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Interest in trace metals and the environmental effects of their deposition significantly increased recently. Ecological
communities formed on soils with a high concentration of heavy metals are characterised by a particular composition of
plants and invertebrates in response to unfavourable physical and chemical conditions and under a strong selective
pressure. Calaminarian grasslands as well as other dry grasslands are fragile habitats, very rare in Central Europe; such
areas are often protected within nature reserves. This paper is the first comprehensive study of aphids (Insecta: Hemiptera:
Aphidomorpha) of the metalliferous areas in Central Europe. It helped to describe the species diversity of aphid
communities related to the plants of heavy metal grasslands, define the level of relationships between aphids and plants of
heavy metal habitats and determine diagnostic aphid species for assemblages forming in such post-industrial landscapes.
On the basis of ecological groups determined for aphids, also the number and percent of the species which form them and
their ratios structure aphid communities and their condition was defined. An elevated heavy metal content in the soil does
not limit the species richness of such an aphid community in comparison with those of other dry grasslands. However,
these aphid communities possess specific features resulting from the mixture of species arriving from dry calcareous and
sandy grasslands. The concept of ecological functional groups for analysis of aphid communities is introduced. Such an
approach is useful for describing aphid communities in time and the directions of their changes, thus helping to monitor

successive changes and the habitat state.

KEey WoRDS: abiotic and biotic components, aphid community — plant community interactions, aphid diversity,

semi-natural grasslands, unfriendly habitats.

INTRODUCTION

Heavy metal grasslands (also called calaminarian gras-
slands) are among the rarer plant communities in Europe.
They form on soils naturally rich or artificially enriched in
heavy metals (most frequently Zn, Pb, Cd). In their typical
form they occur in relatively few and isolated sites in
southern and western Europe, particularly in Belgium,
France, Germany and Italy (e.g. BECKER, 2012, EUROPEAN
CommissioN DG ENVIRONMENT, 2013). Small patches of
this community, floristically slightly impoverished, also
exist in Central Europe — near the southern Polish town of
Olkusz on the Silesia-Krakéw Upland — in areas with
abundant deposits of zinc and lead ores. The mining of
these deposits since the Middle Ages has significantly
changed the local landscape, leaving deep excavations and
mining waste landfills. In such an unfriendly habitat
(shallow, skeletal, dry, nutrient-poor soils with a high
content of heavy metals), a long succession spontaneously
formed a typical combination which contains calaminarian
grassland species (e.g. GRODZINSKA and SZAREK-
LUKASZEWSKA, 2009, SZAREK-L.UKASZEWSKA and GROD-
ZINSKA, 2011). Similar plants can also be found in landfill
sites of waste from heavy metal works in various parts of
Poland, but particularly in Upper Silesia (e.g. ROSTANSKI,
1997a, MANCzYK and ROSTANSKI, 2003).

Owing to the unique character of the communities
formed on soils with excess heavy metal contents and their
rarity in Europe, the dry grassland communities of
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Violetalia calaminariae Br.-Bl. et R.Tx. 1943 have been
included in the European Natura 2000 network of special
areas of conservation (code 6130). Protection under the EU
Habitats Directive' in Poland covers three such areas, two
of which are in the Olkusz area: ‘Armeria’ (area code
PLH120091) and ‘Pleszczotka’ (PLH120092).

Ecological communities (biocoenoses) formed on soils
with high levels of heavy metals have a unique flora and
fauna (BAKER ef al., 2010). The extremely unfavorable
physical and chemical conditions (abiotic components) of
such habitats (high soil toxicity, high temperature, shortage
of nutrients and water) exert a strong selection pressure on
biotic components. In response to this pressure and the
ensuing rapid microevolutionary processes, new ecotypes or
kinds of plants appear; they then form (by matching)
communities of high resistance, which makes them more
durable (WIERzBICKA and ROSTANSsKI, 2002). Studies of
plants, i.e. the producer level in a food chain, which grow in
metalliferous areas have been conducted for several decades
(DOBRZANSKA, 1955) and are still a focus of interest
(NowaK et al., 2011). On the other hand, the wildlife of
such habitats is poorly known. It would be interesting to
find out whether the pressure exerted on plants could also
affect a higher level of the food pyramid, i.e. primary

! Council Directive 92/43/EEC of 21 May 1992 on the con-
servation of natural habitats and of wild fauna and flora [OJ L 206,
22.7.1992, p.7]
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consumers, particularly insects. Sucking phytophages, such
as Sternorrhyncha, especially aphids (Aphidomorpha), are
models for this type of study. Most of them are
monophagous or narrowly oligophagous and are charac-
terized by a very close relationship with their host plant
(Eastop, 1995; LIN et al., 2015; Osiapacz and HArAJ,
2009). Such types of feeding are among the significant
factors governing the possibility of specific aphid
communities (aphidocoenoses) being formed in specific
plant communities. This has been corroborated by the
studies of many authors performed in various habitats
(DurAk and WoisciEcHOWSKI, 2005; OsiaDACZ and
WoiciecHowskl, 2008; Depa and WoJICIECHOWSKI, 2009),
including those with extreme living conditions
(SzeLeGIEWICZ, 1974; CzyLOK and WOJCIECHOWSKI, 1987;
WOICIECHOWSKI et al., 1989). Despite the numerous papers
describing aphid communities, only one of them focuses on
aphids in metalliferous areas (CzYLOK et al., 1991).

We therefore decided to address this topic and attempt to
answer basic questions:

Which aphid species occur in metalliferous areas, how
numerous are they and which habitats are they found in?

Can specific aphid communities form in such charac-
teristic habitats? If so, what is the species structure of their
aphid groups? What can make them different from the aphid
communities formed in habitats with similar physical and
chemical soil parameters (particularly temperature and
humidity), but without an excess of heavy metals?
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MATERIALS AND METHODS

SITE DESCRIPTION

The study covered 5 sites (plots) located in southern
Poland in the Silesia-Krakéw Upland (Fig. I). Two of the
sites, ‘Pleszczotka’ (P-1) and ‘Armeria’ (P-2), are charac-
terized by heavy metal grasslands (of Violetea calaminariae
class) (SzZAREK-LUKASZEWSKA and GRODZINSKA, 2011;
KaPUSTA et al., 2010; KowoLIK et al., 2010). The third site,
‘Zgoda’ (P-3), is an over 80-year-old metallurgical dump
with similar types of plant communities that tolerate high
concentrations of heavy metals in the soil (ROSTANSKI,
1997b; SKUBAEA, 2011). These communities correspond to
the last stages of plant succession on such dumps, i.e. the
formation of a grass sward and overgrowth by young trees
(GrEszTA and MORAWSKI, 1972).

Two control plots were selected for comparative analyses
with the material collected from the above-mentioned sites.
They had similar microclimatic conditions (temperature,
humidity), but not the extreme pressure of human factors, i.e.
unnaturally high levels of toxic heavy metals in the ground.
The first site — ‘Réwna Gora’ (CP-1) (near Strzyzowice) —
was representative of dry calcareous grassland [of Festuco-
Brometea Br. Bl. et R.Tx. 1943 class (BABCZYNSKA-SENDEK,
2005)], while the other one — ‘Rabsztyn’ (CP-2) (Rabsztyn
near Olkusz), represented sandy grassland [of Koelerio
glaucae-Corynephoretea canescentis Klika in Klika et
Novak 1941 class (MATUSZKIEWICZ, 2012)].

Fig. I — Study area with location of the sampling plots (1): P-1 ‘Pleszczotka’, P-2 ‘Armeria’, P-3 ‘Zgoda’,
CP-1 ‘Roéwna Gora’, CP-2 ‘Rabsztyn’; 2 — the main cities.
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In terms of phytosociology all the 5 sites are dry gras-
slands in a wide sense. They represent similar geobotanical
conditions, with similar plant coverage, plant-species
composition and the same floristic diversity (which means
the number of plant species per area unit).

MATERIAL COLLECTION AND DATA ANALYSIS

We carried out the studies from June to the end of July
2011-2013 by visiting the study plots at two-week intervals.
All the plots were sampled in the same way, with the same
methods and intensity. The same selected plots of 100 m?
were explored each time.

The material was obtained using the standard methods of
aphid collection and preparation (QUEDNAU, 2003;
BrackMmaN and Eastop, 2015; HALAT and OSIADACZ, 2016).
These comprised collecting the aphids by hand following
visual inspection, brushing aphids from host plants to white
sheet and using the sweep net. The aphids were classified
with collective and, if necessary, specialist keys, an exhau-
stive list of which is presented in the paper by BLACKMAN
and Eastop (2015). The evidence material in the form of
microscopic slides is deposited in Department of Ento-
mology and Environmental Protection of Poznan University
of Life Sciences.

PLANT SPECIES WERE DETERMINED AT STUDY PLOTS.

Based on the paper by JEDRZEICZYK-KORYCINSKA (2011)
we divided the host plant species into three groups: plants
displaying a very high, high and moderate degree of
attachment to metalliferous areas. We also indicated the
aphid species found there along with the degree of their
feeding type as: monophagous, oligophagous and
polyphagous species (Table 1).

Taking into consideration the information from Table 1
we analysed the level of plant relation to metalliferous areas
and the level of aphid relation to these plants (feeding type).
Based on it and the papers which applied the ‘fidelity class’
concept concerning communities of aphids and other
Hemiptera (e.g. GOrRczyca, 1994; Osiapacz and HArAJ,
2015; SzweDO et al., 1998), we defined the fidelity of aphid
species to the plant communities formed in the study plots
by adopting the following criteria:

— differential species — aphids (monophagous or narrowly
oligophagous) trophically related to plant species with a
very close connection to calaminarian grasslands and
occurring only in metalliferous areas;

— characteristic species — aphids (monophagous or narrowly
oligophagous) trophically related to plant species which
tolerate a higher content of heavy metals in the soil, but
occurring not only in metalliferous areas;

— accompanying species — aphids occurring in metalliferous
areas but not only trophically connected with plant
species tolerating a higher content of heavy metals in the
soil (broadly oligophagous), or monophagous and
narrowly oligophagous not connected with plants
tolerating a higher content of heavy metals in the soil and
also occurring in metalliferous areas;

— indifferent species — oligophagous and polyphagous with
no clear predisposition for any plant community.

We analyzed also the aphid species structure in the study
areas. We took into consideration the entire set of
correlations between particular aphid species and their host
plants: feeding (trophic criterion), changes of host plant
during the life cycle and type of reproduction (the occur-
rence or lack of a sexual generation), the type of growth of
the host plant (life form in the sense of Raunkiaer system —
according to position of buds during winter), the range

centre of plant species in particular community types and its

‘diagnostic ability’ for such communities (according to

studies by phytosociologists, e.g. BRAUN-BLANQUET, 1964;

DENGLER et al., 2012; MATUSZKIEWICZ, 2012). Considering

these criteria, we divided aphid species into ecological

functional groups (EFG) (two groups within each of which
we defined two subgroups):

— ‘S’ (specialists) — monophagous and narrowly oligo-
phagous, mainly monoecious and holocyclic aphid
species:

— ‘Fr-S’ (specialists in forest zones) — related to tree-and-

shrub plant formations,

— ‘NFr-S’ (specialists in non-forest zones) — related to

forest-free formations, dense grass-herbaceous;

— ‘G’ (generalists, opportunists) — polyphagous and
oligophagous, mainly heteroecious (rarely monoecious)
holocyclic or anholocyclic aphid species:

— ‘Fr-G’ (generalists in forest zones) — related to tree-

and-shrub communities,

— ‘NFr-G’ (generalists in non-forest zones) — related to

forest-free grass-herbaceous communities.

Based on the above assumptions we analysed the
classification of aphids into particular ‘EFG’ and presented
its quantitative and percentage results in a graphic form
(Fig. 1D).

On their basis, in order to characterise the structure of
interesting aphid communities in more detail, we calculated
the proportions between ‘EFG’ groups (RPg;; — ratio of
participations of ecological functional groups), according to
a simple formula:

RPgrc = Ogr / Peres

where: ogg — number or percentage (share) of aphid

species of one particular ‘EFG’, iz — number or

percentage (share) of aphid species of another particular

‘EFG’ (Table 2).

In order to compare the species composition of aphids
(aphids communities) occurring on particular plots we used
multivariate statistics: cluster analysis with Euclidean
distance and two clustering method i.e. UPGMA (Average)
and Ward method (EVERITT ef al., 2011) (Fig. III).

To examine relationship between disturbance degree of
particular plots and the ratios of distinguished ecological
functional groups (RPgs) simple linear regression was
applied (Fig. IV). Ranks from 1 to 5 were assigned to
particular study sites. Prior the analyses normality of
distribution of response variable was checked by Shapiro-
Wilk test (Table 2).

All statistics were conducted using R language and
environment (R Core Team 2014).

RESULTS

Our studies yielded a total of 125 aphid species (Table 3).
We recorded 102 aphid species (81.6% of the total material)
on the sites with heavy metal plants (‘P’ — plots P-1, P-2, P-
3 together), 76 species (60.8%) on the control plots (‘CP’ —
CP-1 & CP-2), and found 51 species (40.8%) common to
both, i.e. ones which occurred in both metalliferous areas
and control plots. On the other hand, we recorded 49
species (39.2%) only from the sites with heavy metal plants,
and 25 (20%) only from the control plots (Fig. V). Overall,
we found a higher number of aphid species on particular
sites of the metalliferous areas (the most (69; 55.2%) in the
post-industrial dump, P-3) than on the control plots; we
found the fewest (45; 36%) in dry calcareous grasslands,
CP-1 (Table 3, Fig. V.).
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Table 1 — Aphids found on heavy metal plants: I — plants with a very high degree of attachment to metalliferous areas, II — plants with a
high degree of attachment for metalliferous areas, III — plants with moderate degree of attachment to metalliferous areas, A — anholocyclic,
HO — holocyclic, M — monoecious, H — heteroecious, MN — monophagous, NOL — narrow oligophagous, OL — oligophagous, P —
polyphagous, 1 — indifferent species, 2 — accompanying species, 3 — characteristic species, 4 — differential species, (¥) — only for local of
aphid communities, (¥*) — for all study of aphid communities.

thyrsiflorus

Aphids in:
Host plants Calaminarian grasslands Dry calcarcous Sandy Phagism Fidelity
grasslands grasslands class
P-1 P-2 P-3 CP-1 CP-2
Cardaminopsis . L L L
arenosa L. erysimi L. erysimi L. erysimi - L. erysimi OL 2
D A. lambersi A. lambersi A. lambersi A. lambersi A. lambersi NOL 3(%%)
aucus carota
A. fabae - - - - P 1
Euphorbia A. euphorbiae A. euphorbiae |- A. euphorbiae A. euphorbiae NOL 3(%)
cyparissias - - - - M. euphorbiae P 1
Festuca ovina A. corni A. corni - - - P 1
F. formicaria F. formicaria | F. formicaria F. formicaria - P 1
Leontodon - - A. leontodontis |- - NOL 3(%)
I hispids U. leontodontis U. leontodontis | U. leontodontis | U. leontodontis | U. leontodontis| NOL 3(**)
P U. hypochoeridis | - U. hypochoeridis | - - OL 2
Lotus A. craccivora A. craccivora | - A. craccivora - P 1
corn}cu latus A. loti A. loti A. loti - - OL 2
T trifolii trifolii T trifolii trifolii | T. trifolii trifolii | T. trifolii trifolii | - OL 2
le_p inella A. subnitida A. subnitida - A. subnitida - NOL 3(%)
saxifraga
Plantago - B. lucifugus - - B. lucifugus MN 3(*%)
lanceolata D. aucupariae D. aucupariae |D. aucupariae - - NOL 2
Ran'unculus A fabae ) ) ) ) P 1
acris ’
Silene vulgaris | B. populi B. populi B. populi B. populi B. populi NOL 3(*%*)
Achillea M. millefolii M. millefolii M. millefolii M. millefolii - OL 2
millefolium T. vandergooti T vandergooti | T. vandergooti T. vandergooti T. vandergooti OL 2
C. pinea C. pinea C. pinea C. pinea C. pinea NOL 2
- C. pilosa - - - NOL 2
. .| C. pini C. pini - - C. pini NOL 2
10| Pinus sylvestris E. agilis - E. agilis - E. agilis NOL 2
P. pini - P. pini - - NOL 2
C. (S). pineti C. (S). pineti C. (S). pineti C. (S). pineti C. (S). pineti NOL 2
Rumex acetosa | A. rumicis A. rumicis A. rumicis - - OL 2
Scabiosa A. thomasi A. thomasi - - - OL 2
ochroleuca M. rosae M. rosae - - - P 1
Thymus . . .
pulegioides A. serpylli A. serpylli - A. serpylli - OL 2
Anthyllis A. Klimeschi - - A Klimeschi |- MN | 3(%
vulneraria
Arrhenatherum | S. maydis S. maydis - - - P 1
elatius S. avenae - - S. avenae - P 1
Centaurea A. centaureae - - A. centaureae - NOL 3(%)
scabiosa - U. jaceae U. jaceae U. jaceae - OL 2
Coronilla varia | A. pisum pisum A. pisum pisum | - A. pisum pisum | - P 1
11 Eup hrasia - - B. pistaciae - - P 1
stricta
. A. galiiscabri A. galiiscabri | A. galiiscabri A. galiiscabri - NOL 3(%)
Galium mollugo A. molluginis - - - - NOL 3(*%)
Helzanthemum A. helianthemi A. helianthemi | - A. helianthemi |- NOL 3(%)
nummularium
. . A. pilosellae A. pilosellae - - A. pilosellae NOL 3(%)
I-I_zlera(l:lzum - - - - N. pilosellae NOL 3(%)
prosetia - - - - U. obscurum NOL 3(%)
Rumex A. rumicis A. rumicis A. rumicis - - OL 2
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Fig. I — The number of aphid species of particular ecological functional groups (EFG) in the aphid communities of examined plots: ‘Total
on ..." —the number of all the species of a particular EFG, ‘Only on...” — the number of species of a particular EFG, which occurred only on
‘P’ or only on ‘CP’.

Table 2 — The ratio of participations (RPpy;) in the aphid communities on examined plots
and results of linear regression (R’, F, P): ‘G’ — generalists, ‘Fr-G’ — generalists in forest
zones, ‘NFr-G” — generalists in non-forest zones, ‘S’ — specialists, ‘Fr-S’ — specialists in
forest zones, ‘NFr-S’ — specialists in non-forest zones, bolded values are significant at

P<0.05.
Variable RPrre R’ F P
CP-1 | CP-2 | P-1 P-2 | P-3
‘S /G 1,37 | 1,27 | 1,25 | 1,26 | 1,22 | 0,79| 11,46| 0,042
Fr-S’/ ‘Fr-G’ 3 3 6 6 6,75 | 0,83] 15,06| 0,0303
‘NFr-S’/ ‘NFr-G’ 1,18 1 0,68 | 0,66 | 0,41 | 0,94| 44,05 0,007
‘Fr-S’/ ‘NFr-S’ 03 | 047 | 1,06 |1,125|247| 0,84| 16,33 0,0273
‘Fr-G’ / ‘NFr-G’ 0,12 | 0,16 | 0,12 | 0,125 | 0,15 | 0,008 | 0,025 0,88
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Fig. III — Similarity diagram of aphid communities on examined plots: 1 —
Ward method; Euclidean distance; 2 — UPGMA method; Euclidean
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Fig. IV — Comparing the ratios of some ecological functional groups with their main trend lines (for values are significant at
P<0.05): ‘G’ — generalists, ‘Fr-G’ — generalists in forest zones, ‘NFr-G’ — generalists in non-forest zones, ‘S’ — specialists, ‘Fr-
S’ — specialists in forest zones, ‘NFr-S’ — specialists in non-forest zones.
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Total # of sp. = 125
CP-2

CP-1

40%

Fig. V. —The number and percentage of aphid species found on the

Out of all the aphid species only 48 were poorly
specialized (14 polyphagous and 34 oligophagous). We
recorded 39 non-specialized aphid species (eurytopic, i.e.
species that have a wide range of ecological tolerance), in
the metalliferous areas but only 9 on the control sites. The
total number of specialized aphid species (stenotopic, i.e.
species that have a narrow range of ecological tolerance)
was 77 (68 were narrowly oligophagous, 9 were
monophagous). We found 60 specialized aphid species in
metalliferous areas, 34 of which (including 1 monophage)
occurred only on the ‘P’ plots. On the other hand, we
recorded 13 specialized species (including 5 monophagous
ones) only at the control sites.

The great majority of species found are monoecious
(111); only 14 are heteroecious. 41 are associated with trees
and shrubs (including 6 heteroecious ones), 29 of which
occurred only in metalliferous areas, and only 1 at control
sites. The others were found on both types of sites.

We found 84 species related to herbaceous plants (such
plants are secondary hosts for 8 species); of these, 25 were
found only in heavy metal areas, and 23 only at the control
sites (the others were in both types of sites).

examined plots: a) Total on metalliferous areas; b) Total on control plots.

Of all the Aphidomorpha we recorded, 14 species are
anholocyclic, and 7 are strictly asexual in Central Europe.
The remaining ones occur as local anholocyclic populations
or populations with a complete life cycle (holocyclic).
Interestingly, we found Baizongia pistaciae from this group
in rhizoid suckers of Euphrasia stricta — this is the first
record of this aphid from semi-parasitic plants of the
Orobanchaceae family.

We found a total of 41 aphid species on plants tolerating
high concentrations of heavy metals (Table 1). Out of them
19 were poorly specialized species (10 of these are
polyphagous). The others are narrowly oligophagous (20) or
monophagous (2).

An analysis of species composition by using a fidelity
index helped us to define diagnostic species (differential
and characteristic species according to fidelity class). The
material we collected does not include aphid species
which could be considered differential for aphid com-
munities related to metalliferous areas, however, we indi-
cated 15 species which could be defined as characteristic,
i.e. diagnostic species of this type of aphid community
(Table 1). The class of accompanying species included 17
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taxa of Aphidomorpha listed as aphids connected with
plants which tolerate high concentrations of heavy metals
in soil (Table 1). We found 10 aphid species of indifferent
class (Table 1).

Our analysis, which took into consideration the
differentiating criteria of ecological functional groups
(‘EFG’) of aphids, established (‘P’) a total of 57 (45.6% of
all the material) specialist species (‘S’) in the study area, 31
of which (24.8%) from the ‘Fr-S’ subgroup and 26 (20.8%)
‘NFr-S’ species. The less specialized species (generalists:
‘G’) totaled 45 (36%); only 8 of these belonged to the ‘Fr-
G’ subgroup (6.4%), while the other 37 (29.6%) were
classified as ‘NFr-G’. On the other hand, the control sites
(‘CP’) yielded a total of 44 (35.2%) species from the ’S’
group (10 of which (8%) were from the ‘Fr-S’ and 34
(27.2%) from the ‘NFr-S’ subgroups) and 32 species from
the ‘G’ group (25.6%) (‘Fr-G’ — 4 (3.2%) and ‘NFr-G’ — 28
(22.4%) respectively) (Fig. II).

The ratio of participations (RPgz;) of ‘S’ group species to
those of the ‘G’ group was higher for ‘CP’ at 1.375 than for
‘P’ (1.26). A slightly higher RPy;; concerned the species
which occurred only in ‘CP’ or only in ‘P’ (2.57 and 1.88
respectively) (Fig. IV). The situation is slightly different in
particular ‘EFG’ subgroups. For ‘NFr-S’ to ‘NFr-G’ the ratio
of participations was as above, i.e. higher for ‘CP’ than for
‘P’, while for ‘Fr-S’ to ‘Fr-G’ it was the opposite, i.e. higher
for ‘P’ than for ‘CP’. Also the ratios of ‘Fr-S’ to ‘NFr-S’
was higher for ‘P’ (Fig. IV). The detailed data for the
numerical and percentage shares of aphids from particular
‘EFG’ in the study areas and their RPg; are listed in
Table 2. To facilitate interpretation we have also presented
them graphically (Figs. IL, IV).

Statistical analysis of similarity between the aphid
communities of particular plots (‘Ward’ and ‘UPGMA”)
demonstrated a greater similarity between the aphid
communities in ‘P’ than between these and those from the
control ‘CP’ plots. This constitutes evidence for the
different character of aphid communities associated with
heavy metal grasslands (Fig. I1I).

DiscussioNn

Seeing constant changes to earth’s biocoenoses, particu-
larly those related to human impact (anthropopressure), it is
necessary to learn the current state of plant life and wildlife
richness. This will help to evaluate profits or losses to this
richness in future (change directions) and its proper
management in order to conserve the status quo of the
world’s gene pool, or at least reduce the possible losses. In
European landscape semi-natural dry grasslands can serve
as an example of such exceptional and sitll insufficiently
known environments. However, as proven by studies,
despite extremely unfavourable conditions, these habitats
are characterised by a significant species richness of flora
and fauna (e.g. CHMURA ef al., 2013; OSIADACZ and HAELAJ,
2015; OCKINGER et al., 2006); they even may constutite
biodiversity hotspots (CREMENE et al., 2005). Such habitats
are also calaminarian grasslands, in which plant species
coming from dry calcareous grasslands (xerothermic
grasslands) have a significant share (NOWAK et al., 2015).

APHID COMMUNITIES AS DEFINED BY FIDELITY CLASSES
AND QUESTION OF DECISIVE CRITERIA

Aphid diversity of heavy metal grasslands is high, as we
found there 125 aphid species (Table 3), most of which are
stenotopic ones. Moreover, excessive concentration of
heavy metal in soil do not adversely influence the number
of species of such areas. Thus species richness of aphids is

characteristic for control plots which represent dry gras-
slands (dry calcareous and sandy grasslands) formed on soil
of similar physical and chemical parameters, but without
excessive concentration of heavy metals (Table 3, Fig. V).
Out of 125 aphis species we found (Table 3) as many as 41
fed on plants which tolerate high concentration of heavy
metal in soil (Table 1).

While characterising species composition of the studied
aphid community of heavy metal grasslands, interesting
species which occur solely in a particular habitat even
though their host plants are common in other habitats were
found. Analysing the level of relationship between an aphid
species within the studied habitat (based on a host plant,
particularly its diagnostic value for a relevant plant
community) enabled determination of fidelity classes for
aphid species (Table 1). This in turn helped to define
diagnostic species (fidelity classes 3 and 4) and prove a
distinctive character of such an aphid community.

We found 15 aphid species to be diagnostics ones for the
aphid communities analysed (Table 1). In all the 5 plots, 5
aphid species were commonly present: Aphis lambersi,
Brachycaudus populi, Cinara pinea, Uroleucon
leontodontis, Cinara (Schizolachnus) pineti (Table 1).
Characteristic species of aphid community related to all the
types of dry grasslands include Aphis lambersi,
Brachycaudus populi and Uroleucon leontodontis — species
narrowly oligophagous, connected with herbaceous plants of
all the treeless plant communities. Their host plants (Daucus
carota, Silene vulgaris and Leontodon hispidus respectively)
have their optimum occurrence in other plant communities
and are characteristics of semi-natural meadows (of Molinio-
Arrhenatheretalia R.TX. class). Interestingly, A. lambersi and
U. leontodontis in meadows are reported only sporadically
(CzYLOK ef al., 1988) and most often not at all (e.g. CzyLOK
and WOoICIECHOWSKI, 1987; WoilcIECHOWSKI and WOZNICA,
1989; BOROWIAK-SOBKOWIAK et al., 2008). These species are
much more often recorded in sandy or dry calcareous
grasslands (e.g. HAaLAs and WoICIECHOWSKI, 1996; DEPA and
WoiciecHowsKl, 2009; Osiapacz and HArag, 2015), or
possibly, more rarely, in drier forms of synanthropic plant
communities (mainly of Onopordietalia acanthi Br.-Bl. et
R.Tx. 1943 em. Gors 1966 order) (DEPA and MROZ, 2012).
C. pinea and C. (§.) pineti occurred in all the five plots
(Table 1, 3), but we rarely recorded them. These species feed
only on pines (especially Pinus sylvestris) and are
characteristic for aphid communities of pine forests of
Dicrano-Pinion Libb. 1933 alliance (SZELEGIEWICZ, 1976).
There they reach a high stability and are often dominants or
subdominants (e.g. CzyrLok, 1983; Haras and
WoiciecHowsKI, 1997; DURAK and WOJICIECHOWSKI, 2005).
Despite their being narrow oligophages, we considered them
to be accompanying species, because both them and the
other species found on the pine (Cinara pini, C. pilosa,
Eulachnus agilis and Pineus pini) often occur in habitats
with human pressure (anthropogenic habitats) (e.g.
BoROWIAK-SOBKOWIAK and WILKANIEC, 2010; BUDZINSKA
and GoszczyXski, 2010). The same Dysaphis aucupariae
occurred in all the plots with heavy metal plants (P-1, P-2, P-
3) and was not found in control plots (CP-1, CP-2). We
could not consider it to be a differential species, as it is
heteroecious and its main primary host plant, Sorbus
torminalis, has been introduced in all the study region and is
numerous in parks and street greenery. The remaining 12
species regarded as diagnostic and characteristic for aphid
communities of metalliferous areas (Acaudinum centaureae,
Aphis euphorbiae, A. galiiscabri, A. helianthemi, A.
klimeschi, A. leontodontis, A. molluginis, A. pilosellae, A.
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subnitida, Brachycaudus lucifugus, Nasonovia pilosellae,
Uroleucon obscurum — Table 1) are more often reported,
albeit occur rather locally (HEIE, 1986; OsiADACZ and HALAJ,
2009; NIETO NAFRIA et al., 2005). Some of them (i.e. A.
klimeschi, A. subnitida, B. lucifugus) are rare for Europe
(HoLmaN, 2009) and are specialized, stenotopic species,
which prefer particular types of dry, warm habitats
(Os1abpAcz and WoJCIECHOWSKI, 2008), and can be classified
as specialists of treeless zones (‘NFr-S’), even as type K
strategy specialists (OsiaADACz and Haray, 2011, 2015;
Haras and OsiaDACZ, 2014).

In our opinion, for some of these species the trophic
criterion (i.e. host plants) and abiotic factors, such as
temperature and humidity, are not the most significant
ones, as the decisive criterion can be soil morphology. For
instance B. lucifugus, occurred only in P-2 and CP-2,
although Plantago lanceolata, its host plant, occurred
quite frequently at all the plots with similar microclimatic
conditions. In these sites the structure of upper soil layers
is skeletal and fine-grain, which means rather loose and
aerated. On the other hand, we recorded 4. centaureae and
A. klimeschi only in P-1 and CP-1, the plots where the
upper soil layers are more compact and much less aerated.
Other species (4. subnitida, A. helianthemi, A. pilosellae)
were found in P-1, P-2 and CP-1 or CP-2 (they did not
occur in P-3). Another one (4. leontodontis) was reported
only from P-3, where the upper soil layer is skeleton-like
and coarse-grained. The soil morphology was not
important for some aphid species, namely those which we
found in all the plots (i.e. A. lambersi, B. populi, U.
leontodontis).

Such habitat preferences concern not only aphids
feeding on plants with various level of relation to
metalliferous areas (Table 1), but also species generally
recorded throughout the study (Table 3). For example,
Aphis etiolata, Cryptosiphum brevipilosum, Nasonovia
pilosellae and Sipha arenarii occurred only on sandy
grassland (CP-2), whereas Aphis stroyani, A. sanguisorbae
poterii, A. stachydis, Staegeriella necopinata and
Therioaphis ononidis on dry calcareous grassland (CP-1)
(Table 3). Although Angelica sylvestris grew in all the
plots, the aphid related to this plant — Dysaphis anthrisci —
was found only in metalliferous areas (P-1, P-2, P-3).
Other species (e.g. Aphis galiscabri, A. ilicis) belonged to
aphid communities related both to heavy metal grasslands
(P-1, P-2, P-3) and dry calcareous grassland (CP-1),
however, absent on sandy grassland (CP-2). (Table 3). The
case was opposite for Macrosiphoniella dimidiata and
Schizaphis weingaertneriae, which were not recorded on
dry calcareous grassland (CP-1).

APHID COMMUNITIES AND ECOLOGICAL FUNCTIONAL GROUPS
Here we use for the first time the concept of ecological
functional groups (‘EFG’) aphid communities analysis. It
proved the dominance of aphids of specialist groups (‘S’) on
all the study plots (Fig. IT). This had been expected, as the
definite majority of recorded species is closely related to
their host plants. This is confirmed also by other
aphidological papers which include notes on the biology of
aphid species of interest to us (e.g. HEIE, 1986; NIETO NAFRIA
et al., 2005; BLACKMAN and EAsTop, 2015). The determining
of the number or the percentage of aphid species of particular
‘EFG’ in aphid communities is interesting; the comparing of
these groups ratios (RPgyg) in forming aphid communities
related to particular plant communities is no less interesting
and also significant. So far no such studies have been
conducted. Only sole paper touched upon the problem
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(DURrAK et al., 2011). Those authors report that stable plant
communities, formed in conditions with comparatively stable
and homogenous impact of abiotic factors, lead to equally
stable aphid communities in which stenotopic species of
specialist group (‘S’) play the main role. However, in the
ecotone zone (fringe communities) and aphid communities
related to synanthropic communities (i.e. unstable habitats,
subject to constant changes) the number of specialist species
is decreasing in favor of general ones (i.e. species of wide
ecological tolerance — ‘G’). This conclusion can be
corroborated by an analysis the lists of aphid species in
papers which address both natural (e.g. HALAJ, 1993; DURAK
and WoICIECHOWSKI, 2005; OsiaADACZ and WIECZOREK,
2007) and cultural (anthropogenic) landscapes, including
agrarian (e.g. WILKANIEC ef al., 1999; CICHOCKA and
LuBiaRrz, 2010; KIRCHNER ef al., 2013) and urban zones (e.g.
Ruszkowska and WILKANIEC, 2002; OSIADACZ and
WIECZOREK, 2003; WILKANIEC ef al., 2012). The presence of
specialists is clearly visible in urban landscapes in forest
zones (‘Fr-S”), while at the same time a considerable fall in
specialist ones in non-forest zones (‘NFr-S’) and an increase
of aphid species number which are not generalist in non-
forest zones (‘NFr-G’). This is mainly due to artificial
introduction of various tree and shrub species in the
landscape, which are aphid host plants.

The assumption, that depending on the human pressure
factors the proportion of aphid species of particular
ecological functional groups (‘EFG’) changes in aphid
communities structure is corroborated by our study. We
found the dominance of specialists (‘S’) in all the aphid
communities (Table 2; Fig. IT). However, an increased
share of specialists in forest zones (‘Fr-S’) of aphid
communities in heavy metal plants (P-1, P-2, P-3) and at
the same time a decrease in the share of generalists in
forest zones (‘Fr-G’) and specialists in non-forest zones
(‘NFr-S’) is visible in the trend lines (Fig. III). A
significantly higher than expected number of specialists in
forest zones (‘Fr-S’), which also make up aphid
communities in dry grasslands (Haras and
WoiciEcHOWSKI, 1996; Osiapacz and Haraj, 2015) can
be explained with old and incorrectly conducted land
reclamation aimed only at a fast forestation of the area.
Currently, after some of the plots (P-1, P-2) were included
in the ‘Nature 2000’ network, the other principles of active
protection were introduced there. These comprised mainly
a gradual removal of trees and shrubs introduced there
artificially and thus creating favorable conditions for
unique metalliferous flora (KAPUSTA et al., 2010; KOwWOLIK
et al., 2010). The plot P-3 is not subject to such treatment,
which is reflected in its aphid community by the highest
share of specialists in forest zones (‘Fr-S’) in comparison
with the specialists in non-forest zones (‘NFr-S’) and
generalists in forest zones (‘Fr-G”).

Valuable information on the condition of aphid
communities can be provided by the ratio of participations
(RPgpg) of specialists in non-forest zones (‘NFr-S’) to
generalists in non-forest zones (‘NFr-G’). In unstable
aphid communities (subjected to human factor) the above
proportion is less than 1 (RPgzg ‘NFr-S’ to ‘NFr-G” < 1).
On the other hand, rather stable aphid communities yield
its value above 1 (RPgpg ‘NFr-S’ do ‘NFr-G’ > 1) (Table 2,
Fig. IT). A The analysis of at least some ratios (RPg;g) can
help to answer the question of the condition of aphid
community. If such an analysis is conducted every few
years (e.g. 4-5), it could indicate changes in aphid
communities, and thus evaluate the increased or decreased
level of human impact.
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SIMILARITIES OF DISTINGUISHED APHID COMMUNITIES

Although in the studied plots disturbances caused by
human activity are observed, there is no doubt that
characteristic aphid communities were formed there. Each
community is characterised by a slightly different species
composition, ratios of ecological functional groups and each
can be differentiated from the others based on the presence
of locally characteristic species, i.e. diagnostic ones. Aphid
species structure of metalliferous areas indicates that these
plots are inhabited by species typical of aphid communities
in dry calcareous and sandy grasslands and, to a lesser
extent, other ones (pine forests of Dicrano-Pinion alliance
or meadows of Molinio-Arrhenatheretalia class). As a result
new aphid communities are formed of individual
combination of species.

Such a conclusion is confirmed by a similarity analysis
which we conducted on the basis of species composition of
the studied plots. Aphid communities formed in
metalliferous areas (P-1, P-2, P-3) show significantly higher
similarities among each other (Fig. II) than between them
and aphid communities of dry calcareous grassland (CP-1)
and sandy grassland (CP-2) (Fig. III). On the other hand,
significant similarities of all the studied aphid communities
of all plots (comparatively small distances in the
dendrogram — Fig. IIT) confirm the forming of a wider circle
of aphid communities associated with all types of dry
grasslands (in a wide sense) (HALAJ and WOICIECHOWSKI,
1996; Osiabacz and WoiciecHowsKl, 2008). The individual
character of aphid community of P-3 plot can be explained
with a different origin of this habitat (it is a slag heap and
not a mining spoil heap) and a longer distance from the
nearest centres of aphid communities of dry calcareous and
sandy grasslands (HALAJ and WOICIECHOWSKI, 1996; HALAJ,
1999; Osiapacz and WoJCIECHOWSKI, 2008). Such a
distance from natural ranges and centers of occurrence of
particular aphid species, according to the theory of
environmental islands and metapopulation, may hinder
colonisation and survival of the individuals (i.e. species)
newly arrived in new areas (e.g. HAILA, 2002; HaNnsk1 and
OVASKAINEN, 2003; Losos and RICKLEFs, 2009).

Summing up, the results we have obtained and presented
give grounds for claiming that metalliferous areas help to
form species-rich, characteristic aphid communities
associated with heavy metal grasslands. By species richness
we mean that the number of aphid taxa in these
communities is comparable with those of dry calcareous or
sandy grasslands. This species richness may indicate that
excess concentrations of heavy metals in the soil do not
limit the number of aphid species in the aphid communities
there; conversely, the specific nature of these communities
means that they consist of a mixture of species which have
arrived (and settled) from other habitats. Their main
components are the species from dry calcareous and sandy
grassland aphid communities. Like these two aphid
communities, the one associated with heavy metals
grasslands derives its equally unique character from non-
forest zone specialist aphid species, also rare at the
European scale. The ratios between this species group and
other ecological functional groups of aphids (particularly
non-forest generalists) can define the condition of an aphid
community (and thus the habitat they are associated with).
If they were calculated at specific time intervals (e.g.
several years), they could be indicative of changes in the
aphid communities and define their directions, and thus
could become a very useful tool for monitoring habitat
condition.
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