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On the example of 5 species of herbaceous flowering plants of the Ukrainian Car-
pathians it is shown that they are in close relationships with a number of insects, some
of which are involved into pollination and hence in the formation of mature seeds. It was
found out that the species composition of insects does not depend on plant species
composition, but on the ecological conditions of their habitat. The highest number of
insects is connected with Dipsacaceae (30 species) and Asteraceae plants (29 spe-
cies), less with Apiaceae (21 species), and the least with Boraginaceae (13 species).
A significant role of phytophagous insects in the reproduction of plant populations was
established. For example, Senecio carpaticus is one of species that depends signifi-
cantly on the amount of received damage from the leaf beetles (Chrysomelidae) in the
higher parts of the Ukrainian Carpathians. By the example of a number of Formicidae
species, the role of myrmecochory in plants seeds dissemination is shown. It was con-
firmed that successful reproduction of Pulmonaria filarszkyana mainly depends on the
presence of ants which disperse the species’ seeds over large area. Formica cunicu-
laria, F. lemani, F. cinerea, Myrmica ruginodis, Tetramorium caespitum dominate among
the ant species mentioned above.

Keywords: high-mountain plants, insect pollinators, Formicidae, myrmecochory,
Ukrainian Carpathians.

INTRODUCTION

It is known that heterotrophic organisms have both positive (pollination and ex-
change of genetic information between the populations) and negative effect on the re-
production of plants (damaging vegetative and generative parts of the plants). The study
on the role of heterotrophic organisms in plant pollination, seeds dispersal and damage
to the reproductive organs of plants is a matter of particular interest.

The aim of the study was to establish the quantitative and qualitative composition
of insects that are involved in the reproduction of plants, to determine the characteristics
and importance of identified animals in their reproduction, and to clarify the role of ants
in the dissemination of seeds of some high-mountain plant species in the Ukrainian
Carpathians.
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Long-term research of entomophilous plants and their pollinators’ relationships on
the example of some families of angiosperms showed the important role of flower mor-
phology known as “the length of corolla tube” [3, 4]. The family Compositae is differenti-
ated into species by inflorescence colour and length of flowers’ corolla tube [3]. Species
with white and yellow or yellow inflorescence have short corolla tube; insects with short
proboscis (Diptera) dominate among the pollinators. Species with purple-violet inflores-
cence have long corolla tube; insects with long proboscis, primarily bees, dominate
among the pollinators. The relevance of our work is about continuing research in this field
through the example of consortial relationships of teasel plant family (Dipsacaceae) and
other phylogenetically unrelated high-mountain plant families of the Ukrainian Carpa-
thians [7, 8, 11-13].

Myrmecochory is one of the most interesting examples of the relationships between
plants and insects. While seeds of plants have insignificant role in trophics of ants, such
an aspect of herbaceous plants usage by ants resulted in important co-evolutionary ef-
fect, i.e. the origin of myrmecochory [1, 15]. Myrmecochory is characterized by the
availability of specialties both in seeds morphology and instincts of ants, which are seed
collectors mostly. In total the relationships between ants and plants are quite peculiar
and aren’t limited by collecting seeds or fruits only. Some plant species are “cultivated”
by ants for aphids, which live on the plants. In some cases ants consume nectar and
can pollinate flowers, but there is a lack of available information about the role of Formi-
cidae in pollination for nowadays. At least it is known that species of Formica and Lep-
tothorax genera pollinate some species of such families as Brassicaceae Burnett, Bora-
ginaceae Juss. and Apiaceae Lindl. in alpine zone. The plant species have favorable
morphological and biological features to be pollinated by ants, e.g. small simple flowers,
scarce amount of nectar to compensate energy costs of flying pollinators etc. [6]. The
investigations show that Formica lemani Bondroit, 1917 and F. picea Nylander, 1846 are
active pollinators of Vaccinium myrtillus L., V. vitis-idaea L., and V. uliginosum L. [2].

To achieve the aim the following objectives were set: to identify the groups of in-
sects that have consortial relationships with reproductive sphere of plants, to specify the
activity of the studied animals (myrmecochory, entomophily, etc.), to evaluate the impact
of animals on generative sphere of plants, and to establish specific insect taxa that have
relationship to the studied plant species.

The resulting information will fill a significant gap in the variety of plants’ pollinators
in the Ukrainian Carpathians, since the data contained in the literature on pollinators of
the families Compositae and Dipsacaceae are mainly related to one species of plants
[9], and references to pollinators of most species of plants are fragmentary.

MATERIALS AND METHODS

Case study was conducted on 5 species of plants that grow in different habitats at
the altitude of 1350-1700 m a.s.l. and belong to the different families. In particular they
are Knautia dipsitifolium K. (Dipsacaceae), Arnica montana L. and Senecio carpaticus
Koch. (Asteraceae), Pulmonaria filarszkyana Jav. (Boraginaceae) and Astrantia major L.
(Apiaceae).

The material for the research was sampled and the observations were made during
the vegetation seasons of 2009-2012 in the high-mountains of the north-east macro-
slope of Chornogora in the Ukrainian Carpathians near the summits of Pozhyzhevska
(1710 m a.s.l.) and Breskul (1650 m a.s.l.) Mts, and in Tsybulnik kar (1320-1350 m a.s.l.).
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The collection of insect pollinators was made by means of entomological net accor-
ding to the methodology proposed by K. Fasulati [5]. Mirmecochore relationships of the
plants were studied by the standard methods that intend to locate the seeds on 100 sq cm
area with the following observation of their dispersal by ants [10].

Ratio between the specimen number of the certain insect species and the total num-
ber of counted individuals was determined using the system proposed by W. Tischler [14].

RESULTS AND DISCUSSION

Phoric relationships conducted mainly with the activity of insect pollinators are at
the forefront among all the consortial relationships as they are tightly combined with the
trophic ones. We found out 30 species of insects for the plants of family Dipsacaceae,
29 ones for the family Asteraceae, 21 species for Apiaceae and 13 insect species for
Boraginaceae altogether (see Table).

Taxonomic diversity of insect pollinators of some species of the herbaceous
flowering plants in high-mountains of the Ukrainian Carpathians

TakcoHOMiYHe pPi3HOMaHITTA KOMax-3anunoBayiB AeAKUX BUAIB TPaB’AHUCTUX KBITKOBUX
pocnuH BUCOKorip’a YkpaiHcbkux Kapnat

Plant species

Insect taxon S £ w 88 S
;s § gSises
2 § 28EP 33
< ¥ 332gss
Order HYMENOPTERA
Family Andrenidae
Andrena minutula (Kirby,1802) - - - = +*
Andrena hattoxfiana (Fabricius, 1775) - - - - +
Andrena wilkella (Kirby,1802) - - - = +
Andrena combinata (Christ, 1791) - S = + 5
Andrena dorsata (Kirby,1802) - S - + -
Family Halictidae
Halictus eurygnathus (Bluthg,1931) - - - = +
Halictus laevigatus (Kirby,1802) - - - = +
Halictus zonulus (Smith,1848) - - - = +
Halictus leucozonius (Schrank,1781) - - - - +
Halictus fulvicornis (Kirby, 1802) - - - = +
Halictus pauxillus (Schenck, 1853) - - - = +
Halictus morio (Fabricius, 1793) - - - = +
Halictus albipes (Fabricius, 1781) - S = > +
Sphecodes gibbus (Linnaeus, 1758) - - - - +
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The end of the Table
Family Megachilidae
Heriades truncorum (Linnaeus, 1758) T - - -
Heriades adunca (Panzer, 1798) = = 3
Megachile octosignata (Nylander, 1852) - - -
Megachile ericetorum (Lepeletier, 1841) - - -
Nomada sexfasciata (Panzer, 1799) - - -

+ + 4+ + o+
1

Anthophora vulpina (Panzer, 1798) - - 3
Family Bombyliidae

+
+

Bombus lucorum (Linnaeus, 1761) +
Bombus pratorum (Linnaeus, 1761) +
Bombus pyrenaeus (Perez, 1880) -
Bombus lapidarius (Linnaeus, 1758) -
Bombus hortorum (Linnaeus, 1761) +

+ + + + + o+

Bombus campestris (Panzer, 1801) -
Order DIPTERA

Family Syrphidae

Syrphus ribesii (Linnaeus, 1758) +
Syrphus torvus (Osten Sacken, 1875) -
Melanostoma scalare (Fabricius, 1794) -
Eristalis tenax (Linnaeus, 1758) T
Eristalis rupium (Fabricius, 1805) &
Eristalis arbustorum (Linnaeus, 1758) +
Eristalis jugorum ( Egger, 1858) +
Eristalis pertinax (Scopoli, 1763) +
Cheilosia impressa (Loew, 1840) -

+ + + + + + + + + o+

Cheilosia variabilis (Panzer, 1798) -

1
+
1

Cheilosia canicularis (Panzer,1801) +
Scaeva pyrastri (Linnaeus, 1758). -
Scaeva selentica (Linnaeus, 1758).

Episyrphus balteatus (De Geer, 1776)

1
1
+ + + + o+

Sphaerophora scripta (Linnaeus, 1758).

+ + + + +
1
1

Eupeodes corollae (Linnaeus, 1758) -
Volucella pellucens (Linnaeus, 1758) - - + -
Volucella bombylans (Linnaeus, 1758) - - - -
Myiathropa florea (Linnaeus, 1758) + - + -

+ + + +

Xylota sylvarum (Linnaeus, 1758) - - - -

Comments: * — presence (+) and absence (-) of insects on the plant
MpumiTKN: * — HasdBHICTb (+) i BiACYTHICTb (-) KOMax Ha POCMWHI
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According to the obtained results, S. carpaticus flowers were visited by 16 insect
species, while A. montana by 15 ones. Species composition both of them is similar
(similarity coefficient 0.8). The dominant species are Eristalis tenax, E. arbustorum, E. ju-
gorum, Syrphus ribesii and others. The minor ones respectively are Eristalis pertinax,
Cheilosia variabilis, Xylota sylvarum etc. All the insect visitors of these plant species are
presented by anthophilous (60 %) and phytophagous species (40 %); the latter ones are
mostly represented by leaf beetles of the genus Chrysochloa. The species depends a lot
on the amount of received damage from the Chrysochloa beetles (See Figure).
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60 W S. carpaticus
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40 —
30
20
10
o 1N — . . .

Bombyliidae Andrenidae Megachilidae Formicidae Halictidae Syrphidae Chrysomelidae

The percent corellation of the families of insect pollinators of some species of plants in high-mountains
of the Ukrainian Carpathians

BigcoTkoBe cniBBiQHOLLEHHSI POAMH KOMax-3anumtoBadiB AesKUX BUAIB POCINH BUCOKOTIP'st
Ykpaincbkux Kapnat

The generative sphere of plants of the family Apiaceae, which are exemplified by
Astrantia major were visited by 21 species of insects. The dominant species are Erista-
lis tenax, E. rupium, Cheilosia impressa and others. Recedative and minor species are
Bombus pyrenaeus, B. campestris, Sphaerophora scripta, Eupeodes corolla and others,
which occurred with the frequency of 0.03-0.07.

During the research it was found out that A. montana consorts include 13 species,
85 % of which are anthophilous. They are as follows: Bombus lucorum, B. pratorum,
and hoverflies of the genus Eristalis. 15 % of the species are presented by butterflies,
namely Gonepteryx rhamni and Erebia medusa.

Lower number of insect species (11 ones) is typical for Pulmonaria filarszkyana due
to the long flower corolla tube that is inaccessible for many insect species. Among the
species observed there are typically polytrophic insects as Sphecodes gibbus, Heriades
truncorum, Bombus lucorum, B. pratorum and the species-specific insects as Andrena
combinata and A. dorsata with a visit frequency of 0.04—0.06. It was found out also that
renewal of P. filarszkyana is tightly connected not only with typical insect pollinators

ISSN 1996-4536 (print) ¢ ISSN 2311-0783 (on-line) e bBionoriuxi Ctyaii / Studia Biologica e 2016 e Tom 10/Ne2 ¢ C. 195-202



200 0. S. Sachok, I. J. Tsaryk

(reproductive process), but also with the significant activity of ants, that disperse seeds
for a considerable distances from the maternal plant. Formica cunicularia Latreille,
1798, F. lemani, F. cinerea Mayr, 1853, Myrmica ruginodis Nylander, 1846, Tetramorium
caespitum L., 1758 dominate among the recognized species. Due to the activity of ants
(seeds dispersal) some loci of P. filarszkyana in the typical phytocoenoses of the Ukrai-
nian Carpathians at the different altitude levels are established.

Obligate and facultative myrmecochors can be distinguished among the myrmeco-
chorous plants in general. Their seeds usually have attractive greasy corpuscules or
elaiosomes, which are consumed by ants. The seeds are covered by fuzz and fringe to
liken them to insects and their larvae what is very attractive for ants. Myrmecochorous
species are characterized by early flowering and fruitification. Their morphology has a
row of adaptations for self-seeding as well. The elaiosomes of majority of seeds and
fruits gathered in ant-hills after having been consumed by ants are removed from there
being able to grow. So, that is the reason of different plant composition on the ant-hills
of Formicidae and around them from the rest of the territory without the ant-hills and
favorable soil conditions, accordingly.

The disruption of the relationships between plants and insects can, on the one
hand, results in the extinction of populations of entomophilous plant species and in the
loss of the food base for leaf beetles, for example, on the other hand. The bumblebees
are one the most essential for the viability of plant populations of the Ukrainian Carpath-
ian high-mountains among the other pollinators. We discovered that the pollinators’
composition does not depend a lot on plant species, but depend on the ecological con-
ditions of their habitat. A stable relationship between flowering plants and insect pollina-
tors (they are mainly Hymenoptera) ensures successful reproduction, sufficient ex-
change of genetic material between populations of plants to form a mature seed.

Thus, after finding out the ways of pollination and seed dispersal of plants in the
Ukrainian Carpathians it is now possible to explain the processes and mechanisms of
plant population survival in the high-mountain regions and predict the dynamics of their
populations.

CONCLUSIONS

It was found out that such high-mountain plant species of the Ukrainian Carpathi-
ans as Knautia dipsitifolium, Arnica montana, Senecio carpaticus, Pulmonaria filarsz-
kyana and Astrantia major are tightly connected with a number of insect pollinators. The
most numerous ones among them are representatives of Bombyliidae and Syrphidae,
and the less numerous species are insects from the families of Andrenidae and Halicti-
dae. The highest number of pollinator species is recorded for K. dipsitifolium (30 ones),
and the lowest one — for P. filarszkyana (9 species).

The most significant influence of phytofagous insects over the vegetative sphere of
the plants occurs for S. carpaticus where 40 % of the total amount of consorts belongs to
the leaf beetles (Chrysochloa). The important role of such species of ants as Formica cu-
nicularia, F. lemani, F. cinerea, Myrmica ruginodis, Tetramorium caespitum in the dissemi-
nation of P. filarszkyana seeds is established. This fact points at the lungwort as a typical
myrmecochorous species in high-mountains of the Ukrainian Carpathians.
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POJIb KOMAX Y 3AMUINEHHI TA PO3MNOBCIOMKXEHHI PEMPOOYKTUBHUX
3AYATKIB OEAKUX BUAOIB POCIIUH BUCOKOTIP’Sl YKPATHCBbKUX KAPMAT
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Ha npvknagi m'stm BMAIB TPaB'sSsHUCTUX KBITKOBUX POCIUH YKpaiHcbkux Kapnat

BCTaAHOBIEHO, L0 Y TICHUX 3B’A3Kax i3 HUMK nepebyBae HM3Ka KOMax, YacTUHa 3 SKUX
Bepe yyacTb y IXHbOMY 3anureHHi, a Bigtak y opmyBaHHi MOBHOLIHHOTO HaciHHSA. Byno
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BCT@HOBIIEHO, LLO BMAOBWI CKNag KOMax 3anexuTb Bifg €KOroridyHMx yMOB ocenuiia
OiNbLUOKO MIpPOHD, HiX Bif BUOOBOrO cknagy pocnvH. Hambinblua KinbkicTb koMax Oyna
noe’dA3aHa 3 pocnmHamu poaunHn Dipsacaceae — 30 BuaiB, meHwa — 3 Asteraceae (29
BuaiB) i Apiaceae (21 Bug), a HameHwa (13 BuaiB) — 3 Boraginaceae. BkazaHo Ha Bax-
nMBY porib koMax-goiTodparie y BiOTBOPEHHI nonynsuin pocnvH. Hanpuknag, Senecio
carpaticus € ogHUM i3 BUAIB Yy BMCOKOTIp'i YKpaiHCbkux Kapnart, sikuin 3Ha4HOK Miporo
3anexuTb Big CTyneHs nowkomkeHb nuctoigammn (Chrysomelidae). Ha npuknagi HU3ku
Bugie Formicidae 3’scoBaHO 3Ha4YeHHS1 MiIPMEKOXOPIi Y PO3NOBCIOMKEHHI HACiHHSA. [1ia-
TBEPMAXKEHO ICTOTHY 3aneXHiCTb ehEKTUBHOIO PO3MHOXEHHS Pulmonaria filarszkyana Big
HasABHOCTI MypaLUOK, siki 3a06e3neyyoTb PO3NOBCHAPKEHHST HACIHHSA LibOro BUAY Ha 3Hau-
Hir TepuTopii. 3-MOMiXK Takux BUAIB MypaLLOK AOMiHYOTb Formica cunicularia, F. lemani,
F. cinerea, Myrmica ruginodis i Tetramorium caespitum.

Knroyoei cnoea: pocnuHM BUCOKOrIP’s, KOMaxu-3anuntoBadi, Formicidae, mipme-
Koxopid, YkpaiHcbki Kapnatu.

POJlb HACEKOMbIX B OMbINEHUU N PACTIPOCTPAHEHUU 5
PEMPOAYKTUBHbLIX 3AYATKOB HEKOTOPbIX BUOOB PACTEHUA
BbICOKOINoPbA YKPAUHCKUX KAPIMAT
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Ha npumepe natTu BMOOB TPaBSHUCTBLIX LBETKOBbIX pacTeHun YkpaunHckux Kapnat
YCTaHOBMEHO, YTO B TECHBIX CBA3AX C HMMW HAXOOUTCS psig HACEKOMBIX, HYacTb U3 KOTOPbIX
NPUHMMAET y4acThe B VX OMbINIEHNN U, CNIeqoBaTeNnbHO, B POPMMPOBAHUN NMOSTHOLEHHbIX
CEMSIH. YCTaHOBIEHO, YTO BUAOBOW COCTAB HACEKOMbIX 3aBUCUT OT SKOMOTMMYECKNX YCIO-
BMIN MecToobuTaHMs B GoMbLUEN CTENEHW, YEM OT BUOOBOIO CocTaBa pacteHun. Hanbonb-
LLlee KONM4ecTBO HaCeKoMbIX CBA3aHO C pacTeHnsmMu cemenctea Dipsacaceae — 30 Bu-
00B, MeHbLUee — ¢ Asteraceae (29 BugoB) u Apiaceae (21 Bua), a HanmeHbluee (13 Bu-
JoB) — ¢ Boraginaceae. YkasaHa BaxHasi poflb HACEKOMbIX-OMbINUTENEN B BOCMPOM3Be-
OEHUM Nonynaunui pacteHnin. Hanpumep, Senecio carpaticus SBNseTcs OAHUM 13 BUAOB
BbICOKOTOpbs YKpauHckux Kapnart, KOTopbIfi 3HAUMTENbHO 3aBMCUT OT CTEMEHWU MnoBpe-
xaeHun nuctoegamu (Chrysomelidae). Ha npumepe psiga BuooB Formicidae nokasaHo
3Ha4YeHNe MMPMEKOXOPUM B pacnpocTpaHeHun cemsiH. lNoaTBepaeHa CyllecTBeHHas
3aBMCMMOCTb 3(PEKTMBHOIO pasMHOXeHust Pulmonaria filarszkyana ot Hanuunsa mypa-
BbEB, KOTOPble 00ECne4MBaloT pacnpoCcTpaHEHNe CEMSAH 3TOro BUAa Ha 3HAYUTENbHON
TeppuTopun. Cpeau Taknx BUOoOB MypaBbeB AOMUHUPYIOT Formica cunicularia, F. lemani,
F. cinerea, Myrmica ruginodis w Tetramorium caespitum.

Knrodeenbie crioea: pacTeHusi BbICOKOropbs, HacekoMble-onbinutenu, Formicidae,
MUpMeKoxopus, YkpanHckue Kapnartbl.

OpepxaHo: 30.05.2016
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