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MALACOFAUNA ON COAL — ASH SETTLING BASINS
COMPARISON OF A FUNCTIONAL BASIN
TO A BASIN ABANDONED FOR 26 YEARS

A composition of snail fauna in a functional coal-ash settling basin has been compared to that of
a partly reclaimed coal-ash settling basin which had been abandoned for 26 years, using a nature re-
serve as a control. A total of 24 molluscan species were found at the control site, 21 species in the in-
ternal area of the abandoned settling basin and six species in the internal area of the functional set-
tling basin. Numerous and relatively diverse malacofauna have become established on the abandoned
coal ash settling basin, consisting mainly of high populations of a low number of widespread species.

1. INTRODUCTION

Post-industrial biotopes represent a new anthropogenic ecosystem in the land-
scape. In many cases, these biotopes serve as surrogate localities for many rare and
endangered organisms (e.g. [1]). Organisms living there, as well as techniques for the
reclamation of these biotopes, have been studied intensively in recent years, especially
in the case of quarries and spoil dumps after coal mining (e.g. [2, 3]). In many cases,
spontaneous succession is an acceptable alternative to technical reclamations, which
are expensive and can lead to the extinction of endangered organisms living there [4]).

Fly ash is produced in large quantities by thermal power stations and heating
plants. Although a part of the ash is used in the building industry (e.g. [S]) most of it is
mixed with water and deposited in large sedimentation basins as waste. Often, after
filling the capacity of the basin, a new level of dam is built and the deposit of ash con-
tinues by the same manner on the same site; thus, the old coal-ash settling basin some-
times seems like “a pond on a hill”. In contrast to many other post-industrial biotopes

]Faculty of Science, University of Hradec Kralové, Rokitanského 62, Hradec Kralové 500 03, Czech
Republic, e-mail: pavelpechl @centrum.cz .
’BC AVCR, Institute of Entomology, BranisSovska 31, Ceské Budgjovice 370 05, Czech Republic.



74 P. PECH, Z.F. FrIC

such as quarries or coal mine spoil dumps, the integration of coal-ash settling basins
into the natural environment is more complicated due to high concentrations of heavy
metals (Al, Si, Fe, Cr, Mn, Cd, etc.), various salts, and other compounds and elements
in the substrate that make them toxic and uninhabitable for most organisms [3, 6]).
Moreover, fly ash presents a health hazard for people living in the vicinity ([7]). For
these reasons, spontaneous succession is unacceptable as a reclamation technique for
abandoned coal-ash settling basins. In view of this, several alternative reclamation
techniques have been applied, e.g., overlaying the toxic substratum with arable soil, or
covering the surface with a special fabric. Consequently, the seeds of several plant
species are usually seeded [3, 6].

Molluscs are often used as an indicator of natural value (e.g. [8, 9]. The habitat
preferences of European species of molluscs are well understood (e.g. [10]) and well
preserved fossil and subfossil material of molluscs is used in assessing changes in the
natural environment and landscape on a long-term scale [11]. Moreover, snails are
sensitive to heavy metal pollution [12] and are good indicators of the quality of soil
[13, 14], as they are in direct contact with the soil during hibernation at least [15].

In this paper, the composition of malacofauna at a nature reserve, a functional
coal-ash settling basin, and an abandoned and partly reclaimed coal-ash settling basin
are compared. It is the first study dealing with the succession of terrestrial animals on
an abandoned coal-ash settling basin.

2. EXPERIMENTAL

Study sites. The snail fauna was studied at one functional and one abandoned and
partly reclaimed coal-ash settling basin, both in Ceské Budg&jovice, Czech Republic.
Additionally, the nature reserve in nearby Zliv was used as a control. This site was used
because it was the nearest site with a large area of reeds, comparable with the area of
reeds at the functional coal-ash settling basin. Moreover, the altitude, climatic conditions
and structure of biotopes are relatively similar to those at the settling basins.

Both the functional and abandoned coal-ash settling basins are situated on the
edge of the town of Ceské Bud&jovice, between the suburbs of Suché Vrbné, Stara
Pohtirka, and Nové Hodé&jovice (GPS 48°57' N 14°30' E). Both basins are surrounded
by both mown and un-mown, wet and moderately wet, meadows and fields. The near-
est houses are approximately 100 m away from either basin.

The functional coal-ash settling basin is situated at an altitude of 428 m.s.l. The
area of the basin is circa 35 ha. Today a permanent waterbody is situated in the centre
of the basin, covering about two-thirds of the whole area, and leaving a 40-70 m wide
area between the permanent water level and the dam (circa 10 ha as a whole). This
area is formed by coal ash and may be seasonally flooded (during the rainy summer of
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2010 the water reached ca. 1-3 cm above the level of the coal-ash on most of this
area). The vegetation in the whole area between the waterbody and the dam is mowed
approximately once every three years.

The dam of the functional coal-ash basin is formed by an embankment constructed
from a mixture of stones, raw gravel, sand, top soil and ash. It is terraced and has
5 levels. The maximum height of the top of the dam is approximately 8 m. The basin
was built in 1984, the last level (terrace) has been in use since 1992.

The following biotopes were studied at this site:

A. The internal area (at least 5 m from the dam; the whole area is approximately
5 ha) — reeds. This biotope is situated in the northern and eastern parts and is covered
with ca. 3—4 m high Phragmites australis (Cav.) Steud. exclusively.

B. The internal area (at least 5 m from the dam, ca. 5 ha) — “a grassland” with
a sparse covering of mainly Calamagrostis epigeios (L.) Roth. (ca. 1 m high). Hy-
pericum perforatum L., Phragmites australis (Cav.) Steud., Populus tremula L., Salix
cinerea L., Tanacetum vulgare L. occur rarely. The trees are young, up to 3 m high at
maximum.

C. The periphery of the internal area (less than 5 m from the dam, ca. 0.5 ha). It is
covered with the same plants as “the meadow”; additionally, Trifolium cf. medium L.
is present and abundant.

D. The dam (ca. 10 ha). The dam is partly covered with young Pinus silvestris L.
plantations, partly with frequently mowed, short and mostly dry swards with Achillea
millefolium L., Agrostis capillaris L., Alchemilla vulgaris L., Artemisia vulgaris L.,
Betula pendula Roth., Carex spp., Cirsium vulgare (Savi) Ten., Dactylis glomerata L.,
Festuca rubra L., Hypericum perforatum L., Leontodon hispidus L., Plantago lanceo-
lata L., Tanacetum vulgare L., Taraxacum officinale Wigg., Trifolium arvense L. and
Tussilago farfara L. Juncus effusus L. also occurs on several wet microsites.

The reclaimed coal-ash settling basin is situated 600 m. northwest from the func-
tional coal-ash settling basins, at an altitude of 414 m.s.l. The extent of the internal
area is approximately 10 ha. The dam of the basin is constructed in the same manner
as that of the functional basin and consists of 1-3 terraces. The height of the dam at
maximum is ca. 7 m. The basin was in use from the end of the 1960s until 1984. Dur-
ing the technical reclamation, the ash was covered with topsoil without any other
management. Today, two-thirds of the internal area is used for sporting activities and
is occupied by a sports hall, an astroturf football pitch, and a car park. This area was
not included in the analysis. The rest of the internal area (3 ha) is abandoned and oc-
cupied with a mosaic of wood, shrubs and grasslands. It is supposed that the vegeta-
tion cover is the result of spontaneous succession (and possibly the occasional activi-
ties of the people living in the vicinity). The thickness of the topsoil cover varies
between 0 (coal ash is directly under the leaf litter) and 30 cm. The topsoil layer is
very thin (up to 5 cm) or absent throughout the larger part of the area. A small brook-
let runs along the edge of the internal area.
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The following biotopes were studied at this site:

E. The internal area — a forest (total area approximately 3 ha) consisting mainly of
Betula pendula Roth., Impatiens parviflora DC., Picea abies (L.) Karsten, Pinus
silvestris L., Populus tremula L., Quercus robur L., Robinia pseudoacacia L.
and Urtica dioica L. mainly. An area of shrubs made up of Crataegus laevigata (Poir.
in Lam.) DC., Cytisus scoparius (L.) Link, Forsythia x media Zabel, Philadelphus
coronarius L., Rosa canina L., Rubus sp., Salix caprea L., Sambucus nigra L. and
Torilis japonica (Houtt.) DC. are also included in this biotope.

F. The internal area — a tall-grass grassland (approximately 1 ha) mainly covered
with Agrostis capillaris L., Calamagrostis epigeios (L.) Roth., Dactylis glomerata L.,
Galeopsis bifida Boenn., Solidago canadensis L. and Tanacetum vulgare L. mainly.
The vegetation is not mowed.

G. The dam (approximately 3 ha). The vegetation on this part of the site is very
similar to the forest (biotope E).

The study site Zliv is situated on the northwestern edge of the town of Zliv, ca.
10 km NW from Ceské Budgjovice at 381-385 m.s.l. (GPS 49°4' N, 14°20' E). The
plot is part of the National Natural Monument Mokiiny u Vomackt. The substratum
consists of clays and sandy clays. The following biotopes were studied at this site:

H. The forest (approximately 1.5 ha), made up of Anthriscus sylvestris (L.)
Hoffm., B. pendula, Crataegus laevigata (Poir. in Lam.) DC., Deschampsia cespitosa
(L.) P.B., Geum urbanum L., P. tremula, Prunus padus L., Q. robur, Ranunculus
repens L., Salix cinerea L., Sambucus nigra L., Stellaria media (L.) Vill., Urtica
dioica L. There are several pits that regularly serve as swimming holes in rainy parts
of the year.

I. The meadow (approximately 1.5 ha) covered with Centaurea jacea L.,
C. epigeios, D. caespitosa, Galium verum L., Lathyrus pratense L., Phleum pratense
L., Poa pratensis L., Galium verum L. The vegetation is mowed 1-2 times per year
and its maximum height is ca. 1 m. The meadow is seasonally flooded; water can
reach more than 10 cm above ground level.

J. Reeds (approximately 20 ha), this is a high, un-mown marsh with 3—4 m high
P. australis exclusively. The whole area is flooded seasonally.

Mollusca sampling. The snail sampling was carried out throughout April to June
2009. A sample of leaf litter was taken in each of the biotopes mentioned above. Each
sample was taken from 4-5 sites within each biotope, covering all microhabitats with
potentially different malacofauna that were distinguished. The total volume of the
samples from each biotope at both coal-ash settling basins and the reeds in Zliv was
about 10 dm’ but it was about 8 dm® for both the meadow and the forest in Zliv. The
leaf litter was dried, divided into several fractions, using a series of sieves, and care-
fully searched for shells. Additionally, the shells and living individuals of large spe-
cies observed in the field were noted (hand sampling). Additionally we also analysed
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the proportion of selected mollusc “habitat guilds” in the sense of humidity and shade
specialisation (according to [10, 15]). The humidity specialisation comprised these
factors: (1) aquatic species, (2) species of wet or humid soil, (3) species of dry habitats
and (4) generalists without clear affinity to any type of humidity. Similarly, the shade
specialisation consisted of (1) woodland species, living in shaded habitats, (2) species
of open habitats and (3) generalists. A special category was for synanthropic species.
Every species could belong to one to three different groups.

Statistical analyses. All analyses were computed using numbers of snails cor-
rected to 8 dm’ samples. The presence or absence of each mollusc species per habitat
and study plot (Presence data) was calculated using multivariate unimodal Canonical
Correspondence Analysis (CCA) with Hill’s scaling, implemented in the package
CANOCO for Windows v. 4.5 [16]. Due to differences in sampling methodology (data
obtained by hand sampling were not comparable with standardised litter sampling) we
were unable to compare the abundances of all individual species. Therefore we used
the species absence or presence as “species data” and the codes for study plots/habitat
types as explanatory (“‘environmental”) characteristics. Similarly, we selected mollusc
species presented in litter samples only (Abundance data) and compared the abun-
dance of each species per plot and habitat. Similarly we also analysed the number of
species per “habitat guild” per study site and we treated such data as “species data”,
using the same explanatory characteristics. For the model tests we used a Monte Carlo
permutation test with 999 permutations.

3. RESULTS

In total, 1392 shells of 30 species of molluscs were collected (Table 1, individuals ob-
tained by hand sampling are not included in this and the following numbers of shells).

The following numbers of species and individuals were recorded:

In total of 139 shells of 16 species were recorded in the functional coal-ash set-
tling basin, nearly all at the dam (biotope D; 112 individuals of 14 species). There
were only 27 individuals and six species recorded in the inner area of the functional
coal-ash settling basin (Monacha cartusiana, Succinea putris, Trochulus hispidus,
Perpolita hammonis, Punctum pymaeum, Zonitoides nitidus): all species were present
in the peripheral region (biotope C), two (M. cartusiana and S. putris) in “the grass-
land” (biotope B), with no species being recorded in reeds (biotope A).

885 shells of 21 species were recorded at the reclaimed coal-ash settling basin:
20 species in the forest (biotope E), 12 species in grassland (biotope F) and 16 species
on the dam (biotope G). The malacofauna of the forest included all species recorded in
this basin, with the exception of Oxychilus cf. draparnaudi, which was found on the
dam.
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Table 1

Species and individuals of molluscs noted and collected in both functional
and abandoned coal ash settling basin and the control plot in Zliv

. Functional Basin | Abandoned basin | Control plot
Species
M| E|R|D| F M D |F|R

Trochulus hispidus (Linnaeus, 1758) 01110528 19 4 |[5]07]0
Alinda biplicata (Montagu, 1803) 0]0]J]0]0]| 4 0 15/0]01]0
Arianta arbustorum (Linnaeus, 1758) 0[0]|0O] 0] P 0 P|P|O]|O
Cepaea hortensis (O. F. Miiller, 1774) 0O[0|O|P]| P 2 P|O|O|P
Cepaea nemoralis (Linnaeus, 1758) 0[0]|O|P 0 0 0 |]0|0]O
Cochlicopa lubrica (O. F. Miiller, 1774) 0] 0]0]|33]| 47 57 14 |14 1 |11
Discus rotundatus (O. F. Miiller, 1774) 0]0]0| 0| 51 0 16 | P| 0|0
Galba truncatula (O. F. Miiller, 1774) 0]0]0| 0| 2 0 0 |0[35]0
Helix pomatia Linnaeus, 1758 0]0]0|O0]| P 0 P|P|O]|O
Monacha cartusiana (O. F. Miiller, 1774) P|P|O][4] O 0 0]0[0]O
Oxychilus cf. draparnaudi (Beck, 1837) 0]0]0]0] O 0 1 0]01]0
Perpolita hammonis (Strém, 1765) 0151011 ) 76| 147 9 (4410 |26
Punctum pygmaeum (Draparnaud, 1801) 0 115]0 14| 33 39 51 1191010
Semilimax semilimax (J. Férussac, 1802) 0]0]0] 0|13 0 4 10]0]O0
Succinea putris (Linnaeus, 1758) P|P|O]O] O 0 0 ]0]2]3
Succinella oblonga (Draparnaud, 1801) 0]0]0] 8|11 2 0 11017
Truncatelina cylindrica (A. Férussac, 1807) | 0 | 0 | 0] 2 2 0 0 |0|0]O
Urticicola umbrosus (C. Pfeiffer, 1828) 0]0]0|O0 1 1 0 |0[0]|O
Vallonia costata (O. F. Miiller, 1774) 0]0]0| 2|17 0 0 [67]0]1
Vallonia excentrica Sterki, 1893 0|0 ]|0]|17] 11 12 16 | 0|00
Vallonia pulchella (O. F. Miiller, 1774) 0]0]0|O0]| O 0 0 |0|2]17
Vertigo pygmaea (Draparnaud, 1801) 0]0]O|11]| 8 19 2 110125
Vitrina pellucida (O. F. Miiller, 1774) 0|00 1]97 16 |21 | 5]10]0
Zonitoides nitidus (O. F. Miiller, 1774) 0]6]0]0] 9 8 1 01212
Aplexa hypnorum (Linnaeus, 1758) 0]0]J]0JO0] O 0 0 |0([14]0
Carychium minimum O. F. Miiller, 1774 0]0]J]0J0] O 0 0 [12] 8 |12
Eucobresia diaphana (Draparnaud, 1805) 0]0]J]0]0] O 0 0 ]0J0]1
Euconulus fulvus (O. F. Miiller, 1774) 00|04 0 0 0 5100
Vertigo antivertigo (Draparnaud, 1801) 0]0]J]0]J0] O 0 00410
Pisidium casertanum (Poli, 1791) 0]0]0|O0]| O 0 0 |0[3]0
Arion fuscus (O. F. Miiller, 1774) 0]0]0|O0]| O 0 O |P|O]|O
Arion vulgaris (Moquin-Tandon, 1855) 0/|]0JO]O]| P P P|IP|O]O

Numbers — numbers of shells obtained by a leaf litter sampling. P — presence of the species
based on the individual sampling only. M — meadow, E — edge, R — Reeds, D — dam, F — forest.

368 shells of 24 species were recorded in the control plot in Zliv: 15 species in the
forest (biotope H), 11 in the meadow (biotope I) and 9 in reeds (biotope J). Two of
these species, Aplexa hypnorum and Vertigo antivertigo, are listed under the national
Red List as Vulnerable [17].
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Most of the recorded species are common and none of them are protected by laws.
Two species (Vertigo antivertigo and Aplexa hypnorum) (both recorded in reeds in
Zliv, biotope J) are listed on the Red List of threatened species in the Czech Republic,
both in the Vulnerable category [17].

fe]

Mcart ]
A Cnemo,
|

|
l
' Efulv
‘ & Sputr
Tyliy,  functional

A |

Thisp _ |
Ppygm & 'D‘f‘?mm aVcost

b 4
Vpell A zpiti ~Clubr

iap®\ant
Edia nu
abandoned Ah‘;p/sr\]fusc
Avulg Aarbu &
Uumb l
Rtr)?plr a Hﬁoma Gtrun
& Odrap Drotu
oyl Ssemi ‘
\ ‘
-2 4

Fig. 1. The relationships between individual mollusc species and study sites:

FuBasin — functional coal ash settling basin, AbBasin — abandoned coal ash settling basin, Control — the natural
reservation in Zliv, functional — functional coal-ash settling basin, abandoned — abandoned coal-ash settling
basin, Thisp — Trochulus hispidus, Abipl — Alinda biplicata, Aarbu — Arianta arbustorum, Chort— Cepaea
hortensis, Cnemo — Cepaea nemoralis, Clubr — Cochlicopa lubrica, Drotu — Discus rotundatus, Gtrun — Galba
truncatula, Hpoma — Helix pomatia, Mcart — Monacha cartusiana, Odrap — Oxychilus cf. draparnaudi, Phamm
— Perpolita hammonis, Ppygm — Punctum pygmaeum, Ssemi — Semilimax semilimax, Sputr — Succinea putris,
Soblo — Succinella oblonga, Tcyli — Truncatelina cylindrica, Uumbr — Urticicola umbrosus, Vcost — Vallonia
costata, Vexce — Vallonia excentrica, Vpulch — Vallonia pulchella, Vpygm — Vertigo pygmaea, Vpell — Vitrina
pellucida, Zniti — Zonitoides nitidus, Ahypn — Aplexa hypnorum, Cmini — Carychium minimum, Ediap
— Eucobresia diaphana, Efulv — Euconulus fulvus, Vanti — Vertigo antivertigo, Pcase — Pisidium casertanum,
Afusc — Arion fuscus, Avulg — Arion vulgaris

In the Presence data, we found significant differences between the study sites (all
axes: trace — 0.59, F = 1.53, p = 0.048) and habitats (first canonical axis: eigenvalue
—0.52, F=1.71, p = 0.047) (Fig. 1). The model analysing differences between study
sites explained 33.8% of the data variability, but it did not show a trend of succes-
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sional changes, as the abandoned site was on one side, the control plot on another and
the functional ash basin in between, whereas the second axis discriminated mainly
between functional ash basin and the rest of the study sites. When analysing habitats,
the model explained 54.5% of the data variability and it showed clear differences be-
tween molluscs in reeds on the one hand whereas forest and dam were very similar.
Furthermore, we did not find significant differences when we compared the localities
controlled by the presence of individual habitat type (first canonical axis: eigenvalue
—0.26, F=0.97, p = 0.600, all axes: Trace — 0.44, F'=1.21, p = 0.303) (Fig. 2). Compar-
ing abundance data, which was available only for species presented in soil samples, we did
not find differences between study sites (first axis: eigenvalue = 0.412, F = 1.44,
p =0.175; all axes: trace = 0.52, F'=0.99, p = 0.359) but we found differences in habi-
tat type on the first canonical axis (eigenvalue = 0.709, F = 1.87, p = 0.033). The
model explained 60.2% of the data variability. Again, dam and forest were, regarding
mollusc species, very similar whereas different fauna was in reeds.
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Fig. 2. Relationships between individual mollusc species and habitats.
For abbreviations — see capture to Fig. 1

The “habitat guilds” analyses resulted in significant differences between habitats
in the first axis (first canonical axis: eigenvalue = 0.06, /' =4.17, p = 0.002, all axes:
Trace = 0.07, F = 1.52, p = 0.16) (Fig. 3), which explained 51.38% of the data vari-
ability. Species occupying both closed woodland and dry habitats, as well as synan-
thropic species were associated with dams or forest sites, whereas aquatic or wet soil
species together with open habitat specialists were associated with reeds, meadows
and edges. Again, forest sites were very similar to dams, meadows to edges, and reed
fauna were more deviated but still related to the latter two. On the other hand, we did
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not find any statistical differences between study sites (first canonical axis: eigenvalue
=0.02, F=1.02, p = 0.65, all canonical axes: Trace = 0.02, F=0.59, p = 0.75).

™
a

. habitat
woxdland species Open Aabtiats

humidity generalists 3

dry habitats‘ a dam A reeds

A aquatic’

. a edge wet or humid soil
synanthropic species ‘

a
shade generalits

-4 2
Fig. 3. The relationships between mollusc “habitat guilds” and habitats
of the studied area. For abbreviations — see capture to Fig. 1

Such results suggest that the differences between the study sites are in the pres-
ence of individual habitat types on the sites but not in the differing mollusc communi-
ties of natural and anthropogenic habitat.

4. DISCUSSION

Environmental conditions at the functional coal-ash settling basin are clearly not
favourable for molluscs. The following factors may be responsible for the low amount
of both snail species and individuals:

e The structure of substratum. In general, terrestrial molluscs avoid sandy and
dusty substrata [10].

eFlat terrain and uniform vegetation cover, and the resulting low amount of mi-
crobiotopes and low diversity of food resources.

¢ An extremely unbalanced regime of moisture. Very dry substratum in some parts
of year alternates with flooding in others. This variation of the moisture makes this site
uninhabitable for many species probably.
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e Toxicity of the substratum. Chemical properties of the substrates were not inves-
tigated by the authors. Nevertheless, fly ash contains heavy metals toxic for most or-
ganisms, including molluscs [18].

Only two species — S. putris, M. cartusiana — are able to live in these conditions.
Several additional species live on the edge of the internal area. Theoretically it is pos-
sible that these species are not able to live there for a long time and the individuals
invade from the dam. On the other hand, dispersal abilities of these species are proba-
bly too low to enable such “trips” from the “safe” dam (see below). Moreover, in the
case of Zonitoides nitidus, no shell or living individual was found in the dam. Specula-
tively Z. nitidus avoids both the dry conditions on the dam as well as the toxic substra-
tum in the internal area, and thus inhabits the margin, balancing between the unfa-
vourable conditions of both biotopes.

The malacofauna of the functional coal-ash settling basin can be considered as an
initial stage of the succession of malacofauna of the partially recultivated coal-ash
settling basin. However, the following facts should be taken into consideration:

e Monacha cartusiana is currently expanding within the Czech Republic [19] and
it is known in South Bohemia since 2009 [20]. This species probably did not occur in
the initial stage of succession at the partially recultivated coal-ash settling basin.
Probably only one species (Succinea putris) lived in the old coal-ash settling basin at
the time of reclamation.

oIt is possible that some snail species were introduced to the abandoned coal-ash
settling basin by humans via the soil used in the reclamation.

More species of snails live on the dam of the functional coal-ash settling basin.
The presence of dams and similar structures seems to increase the biodiversity in gen-
eral [21]; in this study, the dam is not constructed from the fly ash and this factor as
well as the vegetation and morphology of the dam clearly strongly influences the
composition of malacofauna.

The partially recultivated coal-ash settling basin possesses a relatively rich fauna
of snails, with high numbers of individuals. In general, the malacofauna consists of
habitat generalists and common species and is clearly influenced by the vicinity of the
town (Oxychilus cf. draparnaudi and Arion vulgaris). Most snails belong to the wide-
spread species that are typical of the initial stadia of succession (V. pellucida,
P. hammonis, C. lubrica) (e.g. [22]).

The environmental conditions at the partially recultivated coal-ash settling basin
differ from those at the functional basin. Most of the unfavourable substratum is cov-
ered by a thin layer of topsoil and/or leaf litter at least. The layers above the ash buffer
extreme variations in moisture and reduce toxicity on the surface. On the other hand,
the whole area stays relatively dry, probably due to the ash in the substratum. The
vegetation cover is more diverse in comparison to the functional basin and offers more
microhabitats and food resources.
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The control plot combines a nontoxic and relatively favourable subtratum with
a stable, high moisture content and diverse vegetation. The highest number of snail
species (23) was found there. Compared to the partially recultivated coal-ash settling
basin, a few more species, but a lower amount of individuals, were present in the con-
trol plot (but smaller samples of leaf litter were taken from the control plot). The pres-
ence of two vulnerable species indicates that the natural reservation is the most valu-
able site, comparing all three studied sites from the point of biodiversity.

On the other hand, the composition of snail fauna at the recultivated coal-ash set-
tling basin is not influenced by environmental conditions only: the dispersal abilities
of individual snail species are another important factor. The rate of active dispersal of
majority of land snails does not exceed 3 m per month [24, 25]. The dispersal rate of
small species such as Vertigo or Vallonia were not studied yet, but it does not exceed
several meters per year probably. On the other hand, snails are able to colonise new
habitats relatively quickly (e.g. [26]), although the mechanism is not clear. Some spe-
cies are reported to be dispersed passively, above all by humans (e.g. [27]) and birds
(e.g. [28]). It is possible that some species with a lower rate of dispersal will colonise
the site in the future.

Although coal-ash settling basins seem to be very unfavourable for molluscs, they
can serve as surrogate biotopes for some endangered species, e.g. the tiger beetle
Cicindela arenaria vienensis Schrank, 1781 (Coleoptera: Carabidae) and the Small
Blue butterfly Cupido minimus (Fiiessly, 1775) (Lepidoptera: Lycaenidae) live on the
functional coal-ash settling basin in Ceské Bud&jovice [29, Hang, pers. comm.]. In the
case of C. arenaria, coal-ash settling basins and other secondary biotopes seem to be
the most important habitat for this species in the Czech Republic [30].

5. CONCLUSIONS

¢ The conditions at the functional coal-ash settling basin are unfavourable for most
species of molluscs.

e Numerous and relatively diverse malacofauna has become established at the
abandoned (26 years prior to the study) and partially recultivated coal ash settling
basin, although the only management carried out was covering of the substratum with
topsoil, this covering being in addition imperfect or absent on many parts of the site.

¢ On the other hand, although the malacofauna of the partially recultivated basin is
relatively rich, it consists mainly of high populations of a low number of widespread
species. It is not clear whether this situation is caused by the chemistry of the substra-
tum, differing environmental conditions (e.g. moisture), or the dispersal abilities of
snails.



84 P. PECH, Z.F. FrIC

ACKNOWLEDGEMENT

We are thankful to Romana Prausovéa and J. Leps for the determination of some plant species from
the study sites and Ilona Oulehlova, Chris Steer and Matthew Sweney for English proofreading. The
research was supported by Specificky vyzkum 2120, 2011.

REFERENCES

[1] TROPEK R., KONVICKA M., Can quarries supplement rare xeric habitats in a piedmont region? Spi-
ders of the Blansky les Mts., Czech Republic, Land Degr. Develop., 2008, 19 (1), 104.

[2] Natural Recovery of Human-Made Deposits in Landscape (Biotic Interactions and Ore/Ash-Slag
Artificial Ecosystems), P. Kovai (Ed.), Academia, Prague, 2004.

[3] TROPEK R., KONVICKA M., Should restoration damage rare habitats?, Biol. Conserv., 2011, 144,
1299.

[4] BENES J., KEPKA P., KONVICKA M., Limestone quarries as refuges for European xerophilous butter-
flies, Conserv. Biol., 2003, 17 (4), 1058.

[5] SEAR L.K.A., Properties and use of coal fly ash: a valuable industrial by-product, Thomas Telford
Publishing, London, 2001.

[6] HAYNES R.J., Reclamation and revegetation of fly ash disposal sites. Challenges and research needs,
J. Environ. Manage., 2009, 90 (1), 43.

[7] PAN S.Y., MORRISON H., GIBBONS L., ZHOU J., WEN S.W., DESMEULES M., MAO Y., Breast cancer
risk associated with residential proximity to industrial plants in Canada, J. Occup. Environ. Med.,
2011, 53 (5), 522.

[8] CREMENE C., GROZA G., RAKOSY L., SCHILEYKO A.A., BAUR A., ERHARDT A., BAUR B., Alterations
of steppe-like grasslands in Eastern Europe: a threat to regional biodiversity Hotspots, Conserv.
Biol., 2005, 19 (5), 1606.

[9] SCHERBINA V.G., Bioindicator properties of mollusks in recreational beech-box forests, Zool. Zhur-
nal, 2007, 86 (12), 1411.

[10] LoZek V., Key to Czechoslovak molluscs, Vydavatelstvo SAV, Bratislava, 1956 (in Czech).

[11] LOZEK V., Quarternary molluscs of Czechoslowakia, CSAV, Prague, 1964 (in German).

[12] HopL E., FELDER E., CHABICOVSKY M., DALLINGER R., Cadmium stress stimulates tissue turnover in
Helix pomatia: increasing cell proliferation from metal tolerance to exhaustion in molluscan midgut
gland, Cell Tissue Res., 2010, 341 (1), 159.

[13] TYLER G., The impact of heavy metal pollution on forests: a case study of Gusum, Sweden, Ambio,
1984, 13 (1), 18.

[14] BARrROS Y.J., MELO V.D., SAUTTER K.D., BUSCHLE B., DE OLIVEIRA E.B., DE AZEVEDO J.C.R.,
Souza L.C.D., KUMMER L., Soil quality indicators in lead mining and metallurgy area. II. Meso-
fauna and plants, Rev. Bras. Sciénc. Solo, 2010, 34 (4), 1413.

[15] KERNEY M.P., CAMERON R.A.D., JUNGBLUTH J.H., Land Snails of North- and Central Europe, Verlag
Paul Parey, Hamburg, 1983 (in German).

[16] LEPS J., SMILAUER P., Multivariate analysis of ecological data using CANOCO, Cambridge
University Press, 2003.

[17] BERAN L., JURICKOVA L., HORSAK M., Mollusca, [in:] Red list of threatened species in the Czech
Republic, Invertebrates, J. Farka¢, D. Kral, M. Skorpik (Eds.), Agentura ochrany piirody a krajiny
CR, Prague, 2005, 69 (in Czech).

[18] LEFFA D.D., DAMIANI A.P., DA SILVA J., ZOCCHE J.J., DOS SANTOS C.E.I., BOUFLEUR L.A., DiAaz J.F.,
DE ANDRADE V.M., Evaluation of the genotoxic potential of the mineral coal tailings through the
Helix aspersa (Miiller, 1774), Arch. Environ. Contam. Toxicol., 2010, 59 (4), 614.



Malacofauna on coal — ash settling basins 85

[19] JURICKOVA L., KUCERA T., Land snail assemblage patterns along motorways in relation to environ-
mental variables, Contributions to Soil Zoology in Central Europe 11, 2005, 75.

[20] PECH P., PECHOVA H., Monacha cartusiana (Gastropoda: Hygromiidae) in South Bohemia, Malacol.
Bohem., 2009, 8, 28.

[21] RYBAK J., SADLEK W., Ecological impact of a dam on benthic macroinvertebrates in montane rivers
of Lower Silesia, Environ. Prot. Eng., 2010, 36 (2), 143.

[22] HORSAK M., JURICKOVA L., KINTROVA K., HAJEK O., Patterns of land snail diversity over a gradient
of habitat degradation: a comparison of three Czech cities, Biodivers. Conserv., 2009, 18 (13),
3453.

[23] PARMAKELIS A., MYLONAS M., Dispersal and population structure of two sympatric species of the
mediterranean land snail genus Mastus (Gastropoda, Pulmonata, Enidae), Biol. J. Linn. Soc., 2004,
83 (1), 131.

[24] Porov V.N., KRAMARENKO S.S., Dispersal of land snails of the genus Xeropicta Monterosato, 1892
(Gastropoda, Pulmonata, Hygromiidae), Russ. J. Ecol., 2004, 35 (4), 263.

[25] MAJOOR G., LEVER A.J., Succession in the snail fauna of a rehabilitated limestone quarry near
Maastricht, the Netherlands, Basteria, 1999, 63 (1-3), 83.

[26] AUBRY S., LABAUNE C., MAGNIN F., ROCHE P., Kiss L., Active and passive dispersal of an invading
land snail in Mediterranean France, J. Anim. Ecol., 2006, 75 (3), 802.

[27] REES W.J., The aerial dispersal of Mollusca, Proc. Malac. Soc. London, 1965, 36, 269.

[28] KLETECKA Z., BLiZEK J., GRYCZ F., Prvni ndlezy svisnika Cicindella arenaria vienensis (Coleoptera:
Carabidae) v jiznich Cechdch, Acta Mus. Boh. Mer. Ceské Budg&jov., 2006, 46, 177 (in Czech).

[29] HAMET A., MOCEK B., SPIiSEK J., Vyskyt sviznika Cicindela arenaria vienensis Schrank, 1781 (Co-
leoptera, Carabidae, Cicindelini) na druhotmém stanovisti ve vychodnich Cechdch, Acta Mus.
Reginaehradec, A., 1999, 27, 125.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


