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Background. The article presents the results of the research on bees (Hymenop-
tera, Apoidea) that occur in the city of Lviv. Bees are one of the most important pollina-
tors of many species of angiosperm plants. Research on species diversity of bees is
very important not only on the wild nature territories, but also on the urbanized areas.
Cities have a significant impact on bee species diversity, their biology and conservation.
A comprehensive study of all Apoidea on the whole territory of the city of Lviv has been
conducted for the first time in more than 80 years and we hope that the presented ma-
terials will lay the foundation for further more detailed studies in this area.

Materials and Methods. Lviv is the largest city in Western Ukraine located on the
eastern edge of the Roztochia Upland. The material was collected during the warm
period of 2017-2019. The Moericke (yellow) pan traps and the entomological nets were
used. Besides, we collected dead bees (killed by traffic) along the roads. W have ana-
lyzed the entomological collection of the Zoological Museum of the Ivan Franko Na-
tional University [ZMD] (Lviv). The stereoscopic microscope and a variety of specialized
keys for bee species identification were used. We used the Shannon’s diversity index to
assess species diversity. We also calculated the Shannon evenness measure to facili-
tate the interpretation of the results.

Results. We analyzed 960 specimens of bees that belong to 106 species, 25 genera
and 6 families.

The current (second) part of our study deals with review of the Colletidae (3 spe-
cies), Halictidae (22 species), Megachilidae (11 species) and Melittidae (5 species)
families. Species diversity of the bees from Andrenidae and Apidae families was ana-
lyzed in previous (first) the part of our research [27].
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Conclusions. All species from the six families are native for the territory of Europe.
The majority of them are polylectic (= 61 %), while the number of oligolectic species
(= 23 %), or species that do not need to collect pollen (= 16 %) is much smaller. The
Shannon’s diversity index is approx. 3.718 and the Shannon evenness measure is
0.799 (the honeybee Apis mellifera was excluded in both calculations). Analysis of the
impact of urbanization and various environmental factors on the species diversity of
bees requires further detailed studies.

Keywords: bees, species diversity, Lviv, Ukraine

INTRODUCTION

Bees are one of the most important pollinators of many species of wild angiosperm
plants, so they are an integral component of many ecosystems. However, apart from
wild plants, bees are also effective pollinators of many crops, orchards and ornamental
flower beds on the farmlands and cities.

Research on species diversity of bees is very important not only for the wild nature
territories, but also for urbanized areas. Research of wild bees in urban context started
recently [3]. Over the past two decades, numerous contributions on the implications of
urbanization for biodiversity conservation have been published [5, 12].

Cities have a significant impact on bee species diversity, their biology and conser-
vation. For example, the effects of pesticides, emerging pathogens from managed bees,
climate change and land-use change are negatively correlated with bee species rich-
ness [6, 7, 9, 10, 11]. Higher diversity of flowering plants due to domestic orchards and
ornamental flowers attract many polylectic species, but the abundance of oligolectic
species could decrease at the same time. Urbanization often degrades nesting habitats
for ground-nesting bees, but various structures like buildings and fences, can lead to an
increase in abundance of cavity-nesters in urban habitats [6]. Despite a large number of
investigations, many urbanization factors that influence biodiversity and pollination
remain unstudied [13]. We are only beginning to understand the possible effects of
habitat fragmentation on bees [4].

Significant research on bees on the territory of Western Ukraine was conducted by
Maximilian Nowicki, Antoni Wierzejski (19th century), Jan Noskiewicz (the beginning of
20th century) and by Hanna Osychnyuk (the second half of the 20th century) [27].
A comprehensive study of all Apoidea on the whole territory of the city of Lviv has been
conducted for the first time in more than 80 years and we hope that the presented ma-
terials will lay the foundation for further more detailed studies in this area.

MATERIALS AND METHODS

A brief description of the territory of Lviv City is given in the first part of the study [27].

The objects of our research were bees (Hymenoptera, Apoidea) that occur on the
territory of the city of Lviv. We collected the specimens during the warm period of 2017—
2019. We used the Moericke (yellow) pan traps and the entomological nets. Moericke
yellow trap is a type of attraction traps (insects are attracted by colour) [17]. We used
pans of 18 cm in diameter and 7 cm in depth as the most affordable. Traps were filled
with water and a few drops of detergent were added.

Also, we collected dead bees (mostly killed by traffic) along the roads. Besides, we
analyzed the entomological collection of Zoological Museum of Ivan Franko National
University of Lviv (ZMD), collected during 2001-2016 by students and faculty staff.
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We used MBS-2 stereoscopic microscope and a variety of specialized keys for
bee species identification [1, 2, 8, 16, 19-26]. Higher level classification of bees follows
Ch. D. Michener [15]. Information about belonging to the IUCN Red List Categories was
obtained from the “European Red List of bees” [18]. Information about species biology
was taken from the relevant literature [1, 2, 8, 16, 19, 23-26].

We used the Shannon’s diversity index (H) to assess species diversity. We also
calculated the Shannon evenness measure (J) (the ratio of the observed diversity to
maximum possible diversity of a given number of taxa) to facilitate the interpretation of
the result [14]:

n. n.

_ .7’|n7/
VL YR
InS InS '

where S is the total number of species; N is the total number of secimens and n; is the
number of specimens in species i.

Statistical analysis of the data was performed by the PAST (PAleontological STatis-
tics, Version 2.17¢) program.

RESULTS AND DISCUSSION

During the research, 960 specimens of bees that belong to 106 species, 25 genera
and 6 families (Apidae, Andrenidae, Colletidae, Halictidae, Megachilidae and Melittidae)
were examined. Species diversity of bees of Andrenidae and Apidae families was
presented in the first part of our research [27]. In this part of our study, we have revie-
wed Colletidae Lepeletier, 1841 (10 examined specimens), Halictidae Thomson, 1869
(73 specimens), Megachilidae Latreille, 1802 (86 specimens) and Melittidae Michener,
2000 (32 specimens) families.

In our collection, the Colletidae family is presented only by 3 species from a single
genus — Colletes Latreille, 1802 (Table 1).

Table 1. Bees of the Colletidae family occurring on the territory of the city of Lviv
Tabnuysi 1. BaxonuHi poauHu Colletidae, nowwupeHi Ha TepuTopii micta JibBoBa

No Species Species biology Conservation
Colletes cunicularius Solitary. Univoltine (April-June). LC
(Linnaeus,1761) Polylectic. Nest in soil

Solitary. Univoltine (June—September).
Oligolectic on Asteraceae. Nest in soil
Solitary. Univoltine (June—September).
Oligolectic on Asteraceae. Nest in soil

2. C. daviesanus Smith, 1846 LC

3. C. similis Schenck,1853 LC

Comments: Species conservation (IUCN Red List Categories): LC — Least concern
Mpumitkn:  OxopoHa BuAiB (kaTeropii YepsoHoro cnncky MCOIM): LC — “HanmeHwmin pusuk”

Colletidae is the poorest family in the number of species in our collection. All three
species are native for the territory of Europe, solitary and nesting in soil. These species
are listed in the category “Least concern” of the IUCN Red List. One species is polylec-
tic and two other species are oligolectic.

In our collection, the Halictidae family is presented by 22 species from 5 genera —
Halictus Latreille, 1804, Lasioglossum Curtis, 1833, Rophites Spinola, 1808, Sphecodes
Latreille, 1804 and Systropha llliger, 1806 (Table 2).
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Table 2.

Bees of the Halictidae family occurring on the territory of the city of Lviv

Tabnuus 2. BoxonuHi poanHu Halictidae, nowupeHi Ha TepuTopii micTa JibBoBa

No Species Species biology Conservation
1 Halictus rubicundus Primitively eusocial. Flight from April to October. LC
* (Christ,1791) Polylectic. Nest in soil
> H. subauratus Primitively eusocial. Flight from May to October. LC
* Rossius, 1792 Oligolectic on Asteraceae. Nest in soil
. Primitively eusocial. Flight from April to October.
3. H. tumulorum (Linnaeus,1758) Polylectic. Nest in soil LC
Lasioalossum albives Primitively eusocial. Flight from April to October.
4. (Fabri%ius 1781) P Polylectic, with preference to Ranunculus L. LC
’ (Ranunculaceae). Nest in soil
5 L. fulvicorne Solitary. Univoltine (April-October). Polylectic. LC
* (Kirby, 1802) Nest in soil
6 L. laevigatum Solitary. Univoltine (April-September). Polylectic. NT
* (Kirby, 1802) Nesting unknown
7 L. laticeps Primitively eusocial. Flight from April to LC
* (Schenck, 1870) September. Polylectic. Nest in soil
8 L. lativentre Solitary. Probably univoltine (March—October). LC
" (Schenck, 1853) Polylectic. Nesting unknown
9 L. leucozonium Solitary. Univoltine (April-October). Polylectic, LC
* (Schrank,1781) with preference to Asteraceae. Nest in soil
10. L. majus (Nylander, 1852) Solltqry. U.nlvoltlne (April-October). Polylectic. NT
Nest in soil
. - Primitively eusocial. Flight from April to
Hlo| - et (IFElnEls, 1reE) September. Polylectic. Nest in soil Le
o . Primitively eusocial. Flight from April to October.
12. L. nigripes (Lepeletier, 1841) Polylectic. Nest in soil LC
] Primitively eusocial. Flight from April to October.
13. L. pauxillum (Schenck,1853) Polylectic, Nest in soil LC
. Primitively eusocial. Flight from April to
| e ottt (iRl Yekss) September. Polylectic. Nest in soil Le
15 L. sabulosum Primitively eusocial. Flight from April to October. NT
" (Warncke, 1986) Polylectic. Nesting unknown
. Solitary. Univoltine (April-October). Polylectic.
16. L. sexnotatum (Kirby, 1802) Nesting unknown NT
. . Solitary. Bivoltine (April-October). Polylectic,
o) Lo valbiosiiinizn (S, 11Ei02) with preference to Asteraceae. Nest in soil Le
18. L. xanthopus (Kirby,1802) Sohtary. U.nlvoltlne (May—August). Polylectic. NT
Nest in soll
. Solitary. Univoltine (May—October). Polylectic.
19. L. zonulum (Smith, F.,1848) Nest in soil LC
Rophites quinquespinosus Solitary. Univoltine (May—October). Oligolectic on
20. o : ; ; NT
Spinola 1808 Lamiaceae. Nest in soil
. Kleptoparasite. Flight from April to September.
21. g_li)rl:r?gggss‘l gé%t;us It does not collect pollen. Parasite in nests of LC
’ Halictus spp. and Lasioglossum spp.
29 Systropha curvicornis Solitary. Univoltine (June—August). Oligolectic on NT
" (Scopoli, 1770) Convolvulus L. (Convolvulaceae). Nest in soll
Comments: Species conservation (IUCN Red List Categories): LC — Least concern, NT — Near Threatened
Mpumitkn: OxopoHa Buaie (kateropii YepsoHoro cnucky MCOI): LC — “HavmeHwmin pusunk”, NT — “Bnvsb-

KW [0 3arpo3nunBoro ctany”
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All collected Halictidae species are native for the territory of Europe. These species
are listed in two categories of the IUCN Red List: “Least concern” (15 species) and
“Near Threatened” (7 species).

Among the collected Halictidae, 11 species are solitary, 10 are primitively eusocial
and 1 species is a kleptoparasite. 17 species nest in soil, and for 4 species, the mode
of nesting is unknown. Polylectic species predominate in our collection of Halictidae (18
species or = 82 % of all collected Halictidae), the number of oligolectic species is
significantly lower (3 species or = 14 %) and one species (= 4 %) does not need to col-
lect pollen, because of its kleptoparasitism.

In our collection, the Megachilidae family is presented by 11 species from 4 genera —
Anthidium Fabricius, 1805, Chelostoma Latreille, 1809, Megachile Latreille, 1802,
Osmia Panzer, 1806 (Table 3).

Table 3. Bees of the Megachilidae family occurring on the territory of the city of Lviv
Tabnuys 3. BoxonuHi pognHn Megachilidae, nowmpeHi Ha TepuTopii MicTa JIbBOBa
No Species Species biology Conservation
. . Solitary. Univoltine (May—August).
1. Aqth/d/um L] Polylectic. Nest in cavities in different LC
(Linnaeus,1758) Substrates
Solitary. Univoltine (May—August).
2. A. oblongatum (llliger, 1806) Polylectic. Nest in cavities in different LC
substrates
Solitary. Univoltine (June—August).
3 &7?;0311‘83726) Colpa Oligolectic on Campanula L. LC
Y. (Campanulaceae). Nest in cavities in the wood
. Solitary. Univoltine (May—July).
4. C'. DRI Oligolectic on Ranunculaceae. Nest in cavities LC
(Linnaeus, 1758) )
in the wood
: . Solitary. Univoltine (June—August).
5. Mggachlle GETLTELEE Polylectic. Nest in cavities in different LC
(Linnaeus,1758)
substrates
Solitary. Univoltine (May—August).
6. M. circumcincta (Kirby,1802) Polylectic. Nest in cavities in different LC
substrates
M. ericetorum Solitary. Univoltine (June—August).
7. : : Oligolectic on Fabaceae. Nest in cavities LC
Lepeletier, 1841 )
in the wood
. . . Solitary. Univoltine (June—August).
e | ctlgitaliste (Nny E0) Polylectic. Nest in cavities in the wood or soil LE
. . Solitary. Univoltine (April-June).
9. O§m/a T Polylectic. Nest in cavities in different LC
(Linnaeus,1758)
substrates
Solitary. Univoltine (March—June).
10. O. cornuta Latreille, 1805 Polylectic. Nest in cavities in different LC
substrates
. Solitary. Univoltine (May—August).
O. leaiana . - . .
11. (Kirby, 1802) Oligolectic on Asteraceae. Nest in cavities LC

in different substrates

Comments: Species conservation (IUCN Red List Categories): LC — Least concern

MpumiTkK:

OxopoHa BuaiB (kaTeropii YepsoHoro cnncky MCOIM): LC — “HanmeHwmn pusuk”
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All collected Megachilidae species are native for the territory of Europe, solitary
cavity-nesters and listed in the category “Least concern” of the IUCN Red List. Seven
species (= 64 % of all collected Megachilidae) are polylectic and four species (= 36 %)
are oligolectic.

In our collection, the Melittidae family is presented by 5 species from 3 genera —
Dasypoda Latreille, 1802, Macropis Panzer, 1809, Melitta Kirby, 1802 (Table 4).

Table 4. Bees of the Melittidae family occurring on the territory of the city of Lviv
Tabnuys 4. BoxonuHi poauHu Melittidae, nowmpeHi Ha TepuTopii MicTa JibBOBa

No Species Species biology Conservation

" Dasypqda hirtipes Sqlitary. pnivoltine (June—Augus_t). _ LC
(Fabricius,1793) Oligolectic on Asteraceae. Nest in soil

o Macropis europaea So_litary. Qnivolting (JuIy_—Septer_nber). _ _ LC
Warncke, 1973 Oligolectic on Lysimachia L. (Primulaceae). Nest in soil

3 M. ful.vi_pes Sqlitary. pnivolting (July.—Septer_nber). . . LC
(Fabricius, 1804) Oligolectic on Lysimachia L. (Primulaceae). Nest in soil

4 Melitta leporina Sqlitary. pnivoltine (June—Augqst). . LC

" (Panzer,1799) Oligolectic on Fabaceae. Nest in soil
Solitary. Univoltine (July—September).
5. M. tricincta Kirby,1802 Monolectic on Odontites vernus Dumort., 1827 NT

(Orobanchaceae). Nest in soil

Comments: Species conservation (IUCN Red List Categories): LC — Least concern, NT — Near Threatened

Mpumitkn: OxopoHa BuAiB (kateropii YepsoHoro cnucky MCOIM): LC — “HavimeHwnin puaunk”, NT — “Brninsb-
KV 0O 3arpo3nMBOro ctaHy”

All collected Melittidae species are native for the territory of Europe, solitary and
nesting in soil. Four of them are listed in the category “Least Concern” and one — in the
category “Near Threatened” of the IUCN Red List. Melittidae species are pollen special-
ists and forage on the plants from one family, genus or even species.

The summarized data for all six families of bees show a predominance of polylectic
species (= 61 %), while the number of oligolectic species (= 23 %), or species that do
not need to collect pollen (= 16 %) is much smaller. The Shannon’s diversity index is
=~ 3.718 and the Shannon evenness measure is = 0.799 (the honeybee Apis mellifera
was excluded in both calculations).

CONCLUSIONS

The current composition of the bees’ fauna within the city of Lviv includes 106 spe-
cies, which belong to 25 genera and 6 families (Apidae, Andrenidae, Colletidae, Halicti-
dae, Megachilidae and Melittidae).

The family Apidae is presented by 33 species and is the richest by the number of
species among all the six families. The family Andrenidae is presented by 32 species,
Halictidae — 22 species, Megachilidae — 11 species and Melittidae — 5 species. The
family Colletidae is presented by 3 species only and is the poorest family in the number
of species in our collection.

All species discussed above are native for the territory of Europe. The majority of
them are polylectic (= 61 %), while the number of oligolectic species (= 23 %), or spe-
cies that do not need to collect pollen (= 16 %) is much smaller.
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The Shannon’s diversity index is = 3.718 and the Shannon evenness measure is
= 0.799 (the honeybee Apis mellifera was excluded in both calculations). This index
indicates a high species diversity that can be associated with the variety of habitats and
food sources.

Analysis of the impact of urbanization and various environmental factors on the
species diversity of bees requires further detailed studies. This research can lay the
basement for further studies in this field.
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CMNUCOK BUAIB BMXONUHUX (HYMENOPTERA, APOIDEA) HA TEPUTOPII
NbBOBA (YKPAIHA). YACTUHA II: POOWHU COLLETIDAE LEPELETIER, 1841;
HALICTIDAE THOMSON, 1869; MEGACHILIDAE LATREILLE, 1802 TA
MELITTIDAE MICHENER, 2000

I. I. Ckupnan*, C. P. Mumens

JIbsiscbKul HayioHanbHUU yHisepcumem iMeHi IeaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa
*KopecnoHdyrouuti asmop: e-mail: iryna.skyrpan@I/nu.edu.ua

BcTyn. Y ctaTTi npeactaBneHo pesynbraty gocnigxeHs 6gxonnHmnx (Hymeno-
ptera, Apoidea), siki TpannsaTbCca Ha TepuTopii M. JlbBOBa. BAXONuHi € ogHUMK 3 HaN-
BaXKNUBILLNX 3anumntoBayiB 6aratb0x NOKPUTOHACIHHUX POCNUH. [locnigxxeHHs BUgo-
BOrO Pi3HOMAHITTS OAXKONMMHUX OY>KE BaXKJIMBI HE TiNIbKM Ha NPUPOLHUX TEPUTOPISIX,
ane i Ha ypbaHisoBaHux. MicTa maloTb 3Ha4YHWI BNIMB HA BUOOBE Pi3HOMaHITTS 64x0-
NUHKX, IXHIO Gionorito Ta 36epexeHHs. [locniaKeHHs CyKYNHOCTI yCiX 64XONUHUX Ha
TepuTopii M. JIbBOBa npoBoAnTbCA BnepLle 3a GinbL Hixx 80 pokis, i M1 cnogiBaemo-
Cs, WO Ui maTepianu CcTaHyTb OCHOBOW ANS NofasnblUnX AeTasbHIlWnMX AOChigXeHb
Y LilbOMY Hanpsmi.

Matepianu Ta metoaum. J1bBiB € HaNBINbLLIMM MICTOM Yy 3axigHi YkpaiHi 1 po3Ta-
LLIOBaHMI Ha Kpato ropbuctoro nacma Poatouus. Martepian 36upanu ynpogoBx Tennoro
nepiogy 2017—-2019 pokis. [ noBy KOMax M1 BUKOPUCTOBYBaSIM €EHTOMOJOTIYHI Cayku
Ta nacTkm Mepike. Takox 36upanu komax, 36UTHUX TpaHCNOPTOM Ha 4opo3i. KpiM Lboro,
aHanizyBanv eHTOMOIOriYHi Konekuii 3oonoriyHoro Myseto JIbBIBCbKOro HaLioHansHOro
yHiBepcuteTy iMmeHi IBaHa ®paHka. [Jns BU3HAYeHHS KOMax BUKOPUCTOBYBanu CTepeo-
CKOMiYHMI MIKpOCKoN i cnewianbHi BUSHaYHUKK. [1Nns OUiHIOBaHHSA BUOOBOIO Pi3HOMaHIT-
TS BUKOpUcTanu iHaekc LLeHHoHa. Takox Ons nonerweHHs iHTepnpeTauii pesynsraTy
obuncnunu BUpIiBHsSHICTb iHAekcy LLeHHoHa.

Pe3ynbraTn. Ynpogosx gocnigkeHb My npoaHanisysanu 960 eksemnnsipis 64<o-
NUHKUX, KOTpi Hanexatb Ao 106 Buais, 25 poais i 6 poanH. Y uin ctatTi npeacTaBneHo
aHani3 TaKCOHOMIYHOro pi3HOMaHITTa 6axonuHux poguHu Colletidae (3 Buam), Halicti-
dae (22 Bngwn), Megachilidae (11 sugis) i Melittidae (5 Bugis). PisHomaHiTTa 64KonmMHUX
i3 poguH Andrenidae n Apidae 6yno npeactaBneHe y NepLuin YacTuHI LbOro LKAy My-
Gnikauii [27].
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BucHoBKM. YCi BUaN BoKONUHKUX i3 LIECTU POOUH € aBOpUreHHUMU Ons TepuTopil
€sponu. binbwicTb i3 HUX € noninektamu (= 61 %), a KiNbKICTb ONIrONEKTUYHNX BUAIB
(= 23 %) i BUAiB, KOTPi He 36upatoTb NUMOK (= 16 %), € 3Ha4YHO MeHLWoto. |HaeKC BUAO-
BOro pisHomaHiTTa LleHHoHa cTaHoBuTb = 3,718, a iHgeKkc BupiBHAHOCTI LeHHoOHa —
= 0,799 (B 0box pospaxyHkax MegoHocHa 6mxona Apis mellifera He Gyna B3sTa o
yBaru). AHani3 BnnuBy ypbaHisaLii Ta pi3HUX YMHHWKIB cepeafoByLLa Ha BUOOBE Pi3HO-
MaHITTa 64KonuHMX NoTpebye noganbLUmMX AeTanbHUX AOCHIMKEHb.

Knrovoei croea: 6oxonuHi, BUaoBe pisHOMaHiTTs, JIbBiB, YkpaiHa
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