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Introduction. Due to a significant biomass and diverse ecological niches, ants
(Formicidae, Hymenoptera) are crucial in establishing the structure and functioning
of the co-adaptive species complexes, i.e. myrmecocomplexes, to which they belong.
The majority of ant species, which build their nests with visible anthills, create humpy
micro-relief changing the habitats of numerous plant and animal species. The number of
active ant families and the number of their nests indicate the functional power of every
species in an ant community. According to the dynamics of nest numbers, it is possible
to analyze the changes in the ecosystem as a whole.

Materials and methods. The research territory is located in the SE suburb of Lviv
on the edge of Davydiv and Holohory ridges. It includes two former agricultural sites:
fallow arable land and fallow grazing land. The material was collected by the method
of ant exclusion with its following conservation, laboratory analysis and determination.
Anthill mapping was conducted on 200 sqg. m sites.

Results and discussion. The results suggest that the more structured a habitat
is, the higher ant species diversity is observed: seven species were found in the fallow
grazing land (Formica pratensis — dominant, F. cunicularia — subdominant, Tetramorium
caespitum, Lasius niger, L. flavus, Myrmica rubra, Solenopsis fugax — all are influents).
It is typical of the three influent species (L. flavus, T. caespitum, M. rubra) to distribute
within the territory of a dominant’s foraging area. However, the influent ant species avoid
contacting each other. The less structured habitat (fallow arable land) is presented by
only two of the most adaptive species, which are in high numbers (L. niger — 95 % of the
site nests, and L. flavus — only 5 % of them).
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Conclusions. Thus, each ant community is a system of ,dominant—-subdominant—
influent” species, which is under permanent transformation due to anthropogenic habitat
changes; only well-adapted species can stay in the community under the influence of the
mentioned changes. The research on the spatial distribution of ant nests testifies to the
prospects and need for the mapping method used to establish the type and level of pre-
vious anthropogenic impact on the ecosystem (grazing, ploughing, grass burning, etc.).

Keywords: Formicidae, myrmecocomplex, anthills mapping, spatial distribution,
former agro-ecosystems, anthropogenic impact

INTRODUCTION

Ants (Formicidae, Hymenoptera) are highly organized social insects. They are an
inherent component of the majority of terrestrial habitats. Due to a significant biomass
and diverse activity (predation, pollination, environmental role), Formicidae plays a cru-
cial part in establishing the community structure and function to which they belong. Ants
create a co-adaptive species complex — myrmecocomplex — with a particular anthill
spatial structure.

The majority of ant species that build their nests with a visible substrate elevation
(anthill) belong to the functional group of ,ecosystem engineers” (Lavelle et al., 1997;
Jones, Lawton, & Shachak, 1997; Del Toro, Ribbons, & Pelini, 2012; King, 2021). Their
environmental activity creates humpy micro-relief changing the habitats of numerous
animals and plants (Jones, Lawton, & Shachak, 1996). Additionally, the biomass of ants
in some habitats may reach 15-20 % of all animals in a particular ecosystem (Schultz,
2000). Most ants are non-specialized predators and necrophages, while some grow
fungi or rear insects in their nests.

Ant nest types, their changes depending on the habitat, size and age are the features
of a species’ ecological plasticity. The number of active families and the number of their
nests combined with the system of foraging routes indicate the functional power of any
species in an ant community (Schatz, Lachaud, 2008). Investigating ant nest dynamics
is one of the main ecological research questions within this taxonomic group of animals.
The number of ant nests is a vital species feature in a particular ant community. Accor-
ding to the dynamics of nest numbers, it is possible to analyze the changes in the eco-
system as a whole (Hnativ, & Snitynskyi, 2017). Ant nest complexes of different species
and their spatial distribution display each ant species function in a co-adaptive complex
within the ant community by the principle “dominant—subdominant—influent” (Stukaliuk,
2012). The nests of different ages and sizes are located depending on the hierarchical
species status. Every ant species’ nest density depends on its distribution strategy and
intra-specific relations. Nest mapping is an approach that allows showing the structure
of a specific spatial system of anthills in myrmecocomplex due to foraging expansion.

Based on the abovementioned, our goal was to investigate the structural and func-
tional organization of ant communities in secondary ecosystems on the example of
former agricultural lands.

MATERIALS AND METHODS

Our research territory is located in the SE suburb of Lviv (49.739454 24.170885)
on the edge of Davydiv and Holohory ridges (Herenchuk, 1972). According to the geo-
botanical zoning of Ukraine, it belongs to Holohory-Voroniaky district, which is included
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in the European broadleaf forest region (Barbarych, 1977). The research territory com-
prises two sites: a) fallow arable land and b) fallow grazing land (neither of them has
been used for the last ten years) (Fig. 1).

e

100 m

Fig. 1. Research territory sites in the vicinity of Davydiv village (Lviv province): a) the fallow arable land,
b) the fallow grazing land

The material was collected using the method of ant exclusion (Radchenko, 2016).
The preliminary ant species determination in the field was done by means of magnify-
ing glass with a LED lamp (10x). The material was conserved in 70% alcohol. We used
standard methods for the laboratory analysis and determination of the collected material
(Gilarov, 1975; Dunger, & Fiedler, 1989; Lavelle, & Spain, 2001). Anthill mapping was
done on two 200 sqg. m sites with a 2.5x2.5 m raster step.

RESULTS AND DISCUSSION

Unlike our previous faunistic investigations of soil invertebrates (Tsaryk, & Yavor-
nytskyi, 2020), the synecological research of ants aims to study the spatial distribution
of nests and species abundance depending on the area covered by nests, ant species
hierarchy, and chorological features of ant complexes etc.

The focal ant species belong to the horizontal herpetobiontic and soil-litter choro-
logical ant complexes. There are five of them: vertical herpetobiontic, horizontal her-
petobiontic, poly-layer, soil-litter, and dendrobiontic (Putyatina, 2007). According to the
goal of our research, particularly the investigation of the structural and functional orga-
nization of ant communities in secondary ecosystems in the example of former agri-
cultural lands, we analyzed the obtained data based on the results of ant species nest
mapping. Our results indicate that the more structured a habitat is, the higher the ant
species diversity is observed (Fig. 2-3). The less structured habitat is inhabited by only
the most adaptive species, which are in high numbers there (Fig. 6—7). Similar results,
which reflect the same tendency, were obtained in various non-forested European
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habitats of moderate climate, inhabited by different ant species (Dauber, Bengtsson, &
Lenair, 2006; King, 2006; Wills, & Landis, 2018). In particular, Lasius flavus, which is
presented in our research as well, is one of the most important ant species in European
grasslands, producing vegetated long-lasting anthills (Waloff, & Blackith, 1962; King,
2021). The anthills make a distinctive contribution to grassland heterogeneity.
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Fig. 2. The scheme of anthill spatial distribution on the fallow
grazing land
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Fig. 3. Humpy micro-relief of the fallow grazing land Fig. 4. Formica pratensis Retzius, 1783 — dominant
species on the fallow grazing land (Photo:
https://www.antwiki.org/)
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Fig. 5. Formica cunicularia Latreille, 1798 — sub-
dominant species on the fallow grazing land
(Photo: https://www.antwiki.org/)
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The species composition of the fallow grazing land research site includes seven
ant species: Formica pratensis Retzius, 1783 — dominant with a high number of workers
and a large territory, which is under active protection (Fig. 4). F. cunicularia Latreille,
1798 — subdominant (Fig. 5), Tetramorium caespitum (Linnaeus, 1758), Lasius niger
(Linnaeus, 1758), L. flavus (Fabricius, 1782), Myrmica rubra (Linnaeus, 1758), Solenop-
sis fugax Latreille, 1798 — influents.
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Fig. 7. The view of the fallow arable land

The mechanism of spatial distribution of the influents’ nests (L. flavus, T. caespitum,
M. rubra) significantly optimizes their living conditions. It is typical of them to distri-
bute within the territory of the dominant’s foraging area. However, influent ant species
avoid contacting each other, especially during foraging (Fig. 2). This is confirmed by the
investigations conducted in an extensively grazed temperate grassland, which show
differences in trophic distances of three ant species including L. flavus (Boots et al.,
2012). One of the important things to mention here is the foraging type on different suc-
cessional stages of any grassland habitat, which is crucial for an ant species to survive
in a myrmecocomplex. Thus, later successional stages, in contrast to the early ones,
show much less variation in species composition, providing strong evidence for a rather
predictable myrmecocomplex in mature grasslands in the moderate climate region.
A change from the species that predominantly forage above-ground to the increasing
abundance of Lasius flavus foraging mainly below-ground is known (Dauber, & Walters,
2005). This might be one of the important reasons for the influent ant species to opti-
mize their living conditions and avoid foraging competition on the fallow grazing land.

On the contrary, ant nests on the fallow arable land belong to only two species: 95 %
of which are Lasius niger and 5 % — L. flavus. Even distribution of their nests is possible
in a relatively homogeneous habitat, which is in tight connection with their ability to create
a foraging territory for the individuals of each nest (Fig. 6—7). Taking into account the
limited species diversity on the fallow arable land in contrast to the fallow grazing land,
we have to assume that the arable land, being the example of former more intensive
land use, provides less living conditions for the species, so, only high-tolerance ant spe-
cies can survive. In our case L. niger belongs to that group, which is supported by the
recent research (Heuss, Grevé, Schafer, Busch, & Feldhaar, 2019). Moreover, L. niger
demonstrates the increasing density of its nests compared to the grazing land due to the
absence of competition between the above-ground ant species.

We conducted the research on spatial distribution of Lasius niger nests in secon-
dary meadow ecosystems (after their agricultural use) for the first time in our region.
According to the existing scale of anthropogenic impact level (Blinova, & Dobrydina,
2019), the sites with 1-2 ant species with the total domination of Lasius niger (90 %
nests) belong to the high-impact level ones. Middle-impact level means the presence of
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3—4 ant species with a 50 % share of Lasius niger nests in the habitat. If there are five
or more ant species with less than 50 % of Lasius niger nests, we can conclude about
the low anthropogenic impact level on the particular habitat site.

CONCLUSIONS

Each ant community is a system of ,dominant—subdominant—influent” species,
which is under permanent transformation due to anthropogenic habitat changes; only
the species well adapted to the changes remained in the community.

Nests density in the ant communities of secondary meadows under the influence
of agricultural activity displays a non-adaptive trend. Some species increase their nest
density, the density of other ones decrease, or nests disappear. The body size reduction
of workers under the decreasing of species hierarchy level in such ant communities is
typical.

The research on the spatial distribution of ant nests can be used to determine the
type and level of anthropogenic impact on the ecosystem (grazing, ploughing, grass
burning etc.). The termination of agricultural land use leads to habitat overgrowing, and
as a result, the gradual disappearance of high-level insolation ant species is seen.

Our research gives a possibility to broaden the existing myrmecocomplex clas-
sification based on the ,dominant—subdominant—influent” principle and testifies to the
prospects and need for the use of anthill mapping method for the evaluation of succes-
sion processes that take place on former agricultural lands.
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CTPYKTYPHO-®YHKLUIOHAIIbHA OPIAHI3ALUIA MIPMEKOYIPYNOBAHDb
Y BTOPUHHUX NTYYHUX EKOCUCTEMAX

1. Japuk', O. Pewemuno'?, I. Xamap?

" IHemumym ekonoeil Kapnam HAH YkpaiHu, syn. KosenbHuubka 4, Jlbeie 79026, YkpaiHa
2 [lbsigcbkull HayioHanbHUl yHieepcumem iMeHi IsaHa ®paHka

syn. lpyweescbko2o 4, Jibeie 79005, YkpaiHa

BceTyn. 3aBasaku 3HayHin 6iomaci Ta pis3HOMaHITHUM eKOMOTiYHMM Hillam, MypaLlKu
(Formicidae, Hymenoptera) BigirpaloTb BaxnuBy porb Yy (OPMYBaHHI CTPYKTYpu
Ta (PyHKUIOHYBaHHI KOaganTUBHMX BWOOBUX KOMIMIEKCIB — MipMEKOyrpynoBaHb, —
00 cKnagy siKMx BOHM BXOQATb. BinbliicTb BUAIB MypalloK, SKMM NpuUTamaHHi rHisga
3 MypaLUH1KamMu, (PopMyOTb KYMMHACTUI MiKpopenbed, 3MiHIOIYM cepenoBuLLE iCHY-
BaHHs1 B6araTbOX BUAiB POCNVH i TBapuH. Ha dyHKUiOHaNbHy NOTYXHICTb KOXHOIO BUAY
Yy MipMEKOYrpyrnoBaHHi BKa3ye YMCNO aKkTUBHMUX CiMEN, a BiATaK i rHi3g Mmypawok. Ha
OCHOBI 3MiHN YACENbHOCTI MHi34 MOXHAa NpoaHanisyBaTt 3MiHu, WO BigOyBalTbCs B €KO-
cucTeMi 3aranom.
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MaTepianu n metogu. [locnigHa TepuTopis po3TalloBaHa Ha NiBAEHHUI cXig Big
JleBoBa Ha Mmexi [aBuaiscbkoro Ta Monoripcbkoro nacem i cknagaetbcs 3 ABOX 3aKUHY-
TUX CiNbCbKOrocnogapchbkux AiNsHOK: pinni Ta nacosulla. 36ip matepiany nposoaunu
METOAO0M BUIMYyYEHHSI MypPaLLOK i3 FHi3[ 3 NoAanbLUO IXHBO dikcauietn, KaMepanbHo
06pobkoto | BU3Ha4YeHHsIM. KapTyBaHHs MypaluHukiB Bigbysanocst Ha AinsHkax 200 m?2
KOXHa.

Pe3ynbTaTy i iXHE 06roBopeHHsA. Pedynstatv BKasyloTb Ha Te, WO CTPYKTypoBa-
HICTb MiCLlb MPOXMBAHHSA MypaLloK Npu3BoauTb A0 BinblIOi Pi3HOMAHITHOCTI IXHBLOrO
BMAOBOIO Cknagy — CiM BUAiB MypaLLOK Ha 3akKMHYTOMY nacoBuLLi (Formica pratensis —
AoMiHaHT, F. cunicularia — cybpomiHaHT, Tetramorium caespitum, Lasius niger, L. flavus,
Myrmica rubra, Solenopsis fugax — iHcntoeHTn). [ns Tpbox BUAIB iHdnoeHTIB (L. flavus,
T. caespitum, M. rubra) xapakTepHe Take pO3CeNeHHs1 B Mexax TepuTopii KOPMOBOI
JiNsHKM OMiHaHTa, abu He nepeTuHaTUCS OAWH 3 OAHUM. A 3aKMHYTa pPinns, sika xapak-
TEPU3YETLCS OOMEXEHUM OCENULLHUM PiI3HOMaHITTSM, 3aceneHa nvwe HanbinbL npu-
CTOCOBaHUMU BUAAMM, SIKi CAraloTb TaM BUCOKOT YncenbHocTi: L. niger — 95 % ycix rHisg
Ha ainsaxui, L. flavus — nuwe 5 %.

BucHoBku. KoxHe MipmekoyrpynoBaHHs npeactaense coboto cuctemy “Aomi-
HaHT—Cy6OOMIHAHT—IH(MIOEHT”. AHTpOMNOreHHa 3MiHa cepefoBuLla TpPaHCHOPMYE L0
cucTeMy, 3anuiuarody nuie Ti BUuan, siki agantyloTbCs OO0 Takmx 3MiH. [JocnigkeHHs
TepuUTOopianbHOCTI po3TallyBaHHS MHi34 MypaLlOK JOBOAUTbL NEPCNEKTUBHICTL | NOTpeby
3acTocyBaTU METOA IXHbOIo KapTyBaHHSA AN BCTAHOBMNEHHS PiBHS | TUMIB NoONepeaHboro
aHTPOMNOreHHOro BNMBY Ha eKOCUCTEMY (BUMAac, PO30PIOBaHHS, BUNAantoBaHHS TOLLO).

Knroyosi cnioea: Formicidae, yrpynoBaHHSA MypallOK, KapTyBaHHSA MYypaLUHUKIB,
NPOCTOPOBMI PO3MOAiMN, 3aKMHYTI arpoOeKoCUCTEMU, aHTPOMO-
reHHWU BNvB
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