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ABSTRACT

The Sudeten flora consists of some plants we can recognize as heavy metal accumulators. Between others the-
re are: Thlaspi caerulescens, Arabidopsis halleri, Armeria maritima ssp. halleri s.1. and probably the endemic fern
Asplenium onopteris var. silesiaca. The authors present the concentrations of some important heavy metals mea-
sured in aboveground plant dry weight. The highest concentration of zinc was 8220 ppm (Thlaspi), nickel — 3100
ppm (Thlaspi), lead — 83 ppm (Armeria), copper — 611 ppm (Arabidopsis) and cadmium — 28 ppm (Thlaspi). The
concentrations depend rather on species or population specification than on ore deposit quality. There are no typi-
cal hyperaccumulator among plants we have examined, but some signs of hyperaccumulation of nickel, zinc and
lead could be observed. There are no typical endemic taxa, only Asplenium onopteris var. silesiaca and Armeria
maritima ssp. halleri may be recognized as neoendemic taxa, but still of unclear systematic position. During the
study we tried to find out why some Sudeten vascular plants do not develop heavy metals hyperaccumulation and
why they are rather latent hyperaccumulators. Finally, we suggest to protect some metallicolous areas in spite
they are rather territories with low plant biodiversity.

KEY WORDS: the Sudety Mts, hyperaccumulators, latent hyperaccumulation, Asplenium onopteris
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ssp. halleri.

INTRODUCTION

Flower plants are characterized by a differentiated capa-
bility to take up and accumulate heavy metals. Among eco-
logists and physiologists the greatest interest evoke spe-
cies, the so-called hyperaccumulators, taking up and accu-
mulating selected metals in considerable amounts in rela-
tion to their total biomass. The capability of these plants to
an increased accumulation is variable, according to the
uptake of metallic elements. Thus, according to the opi-
nions of many authors, as hyperaccumulators recognized
are such plant species, which accumulate in tissues of abo-
veground organs more than 0.1% (100 ppm) in dry mass of
nickel, cobalt, copper, lead and chrome — and also plants in
dry mass of which more than 1% (10 000 ppm) of zinc or
manganese was recorded (Baker and Brooks 1989; Brooks
1998). The cited ranges of contents do not make absolute
limits and are only conventional concentrations, origina-
ting from metal-content measurements in plants known as
typical, endemic metalophytes. However, one should have
regard to the fact, that in water cultures and other artificial
conditions, experimental plants may take up and accumula-

te much greater amounts of metals, and on that basis the
natural limits of accumulation cannot be determined.
Among about 400 plant species — heavy metals hyperaccu-
mulators — only a dozen occurs in Central and Southern
Europe (Ernst 1974, 1976). Most of them form floras cha-
racteristic for soils containing very high amounts of metals
in distant areas, like Africa, Cuba, New Caledonia, Brazil
and California. These exotic species form usually endemic
floras (Roberts and Proctor 1992; Brooks 1998).

There are no typical hyperaccumulators in the flora of
Poland and Silesia, but one can meet species taking up and
accumulating more heavy metals than the other accompa-
nying them plants. Those plants, like in other areas, occur
either on soils abundant by nature in heavy metals (e.g.
serpentine soils), or in territories, which secondarily have
been enriched with metals because of mans’ activity (e.g.
territories around industrial plants emitting metals, old
excavation heaps, etc.). The natural metal-bearing areas are
those, confined in Poland and Silesia to few calamine-, and
other ore-bearing territories (e.g. near Olkusz, Miedzianka,
Zoty Stok), and the scarce, specific exclusively to Lower
Silesia, serpentinous soils (Sudeten Foothills, certain ran-
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ges of the Sudety proper). Both in territories metallic by
nature, or in areas with anthropogenically raised contents
of heavy metals, one does not meet in the territory of Po-
land with high, known only in typical hyperaccumulators,
contents of elements (Fabiszewski et al. 1983; Fabiszewski
1986; Godzik 1991, 1993). Nevertheless, several naturally
occurring species show properties nearing the hyperaccu-
mulators, but in any case, one can recognize them as regio-
nal (local) hyperaccumulators. Since it was proved that hy-
peraccumulation shows adaptation capabilities (Shaw
1990; Boyd and Martens 1998) in non-metallic soils, then
in conditions of raised contents of metals, this phenomenon
develops in a continuous way. Hence, the thesis can be
submitted, that species or “ecotypes” connected to metal-
bearing terrains may be in the pre-adaptation period and
show a potential capability to hyperaccumulation, which
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Fig. 1. Asplenium onopteris var.
silesiaca.

Fig. 2. Silene vulgaris ssp. humilis.

only periodically is shared by the so-called latent hyperac-
cumulators™ according to Boyd and Martens (1992, 1998).
Thus, it is only a question of time before accumulation de-
velops “fully”, or it is already sufficient and concordant
with needs of those plants in the given soil conditions. This
run of reasoning is confirmed by Ernst’s (1997) investiga-
tions, who stated that the concentration of 400 ppm of cop-
per in tissues of Silene vulgaris, occurring on metal-bearing
soil, made a sufficiently toxic dose for larvae feeding on
the plant. The so-called defensive hypothesis, presenting
the relation between accumulation of metals and reaction
of pathogens is, of course, only a probable supposition
confirming the phenomenon of existence of potential (la-
tent) accumulators.

* The term partly connected with qualification by Ernst (1974)
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Fig. 4. Arabidopsis halleri.

The aim of the paper is to present five plants known in
Lower Silesia, mainly in the Sudety, which recently arouse
interest in ecological literature as heavy-metals accumula-
tors. The taxonomical position of the below mentioned
“species” in usually confused and differently described by
various authors. However, this fact cannot hinder the inte-
rest in the discussed taxons from point of view of their ca-
pability to accumulate metals, as, most probably, their
changeability is the basic factor of existence of popula-
tions, which we recognize as metallophytic (Figs 1-5).

RESULTS AND DISCUSSION

1. Asplenium onopteris L. var. silesiaca Milde (Fig. 1)

This variety grows in Poland on a single stand, on ser-
pentine marble in the Sleza Massif (Przemitéw). Most au-
thors include this variable taxon among the small species
of the group A. adiantum-nigrum. Described by Milde
(1855) as an endemic variety, it is usually overlooked.
Only Reichstein (Hegi 1984) recognizes rather incorrect
the taxon position in the Asplenium cuneifolium Viv. gro-
up. After many years of uncertainty the stand on serpentine
marble has been confirmed and again described by Schwe-
itzer and Polakowski (1994). These authors mentioned also
the taxonomic traits distinguishing this fern. The group of
the so-called serpentine ferns is usually not numbered
among heavy metals accumulators (Brooks 1988). These
plants — as chasmophytes occupy usually rocky fissures fil-

Fig. 5. Armeria maritima ssp. halleri. led with humus, and avoid the direct influence of the speci-




64 PLANTS ACCUMULATING HEAVY METALS

Brej T. et al.

TABLE 1. Heavy metal concentrations in aboveground parts of different plant species (ug/g d.w.) (n=3-4).

Locality Zn Fe Cr

Cu Pb Ni Cd Mg Co

Asplenium onopteris L. var. silesiaca Milde

Winna Géra — serpentine rock —— 1500£12 617 —— -—— 10148 -— 11 000+£1600 2143
Silene vulgaris ssp. humilis

Miedzianka — slate copper heap 1220£40 —-— —— 148 12+4 11+2 1443 —— —-—

Kletno — heap (mixed) 285+38 —-— - 2747 116x16 1644 2248 —-— -—

Mikotajéw — serpentine heap 47£12 - —— 52+12 29+7 228+9 62 —— -

Braszowice — natural serpentine sward 19830 -— —— 6919 16x6 9416 3+1 —— -—

Thlaspi caerulescens

Janowice Wielkie 240180 157£12 1+0.5 119 7+4 250423 2612 —-— -—
Stara Morawa — heap 1280£113 14812 1.5£1.0 114£10 543 43£13 19+4 - -
Mtynowice — old adit 8220+74 311£28 2.0£1.2 6311 990+42 1143 2843 - -
Mikotajow 84+12 22011 14+7.9 107 2+0.6 3100£28 4+0.5 —-— -—
Arabidopsis halleri
Karkonosze Sowia Dolina — old adits ~ 1025+31 1037429 —— 184£17 <1 —— 612 —— ——
Ciechanowice — heap 2984£168  324£23 - 375+31 4811 - 1843 - -
Miedzianka — nearby heap 2024+83 201£19 - 611+30 13+4 - 5+1 —-— -—
Dolina Klesnicy, Kletno — heap 3127+128 184+17 —— 207+14 27+3 - 27+7 - ——
Zieleniec — grassland 527+17 233+14 —— 213+19 0 —— 0 —— -—
Armeria maritima ssp. halleri s.1.
Miedzianka — heap 3012+£178  824+117 - 516£53 83+29 - 16+4 —-— -—

fic, abundant in Ni, Cr, Mg and other metals of serpentine
rocks. The contents of heavy metals from one site in the
Sudeten are given in Table 1. The data included in that ta-
ble approximate the values given for Asplenium adiantum-
nigrum in Scotland (Johnston and Proctor 1979). Remarka-
ble are there the high contents of Mg and Ni — serpentine
elements.

In the initial results of analyses and in the remaining fern
species growing on serpentine marbles in the Sudeten, hi-
gher contents of heavy metals have not been found. Proba-
bly, all the local ferns on serpentine habitats developed
a strategy of avoiding heavy metals as a resistance mecha-
nism against their overabundance on serpentine soil.

2. Silene vulgaris (Moench) Garcke ssp. humilis
(Schubert) Rauschert (Fig. 2)

It the broad variation of Silene vulgaris, the described
subspecies distinguishes itself by many traits, but rather of
ecological than morphological character. Generally spea-
king, it is a taxon of dwarfish size, lying down, frequently
creates simply prostrate forms — though also morphologi-
cally transient erect forms have been also described. This is
more an “ecological” subspecies, occupying terrains abun-
dant in heavy metals, frequent on serpentine soils. Its mor-
phological traits, besides very variable, are described in the
third volume of Hegi’s Flora (1979) (p. 1096), in Oberdor-
fer’s Flora (1990), and recently — as a variety — by Rothma-
ler (2002).

In the Sudeten ssp. humilis is a typical subspecies of xe-
rothermic habitats, which occurs on shallow and dry soils.
As a natural component of sward it is best known from ser-
pentine habitats, particularly in the Sowie Mts and in the

Sleza Massif. It makes also an inseparable part of the pio-
neer vegetation on waste- heaps rich in heavy metals. It co-
vers there various habitats, but prefers flat ledges with con-
solidated rocky material, as well as more stable, shallow
fissures. The taxon under discussion has also been studied
by ecologists from various parts of Europe, since the se-
venties (Ernst 1974) and is recognized as characteristics for
the metalophytic — described in the Harz Mts — class Viole-
tea calaminarie (Oberdorfer 1990).

The authors of latest elaborations on problems of heavy
metals accumulation and tolerance are: Schat et al. (1996),
Ernst and Nelissen (1999), Ernst (2000; 2003). Polish pa-
pers on tolerance at cellular and population level in plants
belonging to the ssp. humilis were published by Wierzbic-
ka and Rostanski (2002). These authors described the most
significant traits characterizing the local metalophytic po-
pulations. The Sudeten populations, which are contained
within the range of forms belonging to the subspecies Au-
milis, show a wide range of tolerance and accumulation
properties towards a lot of elements (Table 1). On copper
heaps subsoil (Miedzianka) attention is drawn to the high
content of Zn (1220 ppm) in the analysed plants, and small
one — as for the local copper-bearing subsoil — of Cu (114
ppm). Plants on other stands accumulated considerable
amounts of Pb (Kletno — 116 ppm). Most interesting are
the contents of Ni in serpentine rocks (up to 228 ppm), po-
inting at the restricting part of nickel in shaping succession
and the picture of vegetation cover on that substratum. An
equivalent importance for plants from serpentine is attribu-
ted also to excessive amounts of Mg (Baker, Proctor, Ree-
ves 1992), revealed in the obtained here results for Asple-
nium onopteris (1100 ppm) and Silene vulgaris s.1. (228
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ppm). The scattering of the latter data is however so consi-
derable, as evidence of a completely different life strategy
in forming a specific serpentine flora.

3. Thlaspi caerulescens J. Presl et C. Presl (Fig. 3)

Alpine Penny-cress (family Brassicaceae) and the closely
related taxa (e.g. Th. brachypetalum Jordan) are probably
the most widely known zinc accumulators, as the capacity
to accumulate this metal (up to 2.5% of dry mass) was
known already in the middle of the 19th century (Ernst
1974). The abundant ecological and physiological literatu-
re, and recently also molecular investigations devoted to
hyperaccumulation in Th. caerulescens, has caused this
plant to became a model in laboratory and field investiga-
tions (Baker and Whiting 2002).

The unusually fast uptake and accumulation of, not only,
zinc by Th. caerulescens specimens (particularly in roots),
but also — in other populations — nickel, lead and cadmium,
has already been proved (Escarre et al. 2000).

The taxonomists’ approach to the taxonomic rank, sepa-
rateness and variability of the discussed species are diver-
gent. The discrimination of the many subgenera (e.g., Ssp.
caerulescens,ssp. calaminare Lej. et Court), and connecting
them with metallic habitats contrary to those poor in me-
tals, appeared to be deceptive. Above all, in the distingui-
shed units no genetic separateness (Koch et. al. 1998), as
well as no distinct separateness of chemical composition of
their habitats’ soil was found (Meerts and Van Isacker
1997). The whole complicated synonymy of Th. caerule-
scens is given in the Flora Europaea (1993), trying to redu-
ce their variability to two subgenera: ssp. caerulescens and
ssp. virens (Jordan) Hooker, stating at the some time the
wide range of variability and the intricacy in describing the
typical subspecies. In the latter edition of the British Flora
(Stace 1997) Th. caerulescens has been recognized as an
aggregation of the old Th. alpestre L. non Jacq and Th. ca-
laminare (Lej.) Lej. et Courtis, confirming at the same ti-
me, that the variability of Th. caerulescens does not allow
to distinguish the taxons of lower rank in a rational way.

Alpine Penny-cress is an annual or a short-lived (2-3 ye-
ars) perennial plant, in Silesia connected mainly with the
Sudeten. Localities situated far in the foreland of the Sude-
ten (Zgorzelec, Luban, Kamieniec Zabkowicki, Paczkéw),
mentioned by former florists, need to be verified. One of
the central localities is undoubtedly the upper part of the ri-
ver Bobr valley. Joining the remaining localities with the
broadly conceived Bobr valley (from Szklarska Porgba to
Bolestawiec), as mentioned by Schube (1903; 1904), is po-
orly based. We deal here with a local plant, usually occur-
ring in a low number of specimens, in the range of which it
is difficult to detect the link-localities. Moreover, many of
the localities in the low mountain belt had been destroyed.
The range of this plant in the “Bébr valley” is most likely
connected with the old mining of copper, zinc and lead —
particularly in the surroundings of Janowice Wielkie, Mie-
dzianka and Ciechanowice. The description of its range,
strongly connected with the Bébr valley, omits also the re-
cently found localities of this plant in the Sowie Mts and
Bardzkie Mts (Fabiszewski, unpublished), as well as its
earlier know presence in the Eastern Sudeten (compare:
Brej 2001; Szelag 2000). According to our observations,
Th. caerulescens occur and occurred mainly in areas of the
old Sudeten mining industry, and up to-day they “mark” its
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traces (both mining and anthropogenic ones). Together
with excavation of ores, a part of the localities had been
destroyed (surroundings of Jelenia Géra and Szklarska Po-
regba), whereas on respective new localities, more rich in
metals, there appeared synanthropic localities (surroun-
dings of Janowice Wielkie). A part of the natural localities
is bound with the recently found outcrops of serpentine
marbles.

The investigations on concentration of heavy metals in
plants coming from various Sudeten localities show a hud-
ge interpopulational differentiation and chemical separate-
ness, adequate for the particular populations. The results of
those investigations are illustrated in Table 1.

4. Arabidopsis halleri (L.) O’Kane & Al-Shehbaz (Fig. 4)

This representative of Brassicaceae, previously known as
Cardaminopsis halleri (L.) Hayek, was transferred in 1997
to another genus, after other DNA properties have been
ascertained. A. halleri has a somewhat more certain taxo-
nomic position than the previously discussed species, tho-
ugh in the latest British Flora (Stace 1997) it is placed
among the difficult genus Arabis. In spite of that not very
stabile taxonomic position, it is not a plant so commonly
known to metal-hyperccumulation students as the Th. cae-
rulescens. The increased degree of tolerance to zinc in se-
veral A. halleri populations has been noticed by Fabiszew-
ski (1986). The experiment with the Tatra Mts material
was based on laboratory root tests, whereas the contents of
heavy metals on excavation heaps, from where the seeds
ware taken, was only slightly increased. Nevertheless, the
experiment has shown the fixed tolerance to zinc and lack
of tolerance for other heavy metals. A. halleri in compari-
son with the previously described Th. caerulescens, is a pe-
rennial, polycarpic plant, with a distinctly marked, longer
lasting fructification period, and with capacity for vegetati-
ve reproduction. In the Sudety it is a frequent plant on shal-
low soils, particularly in communities belonging to the Po-
lygono-Trisetion alliance, where it is often accompanied by
Agrostis tenuis and Festuca rubra. In spite of the numerous
localities of A. halleri in the Sudeten, its distribution is irre-
gular. Worthy of notice is its frequency of occurrence on
lower situated meadows in the Karkonosze, Bystrzyca Mts,
in the Snieznik Massif and in the Kamienne Mts; it occurs
sparsely in the Izerskie Mts, Stotowe Mts and Bardzkie
Mts. Metallophytic populations of Arabidopsis halleri are
frequent on ore-bearing territories, particularly among pio-
neer grasses on stony, gravelly and rubble soils. Though
this species is since long known as a metallophyte, gro-
wing in communities of the Violetea calaminariae class
(Ernst 1976), the details of its physiology and ecological
requirements, particularly the uptake and accumulation of
metals started to be explained in recent papers (Bert et. al.
2002; Macnair 2002; Baker and Whiting 2002). The cited
investigations show a wide chemical and physiological po-
lymorphism of the hyperaccumulator recently examined
with great care, the populations of which accumulate in va-
rious degree zinc and cadmium in ore-bearing areas, or el-
se, they behave on soils poor in metallic compounds like
other wild-growing plants, devoid of accumulation capaci-
ty with regard to whichever element.

Table 1, which presents the heavy-metals content in the
aboveground parts of the A. halleri collected in various Su-
deten localities, shows the increased and differentiated
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contents of heavy metals. In the investigated area A. halleri
is a zinc accumulator, but the concentration of this metal
exceeds nowhere 10 000 ppm, that is, the content determi-
ned for hyperaccumulators (Baker and Brooks 1989). Like-
wise, a high variability in accumulation of zinc and other
elements in various European localities has been shown by
other authors, e.g., in Austria (Wenzel and Jockwer 1999).
These authors notify the contents of zinc, as high as 5320
ppm, in representatives of an A. halleri population growing
in a contaminated area. The variability of accumulation va-
lues for natural and metallophytic populations of Arabido-
psis halleri are wider discussed by Bert et al. (2002). The
data of our own investigations (Table 1) attest to a wide
range of uptake and accumulation of metals by this species
and its various populations. In the investigated species no
decided capability for metals hyperaccumulation was fo-
und, but merely their first signs. The highest metal contents
were found in plants from an “uranium” heap in Kletno,
where the high content of Zn is also accompanied by incre-
ased concentrations of Cd and Pb. The accumulation of the
mentioned three elements is, so to say, an inborn property
of A. halleri (Bert et al. 2002). However, as shown by inve-
stigations in various European areas, the occurring variabi-
lity in amount of the accumulated elements attests signifi-
cantly, that this plant has, on the one hand, a non-fixed ta-
xonomic variability, and on the other, its various “ecoty-
pes” were not yet able to form the typical properties of ac-
cumulators for good. In the described area of investigation
it was only possible to record a very interesting differentia-
tion in heavy metals accumulation in the five distinguished
A. halleri populations from ore-bearing areas. a very intere-
sting differentiation in heavy metal accumulation. This
may lead in course of time to hyperaccumulation, typical
for the given populations. The data for population no. 5
from Zieleniec, which should be regarded as ‘“non-metallo-
physic”, stray considerably from results obtained from me-
asurements of populations contaminated by heavy metals,
as they reach values characteristic for plants from unpollu-
ted areas.

5. Armeria maritima (Mill.) Willd. ssp. halleri s.1. (Fig. 5)

In the wide and still unexplained variability of Armeria
maritima (family Plumbaginaceae), several varieties (or —
according to seizure — subspecies), are considered as taxo-
nomic units rated among metallophytes. In Western Europe
and in Poland, only the subspecies ssp. halleri s.l. occurs
on ore-bearing areas. The taxonomic distinction, mainly by
cytological separateness, was performed by A. and D.
Lowe, but the found differences were not confirmed mor-
phologically. Hence, this subspecies is usually regarded as
a set of various populations exhibiting predilection for
occupying areas abundant in heavy metals, and accumula-
tion in tissues, above all zinc and lead, and sometimes also
arsenic, copper and cadmium (Ernst 1974; Kohl 1997; Ber-
nard and Lefebvre 2001; Lefébvre 1974). In the not very
rich ecological literature concerning that collective species
and units of lover rank, distinguished are maritime, cliff
and serpentine populations, and from among anthropogenic
ones — those occurring on various industrial heaps and
dumps (Ernst 1982). It is also known (Bernard and. Lefeb-
vre 2001), that the A. maritima accumulates more zinc and
lead in below-ground parts than in leaves. The small num-
ber of specimens, which occupy probably the sole locality
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of this taxon in Lower Silesia (and probably also in Po-
land), did not allow to perform more comprehensive che-
mical analyses. Table 1 presents concentrations of selected
heavy metals, which confirm the A. maritima capability to
accumulate zinc, and also to accumulate considerable amo-
unts of lead. The latter element is accumulated in highest
amounts by all the plants described in the present paper.

CONCLUSIONS

The paper presents five species, which may represent the
regional accumulators of heavy metals in Lower Silesia.
The species are representatives of different families, of
which the two ones belong to Brassicaceae (Thlaspi caeru-
lescens and Arabidopsis halleri), a family known of having
wide possibilities to accumulate heave metals. The species
Armeria maritima, represents, a separate in this respect, fa-
mily Plumbaginaceae. The latter is, however, closely rela-
ted to the family Caryophylaceae (represented here by Sile-
ne vulgaris), the numerous species of which show a consi-
derable predilection to excess of most heavy metals (Ernst
2003), Known is e.g. the accumulation capability of many
species from genera: Dianthus, Gypsophila, Silene, Visca-
ria and Minuartia growing in natural ore-bearing terrains,
as well as in anthropogenic areas comprising heavy metals.

The results obtained in investigations concerning heavy
metals’ concentrations in plants are presented in Table 1.
The most general conclusion leads to the statement, that
the found contents depend in a small degree upon the inve-
stigated objects, that is to say, upon the quality of deposits
(i.e., the composition of the extractive material), but upon
individual traits of plant populations — independent of their
species affiliation. This probably results from the important
part played by the relation: soil — species population and
the mechanisms developed during many years, allowing to
accumulate the given element. In the poorly marked effect
of soil (objects), conspicuous is the serpentine soil, which
in Mikotajow (Table 1) determined the high level of nickel
accumulation (3100 ppm), which is not taken up in so high
amounts from any other soil, and by the remaining plants
investigated. The data included in Table 1 confirm the
known thesis on existence of local genotypes (chemoecoty-
pes) in plants — emphasized among others by Fabiszewski
(1986), Ernst (2003), Larcher (2003) — evolving towards an
increased tolerance for the considerable local presence of
metals, irrespective of other populations of the same spe-
cies. Analyzing the presented table, one can also notice that
the populations of the investigated plants show usually in
all objects an increased concentration of zinc — up to the re-
cord-breaking, in our conditions, amount of 8220 ppm in
the locality near the lead mine-tunnel in Miynowiec. More
“stabile” and leveled off, in respect of Zn accumulation,
are the populations of Arabidopsis halleri. Like in the case
of Thlaspi caerulescens from Mtynowiec, also the plants of
Arabidopsis halleri (Table 1) show an increased accumula-
tion of lead, and frequently cadmium. The old mining and
copper-bearing deposits, containing, among others, lead
(occurring in the areas of Ciechanéw, Janowice Wielkie
and Miedzianka), showed almost no plant or accumulation
specificity, except of presence of a single, known in Sile-
sia, locality of Armeria maritima in a specific subspecies
(ssp. halleri s.1.). However the population of A. maritima



Vol. 75, No. 1: 61-68, 2006

did not “react” (in the sense of an increased number of spe-
cimens) to the considerable presence of copper in soil. This
is probably connected with the presence of Cu in sulphate
form, which considerably lowers the acidity of soil (Ernst
2003). The low pH (on the average 3.8), and the dry, per-
meable soil are probably the main factors responsible for
the floristic poverty and the low succession rate in metal-
bearing areas in Miedzianka and vicinity. The population
of A. maritima, as an exception in the poor flora, deserves
here close attention and protection. Though it did not deve-
lop genetic conditions for accumulation of copper, it is
a population resistant to high content of this element in so-
il, and to the mentioned previously unfavorable ecological
conditions created by the local soil.

The most intensively accumulated element by A. mariti-
ma, growing on metal-bearing heaps, is zinc, whereas the
description of lead and cadmium accumulation does not
differ from that, characteristic of the previously discussed
species. All these values create a picture of merely an in-
creased accumulation of elements, which exceptionally,
only in several of the analyzed cases, signals the creation
of hyperaccumulation mechanisms in some of the popula-
tions.

It is easy to answer the question, why the Lower Silesian
and Sudeten plants did not develop traits typical for hype-
raccumulators known from other parts of Europe. Here are
undoubtedly acting factors of historical nature, and so the
late — because of many reasons — plant succession of metal-
bearing terrains and their ecological inaccessibility (low
pH, permeability and dryness of habitats, and their low
supply of macroelements). But the lapse of time acts undo-
ubtedly in favour of origin and fixation of accumulative
and genetic mechanisms — so, as happens in case of evolu-
tion in general.

Metal-bearing areas belong among those specific terra-
ins, which are characterized by a low biodiversity. This tra-
it does not depreciate them in the eyes of ecologists — quite
the reverse — as terrains settled by plants subjected “under
our eyes” to microevolutionary processes, and those on
which the numerous phenomena of plant adaptation to
“extreme” habitat conditions can be easily followed. Those
habitats should be protected from destruction.
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