
Chapter 10

Effects of Contamination by Heavy Metals and
Eutrophication on Zooplankton, and Their Possible Effects
on the Trophic Webs of Freshwater Aquatic Ecosystems

Ana María Gagneten

Abstract In this chapter, the combined effects of
eutrophication and of heavy metal contamination on
the zooplankton community of a freshwater ecosystem
are analyzed. Through biomonitoring, it was possi-
ble to study zooplanktonic attributes as indicators of
environmental stress: species richness, species diver-
sity, equity, and biomass. These attributes allowed the
detection of structural and functional changes. There
was an inverse relationship between stress situations
and zooplankton body size with a proliferation of r-
strategist species (rotifers) and opportunistic species
(nauplii larvae), a dominance of tolerant species, and a
decrease in the most sensitive ones, such as larger size
crustaceans (copepods and cladocerans). The results
of this study showed that zooplankton responds as a
good descriptor of water quality, constituting an effi-
cient tool to assess eutrophication and heavy metal
contamination. A general diagram integrating possible
effects of eutrophication and heavy metal contami-
nation on the trophic webs of freshwater ecosystems
is also included. Emphasis in biological control is
suggested as a relevant control measure.

Keywords Aquatic ecosystems · Eutrophication ·
Heavy metals · Zooplanktons

10.1 Introduction

Unfortunately, the most spread and generalized use
of surface water courses is as a means of transport
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to evacuate urban and industrial residual wastes.
However, under the paradigm of the “multiple use
of water – the precious fluid and a basis of life on
the Earth, sensu Khan and Ansari (2005)”, the use
of a water body for a certain purpose should not
damage other possible uses, as consumption, preser-
vation of aquatic life, or recreation. As Moss (1999)
pointed out, most freshwater systems have been seri-
ously altered by human activities. We may wish to
restore them to self-sustaining systems that provide
conservation or amenity values or products such as
poTable water or fish, which is completely impossible
without profound understanding of their functioning.
Water eutrophication in lakes, reservoirs, estuaries, and
rivers is widespread all over the world and the sever-
ity is increasing, especially in developing countries
like Argentina. The eutrophication of several water
bodies leads to significant changes in the structure
and functioning of the aquatic ecosystems (Khan and
Ansari 2005). Eutrophication and various forms of
pollution, which cause both foreseen and unforeseen
problems, must be addressed and solutions must be
found. However, this is a complex problem that can-
not have a simple solution. In recent years it has
become apparent that toxicity testing using single
species is not adequate to assess the potential haz-
ard of anthropogenic compounds and eutrophication.
The studies of community-level impacts are a very
useful tool for understanding the effects on the ecosys-
tems. For example, Xu et al. (2001) proposed a set
of ecological indicators for a lake ecosystem health
assessment. The structural indicators included phy-
toplankton cell size and biomass, zooplankton body
size and biomass, species diversity, macro- and micro-
zooplankton biomass, the zooplankton–phytoplankton
ratio, and the macrozooplankton–microzooplankton
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ratio. This case study demonstrated that this method
provided results which corresponded with the lake’s
actual trophic state. In general terms, the studies on
the change in structure, function, and diversity of the
ecosystems have been used as parameters to assess the
effects of contamination and eutrophication.

The objective of this study was to contribute to the
knowledge of heavy metal–zooplankton interactions
and the factors that condition the levels of heavy metals
in zooplankton, such as the degree of eutrophication of
systems that, due to their complexity, continue with-
out a solution. Urbanization and intensive agriculture
exploitation produce excessive nutrient inputs to lentic
and lotic bodies, promoting algal proliferation and
other eutrophication symptoms. This process has an
adverse effect in water quality, because of the decrease
in oxygen, the increase in turbidity, and interferences
in water potabilization processes. In this study, we
approached this problem taking a freshwater system
with problems of eutrophication and contamination
by heavy metals as an example. The effects of tan-
nery wastewater with high contents of heavy metals,
nutrients, and sulfide along a pollution gradient on
the zooplankton assemblage in the lower Salado River
basin (Santa Fe, Argentina) were assessed.

The lower Salado River is one of the most important
basins in Argentina. It receives inputs of heavy metals,
mainly from tanneries and metallurgic industries, thus
representing an important segment of the economy.
The Salado River runs along 2,010 km from north-
eastern Argentina, to the Santa Fe Province, where
it joins the Paraná River. In the lower basin, where
this survey was performed, it also receives nutrients
of different sources, especially from agricultural ori-
gin. The levels of organic matter, dissolved oxygen,
nitrites, nitrates, and phosphates showed that the sys-
tem is eutrophicated. DBO values allow us to classify
the studied systems as meso or polisaprobial. The
values of chromium, copper, cadmium, and sulfide
were higher than standard ones. Zooplankton den-
sity, biomass, species richness, and species diversity
diminished along the pollution gradient. Cladocerans
were the less tolerant organisms and Eucyclops neu-
mani dominated the copepods. This survey allowed the
understanding of the contamination of the ecosystem
in terms of eutrophication and heavy metal concen-
tration and their effects on zooplanktonic attributes.
The aim of this chapter was to identify problems
in a polluted freshwater environment, find general

patterns, and extract recommendations for successful
biomanipulation. Emphasis in biological control is
suggested as a relevant control measure.

10.2 Methodology

Five sampling sites, considered to be polluted, were
established along approximately 40 km (Fig. 10.1).
The section was selected according to a pollution gra-
dient: Salado River at Manucho (MSR), two sites in
Las Prusianas Stream (LP1 and LP2), and two sites
in the North Channel (NCH) and the South Channel
(SCH). The reference site was located in the Salado
River, 153 km upstream from San Justo city (SJSR).

In each sampling site, we measured pH, tem-
perature, dissolved oxygen, turbidity, and conductiv-
ity. Sulfide and organic matter values, water hard-
ness, chemical and biological oxygen demands (QOD,
BOD), dissolved organic carbon (DOC), nitrates,
nitrites, phosphates (NO3, NO2, P3O4), total sus-
pended solids (TSS), and metal concentrations (Cr,
Cr VI, Pb, Cu, and Cd) of river water samples were
also recorded (see methodology details in Gagneten
et al. 2007). To perform zooplankton analysis, five zoo-
plankton samples (replicates) were taken at each site
with a 20 L Schindler-Patalas trap of 45 μm mesh size,
fixed and stained in situ. The quali-quantitative anal-
ysis of samples was carried out for mesozooplankton
(adult copepoda and cladocerans) and for microzoo-
plankton (rotifers and copepod nauplii). The attributes
of the community selected as variables of response
were total density (No ind L–1) and by-group density
(Copepoda, Cladocera, and Rotifera), micro and meso-
zooplankton density and biomass (μg L–1). Species
diversity through the Shannon–Weaver index and its
components of richness (S) and equity (E) were also
calculated.

One-way ANOVA with a significance level of
p ≤ 0.05 was conducted to determine whether the
differences among concentrations could be signif-
icant between contaminated and control sites and
for the comparison of the composition of the zoo-
planktonic assemblage. Data were normally distributed
(Kolmogorov–Smirnov test). Hierarchical cluster anal-
ysis (Euclidean measures, UPGMA method) was
used to study the different sampling sites based on
physicochemical records, concentrations of metals,
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Fig. 10.1 Map of the Salado River basin showing location of the sampling sites, species diversity (H), total species richness (S), and
relative richness of Rotifera, Copepoda, and Cladocera, recorded at each sampling site (Modified from Gagneten and Paggi 2009)
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and community attributes (Zar 1984, Hair et al. 1999)
using the program InfoStat (2007). For details, see
Gagneten and Paggi (2009).

10.3 Results

10.3.1 Environmental Context

The spatial distribution of some physical and chemical
parameters recorded in the water of the sampling sites
is shown in Figs. 10.2 and 10.3.

Temperature changed throughout the study period
(16–29◦C), showing a normal seasonal dynamic.
Depth was <1 m in the channels and Las Prusianas,
but larger in the Salado River (MSR=3.50 m,
SJSR=5.70 m). Turbidity showed high variability and
great differences between sampling sites: 3–54 NTUs

(Nephelometric Turbidity Units). High concentrations
of TSS (Fig. 10.3) were recorded in the South Channel
(mean 3.662 mg L–1), intermediate values were found
in Las Prusianas (mean 1.602–2.158 mg L–1), and min-
imal values were recorded in the Salado River (mean
1.848 mg L–1 in SJSR and 2.698 mg L–1 in MSR).
The median pH range was 7.5–7.8 (Fig. 10.2), with
higher values in winter and lower values in summer
at all sampling sites. Conductivity was relatively high
(>1,000 μS cm–1) at all study sites, a characteristic
pattern of this river as it is suggested by its name (“sal-
ado” = salted). Highest values were recorded in Las
Prusianas (3,000–7,100, mean 5,965 μS cm–1) and in
Salado River, Manucho (3,900–5,300, mean 3,260 μS
cm–1). Total hardness was high in the South Channel
(mean 502.9 CaCO3 L–1, Fig. 10.3). This parameter
showed minimal values in the North Channel and in
the Salado River (mean 164 mg CaCO3 L–1). Very
low values of dissolved oxygen were recorded, being
extremely low in Las Prusianas in winter and spring

Fig. 10.2 Physicochemical
parameters of sampling sites.
Values correspond to the
mean of four samples at each
sampling site and the error
bars represent one standard
deviation (Modified from
Gagneten et al. 2007)
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Fig. 10.3 Chemical
parameters of sampling sites.
Values correspond to the
mean of four samples at each
sampling site and the error
bars represent one standard
deviation (Modified from
Gagneten et al. 2007)

(0.1–0.2 mg L–1). This parameter only showed high
values at the reference site (SJSR 8 mg L–1) and in a
few other cases, but mostly lower than 6 mg L–1. QOD
values showed higher concentrations at Las Prusianas
(mean 65.6 mg O2 L–1 at Las Prusianas 1 and 128 mg
O2 L–1 at Las Prusianas 2, Fig. 10.3) and lower val-
ues at MSR (mean 30.8 mg O2 L–1). Nutrients (N
and P) were higher at all sampling sites than at the
reference site (Fig. 10.3), indicating an eutrophication
process. The results of previous research indicate that
the ratio 0.95:1 between ammonium and nitrate in the
Salado River is definitely lower that those found in
unpolluted water bodies included in the Paraná River
floodplain. This fact could be interpreted as the prod-
uct of an unlikely higher biological productivity or
the consequences of pollution from human activities
(Maglianesi and Depetris 1970).

Variable seasonal levels of Cr were recorded
(Fig. 10.4), the highest ones being in the South
Channel (11 μg L–1, mean 5.36 μg L–1), Las Prusianas
(13.6 μg Cr L–1, mean 7.03 μg L–1), and Manucho

(13 μg L–1, mean 8.32 μg L–1). Cr VI was high in
the South Channel and Manucho (4.6 and 4.8 μg L–1,
respectively) and in San Justo (2.5 μg L–1). Cr VI
always showed values above the standard, even at the
reference site. Pb was higher than the detection limit
only in the South Channel (maximum 6.1 μg L–1,
mean 4.74 μg L–1) and in Manucho (mean 5.1 μg
L–1). Relatively high values of Cu were found in water
at all sampling sites (maximum 22.9 μg L–1, mean
13.0 μg L–1 in the South Channel), even at the con-
trol site (14.1 μg L–1, mean 8.16 μg L–1). Cd in water
showed higher values than standard values in Manucho
(maximum 1.9 μg L–1, mean 0.85 μg L–1).

Cr in water was sometimes higher than Canadian
(8.9 μg L–1, CEPA 2003) but not Argentine (44 μg
L–1, Subsecretaria de Recursos Hídricos de la Nación
2003) standards at sampling sites. On the other
hand, Cr VI in water showed higher values than the
Canadian standard (1.0 μg L–1) and sometimes than
the Argentine standard (2.5 μg L–1) at all sampling
sites. Standards for Cu were surpassed in the South
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Fig. 10.4 Cr, Cr VI, Pb, Cu,
and Cd content in water.
Values correspond to the
mean of four samples at each
sampling site and the error
bars represent one standard
deviation. The dark circles
indicate maximum and
minimum values (Modified
from Gagneten et al. 2007)

Channel and that for Cd exceeded the standard value
in Las Prusianas. We can see that the pollution of
the lower Salado River shows a close relationship
with adverse impact of heavy metal contaminants and
eutrophication. The water of Las Prusianas system and
of the North Channel is contaminated with heavy met-
als if compared to the control site. Organic matter
values were high (200–256 mg L–1) although not very
different between sampling sites (Table 10.1). BOD
showed very high values in SCH and LP2 and high
in NCH and LP1, corresponding to poly and mesos-
aprobial environments, respectively. Dissolved oxygen
concentrations were very low (1.6 mgO2 L–1) in the
sampling site closest to the effluent discharge (LP2),
corresponding with the higher BOD (45.8).

Sulfide values (16–59.9 mg L–1) allowed to rec-
ognize two environmental groups (Table 10.1): the
furthest sites in the pollution gradient, with compar-
atively lower values (16–16.3 mg L–1), and the closest
sites in the pollution gradient, with higher values
(59.5–59.9 mg L–1). At all sites, however, sulfide con-
centrations were much higher than the reference level
for surface freshwater (<1 mg L–1). Total chromium
concentration was highest at LP2 (215 μg L–1), the
site closest to the pollution source. This value was also
much higher than permitted standards: 2 μg L–1 for
protection of phyto and zooplankton and 20 μg L–1 for
protection of fish (CEPA 2002).

In Table 10.2, correlation values between
environmental variables and concentrations of
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Table 10.1 Physicochemical parameters at North Channel (NCH), South Channel (SCH), Las Prusianas 2 (LP2) and Las Prusianas
1 (LP1) sampling sites

pH
Sulfide
(mg L–1)

Organic
matter
(mg L–1)

Depth
(cm)

Transparency
(cm)

Temperature
(◦C)

Total Cr
(μg L–1)

Oxygen
(mgO2 L–1) BOD QOD

Nitrites
(mg
L–1)

Nitrates
(mg
L–1)

NCH 8.5
(0.3)

16.0
(0)

227.2
(17.5)

57.5
(14.0)

34.7
(14.0)

16.5
(4.5)

29.0 5.7 6.8 97.0 4.2 18.4

SCH 8.5
(0.1)

16.3
(0.7)

256
(45.2)

23.0
(2.8)

18.8
(6.3)

20.0
(4.5)

89 8.9 24.9 90.0 0.4 4.6

LP2 9.12
(0.8)

59.5
(0.7)

220.8
(87.2)

22.2
(8.0)

16.3
(2.7)

18.2
(3.5)

215 1.6 45.8 85.0 3.8 13

LP1 8.28
(0.4)

59.9
(1.0)

200
(16.0)

11.2
(2.0)

10.2
(3.6)

18.3
(2.9)

25.0 6.7 9.80 10.0 1.20 50.8

Table 10.2 Correlation values between water chemical variables and concentrations of chromium and sulfide

Chromium Sulfide QOD BOD Oxygen pH
Organic
matter Transparency

Chromium – 0.392 0.38 0.989a –0.714a 0.948a 0.036 –0.272
Sulfide – – –0.659a 0.382 –0.587a 0.298 0.509a –0.753a

QOD – – – 0.339 –0.154 0.52 –0.217 0.703a

BOD – – – – –0.614a 0.893a –0.089 –0.361
Oxygen – – – – – –0.839a –0.724a 0.025
pH – – – – – – 0.25 0.001
Organic
matter

– – – – – – – 0.165

aSignificant correlations

chromium and sulfide are shown. Positive correlations
were found between Cr concentrations and BOD
(0.989), pH and Cr concentrations (0.948), and pH and
BOD (0.893). Negative correlations were registered
between concentrations of Cr and O2 (–0.714), O2

and pH (–0.839), O2 and BOD (–0.614), O2 and
organic matter (–0.724), and O2 and Cr (–0.714). On
the one hand, sulfide concentrations were negatively
correlated to O2 (–0.587) and QOD (–0.659). On
the other hand, COD values were much higher than
those of DO. This would mean an accumulation of
organic matter, i.e., eutrophication as dominating
condition.

10.3.2 Zooplankton Structure

10.3.2.1 Abundance

Total density of organisms was higher at the refer-
ence site (Salado River at San Justo, 0.86 ind L–1)
than at the more contaminated sites (0.31, 0.07, 0.03,
0.61, and 0.62 at the North Channel, South Channel,

Las Prusianas 2, Las Prusianas 1, and Manucho,
respectively). Copepods dominated the community in
numbers. However, adult copepods were poorly repre-
sented quantitatively and qualitatively. The dominance
observed at LP1, MSR, and SJSR is due to the great
proliferation of larvae and juveniles (nauplii and cope-
podites). Nauplii reached densities of 6.9, 1.9, and 3.0
ind L–1 at LP1, MSR, and SJSR, respectively. In gen-
eral terms, adult crustaceans were not as numerous
as rotifers; the presence of cladocerans was very low
or null at NCH, SCH, and LP2. The most frequent
genera were Bosmina, Ceriodaphnia, and Moina. The
most abundant species at LP1, MSR, and SJSR were
M. minuta, B. hagmani, Diaphanosoma spinulosum,
and Macrothrix squamosa. Among copepods, the most
frequent genera were Eucyclops and Metacyclops,
Acanthocyclops being represented in a lower propor-
tion. The most frequent and abundant species was
E. neumani, which was recorded in all environments
and with a relatively high abundance, except at LP1.

Mesozooplankton was only well represented at San
Justo, being scarce at Manucho and very scarce or null
in the tributaries. Microzooplankton reached compar-
atively high values at Las Prusianas 1 (3.48 ind L–1),
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caused by the abundance of nauplii, and was lower in
the Salado River (1.10 and 1.55 ind L–1) at Manucho
and San Justo, respectively.

The high microzooplankton values are also
explained by the abundance of rotifers, which were
the best represented group, both qualitatively and
quantitatively. The most frequent rotifer genera in
relation to the number of species were Brachionus (10
species), Lecane (7 species), and Keratella (3 species).
The most numerous species of the genus Brachionus,
or with a more constant presence, were B. quadriden-
tatus, B. calyciflorus, B. plicatilis, and B. caudatus.
The latter, most of all abundant and frequent in the
Salado River, was represented by different “varieties”:
insuetus, provectus, and vulgatus. B. austrogenitus and
B. alhstromi were also frequent at Manucho and San
Justo. The most numerous and frequent species of the
genus Lecane were L. lunaris and L. pyriformis, and
K. americana and K. cochlearis prevailed from the
genus Keratella. The genus Polyarthra was recorded
in the Salado River, with P. vulgaris showing a high
density at San Justo (3.5 ind L–1). Bdelloid rotifers
(among them, Philodina sp.) were also frequent
and abundant. Among the rotifer species of higher
frequency, although represented with low density
values, we can mention Monostyla lunaris, Lepadella
acuminata, Asplanchna sp., and Epiphanes spp.
Gagneten and Ceresoli (2004) showed significant
negative correlations between zooplanktonic density
with sulfide concentration (r = –0.841) and with Cr
concentration (r = –0.512). These results show that
both contaminants, and not only chromium, have
important negative effects on the studied assemblage.
Density showed significant positive correlations
(p < 0.05) with depth, transparency, and temperature
(r = 0.941; r = 0.955, and r = 0.541, respectively).

10.3.2.2 Biomass

Absolute biomass (B) was 17 μg L–1 for copepods
(9.41, 4.24, 2.92, and 9.42 μg L–1 for Cyclopoida,
Calanoida, Harpacticoida, and copepodites + nau-
plii, respectively), 4.2 μg L–1 for cladocerans, and
0.4 μg L–1 for rotifers. At Manucho and San Justo,
zooplankton was constituted by the three main zoo-
planktonic groups: copepods, cladocerans, and rotifers,
with high values of biomass. Biomass of copepods
was high and constant (near 3 μg L–1) at SJSR. It

was somewhat lower at MSR. Biomass of Copepoda,
concentrated in the river and at LP1, was distributed
as follows: 55% Cyclopoida, 25% Calanoida, and
17% Harpacticoida. In decreasing order of importance,
cladocerans showed biomass values between a min-
imum of 0.3 (LP1) and a maximum of 1.6 (SJSR),
being absent at NCH. They were followed by rotifers,
with comparatively lower values of biomass (0.01 at
LP2 and 0.2 at NCH). Absolute biomass varied in the
order SJSR>MSR>LP1>SCH>NCH>LP2 with 11.1,
4.9, 2.7, 1.5, 1.2, and 1.1 μg L–1, respectively.

10.3.2.3 Species Richness and Species Diversity

A total of 74 species were recorded, from which
13.5% corresponded to copepods, 22.9% to clado-
cerans, and 63.5% to rotifers. At MSR a total of
59 species were recorded, while 56 species were
recorded at SJSR, 38 at LP1, 17 at SCH, 16 at
NCH, and 13 at LP2. Therefore, species richness
decreased among the sampling sites in the following
order: MSR>SJSR>LP1>SCH>NCH>LP2. In func-
tion of richness, two environmental groups can be
formed: the tributaries, with lower species richness
(between 13 and 36 species), and the main river course
at MSR and SJSR, with almost twice the number of
species (between 56 and 59 species). The dominant
group was rotifers, which were present at all sam-
pling sites. In the river (MSR and SJSR), 99% of
all rotifer species were represented. At LP1, 50% of
species were represented; at LP2, 22%; and only 24%
at NCH and SCH, with some species being exclu-
sive from these environments. Such is the case of
Anuraeopsis fissa and Euchlanis dilatata. The second
group was copepods, with low species richness [one
to two species in the tributaries and somewhat higher
(six to seven species) in the river], while cladocer-
ans contributed significantly to the community only at
the reference site (RSSJ), where they showed a more
uniform abundance. Figure 10.1 shows the relative
richness of Rotifera, Copepoda, and Cladocera when
considering the 20 most frequent species recorded at
each sampling site. In the direction of the basin cur-
rent, i.e., from NCH to MSR and in relation to RSSJ,
the absence of cladocerans was observed at NCH, with
absolute dominance of rotifers and scarce copepods.
This situation was maintained at the other contami-
nated sites, but the presence of cladocerans increased
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progressively toward the river at Manucho (MSR). A
similar proportion (that means higher equity) for the
three groups was found in the river at San Justo (SJSR).
Species diversity showed low values (0.35–1.56) in the
tributaries and higher values in the Salado River at
Manucho (3.0) and San Justo (3.16) (Fig. 10.1).

10.4 Discussion

There were differences between the concentration of
metals in water in the more polluted sites and the
control site. Heavy metals, especially chromium, cop-
per, and cadmium, appear to be an important prob-
lem to the studied freshwater environment. When the
effects of euthrophication and heavy metal contam-
ination were assessed on the zooplanktonic commu-
nity, we found that total density, by-group density
(Copepoda, Cladocera, and Rotifera), micro and meso-
zooplankton density, biomass, species richness (S),
and species diversity (H) were all good indicatos of
water pollution: total density of zooplankton was sig-
nificantly higher in the river than in the channels and
streams (p < 0.001), with dominance of rotifers but a
higher copepod biomass. Calanoida dominated over
Cyclopoidea and Harpacticoida. Total species richness
was 74, the highest values (59 and 56) being shown
at the points corresponding to the Salado River at
localities Manucho and San Justo (MSR, SJSR) and
the lowest ones in North and South channels (NCH
and SCH with 16 and 17 species, respectively) and
in the two sampling stations of Las Prusianas stream
(LP1, LP2) with 13–38 species. The species diver-
sity showed low values (1.8–2.3) in channels and
streams but higher values (3.0) in the Salado River
at Manucho and San Justo. Absolute biomass var-
ied in the order SJSR>MSR>LP1>NCH>SCH>LP2,
similar to absolute density, which varied in the order
SJSR>MSR>LP1>NCH>SCH>LP2. The comparison
of the content of heavy metals in water between the
control site (SJSR) and the most contaminated sites
showed significant differences with the North Channel
and Las Prusianas 1 and 2 streams (ANOVA; p=0.001,
0.012, and 0.011, respectively) and non-significant
differences, although close to the significance level,
with the South Channel and Manucho (p=0.08, 0.059,
respectively). The following positive correlations were
found: depth with mesozooplankton density, H, and S

(p < 0.001); temperature with microzooplankton den-
sity, H, and S (p < 0.004); and a negative correlation
between dissolved oxygen with mesozooplankton den-
sity, H, and S (p < 0.01) but not with microzooplank-
ton, indicating a higher tolerance of the organisms
belonging to this zooplankton fraction. A negative cor-
relation was found between biomass of copepods and
concentration of Pb and Cu (p < 0.05 and p=0.01,
respectively). Rotifers were the most tolerant to heavy
metal contamination, followed by copepods and clado-
cerans. Species diversity values (H) allowed differen-
tiating between pollution levels. We conclude that S
and H are good indicators of stress in polluted systems.
Species richness (S) allowed separating studied envi-
ronments into two groups: the tributaries, with lower
species richness, and the river, with higher species
richness. The decrease in specific richness and diver-
sity observed at stations closer to the effluent source
was related to the increase in chromium and sulfide
concentrations. This result suggests that both sub-
stances and not only chromium are highly toxic to this
community, which is generally not considered when
the effects of tannery effluents on biota are discussed.
Another result found in this study was the decrease
in zooplankton biomass at a higher concentration of
heavy metals. This result indicates that this parameter
is also a good indicator of polluted aquatic systems.

Compared to less polluted systems of the region,
zooplankton density in this system was similar but
zooplankton biomass was much lower. This indi-
cates the settlement and proliferation of smaller size
species (rotifers). Rotifers were the most tolerant
species; copepods followed rotifers, while cladocer-
ans only contributed significantly to the community at
San Justo, where a higher equity was also registered.
Cladocerans showed very low tolerance to the toxic
action of heavy metals. The clustering of biological
and physicochemical variables and the concentration
of heavy metals in water resume the picture of the
effect on zooplankton assemblage and show three
groups of environments (Fig. 10.5): the first one was
the main course of the river, with lower contamination
by heavy metals and higher density, biomass, H, and
S, which separated clearly from the other two groups
of the tributaries composed by channels (SCH, NCH)
and streams (LP2, LP1). In the tributaries, r-strategists
and a few tolerant species, such as E. neumani, pro-
liferated. In general, the river offered better conditions
for the development of the community: a higher flow
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Fig. 10.5 Hierarchical cluster analysis (Euclidean measures,
UPGMA method) based on biological zooplankton parameters
and concentrations of heavy metals in water at the sampling sites
(Modified from Gagneten and Paggi 2009)

and degree of dissolved oxygen than in the tributaries.
This allowed the settlement of significant populations
at Manucho, one of the polluted sites, and at San
Justo, the initial reference site. Due to the high toler-
ance to tannery effluents and ubiquity of E. neumani,
it is proposed as a water quality indicator species. In
synthesis, the pollution gradient of the studied sites
was Las Prusianas>Manucho>South Channel>North
Channel>San Justo. The results of this study show that
zooplankton responds as a good descriptor of water
quality, constituting an efficient tool to assess eutroph-
ication and heavy metal contamination. Data analysis
shows the urgency to perform biological studies and to
carry out remediation actions in the lower Salado River
basin.

10.4.1 Integrating Possible Effects of
Eutrophication and Heavy Metal
Contamination on the Trophic
Webs of Freshwater Ecosystems

When contamination by heavy metals is added to an
eutrophication process it can turn out to be a very
complex situation. As Clements and Newman (2002)
pointed out, the studies of community-level impacts
are a very useful tool for understanding pollution
effects on the ecosystems. In this sense, responses of
zooplanktonic species assemblage are a possible and

reliable approach. This community, as it is constituted
by organisms of different sizes and trophic habits and
complex life cycles (parthenogenesis, sexual reproduc-
tion with larval and juvenile stages), is a valuable
tool to characterize the environment biologically in
areas with different degrees of anthropogenic impact
(Fig. 10.5). Figure 10.6 summarizes the complex inter-
relations that can occur. Through biomonitoring, it is
possible to study the attributes of the zooplanktonic
community with a great potential as indicators of envi-
ronmental stress: species richness (S), species diversity
(H), equity (E), and biomass (B). These attributes
allowed us to detect structural and functional changes.
Structural changes: alterations in the community size
structures are produced. Macrozooplankton reduces
its number or disappears and rotifers, which would
be the most tolerant species, increase markedly their
density. Therefore, the composition changes, diver-
sity decreases, and the community remains consti-
tuted by small size species, mainly smaller than 500
μm, i.e., rotifers, nauplii, and lower size cladocer-
ans. The structure and size ranges in plankton are
the first indicators of stress situations at the com-
munity level (Moore and Folt 1993). There is an
inverse relationship between stress situations and zoo-
plankton body size, with a proliferation of r-strategist
species (rotifers) and opportunistic species (nauplii lar-
vae), a dominance of tolerant species (E. neumani,
in this example), and a decrease in the most sensi-
tive ones, such as larger size crustaceans (copepods
and cladocerans). Similarly, Takamura et al. (1999)
registered a shift of zooplankton community structure
from a Daphnia–Acanthodiaptomus community to a
Bosmina–rotifer community, which probably led to a
decrease of secchi disc transparency. The tolerance of
rotifers would be determined by their lower sensitivity
to toxics, their more rapid growth without molts, and
their higher resilience (José de Paggi 1997). Functional
changes: alterations in the intrazooplanktonic competi-
tion are produced. Macrozooplankton is substituted by
microzooplankton. The selective elimination of larger
size herbivore crustaceans (cladocerans and calanoid
copepods) affects another trophic level, i.e., fish popu-
lations. Thus, changes in the trophic web are generated
by the effects of the decrease in the available resource
for larvae and juveniles of ichthyophagus fish and
planktivorous adults. Similar results were obtained by
Havens (1994) and Havens et al. (1993). Similar results
were also recorded by Park and Marshall (2000) who
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Fig. 10.6 Possible effects of eutrophication and heavy metal contamination on the trophic webs of freshwater ecosystems

investigated zooplankton and water quality param-
eters at the lower Chesapeake Bay and Elizabeth
River to identify the changes of zooplankton com-
munity structure with increased eutrophication. The
total micro- and mesozooplankton biomass decreased
with the increase of eutrophication. However, the rel-
ative proportion of microzooplankton increased with
increased eutrophication. Within highly eutrophied
waters, the small oligotrichs (<30 μm) and rotifers
dominated the total zooplankton biomass. However,
tintinnids, copepod nauplii, and mesozooplankton sig-
nificantly decreased with the increase of eutrophica-
tion. These patterns were consistent throughout the
seasons and had statistically significant relationships.
The authors also suggest that shifts in zooplank-
ton community structure characterize an increasing
eutrophication of an ecosystem. As shown in Fig. 10.6,
cladoceran decrease generates changes in phytoplank-
ton by decreasing the foraging pressure, which can
increase the eutrophication process. This pattern was

also addressed, among others, by Yang et al. (1998). A
12-year data analysis showed that since Daphnia feeds
efficiently on phytoplankton, it could decrease con-
centration of Chl-a and enhance water transparency.
Top-down control is an important type of interspecies
interaction in food webs. Phytoplankton grazers con-
tribute to the top-down control of phytoplankton popu-
lations, but chemical pollution may pose a threat to the
natural top-down control of phytoplankton and water
self-purification process (Ostroumov 2002, Bielmyer
et al. 2006, Gama-Flores et al. 2006). On the one hand,
a decrease in phytoplankton populations by direct toxic
effect (Cu, for example, is a strong algaecide) can
occur. This process can determine the decrease in
the efficiency of carbon and energy transfer in the
system. On the other hand, the decrease in phyto-
plankton affects negatively the filtering rate of clado-
cerans, which influences their growth rates. Water
transparency and nutrient regeneration rate can also be
affected (Somer 1998).
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10.5 Summary

The contamination of the lower Salado River basin
showed a very close relationship between the impact of
heavy metals and the process of eutrophication on zoo-
planktonic assemblage. It is thus possible to conclude
that zooplankters respond as good descriptors of water
quality in complex situations, constituting an efficient
tool together with other environmental parameters.
Similarly, Beaver et al. (1998) suggested that abiotic
factors which are known to directly affect phytoplank-
ton may indirectly affect zooplankton composition in
such a way as to use zooplankton assemblages as indi-
cators of water quality. Moreover, pollutants finally
reach the sea and can be found even in the traditionally
less polluted environments. De Moreno et al. (1997)
and Kahle and Zauke (2003) registered heavy met-
als in different groups of Antarctic invertebrates. The
nutrient and metal removal from wastewaters through
bioremediation using regional macrophytes such as
Eicchornia crassipes, Salvinia herzogii, and Pistia
stratiotes is proposed (Maine et al. 2004, 2005, 2006,
2007, Hadad et al. 2007). In other surveys, the growth
response of Lemna minor and Spirodela polyrrhiza
was studied for their possible application for remedi-
ating eutrophic waters (Ansari and Khan 2008, 2009).
The biosorbent potential of algal cells for toxic metals
also offers an effective and low-cost alternative to con-
ventional methods for decontamination of industrial
effluents containing metals (Rai et al. 2005, Baran et al.
2005, Beek et al. 2007, Regaldo et al. 2009, Gagneten
et al. 2009). The most contaminant industries should
be controlled in the tannery leather process, through
the replacement of chromium salts by other less con-
taminant methods. In this sense, the United Nations
Environmental Program (UNEP 1991) assessed that
chromium salts should continue to be used because
of their high affinity with carboxylic groups of the
collagen fibers and of their price, which is compara-
tively lower compared to less contaminant methods.
Finally, we should remember that the primary effects
of contamination are exerted on the biota, including
the human being. It is necessary to promote actions
at different levels and sectors of the society, linked to
the development of an adequate culture of water man-
agement, which will influence the improvement of life
quality. In that sense, we can agree with the statement
of Trevors and Saier (2009a, b): “We need to take care

of the problems we currently recognize so that we are
prepared to solve those about which we still have no
inkling. The real rescue plan for the planet is envi-
ronmental, not economic. Any rescue plan that does
not aim to reduce the human population, the wasteful
use of our resources and global pollution is doomed to
failure.”
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