrown earth
dump reaches 111.7 m a.s.l. At this site, a cholera cemetery was located, and human bones
were exposed during construction of a housing estate, so they were next deposited at the nearby
parish cemetery (Kowalski 2009). The scarp is anthropogenic, as sand is extracted there by
local inhabitants. The site directly borders with an industrial plant, cemetery, housing estate,
and wheat field. Currently secondary succession at this site is advanced, which is evidenced by
the presence of trees, e.g. Quercus robur, Robinia pseudoacacia, and Betula pendula, as well
as numerous shrubs: Syringa vulgaris, Prunus persica, Acer negundo, and Juglans regia.
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Herbaceous bee forage plants are represented by Anchusa officinalis, Berteroa incana,
Carduus crispus, Centaurea scabiosa, Consolida regalis, Echium vulgare, Hypericum
perforatum, Knautia arvensis, Silene vulgaris, and Veronica spicata. Bees were studied there
in June—August in 2013 and 2014.

3. Roadside, mostly with ruderal plant communities of the orders Onopordetalia acanthii
and Artemisietalia vulgaris. It extends along a railway embankment on one side, while on the
other side it borders with arable fields, houses, and industrial buildings. Field research was
carried out on both sides of the road, along its section about 1 km long. Herbaceous vegetation
was numerously represented by Berteroa incana, Cichorium intybus, Cirsium arvense, Echium
vulgare, Epilobium hirsutum, Eryngium planum, Lamium purpureum, Lathyrus pratensis,
Linaria vulgaris, Melilotus alba, Medicago sativa, Onopordum acanthium, Potentilla reptans,
Sedum acre, Tanacetum vulgare, Trifolium pratense, and Vicia cracca. The only shrubs were
Prunus domestica ssp. syriaca, Rosa rugosa, and Salix fragilis, and the only tree species was
Tilia cordata (several specimens). Bees were studied in April-September in 2013 and 2014.

4. Hay meadow/pasture, neighbouring with an also investigated meadow (dominated by
Molinia caerulea) and a thick belt of emergent vegetation. This species-poor permanent
grassland includes few bee forage plants: Taraxacum officinale, Trifolium repens, and
Leontodon autumnalis, with single clumps of Trifolium pratense and Ononis arvensis. At the
edges of the meadow, some shrubs are found: Salix caprea and S. fragilis. Bees were studied
there in April-May in 2011 and 2012, and in April-September in 2013.

5. Periodically waterlogged meadow (dominated by the grass Molinia caerulea) of the
order Molinietalia caeruleae. Unexploited for 8 years. Adjacent to a drainage ditch lined with
trees: Alnus glutinosa, Salix alba, and Prunus cerasifera. Common wetland plant species are
found there: Epilobium hirsutum, Lythrum salicaria, Lysimachia vulgaris, Inula britannica,
Potentilla anserina, Mentha arvensis, and Acorus calamus. Tall herbs Lysimachia vulgaris and
Lythrum salicaria attest to the first stage of ecological succession in the meadow. Other
numerously represented species were: Centaurea jacea, Vicia cracca, Lathyrus pratensis,
Cirsium arvense, Arctium tomentosum, Rhinanthus serotinus, and Pastinaca sativa. Bees were
studied in April-September in 2013 and 2014.

6a. Red clover field. Surrounded by the hay meadow/pasture, which was also investigated.
Clover was harvested twice a year. Additionally, in 2011, cattle grazed there sporadically. The
plantation was mixed with white clover Trifolium repens (which covered about 20% of the
area) and single specimens of Achillea millefolium. Bees were studied there in April—
September in 2011 and 2012, and in May—August in 2013.

6b. Red clover field. Harvested twice a year. Bee forage plants represented also by
Taraxacum officinale, Achillea millefolium, and Vicia cracca. Bees were studied there in
April-September in 2011 and 2012, and in May—August in 2013.

7. Willow thicket forming a belt along a drainage ditch. Tree layer mostly composed of Salix
alba, S. caprea, and Betula pendula. Shrub layer consisting of the same Salix species. Surrounded
by hay meadows and pastures, dominated by grasses. Bees were studied there in April 2013.

8. Winter oilseed rape Brassica napus var. napus. Neighbouring with a wheat field, farm
buildings, houses, and a road. Bees were studied there in May 2013.

9. Historical manor park, dating back from the 18th and 19th centuries. Located at the
eastern edge of the small Lake Swiesz. Only the immediate vicinity of the manor house is
managed. The park includes 3 lines of 7Tilia cordata, composed of nearly 50 trees. Other tree
species include Carpinus betulus, Aesculus hippocastanum, Fraxinus excelsior, Larix decidua,
and Picea abies. The lower layer of vegetation is dominated by ruderal herbs: Leonurus
cardiaca, Chelidonium majus, and Anchusa officinalis. Bees were studied there in April—
August 2014.
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10. Forest, on a potential site of moderately moist, mixed coniferous forest. Not adjacent to
Lake Swiesz. Tree layer dominated by 40-year-old Pinus sylvestris, and locally Robinia
pseudoacacia and Betula pendula. Shrub layer consisting of Sambucus nigra, Frangula alnus,
Robinia pseudoacacia, and Rubus sp. Forest edge with abundant Chelidonium majus. Bees
were studied there in May—June 2014.

11. Forest glade south of Lake Swiesz, it borders with a pool separated by a narrow levee
from a fish pond. Numerous shrubs: Sambucus nigra and Prunus padus. Grasses tall and lush,
with small contributions of Lamium purpureum, Leontodon hispidus, and Knautia arvensis.
Bees were studied there in April-August 2014.

12. Xerothermic grassland of the class Festuco-Brometea (alliance Asplenion
septentrionalis-Festucion pallentis), covering an elevated earth bank, which is a remnant of a
Goplan stronghold built in the late 9™ century and early 10™ century (Dzieduszycka 1985).
Many thermophilous plant species, e.g. Anchusa officinalis, Asparagus officinalis, Centaurea
rhenana, Lavatera thuringiaca, Dianthus carthusianorum, Phleum phleoides, Potentilla
arenaria, Salvia pratensis, Securigera varia, Stachys recta, Silene otites, Thalictrum minus,
and Veronica spicata. Accompanied by ruderal species, such as Anthriscus cerefolium and
Onopordon acanthium. This habitat is threatened by a spreading oak forest stand, which shades
the slope, leading to decline of the valuable thermophilous vegetation. Bees were studied there
in April-August 2015.

13. Moderately moist hay meadow of the alliance Arrhenatherion elatioris. Characterized
by large patches of abundantly flowering Centaurea jacea in summer. Bees were studied there
in July—August 2015.

14. OId field bordered with a reed belt, farmland, and alluvial oak-elm-ash forest Ficario-
Ulmetum. Major bee forage plants: Vicia cracca and Brassica napus. Bees were studied there
in July—August 2015.

Research methods

Faunistic material was collected by catching of noticed bees with an insect net directly on
bee forage plants, during flight or at their nesting sites. Bees were caught for 1h during
observations made in favourable conditions for their activity, i.e. between 9 am and 5 pm, at
temperatures ranging from 15°C to 32°C, with no or very little wind. The field research was
conducted in 5 growing seasons, in 2011-2015. The collected material was prepared, identified
to species, and deposited in the collection of the Department of Ecology, Institute of
Environmental Biology, Kazimierz Wielki University, Bydgoszcz, except for protected
species, which were identified alive in the field and next released. During the counting and
catching of bees, also the plant species visited by them were recorded. Honey bees were
observed at all the analysed sites, but this species was not taken into account because of its
anthropogenic origin.

When analysing the material, to describe various levels of dominance index, we
distinguished 5 classes according to Kasprzak & Niedbata (1981): eudominants (Ds), i.e.
species accounting for > 10.0% of the total catch; dominants (D4) — from 5.1 to 10.0%;
subdominants (D3) — from 2.1 to 5.0%; recedents (D,) — from 1.1 to 2.0%; and subrecedents
(D)) £ 1.0%.

To analyse species richness, a rarefaction curve was constructed (according to Gotelli &
Colwell 2001). Additionally, the Shannon index (H’) of species diversity was calculated
(Magurran 2004):

H’:_épi ll’l(p,)
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where p; is the proportion of individuals belonging to the ith species in the community of S
recorded species.

To estimate the total number of species (the so-called complete species richness), we used
the chao2 method (Chao 1987). It is a classic estimator based on single and double
observations of occurrence of individual species in the samples. The calculations were made
using EstimateS v. 9.1 software (Colwell 2013).

Species names and categories of threat follow those used in the “Fauna of Poland”
(Banaszak 2004).

Most of the habitats are described in general, on the basis of own observations in the field
(AS-B). Only the description of the plant cover in Mietlica and Ostrowek is based on the
literature (Zarzadzenie 2015). For each site, we determined its location on the UTM 1 km x 1
km grid by means of Gnomon version 3.3 software (Desmodus, Poland).

RESULTS

Species diversity and dominance structure of wild bees of the Kujawy Lakeland

In total, 6312 wild bees were caught and observed. All species and numbers of specimens
recorded at individual research sites are listed in Table 1.

The list of recorded bee species in the Kujawy Lakeland is incomplete, as the mean species
accumulation curve (Fig. 2) for the total of 6312 recorded individuals still shows an increasing
trend. The expected number of species calculated on the basis of the chao2 estimator was 190
(95% CI = 166-242). The percentage contribution of caught species to the total estimated
number (76.8%) indicates that the collected material is representative, as it is based on
observation of at least 70% of species possible to detect (Williams et al. 2001). The high
Shannon index (3.5) attests to a high bee species diversity in the study area.

In the community of caught and observed bees of the Kujawy Lakeland, the only
eudominant was Bombus terrestris (14.6%). Dominants (33.7% in total) included Andrena
vaga (8.4%), B. lapidarius (7.4%), A. haemorrhoa (6.5%), B. pascuorum (6.0%), and Osmia
rufa (5.4%) (Fig. 3). All the species are common in Poland. Subdominants in total accounted
for 24.5%, recedents for 8.4%, and subrecendents for 18.9%. The remaining 55 species
(37.7%) were represented by 1-3 individuals.

The total numbers of wild bee species in individual habitats were as follows: 70 on
xerothermic grassland, 64 on the synanthropic site, 56 on sandy grassland ‘a’, 54 on the
roadside, 40 on hay meadow/pasture, 38 in the forest glade, 35 on the periodically waterlogged
meadow, 29 in willow thickets, 26 on sandy grassland b, 19 on the moderately moist meadow,
17 on red clover ‘a’, 14 on red clover field ‘b’, 14 in the historical manor park, 11 in the old
field, 11 in the rape field, and 6 in the forest (Fig. 4).

Overview of noteworthy species

Among the recorded species, 9 are vulnerable (VU): Andrena alfkenella, A. falsifica, A.
nasuta, A. nycthemera, A. potentillae, A. suerinensis, Anthocopa bidentata, A. papaveris, and
Nomada opaca. Besides, a species of least concern (LC) was noted, i.e. Nomada moeschleri,
and 4 species classified as data deficient (DD): Hylaeus leptocephalus, H. gracilicornis, H.
gredleri, and Epeoloides coecutiens (Banaszak 2004). Many more species of bees appeared on
the European Red List of Bees (Nieto et al. 2014). Particularly noteworthy species are briefly
presented below.
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Hylaeus gredleri Forster

A southern species, in Poland till the end of the 20th century found only in the Krakow-
Czgstochowa Upland (Celary 1999) and in the Bieszczady Mts (Celary & Wisniowski 2001),
but recently observed also in other parts of the country (Banaszak & Kowalczyk 2007,
Banaszak 2006, 2010a, 2010b, Banaszak & Jaroszewicz 2009, Banaszak & Twerd 2015). New
record: Piotrkéw Kujawski, roadside 05 Jul 2013,1 @, 1 &.

Andrena alfkenella Perkins

Rare in Poland, nesting in the ground. New record: Ostréwek, moderately moist meadow,
15 Aug 2015,2 Q9.

Andrena falsifica Perkins

Rare in Poland, nesting singly in the ground. New record: Mietlica, xerothermic grassland,
19 Apr 2015,10 99, 2 33 23 May 2015, 1 9.

Andrena nasuta Giraud

Rare in Poland. New record: Mietlica, xerothermic grassland, 20 Jun 2015,3 Q9.

Andrena nycthemera Imhoff

In Poland known from few, isolated localities. Forms small colonies on sandy elevations
(Dylewska 2000). New record: Mietlica, xerothermic grassland, 19 Apr 2015,2 9 9.

Andrena potentillae Panzer

Nesting singly on dry sites. New record: Mietlica, xerothermic grassland, 19 Apr 2015, 1 &.

Andrena suerinensis Friese

In Poland known from scattered localities in all parts of Poland. Nests in the ground, in
small colonies on steppe slopes (Dylewska 2000). New record: Mietlica, xerothermic
grassland, 23 May 2015, 3 3J; 15 Aug 2015, 2 343.

Epeoloides coecutiens (Fabricius)

Cleptoparasite of Macropis fulvipes (Straka & Bogusz 2007). New record: Piotrkow
Kujawski, periodically waterlogged meadow, 23 Jul 2013, 1 @, 1 &; 5 Jul 2014, 2 34&.

Nomada opaca Alfken
Rare in Poland, but reported from many parts of the country. New record: Piotrkow
Kujawski, synanthropic site, 10 May 2013, 1 Q; 02 May 2014, 4 2; 19 Apr 2014, 1 &.
Bombus jonellus (Kirby)

Usually classified as an Boreal-Alpine species, in Poland frequently recorded also at cold
and moist sites. New record: Swiesz, forest, 28 Jun 2014, 1 Q.

Bombus soroeensis soroeensis (Fabricius)

Very rare subspecies in Poland, which is its western limit and the eastern limit of more
abundant subspecies B. s. proteus. Associated with forest habitats. New record: Lubsin, forest
glade, 30 Aug 2014, 1 Q; Swiesz, forest, 28 Jul 2014, 1 Q.



€0 81 L1 I (2081 “AqIry]) pivjnovuilq vua.puy G|

€0 C € 1 [4 S S 9 GLL1 ‘SNIOLIQe,] L0]021q DURIPUY ]
I'o> ¢ 4 (Z081 ‘AqIry]) SL1gDJ1qIDG DUAPUY €]
01 19 65 1 I L8] ‘Unws vpwordp vpuaapuy 71
o> ¢ [4 161 ‘Sunyied vjjauayfjv vuaipuy 11
AVAINTFIANY
1’0 S % [ P81 ‘s snppuipdy snavjd; (]
o> ¢ 4 1L81 ‘101810 Majpa.3 snavjAf] 6
ro> 1 I (L9 ‘ZUMBIOJN)) S1ULL001]100.48 snovjdyy  §
o> 1 I (2081 ‘Aqiry]) smpgpjip snovjdyy |
o> 1 I TS81 ‘TOpuelAN Snsnfiod snavjAgf 9
o> ¢ 4 I 7681 “IOPUB[AN S1UnWUIOd ShavjAf G
1o S I 14 7SS “IOpUB[AN S1U.100142.4G SHADJAL] ¢
o> ¢ [ I (0L81 ‘ZnmeIo|N) snjpydadoida) snavjdyy ¢
10> I I (6S81 OUdYdS) smvpsndup snavjdyy ¢
L0 9 4 (34 I (19L1 ‘SnoBUULT) SNIDINOIUND $2)2]]0) |
dVdILaTI0O
q e q e
v €1 Tl I 0l 6 8 L I a— S 4 € — I saads 0N
- 101d Jo JoqUINN
[¢]
=
8 ac]
g z F z - S &
& (=] = 7] =) o wn
- 52 4 E £ = % z & ¢ ¢
5 & o & & g 5 & £ & g8 ® ® & 8
g = g8 8 ¢ g & o ¢ g 8% & 8 = =y
® 2. a = = Q 8 < o i)
o = &< 3 o 3 z =~ s 2z g & = 3
= & 28 @ B 2 B e Ex 2 g s = & 2 3.
8 =g 5 B e £ £ 7 iz ¥ £
- & T £ ° = g £ 2 &
& 2 = ° ® o si0ld
(=%
81~ LI~ 91~ SI- -¢I- -€[- ~CI- -[[- 0 -6- -8- L 9 6 e -£- -C- -I-

‘pueaye] Amelny] oy ur says Apnys oy e sowntojidy Jo sjenpralpul pue saroads Jo JoquinN ‘[ 9[qeL

eysyuIpeg-le1orqos "y pue yezseued ‘[ b1



a3ed yxou o) uo panunuo))

7’8 1§39 91¢ 9 9 ¢ 66L1 ‘IozURJ DIVA DUIPUY i
(4 01 4 4 € € (2081 “AqIrsy) siviqi puaipuy ¢t
1’0 S S $881 ‘OSOLI] SISUDULIONS DUDIPUY Tt
10 L L 881 ‘Iopue[AN vovdogns vuaipuy 14
o> 1 I 181 WIWS puiljjiuils bupuy (O
90 6¢€ 1€ € T ¢ (€9L1 ‘110d09S) x002v4d vUD.IPUY  GE
10> 1 1 6081 ‘1zUR] ap]j1ud10d DUGIPUY Y€
90 8¢ 8 I € ¥T 1 1 261 ZOIMISON sadijid vua.ipuy [ ¢
ro> ¢ I I 4 (2081 “Aqars]) pjnivao vua.ipuy  9¢
10> 4 4 098] ‘JJoqw] vLouay1olu vuapuy  G§
0 4! L I I S (9LLT “TOININ) ppuiu DUIPUY €
90 9¢ € % I 6 S I € (2081 “AQIrs]) vauapo.Siu vud.puy  ¢¢
['0> ¢ ¢ €98 ‘PneID) PINSLU DUIPUY  TE
0 4! 4 14 I S Y161 ‘SUNIdJ Soprojnpnuiu pua.puy ¢
o> ¢ 4 (2081 ‘AqQIry]) ppmpnuiut vua.ipuy (¢
o> 1 ! R€81 paIsIaNeZ voruoddp) vuaapuy 67
1o L ¥ ! 4 [8L1 ‘SNIOLIQR] DI0IqD] DUDIPUY 8T
(4 11 13 4 9 2061 “Zo1Qd DOIUOIUDADD DUIPUY [T
90 LE 6 I S [44 (8SL1 “sneeuur) vjoajay vuaipuy 97
ro> 1 I (SLL ‘sniouqe) vunifioypy puaipuy ST
S9 601 01 €¢ [4 14 oL 1¢ o SS1 (18L1 ‘snIouqe,) voy.Liowany vusipuy g
1o 9 [4 I I [4 6681 JJOUW] DPIADLS Dudpuy €7
Sl 6 9 I I 61 T ¥ 9 (99L1 ‘IO vapnf vus.ipuy g
10 L 9 I LY81 ‘W viponf vua.ipuy g
'y 19¢ 9 Lc ST 9 Il 81 9 SII ! €e ¢l 66L1 ‘10ZUR] Sadiav]f pus.ipuy (0T
4 €l €l SI161 ‘sunyed voyfisinf vuaipuy 61
91 86 € 14 I €9 1 € € €l € € (2081 “Aqury)) vyvs.cop puaapuy Q|
10 S S (2081 “AQIry]) vjjayv]o PUdPUY L]
1o 14 € I (8GL1 ‘Snoeuur]) DLID.DUID DUDIPUY Q]
-§1- LI~ 9[- S~ -pvI- €I~ I~ -“[I- 0I- -6- 8- AR e £ - -1

S pueoye] Amelmy] oy jo souuojidy



ro> ¢ I I I (€6L1 ‘sniouiqe) sLgvjiqp sapodoyds gL

o> ¢ [4 I (2081 “Aqursy) snynsojjoia snavjdayg 1L
10 L I I I 14 (8981 “Youoyos) smvSiysxas snovjdag (L
S0 £3 I 6 I € I ! S 01 (€581 “youaydg) snjjxnvd snavjdag 69
S0 1€ I € [4 4 (€6L1 ‘snouqe) orow snavjdag 89
o> I 1 (€681 “ouoyos) snyngnuius snavjdag /9
o> ¢ I I (2081 “Aqur>y) snanyovjput snavjdag 99
ro> ¢ I 1 I (8981 “YouoYdS) stwaut] snavjdag 69
o> ¢ 1 I (2081 ‘Aqry]) sndoonaj snavjdag 9
€0 91 € 14 14 S (8981 “youayos) sdaoyv) snavjdayg €9
€1 08 4 8 LI 14 01 I o0l I LT (€9L1 ‘110d00g) smp221w2 snavjdasy 9
ro> 1 I (18L1 ‘sniouqey) sadigyp snavjlag 19
10> I I (881 ‘YnwiS) wnynuoz wnssoj301snT ()9
0 €l I 8 z 4 (2081 ‘AqIry]) wnpjouxas wnssoj3o1svy 65
10> 1 I (8981 ‘Wrws) wmnpouriponb wnssopSo1svy  §g
10> € 4 1 (Z6L1 YueIydS) wniuozoona] wnssoj3o1svy |G
o> 1 I (€S8 “[OUSYDS) 2.41UdA1D] WNSSOISOISDT QG
0 or ¢ 4 I 4 4 (8SL1 ‘snoeuury) wniopnuiny viuopnjas  ¢§
o S 1 € 1 (T6L1 1SS0Y) pivnpgns pIUopv}ds  +§
S0 ve [ I 4 4 € I A (€581 ‘Wwg) vsnfuos viuopvjas €
90 184 € I ¥ 0z €I (SLLT ‘snIdLIqe) SnIoUIdXas SNV TS
10 9 9 (16L1 ¥sUD) snpunoiqn.s SmdvE 1§
€0 61 14 I 4 9 9 I (9LLT ‘snioniqe) smouidriponb smoyvE (S
1'0> I I QY81 ‘UNWS S novut SMIYPE  6f
HVAILLOITVH
ro> ¢ [ (€9L1 ‘110d09S) smp.woypo sn3.mung 8y
€0 I I I I 6 6 (2081 *Aquy) vjj2y I vUSAPUY Lt
90 6¢ 9 I 01 L € Il I TE81 Joquwi] syp-yuda pudpuy 9y
0 Sl € S € I € (I8LT ‘1s80Y) SuvLipa vua.ipuy Gy
-81- LI~ -91- SI- -¢I- -€[- -CI- -II- -0I- -6~ -§- L 9 6 e -€- -C- -I-

"] uonenunuo)) ‘[ d[qeL

eYsuIpog-fe101qog 'y pue yezseurd 91



a3ed yxou o) uo panunuo))

1o 9 I 1 12 (1981 ‘1on910do) wn.1032o142 pUIOPOILY) 66
¥'S 8¢¢ 8S [4 I I ¥ I [4 69¢ (851 ‘snoeuury) nfint v1usO - 86
o> ¢ I I [ (2081 “Aqiry)) vuviva] viwsO L6
10> 1 1 (8611 ‘10zURY) SLipU2AIAIN, DIUSO) 96
10 S I 174 (8G L1 ‘snoeuury) suadsajniavd s  S6
10 S I ¥ (86L1 ‘SNIOLIQR,]) S1UL02142.4q DIUSO 6
10 S 1 12 (66L1 ‘10ZURY) D1UDININD DIUSO) €6
70 01 4 I 9 I (86L1 “Tozueq) vounpv suijdory 76
€0 [44 I L 4 I II (2081 “Aqury]) psojnuyds pdosoyuy 16
10 14 1 ¢ (66L1 ‘eriene) stoandod vdodoyuy (6
1o 6 ¥ S (9181 “ZNMEBIOIN) vpjuaplq pdodoyjuy 68
o> ¢ 4 (1481 “Jonerado) ynoundn. vuiojsojay) 88
1’0 S 14 I (86 L1 ‘snaeuury) auwuiosiiolf vuiojsojay) [
o> ¢ I 1 (8GL1 ‘Snoeuuly) wn.Looun.j SIpvLIL 98
€C 8v1 4 81 € I € ST 901 9681 “TOPUBIAN Sp[nua.Lo SIPYLIGL 68
I'o> ¢ I 4 (2081 ‘Aqiry]) vuirssynpiound s1a1s 8
o> 1 I (8481 IOPUBIAN) Pjnosnina.Lq s1j21S €8
0 S1 ST (8G.L1 ‘snoeuury) wmpoiuvul wnipiyjuy 78
HVAITIHOVOIIN
91 66 9 9 € 9 9 ¢ 89 I (08L1 ‘suIeH) 010242110 DPOdASD(T 18
€T Il 14| €LOT ‘Oourep\ vavdo.ina sido.ovyy (8
o> 1 I SO6T ‘UMY SupoLLSIU DIYIW 6L
10 8 4 4 I I I [ (66L1 “Yozurq) vuLodo] vuioW 8L
AVALLLITHN
o> I I (86L1 ‘10zURY) SLipuaALfNL SaP0d2YdS [ [
o> ¢ 4 SH81 ‘pws snynpronjjad sapodayds 9/
o> 1 I (2081 ‘AqQiry]) stuioontuowt sopodayds G/
1o 9 9 (L9L1 ‘snaeuur) snddiyda sapooayds i/
o> 1 ! 0L8] ‘UOSWOY], SNSSD.AD Sap0odayds ¢/
81~ ~LI- -91- -SI- -¢I- -€[- -CI- -I[I- -0I- -6~ -§- L 9 6 e -£- -C- -I-

L1 pueoye] Amelmy] oy jo souuojidy



o 14 ¥ (GLL1 ‘sniduqe,]) suaynoa0o saprojoadsy (71

1o S I ¥ 86L1 ‘10ZUBJ DIOUIDINS DPDUION 9T |
1’0 8 I L €6L1 ‘snioLqe] vivLys bpouioN Szl
¥'0 9¢ C 8 91 L08] ‘ouumng vppudls bppuloN g1
o 9 9 1+81 ‘1on9[do razund vppuioN €71
o 9 9 €161 ‘UaY vovdo ppouioN TT1
80 6 I T ¢ T I o €161 “UBYV Lo]yosa0Ul DppUION 171
ro> 1 I (2081 “AqIrs) vjjowmyss.ow PPPUION  (OTT
o> 1 I (2081 “Aqurs]) puippiydoonaj vppuioN 611
I'l 89 €9 S (2081 *AqIrsy) vupLngyp] vppuioN 11
1’0 9 I I v €6L1 ‘SNIOUqER,] S1LL02IAIN) DPPUWON LT
1o 14 [4 [4 86L1 ‘1ozued piponf vppuioN 911
1’0 S I I 4 I (2081 ‘AqIry]) vaundd puynv.13) G|
0 4! 14 01 (1LL1 “10181Q4) suo.4fiqip voajoly 411
o 9 9 (9081 ‘10zURY) DivINOVUILIPYRD DOYdOYIUY €]
8T LLI 001 € I I I IL (TLL1 ‘selred) sadnunyd vioydoypuy 11
o> ¢ 4 (86L1 “1ozueq) vivo.nf vioydoyuy 1711
€0 61 € 91 (86L1 “10zURq) DIDINOVUIG DAOYdOYIUY (1]
HVAOHdOHINYV
o> 1 1 (2081 “Aqiry|) sturiour sdxo1720) 601
o> 1 I (9081 “1081]1]) paprouos sdxo1720y 801
o> 1 I (Z081 “Aqiry) vijarqy3nyjim o1yov32p  LO1
o 9 14 I I PH8T “YIWS L0]0D18.424 2]1IDS2P 90|
ro> 1 I (P8L1 *SNIOLIqe) DIppunjoL a)yov3o) 01
o> 1 I €761 ‘UMY suapijid oj1yoSopy $01
ro> ¢ € (2081 “Aqrsy) vuitirivu 211yov32 €01
o> ¢ [4 (2081 *Aqursy) voasiusy) o1yov5o) 701
0> ¢ 4 (2081 ‘AqQIry]) prourowno.412 2J1yI032) 101
o L I ¢ € (8S L1 ‘snoeuury) stwpnounjuad aj1yov32p| 001
&1~ LI~ 91~ -§I- -¢I[- -€I[- ~CI- -II- -0~ -6- -8 AR S e & -C- -I-

"7 uonenunuo)) ‘[ 9[qeL

eYsuIpog-fe101qog 'y pue yezseurd 81



- - I1 6l OL 8 9 ¥I 11 6T HI LI S¢ OF ¥S 9T 95 $9  (1vsafijjous sidy moyym) saroads Jo roqunN
000T TIE9 09 L9 6FIT 16T 9¢ 91T 0 8¥E T€L 99L Tt 18T 8SS PEI T8y 1T6  S[ENPIAIPUI JO JoquUNN
- + + + + + + + + + + + + + + + + + 8GL1 ‘snaeuur viafijjoui sidy [ ]
€0 L1 I 4 4 € I 4 T ¥ (S8LT ‘Aoxomo, ur AogJoaD) siyvisaa Snidyisqd 9|
0 A 3 I 4 9 7€81 “1ondfador stusaajds snidynsd Syl
0 4 ! 4 4 I I S (¢6L1 ‘sniouqey) stysadnt snidynsq il
0 I I 4 4 4 I € (1081 “10zUR]) SLuSIAWDD SNAAYNSS  €P]
€0 0T 4 4 I 4 3 I ¥ (LEST “IPIRS) snonuayoq snidyiisqd Tyl
o> 1 I (E6LT ‘snIdLIQR]) Snup.Lojo4 Snquiog 141
9vl 616 0¢ € 8 IL S ¥L 8 § STT €1 ve v vl 8 9T 9P (8SL1 ‘snoeuury) stysa.Lid) snquiog  (p|
10> ¢ I I (9LL1 ‘SNIdLIQR,]) SIS1220.108 SNqUIOG €|
I'e S61 ¢ T 4 14 I T 6L L9 L U ¥ 3 14 (19L1 ‘snoeuury) wnivajds snquiog g1
6T S81 S S I I I ¥S 9 LI I € ¥ € ¢ (9LLY “IONMIN) Snriviopnt snquiog €]
90 LE 6 I L 1% 4 I (19L1 ‘snoeuury) wniom.ad snquiog  9¢|
09 LLE T T 65 81 LT €I 9L TOT 91 v 1T Tl S 0C (€9.1 ‘10doag) wn.tonasvd snquiog  G¢|
LY  L6T T € 9 80T ¢ S 8 I 4 (8SL1 ‘snoeuUIT) wni0osnut SNquIog €1
Al 16 I I 12 1% L 9% 1t T 4 ¢ (19L1 ‘snaeuury) wn.toonj snquiog ¢g|
YL 89% T¢I 0l 6l L I 8 I 0Tl L6 9¢ Tl LE 6T S9 I (8SL1 ‘snoeuury) sniwpido] snquiog €|
o> 1 I (2081 “Aqrsy) snjjouol snquiog 1¢1
€0 81 I 9 € € S (85L1 “snoeuury) wniouddy snquiog (€|
10 L 4 4 4 I 9081 “183I[[ sy1uny snquiog 671
7T opl L 9 S$ 09 1 I 9 14 (19L1 ‘snoeuury) uin.iopioy snquiog g1
Avaldy

§I- LI~ 91~ ~S[- -pI- -€I- CI- -[I- -0I- -6- -§- L0 9 ¢ - -¢- - -I-
61 pueoye] Amelmy] oy jo souuojidy



20 J. Banaszak and A. Sobieraj-Betlinska

180
160
140
120
100
80
60
40
20
0 + | . | . | |

0 1000 2000 3000 4000 5000 6000 7000

No. of species

= S(esty
seeenenes S(est) 95%0 CI Lower Bound
=====S(est) 95% CI Upper Bound

No. of individuals

Fig. 2. Expected species richness based on the rarefaction curve for the Kujawy Lakeland. Confidence intervals are
marked with a broken line.
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Fig. 3. Dominance structure of wild bees in the Kujawy Lakeland in 2011-2015. The most abundant species,
represented by a given number of caught individuals, are marked with asterisks.
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Fig. 4. Number of species of Apiformes at the particular study sites in the Kujawy Lakeland.
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Fig. 5. Percentage contributions of individual families to the total number of wild bee species in the Kujawy Lakeland,
as compared to the bee fauna of Poland and the Wielkopolska-Kujawy Lowland.
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Species richness and seasonal dynamics of red clover by bumblebees

Three-year observations (2011-2013) of bumblebees on two red clover fields provided data
on 10 species. In field ‘a’, two more species were recorded than in field ‘b’. Considering the
total numbers of individual bee species in the three years, in both fields eudominants included
Bombus terrestris, B. lucorum, B. muscorum, B. lapidarius, and B. pascuorum.

Before the second moving of red clover, more bumblebees were recorded than before the
first harvest. An exception is field ‘b’, where bumblebee density in 2011 was identical in both
periods. The markedly lower density of bumblebees at this site than at the other sites was due
to sporadic grazing of cattle in the field in 2011.

It is noteworthy that in 2011 and 2013 in these fields the number of bumblebee species
before the second moving was higher than before the first harvest. In 2012, species richness
was the same in both periods.

Species composition of bumblebees differed between years. Bombus muscorum was most
abundant in field ‘a’ (before both harvests) and ‘b’ (before the first harvest) in 2011, and also
in field ‘a’ (before the second moving) in 2013. In nearly all the other instances, before both
harvests, the dominant species was B. terrestris, except before the second moving in field ‘b’,
where in 2011 B. pascuorum was the most frequent, and in 2013 B. sylvarum (Table 2).

Table 2. Abundance of bumblebees (Bombus spp.) in red clover fields in the Kujawy Lakeland.

Clover
a b a b a b a b a b a b
Species Years and cuts
2011 2012 2013
I 11 I I I I
1 7 10 18 17 8 2 7 23

Bombus hortorum 12 2

Bombus humilis

w - o0

Bombus lapidarius 7 1 1 18 33 40 51 12 7 17 27
Bombus lucorum 1 14 12 5 33 1 1
Bombus muscorum 36 5 114 2 1 16 28 4 9 36 20
Bombus pascuorum 9 4 29 6 5 19 25 9 6 33 30
Bombus ruderarius 1 3 2 6 9 13 16 13 20 10 7
1
2

Bombus sylvarum 17 3 16 10 37 3 3 18 33
Bombus terrestris 2 10 38 64 71 113 17 31 15 15
Bombus veteranus 1
Number of individuals 84 15 185 15 91 136 192 320 66 78 139 156
Number of species 7 5 9 7 8 8 8 8 7 7 10 8

DISCUSSION AND CONCLUSIONS

The results of this study in the Kujawy Lakeland supplement our knowledge of the bee
fauna of the Wielkopolska-Kujawy Lowland. In the study area, 146 species of wild bees were
recorded. They represent 29 genera, and 7 families, accounting for 30.7% of bee species
reported from Poland so far (Banaszak 2004) and 46.2% of bee species known from the
Wielkopolska-Kujawy Lowland (Banaszak 2010c). Incomplete list of bee species can be
explained for example by missing of Andrena fulvida in spite of the recording of its
cleptoparasite Nomada opaca. The relatively high environmental value of the investigated
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habitats is confirmed by the presence of red-listed species of wild bees, which in total account
for about 10% of all the recorded species.

As compared to the fauna of Poland (Banaszak 2004) and of the Wielkopolska-Kujawy
Lowland (Banaszak 2010c), in this study the percentage contributions of species of 2 bee
families were the markedly higher: the Andrenidae and Apidae (Fig. 5). In contrast, lower
contributions were recorded for the families Colletidae, Halictidae, and Anthophoridae, while
the contributions of the families Megachilidae and Melittidae were very much like generally in
Poland and in the Wielkopolska-Kujawy Lowland.

A particularly high species diversity of wild bees was observed in xerothermic grassland at
the archaeological site in Mietlica, located within the Landscape Park. A comparable result was
recorded in xerothermic grassland on the Budzyn Esker in the Wielkopolska National Park,
where 69 bee species were found (Banaszak 1983). It is surprising that in both localities,
although markedly different in area (grassland near Lake Gopto 0.2 ha and grassland near Lake
Budzynskie about 1.3 ha), nearly identical numbers of species were recorded. In comparison,
in the proposed “Folusz” nature reserve near Szubin, 88 species were found in an area of 3.0 ha
(Banaszak et al. 2004). In both “Folusz” and Mietlica, the eudominant was the notably
oligolectic Andrena vaga, which collects pollen from flowers of Salix spp. (Bischoff et al.
2003, Vanderplanck et al. 2003), flowering on nearby meadows.

The high faunistic richness of xerothermic grassland probably results from the species
richness of bee forage plants at that site. The dominance of Andrena vaga in the total catch and
on xerothermic grassland results from its very numerous nesting there. Its colonies covered in
total about 73.5 m’. To determine the dynamics of its population, as well as the sex ratio of the
host and its parasite, bees were counted in a belt 3.5 m wide along 21.0 m of the embankment
length (Table 3). The flight season of A. vaga lasted from mid-April till mid-June. It is
noteworthy that males of this mining bee species emerged slightly earlier, which was not
recorded because of unfavourable weather conditions. In the colony, females and males
reached the highest numbers of 338 and 125, respectively. As the host numbers decreased, the
numbers of their nest parasite, Nomada lathburiana, increased. The most frequent wild bees on
xerothermic grassland included also Bombus terrestris and Anthophora plumipes. The former
collected nectar and pollen from 6 plant species, while the latter was observed on Salvia
pratensis, which flowered abundantly in May.

Table 3. Population dynamics of Andrena vaga and its cleptoparasite Nomada lathburiana, observed in an area of 73.5
m? of xerothermic grassland in the “Nadgoplanski Park Tysiaclecia” Landscape Park in 2015.

. Andrena vaga Nomada lathburiana
Period Temperature [°C]
3 Q Remarks J ?
11 Apr 16.5 125 338 copulation 9@ with pollen 3
19 Apr 12 36 - copulation 29 20
23 May 20 - 16 part of 9 with pollen 11
20 Jun 26 1 - - - -

The study site in Mietlica seems very interesting from the point of view of nature
conservation, so it is necessary to undertake measures to remove successively the self-sown
oaks at the foot of the slope. Another problem is the uncontrolled penetration of the slope by
local inhabitants riding quads, which probably have a negative effect on nesting of e.g. the
large local population of 4. vaga.

On the synanthropic site, spring species prevailed: Osmia rufa, Andrena haemorrhoa, and
Anthophora plumipes. Their high contribution was associated with rich food resources:
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flowering fruit trees Malus domestica and Prunus spp. as well as Taraxacum officinale in the
herb layer. At this site, nests of Anthophora plumipes and Osmia rufa were found in a clay wall
of a farm building. We observed also Melecta albifrons, which is a nest parasite of 4. plumipes.

The periodically waterlogged meadow proved to be a perfect site for Macropis europaea,
which clearly dominated there (33.0%). It is a narrowly oligolectic bee species, adapted to
waterlogged conditions. Its females collect pollen and oils for the offspring e.g. from
Lysimachia vulgaris, which flourished in the meadow.

Sandy grassland was characterized by a high contribution of thermophilous bee species:
Heriades crenulatus and Dasypoda altercator. Among bumblebees, the most abundant was
Bombus lapidarius. The 3 species mentioned above visited flowers of Cenataurea stoebe and
C. scabiosa. Sandy grassland b showed a different dominance structure of bees. The most
frequent was Bombus lapidarius, followed by Halictus sexcinctus, and Heriades crenulatus.
This can be explained by the fact that ecological succession is more advanced there than on
sandy grassland a.

On the moderately moist meadow, the major species were Bombus lapidarius, B. pratorum,
and Andrena pilipes. This site was visited twice in summer (31 Jul 2015 and 15 Aug 2015),
and those species were observed on flowers of Centaurea jacea. Forest communities located in
the vicinity were probably favourable sites for Bombus pratorum.

The extremely high density of Heriades crenulatus in comparison with ubiquitous H.
truncorum requires comment. H. crenulatus is sub-Ponto-Mediterranean species, in Poland
infrequent. In other countries of the Central Europe it is local species also and its density is
higher only at not disturbed areas (Pfidal & Vesely 2011).

The major bumblebee species on red clover included Bombus terrestris, B. lucorum, B.
muscorum, and B. lapidarius. Similar results were reported by Blazejewska et al. (1961),
Ruszkowski & Bilinski (1968), Bilinski (1977), Anasiewicz (1976), and Banaszak (1984). All
these Bombus species are common in Poland. The small differences in dominance structure of
bumblebees between the cited publications and this study depend on the types of habitats
surrounding the red clover fields.

When comparing the numbers of bumblebee species before the first and second moving,
we did not confirm the trend reported by Bilinski (1977), who observed more Bombus spp.
before the first harvest than before the second one. The seasonal dynamics of red clover
pollination by bumblebees in individual years probably depended on weather, which was not
analysed here.
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STRESZCZENIE
[Pszczoly (Hymenoptera: Apoidea, Apiformes) Pojezierze Kujawskie (centralna Polska)]

Praca wypehia luk¢ w poznaniu fauny pszczét Apoidea Niziny Wielkopolsko-Kujawskiej,
uzupetniajac dane dotyczace obszaru Pojezierza Kujawskiego. Przedstawiono wyniki badan
prowadzonych na 14 stanowiskach tego mezoregionu. Wykazano 146 gatunkéw dziko
zyjacych pszczol, co stanowi 30,7% pszczol wymienionych dotychczas z naszego kraju
146,2% gatunkow znanych z Niziny Wielkopolsko-Kujawskiej.

W zgrupowaniu odlawianych i zaobserwowanych pszczot Pojezierza Kujawskiego
wyraznym eudominantem okazat si¢ Bombus terrestris (14,6%). Dominantami byly natomiast
nastgpujace taksony: Andrena vaga (8.4%), Bombus lapidarius (7,4%), Andrena haemorrhoa
(6,5%), Bombus pascuorum (6,0%) 1 Osmia rufa (5,4%).

W omawianym materiale 14 gatunkoéw to taksony zagrozone. Wérdd nich znalazly sig:
Andrena alfkenella, A. falsifica, A. nasuta, A. nycthemera, A. potentillae, A. suerinensis,
Anthocopa  bidentata, A. papaveris, Epeoloides coecutiens, Hylaeus bisinuatus,
H. gracilicornis, H. gredleri, Nomada moeschleri oraz N. opaca.

Srodowiskiem wyrézniajacym si¢ pod wzgledem réznorodnosci gatunkowej dzikich
pszczot okazala si¢ murawa kserotermiczna na obszarze grodziska w Mietlicy, ktora lezy w
granicach Parku Krajobrazowego Nadgoplanski Park Tysiaclecia.

Trzyletnie obserwacje nad wystgpowaniem gatunkow trzmieli na dwoch uprawach
koniczyny czerwonej daly ogdtem informacje o 10 gatunkach. Glownymi przedstawicielami
trzmieli na koniczynie czerwonej byly: Bombus terrestris 1 B. lucorum, B. muscorum oraz
B. lapidarius.

Accepted: 12 September 2016
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