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Effects of metal contamination on the activity and diversity of
spiders in an ancient Pb-Zn mining area at Plombiéres (Belgium)
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Abstract

In the ancient Pb-Zn mining area of Plombiéres, spiders were monthly sampled with pitfall traps
during one year. Based on the total soil concentrations of cadmium, copper, lead and zinc, it was
expected that zinc would probably have the strongest adverse effect. Neither total zinc concentration,
nor with water soluble and calciumchloride extractable concentrations affected total spider activity
and species richness significantly. In fact, despite the high metal concentrations in the soil, it was not
immediately clear that spider composition was affected in the study area. The apparent lack of effects
at the high observed zinc concentrations was attributed to the relatively low bioavailability of zinc to
the spiders at the study sites, which was also reflected by the low detected water soluble zinc
concentrations. However, more detailed analysis revealed that the number web-building spiders
decreased, while number of hunting spiders increased with increased calcium chloride extractable
zinc concentrations.

Keywords : Araneae, bioavailability, zinc exposure.
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Introduction

Numerous studies have reported on the
toxicity of metals to invertebrates, the metal
distribution in the organisms and the
contribution of emissions to the environmént
from different sources. The effects of metal
pollution on terrestrial ecosystems are, however,
still hard to predict as the results from
laboratory ecotoxicity experiments cannot be
easily extrapolated to field situations (VAN
STRAALEN & DENNEMAN, 1989). In the
laboratory, organisms are tested under optimal
conditions while in the field, biological
availability of metals is usually lower than in
laboratory experiments, organisms are exposed
to metal mixtures, ecological compensation
mechanisms are operating and adaptation to
metal stress may occur (VAN STRAALEN &
DENNEMAN, 1989). Field studies are therefore
necessary to learn how evidence gathered during
laboratory testing can be translated to the field.

Spiders are invertebrates with a high species
richness that have been intensively studied. The
group is known for its importance as
invertebrate predators, which suggests that
spiders may be exposed to high metal
concentrations through biomagnification.
However, the influence of metal contamination
on spiders has only been the subject of a few
studies. Spiders are known to assimilate large
amounts of metals present in their prey, which
are made inactive by storing them in
intracellular granules in the midgut diverticulae
(HENDRICK et al., 2003a). HENDRICKX et al.
(2003a) demonstrated that a high cadmium
assimilation rate (69.5%) and an excretion rate
approaching zero resulted in high Cd
concentration factors for Pirata piraticus
(Clerck, 1757), stressing the importance of
cadmium biomagnification by spiders. Although
this detoxification process is effective in
enhancing survival at polluted sites, it was
expected that this defence mechanism against
metal intoxication is at the cost of reduced
growth and reproduction since energy spend at
detoxification can not be used for anything else
(JONES & HOPKIN, 1998). Indeed, females from
populations of Pirata piraticus with high metal
concentrations showed a strongly reduced
reproductive output and fecundity, indicating a
high reduction in resource availability due to
detoxification processes (HENDRICKX et al.,
2003b). Although spiders are known to be metal
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accumulators, only two studies recently assessed
the influence of metal contamination on spider
communities. JUNG et al. (2008) found that
spider diversity tended to decrease with
increasing Pb levels in soil although no
statistical significance was obtained. Therefore,
they indicated that spider communities may be
not sensitive enough to discriminate moderate
metal contamination in soil. Along a pollution
gradient near a copper smelter, web-building
spiders were replaced by cursorial spiders: the
abundance of the families Lycosidae and
Gnaphosidae increased while that of the family
Linyphiidae decreased, which was attributed to
the effect of metals on the vegetation as web-
building spinning spiders need more structure in
the vegetation (ZOLOTAREY, 2009).

The present study focuses on the effect of
metal contamination in an ancient Pb-Zn mining
area on the activity and species richness of
spiders. The hypothesis of the present study was
that the high observed metal concentrations in
the study area would negatively affect spider
diversity. As the total metal content of a soil isa
poor indicator of environmental risk (VAN
GESTEL, 1997), also water soluble and
calciumchloride extractable metal concen-
trations of the soils were measured. In addition,
it was also assessed whether different feeding

guilds were affected differently by metal
pollution.

Methods

Study area

The study area is highly contaminated with
the metals Pb, Zn and Cd due to the former Pb-
Zn mining activities (UTM-coordinates:
31UGS0924). At Plombiéres (Belgium), the
industrial operations mainly date from 1844-
1845 until 1882 and mine activity in the whole
area ceased around 1936 (SWENNEN et al.,
1994). The only remnants of this important
industry are mine tailings which are presently
the major sources of metal pollution, especially
since the Geul river crosses the mine tailing
deposits. The Geul is a meandering river in East
Belgium; from its source to its confluence with
the Meuse river, its length is 56 km. To create a
recreational park, vast surfaces of the
contaminated area were covered with silty soil
in 1996-1997, Lolium perenne was sown and
trees were planted on these soils. Objections of
nature conservation organisations resulted in the




protection of the remaining parts as a nature
reserve because of its extraordinary botanical
value which derives from the occurrence of
plant species that are unique for metal enriched
soils. The site is characterised by metallophytes
such as Viola calaminaria, Thlaspi caerulescens
subsp. calaminare, Armeria maritima subsp.
halleri, Silena vulgaris subsp. vulgaris var.
humilis and Festuca ovina subsp. guestfalica
which results in a typical vegetation (DUVI-
GNEAUD & SAINTENOY-SIMON, 1998).

Sampling

Seven sites, differing in degree of metal
contamination, were sampled (Fig. 1). All sites
were characterised by the presence of trees,
resulting in a humus layer on the soil surface.
Site A was situated at the base of a mine tailing
heap while site B was located on top of this
heap. An area at the base of some rocks situated
somewhat separated from the mine tailings was
selected as site C. Site D was located in the area
where the mine tailings were covered with a
layer of loamy soil. Site E was located on the
banks of the river Geul where the river crosses
the mine tailings. Site F was situated on the edge
of the mine tailings. Finely, site G was also
located on the banks of the river Geul, but
upstream of site E.

Per station, three pitfall traps with a diameter
of 6.5 cm were placed, spaced 2 m apart. A 4 %
formaldehyde solution was used for killing and
fixation and some detergent was added to lower
surface tension. Pitfalls were emptied every
month. Sampling lasted from February 1999 till
January 2000. Spiders were identified according
to ROBERTS (1987, 1998). The number of
animals caught was referred to as the activity,
since a species can be very abundant without
being capture with the pitfall traps when it is not
actively walking around.

Soil analysis

At each site where spiders were captured
using pitfalls, a soil sample was taken. Soils
were digested in hot acid (HCI:HNO, 1:5 v/v,
microwave heating) and soil metal concen-
trations were measured using flame atomic
absorption spectrometry (Varian, SpectrAA-
100, Victoria, Australia). For zinc and lead, a
deuterium background correction was applied. A
calcareous loamy soil (CRM 141 R, Community
Bureau of Reference, Brussels, Belgium) was
used as certified reference material. Measured

-

Fig. 1. Map of the Plombiéres mining area (Belgium)
with indication of the locations of the pitfall traps.

concentrations were always within 10% of the
certified values.

Lead is usually strongly bound to the soil and
consequently hardly bioavailable at the
measured concentrations, while cadmium and
copper occurred at much lower concentrations
in comparison with zinc. Based on toxicity data
for earthworms and springtails, zinc was
expected to have the highest toxicity. However,
toxicity data for spiders were to scarce in order
to formulate any prior expectations. Anyway,
the different extractable zinc fractions were
studied into more detail. Water soluble and
calciumchloride extractable zinc fractions were
obtained by shaking 5 g of soil for 2 h at 200
rpm with 50 ml deionised water or 50 ml of a
0.01 M CaCl, solution, followed by filtration
through a 0.45 pm cellulose membrane filter
(Gelman Sciences, Michigan, USA). Zinc
concentrations in the extracts were measured by
flame atomic absorption spectrometry (Varian,
SpectrAA-100, Victoria, Australia) with a
deuterium background correction.

Because pH and cation exchange capacity
(CEC) were reported to be the most important
soil parameters influencing metal bioavailability
(Lock et al., 2000; LOCK & JANSSEN, 2001a),
these soil characteristics were measured at the
different sampling locations. pH (KCl) was
measured (Consort pH meter, P407, Turnhout,
Belgium) at a 1:2.5 soil:liquid ratio with 1 M
KCI (ISO 1994). CEC was determined with the
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