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Abstract

An accident in a mine tailings dam caused the outflow of mud and water rich in heavy metals in April 1998
that flooded the Guadiamar River and its floodplain, in the vicinity of Dofiana National Park. The impact on the
periphytic communities was evaluated by analyzing the evolution of the diatom communities after seven (Novem-
ber 1998) and fourteen months (June 1999) of the accident. The comparison between the reference and affected
sites showed a shift from a diatom community dominateétagilaria construensAchnanthes minutisssinaand

Amphora pediculu® another dominated bYitzschia paleandGomphonema parvulurithe values for Shannon-

Wiener diversity strongly decreased in the affected area; changes between survey periods failed to show a marked
recovery. However, evenness was slightly higher for the June 1999 period, suggesting a slight improvement in
the diatom community. Diatom indices (IPS-IDG, Descy, CEE, Lange-Bertalot) were applied to the data. Values
for these also showed a marked decrease in water quality at sites closest to the mine tailings spill, as well as
a progressive recovery downstream. Correlation analyses between the diatom descriptors and the environmental
variables confirmed that heavy metals in the water and sediment had a marked and lasting effect on the diatom
communities of the Guadiamar. Other pollution events (e.g. ‘alpechin’ sewage) probably hindered recovery of the
periphytic communities.

Introduction et al.,, 1999). Moreover, the river also receives un-
treated urban and agricultural sewage (Arambarri et
In April 1998 the retaining dike of a mine tailings al., 1996; Bejarano & Madrid, 1996), which contrib-
reservoir failed, releasing ca. 5 millionnof toxic utes to the pollution of its waters. What added special
mud and water into the River Guadiamar, Spain. The concern to the accident was the proximity of Dofiana
sludge contained 0.6% arsenic, 1.2% lead and 0.8% National Park, the largest natural reserve in Europe,
zinc dry weight (Pain et al., 1998). Following the ac- and a winter refuge for a large number of mammals
cident, mud wastes moved into the Guadiamar and its and migratory birds. Therefore, immediate efforts to
floodplain, affecting riparian areas as well as agricul- exactly determine the extent of the effects were carried
tural land to a width of 400 m. The mud accumulated out (Grimalt et al., 1999; Pain et al., 1998; Manzano
alongside 40 km of river, producing a layer several et al., 1999; Prat et al., 1999). Among the several
centimetres thick (Grimalt et al., 1999). studies undertaken, the company operating the mine,
The Guadiamar watershed, which is located in Boliden Apirsa, started an Environmental Program.
SW Spain, is included in an area of rich pyrite ore, This particular program aimed to monitor the effects
historically affected by intensive mining (van Geen 0n several biological compartments of the Guadiamar
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and, among them, the periphyton communities. The
aim of the study reported here was to evaluate what
impact the accident had on the periphytic communities
of the river. Changes in the periphyton seven and four-
teen months after the accident are used as an indicatot
of the environmental stress caused by the mine spill
to the biological systems of the Guadiamar, as well as
of their possible recovery following restoration efforts
(Grimalt et al., 1999).

Given the lack of information on the periphytic
communities prior to the accident, this study is entirely
based on the comparison between algal communities
upstream or downstream of the spill. This approach
has been used elsewhere in analogous situations (Roct
et al., 1985; Deniseger et al., 1986), and relies upon
the indicative value of algal species. It is well known
that periphyton, among them diatoms, are suitable in-
dicators of heavy metal toxicity (Genter 1996; Peres
1996; Ivorra et al., 1999). Species composition and
their respective abundance in the community are likely
to be modified by changes in the properties of the river
system (Clements 1991). This sensitivity to environ-
mental factors is associated, in the case of periphyton,
with its high growth rate, which allows the complete
substitution of communities in a few weeks (Rott,
1991; Round, 1991), thus providing an updated picture
of every situation. However, it is true that causative
effects are difficult to establish with this kind of ap-
proach, and that it will suffer from the lack of data
previous to the event, to be compared with.

In natural systems, several pollution factors co-
occur, and it is a challenge to be able to discriminate
between them. This difficulty becomes more obvious
when indices are used to summarise the information
provided by biological entities, like those based on
diatom communities. Diatom indices were originally
developed to indicate ‘water quality’, and were there-
fore affected both by organic and inorganic sources of
pollution (Descy, 1979; Cemagref, 1982). These in-
dices have been used to assess organic pollution (e.g
Kelly et al., 1995; Prygiel et al., 1999), but less evident
is their potential use when other types of environ-
mental stress (heavy metal pollution, or shear stress
caused by transport of particulate matter) influence
water quality (Barbour et al., 1999). The application
of diatom indices to the monitoring of the Guadiamar,
where heavy metal pollution occurred over a back-
ground of high organic pollution, is an opportunity to
evaluate these indices in a critical situation.
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Figure 1. Map of the Guadiamar River showing the location of
Aznaldllar mines,that Dofiana National Park and the sites studied.

Materials and methods

Study area

Periphytic samples from nine sites down or associated
with the Guadiamar were obtained in November 1998
and June 1999 i.e. seven and fourteen months after
the spill. The sites covered a wide area from upstream
of the dam to the lower part of the river Guadiamar
(Figure 1). One site upstream of the spill (P20) and
another (P125) outside the area affected by the mud-
flow and inside the National Park were used as the
reference sites for the most riverine and estuarine part
of the river respectively. Contamination in the refer-
ence areas is probably insignificant, as can be deduced
from groundwater analyses in the area not affected by
the mining activity (Manzano et al., 1999), and from
previous reports of the area (Arambarri et al., 1996).

Sampling collection and diatom indices

Integrated periphyton samples were collected on the
two dates by scraping the sediments and other sub-
strata (macrophytes, organic debris and cobbles)
present at every sampling site. Even though they in-
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clude the risk of overestimating specific growth forms Results

in detriment to others, composite samples were ob-

tained in order to account for the whole taxonomic Periphyton composition
composition at every site. The samples were later
preserved in a mixture of formalin and ethanol. A
separate process was undertaken for non-diatom an
diatom algae. Observations on non-diatom groups was
carried out using microscopy at 400x—600x magni-
fication, their relative importance being estimated by
a qualitative scale of abundance (Sabater 1989). The

composition and relative abundance of diatoms was developed ) i P40 (i diatel
estimated at 1000x magnification from acid-cleaned EVeloped conspicuous masses in (immediately
downstream of the tailings dam) in June 1999. The

sub-samples, counted separately. Cleaned frustules o . . : :
were mounted on permanent slides using Naphrax overwhelming importance of diatoms in the periphytic

resin (refraction index 1.74). ldentification and no- communlty_of the Guadiamar j.UStIfI.ES their use as
menclature were based on Hustedt (1927—1966) and'€Presentatives of the whole periphytic community.
Krammer and Lange-Bertalot (1986—-1991). Up to 300
diatom frustules was counted per sample, results being
expressed as percentages of the total count. Diversity puring November 1998 (Table 3fragilaria con-
and equitability (evenness) were calculated accord- struens Achnanthes minutisssimend Amphora pe-
ing to Shannon & Weaver (1963). Diatom indices diculusdominated the diatom community at site P20
(CEE, IPS-IDG and Descy) were calculated for every (reference site). At the sites immediately downstream
sample with the COCAIN program (Coste, 1990). from the spill (P50 and P60) the community shif-
Diatom taxa were classified intro trophic classes ac- ted to dominance bWitzschia paleaand Gomphon-
cording to Lange-Bertalot (1979). Since none of them ema parvulum Abundance ofNitzschia paleaalso
has been specifically designed to describe sensitivity characterised the diatom community in sites further
to heavy metal pollution, these four indicators were downstream (P70, P85, P90 and P100), although in
used as complementary summaries of the information a lower proportion. Sites P85, P90 and P100 had an

Diatoms were the dominant group of organisms, ac-
dcounting for 70—-100% of the total cell abundance in
the two sampling periods for all sites. At one site
(P50), ZygnematalesMougeotiasp.) were abund-
ant and persisted in both periods (Table 2). Their
occurrence was apparently associated with the pre-
dominantly low flow at these site®2hormidiumsp.

Composition and structure of the diatom community

provided by the diatom community. increasing abundance of the centric diatBgtlotella
meneghinianaThere was a large contribution of par-
Correlation analyses ticulate inorganic material in the samples from these

sites. In most of these samples, diatoms were in a
Correlation analysis (Pearson cofficient) was car- poor state of preservation. Sites P100 to P125 had a
ried out between the structural parameters of the variable proportion of the salt-tolerant takbitzschia
diatom community (diversity and evenness), the di- clausii, Actinocyclus normaniand Synedra tabulata
atom indices and the environmental variables of water indicating the influence of brackish waters.
and sediment. The environmental variables (phys-  Community structure, defined on the basis of
ical, chemical and heavy metal concentration in water the diversity and evenness, showed important dif-
and sediments) in the two periods were obtained by ferences between sites. Shannon-Wiener's diversity
Boliden Apirsa during the development of its Environ- index (Shannon & Weaver, 1963) ranged between 2.7
ment Program of the Guadiamar. Some of the variables and 3.5 at sites P20, P85, P113 and P125 (Figure 2),
available were selected on the basis of their relev- while the minimum was recorded at sites P50, P70 and
ance for the distribution and abundance of the diatom P100. Evenness ranged between 0.24 and 0.6. Min-
community (Table 1, Boliden Apirsa, pers. comm.). imum values occurred at sites P50, P70 and P100,
The variables used were copper, lead, cadmium, ar-indicating that few taxa were dominant in the diatom
senic and zinc concentration in the water and in the community at those sites.
sediment, dissolved oxygen concentration, chemical  During June 1999 (Table 3), several speciekraf
oxygen demand, water conductivity, alkalinity, ni- gilaria (construensbrevistriatgd were still dominant
trogen (as nitrate) concentration, and total dissolved in the high-diversity community of P20 (H= 2.56,
solids. Phosphorus (as reactive ortophosphate) wasFigure 2). Downstream, in the area affected by the
only available for the June 1999 monitoring. mine tailings and restoration work (sites P40 and P50)
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Figure 2. Shannon-Wiener diversity (left) and evenness (right) of the diatom communities in the Guadiamar. White bars correspond to
November 1998 and shaded bars to June 1999.

the diatom community shifted to dominance by small sites) (Figure 3). Moreover, Descy’s diatom index and
Achnanthegaxa @. minutissimaand A. minutissima Lange-Bertalot's trophic classes also assigned good
var.saprophild, which formed a community with low  water quality to site 113, which is also in the National
diversity (H = 0.5-1.4). The contribution dfitzs- Park.

chia palea Navicula minima Navicula pupulaand In June 1999 the diatom indices still revealed a
Cyclotella meneghinianacreased downstream (P60 decrease in water quality in site P40 with respect to
to P90). The diversity and evenness of the diatom com- the upstream site (Figure 3). However, the indices re-
munities at these sites were higher than in the previous markably increased in site P50, suggesting that water
period (Figure 2). The diatom community at sites P100 quality strongly improved here. The indices decreased
and P125 consisted dntomoneis alata Navicula again from P60 to P90, showing the prevalence of high
crucigeriformis Stauroneis wislouchiand Thalasio- pollution in these sites.

ssira weissflogii These are common taxa in brackish The comparison of the diatom indices between the
waters (Hustedt, 1927-1966). Diversity and evennesstwo periods shows clear differences at only a few

in these sites were particularly high (Figure 2). sites. Comparison is not possible for site P40, where
periphyton was not collected in November 1998. At

Application of diatom indices to the evaluation of P50, however, all the indices show a spectacular in-

water quality crease between the two periods, indicating a recovery

in water quality. Differences between the other sites
All the calculated diatom indices revealed a marked \ere not marked, and there was no absolute agreement
decrease in the water quality below site P20 in Novem- petween values indicated by the various indices.
ber 1998. Sites P50 and P60 had the lowest water
quality according to the IPS-IDG index. Descy’s di-  Relationships between the diatom parameters and the
atom index attributed the lowest category to sites P50, anvironmental variables
P70, P90 and P100. The CEE index did not differ-
entiate between sites P50, P70, P90, P100 and P113Concentrations of heavy metals in the water seven
and gave the poorest water quality to all of them. Fi- months after the spill (November 1998) were par-
nally, Lange-Bertalot’s trophic classification assigned ticularly high at site P50 (Table 1). Concentrations
the poorest water quality to sites P50, P60, P70, P85, decreased downstream, but were still important up to
P90 and P100. All indexes assigned the best wa- site P113, close to Dofiana Natural Park. The reference
ter quality to sites P20 and P125 (the two reference site (P20) had low heavy metal but high nitrogen con-
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Table 2. Taxonomic composition of algae (non-diatoms) and cyanobacteria at the studied sites (when occurring) of the Guadiamar in
November 1998 and June 1999. A qualitative scale of abundance, from 1 (scarce) to 5 (very abundant) estimates the relative importance
of every taxon

November 1998 June 1999
P20 P50 P60 P90 P100 P113 P125 P20 P40 P50 P70 P85 P90 P100 P125

Anabaenasp. 1

Closterium moniliforméBory) Ehr. 1 1

Coelastrum microporurilag. 1 1

Euglenasp. 2

Lyngbyasp. 1

Merismopediasp. 1

Mougeotiasp. 2 5 1 2 1 1
Oedogoniunsp.
Oscillatoria sp. 1 1 1 2 1 1
Phormidiumsp. 5

Pediastrum simplekeyen 2

Scenedusmuspp. 3 1 1 1 1
Spirogyrasp. 2 5 1

Spirulinasp. 1
Stigeoclonium tenugAg.) Kitz. 1

Tribonemasp. 1

=
N
=

centration. While metal concentrations in water were high in some sites (Table 1), as a result of the restora-
in general between two- and ten-fold those of the ref- tion works carried out to remove the accumulated mud
erence site, accumulation in the sediments (Table 1) in the adjacent land. Significant relationships were
was much higher (ca. 200 times for copper, 60 times negative between diversity and evenness and the cad-
for lead, 400 for zinc, 20 for cadmium and 10 for mium, zinc and copper content of the water (Table 4).
arsenic). Correlation was significant between the di- Metal concentration in the sediment was negatively
versity and evenness and the concentration of severalcorrelated with diversity and evenness more generally
heavy metals in the sediment (Table 4). IPS and Descy (Table 4) than in the case of water. Lower values of
indices were also correlated with several heavy metals diversity and evenness occurred in sites (P40, P50 and
(lead, cadmium and zinc) deposited in the sediment P60) where the concentration of heavy metals in the
(Table 4). The correlation was negative in all cases, sediment was higher. Diatom indices were also af-
indicating that a high value of the heavy metals cor- fected by heavy metal concentrations. Arsenic in the
responded to a decrease (lower water quality) in the water was correlated negatively to values for IPS-IDG
diatom descriptor. However, neither diversity nor any and CEE. However, the indices were not correlated
of the diatom indices correlated with the heavy metal to arsenic in the sediment, in spite of its extremely
content of the water. On the other hand, the indices high accumulation. Descy and Lange-Bertalot indices
were not correlated with parameters related to the were also significantly related to phosphorus in the
trophic state or the mineral content of the river, such sediment, indicating the relevance of this compartment
as inorganic nitrogen (as nitrate) content of the water, for the water quality of the Guadiamar. The diatom
conductivity, and the chemical oxygen demand. The indices were not correlated to COD or inorganic nutri-
CEE index was not related to any of the environmental ents (phosphorus, nitrogen) in the water in June 1999.
variables included in the analysis. In spite of this absence of correlation, it has to be re-
In June 1999, the concentrations of heavy metals cognised thatthe COD values were higher in sites P50,
were lower than in the previous period (Table 1). P60 and P85 than in site P20. In some of these sites
Again, metal concentration in the water was much there was abundance of olive mill wastewater (locally
lower than in the sediments, in comparison with the called ‘alpechin’). On the other hand, the CEE index
reference sites. Total suspended solids were especiallywas related to the total suspended solids, indicating the
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Figure 3. Diatom indices calculated on the diatom communities in the Guadiamar. White bars correspond to November 1998 and shaded bars
to June 1999.

side effect caused by the restoration works in the water heavy metal pollution (Deniseger at al., 1986; Ivorra
quality of the Guadiamar during that period. etal., 2000).

Diversity has been used as an indicator of changes
in community structure when comparing impacted and
reference sites (Patrick, 1977; Juttner et al., 1996). In
the Guadiamar, there was a marked decrease in di-
versity between the reference sites and the affected
There was a complete substitution of the diatom com- gzreg (Figure 2). Diversity was remarkably similar
munity in the zone affected by the mine tailings spill petween the two periods for the whole set of stud-
(Table 2). A community characteristic of nutrient-rich, je( sites (Figure 2), in spite the time elapsed between
high mineral content waters (Sabater et al., 1991) was them. A sign of recovery was given by the evenness
replaced by anoth_er of pollution-tolerant taxa (Lange- parameter, which was slightly higher in general for
Bertalot, 1979).Nitzschia paleaand Gomphonema  the june 1999 period, suggesting that the equal con-
parvulumwere almost the only ones able to with- yihytion of the different species to the community
stand the polluted situation of the sites most affected jycreased (Washington, 1984) between the two peri-
by the spill (sites P40 and P50). In June 1999, small ogs. To conclude, the effects on the community struc-
Achnanthe$A. minutissimand varsaprophilg were ture (Patrick, 1973) were more extensive in November
also abundant downstream the mine spill. All of these 1998, but still remarkable in June 1999. Recovery of
taxa have been included among those most resistant to

Discussion
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Table 4. Correlation analyses (Pearson coefficient) between water quality variables in the superficial water and in the sediment and diatom
descriptors in the Guadiamar. Only the variables having at least one significant correlation (indicated in bold) are shown in the Table.
Above: November 1998, below: June 1999. Significance threshgld<a®.05. Number of casesifincluded in the analysis) = 8, Nov.

98;n =6, June 1999. EC: electrical conductivity, TSS: total suspended solids

Water Sediment
Pb Cu Pb Cd Zn As

Diversity 0.16 -0.75 -0.89 -0.63 -0.69 -0.77
Evenness -0.04 -0.76 -092 -0.70 -0.72 -0.79
IPS -0.52 -0.70 -0.64 -0.78 -0.71 -0.48
DESCY -057 -0.67 -0.74 -0.73 -0.70 -0.56

Lange-Bert -0.71 -0.46 -0.67 -0.58 -0.48 -0.60

Water Sediment
EC TSS Alk Cu Cd Zn As Cu Pb Cd Zn As P

Diversity -0.40 0.23 0.71 -0.87 -094 -093 031 -098 -094 -098 -0.93 -0.95-0.45
Evenness -0.13 048 088 -0.79 -094 -090 054 -095 -092 -100 -0.98 -0.93-0.35
IPS -0.66 -0.79 -0.60 0.14 0.39 0.31-0.95 0.18 0.09 0.33 0.45 0.13 -0.67
DESCY -0.68 -0.53 -0.21 -0.15 005 -002 -0.77 -0.32 -0.46 -0.22 -0.11 -G087
CEE -0.77 -0.89 -0.64 0.13 0.36 0.29 096 0.21 0.22 0.37 0.46 0.24 -0.46

Lange-Bert. -0.80 -0.57 -0.22 -0.32 -0.09 -017 -073 046 -049 -030 -0.17 -04081

the periphytic community appears to have been slower not appropriately reflect the heavy metal pollution at
that in other analogous situations described elsewherethat site, as the diversity did.
(Yasuno et al., 1981). Since heavy metal pollution by mine effluentin the
Diatom indices offered a similar picture to that Guadiamar River has been reported in the past (Ara-
provided by diversity, showing the decrease in water mbarri et al., 1996), it could be argued that the use
quality and the slight recovery of the sites downstream of the diatom indices is hampered by the occurrence
from the spill (Figure 3). However, the apparent re- of induced tolerance (Blanck & Wangberg, 1988) in
covery of some sites (P50) was obvious only from the pre-exposed taxa. This would imply that some taxa
diatom indices (Figures 2 and 3). Such a disparity was (or particular strains of them) would be less sensit-
related with the dominance #ichnanthes minutissima  ive because of adaptation to already existing pollution.
andA. minutissimavar. saprophilain that site. These = However, the pollution event caused by the rupture of
two taxa are cosmopolitan, and have been associatedhe mine tailings dam was far more important than the
with good water quality by the diatom indices (e.g. previous heavy metal pollution (Grimalt et al., 1999)
Lange-Bertalot, 1979; Descy, 1979). However, these in the Guadiamar. Therefore, it is highly likely that
taxa are early colonizers (Sabater et al., 1998), andthe adaptation threshold was exceeded by the newly
therefore are the first to occupy any space affected arrived concentrations of heavy metals. The correl-
by disturbance. The US Environmental Protection ation analyses between the environmental data and
Agency uses an index based on percent abundancehe diatom parameters confirm the importance of the
of Achnanthes minutissinta express the disturbance heavy metals on the shaping of the diatom community.
produced after a toxic event (Barbour et al., 1999). Even though caution has to be used, since the analysis
Moreover, proliferation ofAchnanthes minutissima  of correlation simply describes relationships between
has been associated with exposure to moderate cadvariables, that performed with the environmental data
mium (Perés, 1996) and zinc and cadmium (lvorra et showed that the prevalence of sediments affects the
al., 2000) concentrations. It can therefore be argued periphyton, rather than the surface water. The pore
that these taxa are associated with continuous physicalwater is probably in contact with the sediment and also
and chemicadtress Certainly these considerations are  with the algal cells (in fact, the microenvironment for
not included in the derived diatom indices, which do the periphyton) acquires toxic elements from it (Mc-
Gregor et al., 1998), that may become available to the
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cells and therefore affect the periphyton development. Barbour MT, Gerritsen J, Snyder BD, Stribling JB (1999) Rapid
It is remarkable that arsenic in the water (but not in bioassessment protocols for use in streams and wadeable rivers:

. s . . periphyton, benthic macroinvertebrates and fish. Environmental
the sediment) was significantly affecting some diatom " * %~ Agency, Office of Water, Washington, D.C., EPA

indices (IPS-IDG). Sufier et al. (1999) described that  g41-8-99-002.
physical, chemical and biological transformations of Bejarano M, Madrid L (1996) Solubilization of heavy metals from a
slurries caused arsenic to transform to bioavailable ar-  river sediment by an olive oil mill effluent at different pH values.

. . . . Environ. Technol. 17: 427-432.
senate and arsenite, which are likely to bioaccumulate g -} Wangberg S-A (1988) Induced community tolerance in

through the food chain. Prat et al. (1999) observed sig-  marine periphyton established under arsenate stress. Can. J. Fish.
nificant arsenic accumulation in biofilms (periphyton)  aquat. Sci. 45: 1816-1819.

in the affected sites of the Guadiamar with respect to a Cemagref (1982) Etude des méthodes biologiques d’appreciation
reference site quantitative de la qualité des eaux. Report Agence de I'Eau

. Rhone-Méditerranée-Corse. 218 pp.
The correlation analyses only partly reveal the clements WH (1991) Community responses of stream organisms

contribution of other perturbations to the diatom com- to heavy metals: A review of observational and experimental

muni r r nd th riv indi _ Mineral approaches. In Newman l\_/lC,_McIntosh AW (eds), Metal Eco-
unity structure a d the derived indices era toxicology. Concepts. Applications. Lewis Publ., pp. 363—-391.

and nUt_r'ent contents of the water Were_ not rela_ted Coste M (1990) COCAIN. Notice d'utilisation succinte pour ordin-
to the diatom parameters in the two periods studied.  ateurs compatibles. Bordeaux: CEMAGREF.
This absence of statistical relationship with factors Deniseger J, Austin A, Lucey WP (1986) Periphyton communit-

other than heavy metal content occurred even dur- ies in a pristine mountain stream above and below heavy metal
mining operations. Freshwat. Biol. 16: 209-218.

ing June 1999, when alpechin resi_dues (olive m”l Descy JP (1979) A new approach to water quality estimation using
wastewater) were detected along with other agricul-  diatoms. Nova Hedwigia 64: 305-323.

tural and urban sewage in the Guadiamar. It may be Genter RB (1996) Ecotoxicology of inorganic chemical stress to

: algae. In RJ Stevenson, ML Bothwell and RL Lowe (eds), Algal
concluded, therefore, that toxic substances overrode Ecology. Academic Press Inc, London, pp. 403-468.

other environmental factors and exerted a selection for Grimait JO, Ferrer M, Macpherson E (1999) The mine tailing
tolerant taxa that shaped the community (Guasch et accident in Aznalcéllar. Sci. Total Environ. 242: 3-11.
al., 1998). Pending more experimental approaches theGuasch H, Ivorra N, Lehmann V, Paulsson M, Real M, Sabater S

. L . . (1998) Community composition and sensitivity of periphyton to
comparison between communities developing in ref- atrazine in flowing waters: the role of environmental factors. J.

erence and affected sites suggests that heavy metals appl. Phycol. 10: 203-213.

had a marked and Iong-lasting effect on the periphytic Hustedt F (1927-1966) Die Kieselalgen Deustchlands, Osterreichs

communities of the Guadiamar. und der Schweiz. Otto Koeltz, Koenigstein. Vol. I: 920 pp. Vol.
II: 845 pp. Vol 11I: 816 pp.

Ivorra N, Bremer S, Guasch H, Kraak MHS, Admiraal W (2000)
Differences in the sensitivity of benthic microalgae to Zn and Cd
regarding biofilm development and exposure history. Environ.
Toxicol. Chem. In press.

Ivorra N, Hettelaar J, Tubbing GMJ, Kraak MHS, Sabater S, Admir-
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