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Abstract The effects of a sewage effluent with no
treatment on the mesozooplankton structure and the
environmental quality were evaluated in the Bahia
Blanca Estuary, during June to November 1995. The
highest values of particulate organic matter, nutrients
and specially phosphate, were observed in the effluent
discharge zone. In addition, taxa richness, mesozoo-
plankton abundance and Shannon diversity values
were lower in the sewage discharge area compared
with the less polluted area. Eurytemora americana
and Acartia tonsa as well as larvae of Balanus
glandula, Neohelice granulata and Spionidac were
found in the discharge area with lower densities.
These results highlight the importance of sewage
effluent effects on mesozooplankton community
providing background data to use in other monitoring
programmes.
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Introduction

Increase in sewage volume is one of the negative
consequences derived from urban growth, constitut-
ing the main cause of eutrophication and associated
pollution in estuaries and coastal zones. Wastewaters
contain large amounts of organic matter which are
used by bacteria, thus reducing the dissolved oxygen
levels in aquatic environments (Curds 1982). Also,
these are the major source of inorganic nutrients,
particularly nitrogen and phosphate, which can
produce eutrophication (Curds 1982; Smith et al.
1999; Wolf 1990). Furthermore, effluents transport
large volumes of polluting chemical compounds such
as heavy metals, hydrocarbons, pesticides and other
toxic organic compounds (Caulleaud et al. 2009;
Fleeger et al. 2003; Smith et al. 1999; Thompson et
al. 2007).

On the other hand, eutrophication processes pro-
duce changes in the ecosystem which affect its
communities. Several studies indicate that organic
contamination, which is, in general, related to the
discharge of sewage effluents, exerts its influence on
phytoplanktonic and benthonic communities, modify-
ing them significantly (Kimor 1991, 1992; Mayer-
Pinto and Junqueira 2003; Meyer-Reil and Koster
2000). In this respect, previous research has demon-
strated that the incorporation of nutrients in the
Mediterranean and the Baltic Seas produced changes
in phytoplankton composition (Kimor 1991, 1992).
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Also, in Bilbao estuary, in particular, where high volumes
of sewage and industrial remains are deposited, a
decrease in dissolved oxygen levels was observed, which
caused changes in the macro-benthonic community
(Saiz-Salinas 1997).

Studies on the impact produced by sewage
effluents on coastal and estuarine benthos commu-
nities are abundant, while those addressing plankton
are relatively scarce (Danulat et al. 2002; Siokou-
Frangou and Papathanassiou 1991; Uriarte and
Villate 2004). However, some studies have been
carried out to define zooplankton categories taking
into account their tolerance to sewage pollution
influence (Siokou-Frangou and Papathanassiou
1991; Uriarte and Villate 2004). In fact, changes
such as the decrease of taxa richness, diversity and
abundance have been observed in environments with
high concentrations of dissolved nutrients and
organic matter associated to urban and industrials
inputs (Bianchi et al. 2003; Vecchione 1989).

In Argentina, one of the most polluted areas
affected by sewage discharges is the Bahia Blanca
estuary in which effluents from the cities of the Bahia
Blanca, Punta Alta, General Cerri and Ingeniero
White have been poured for decades without previous
treatment. Bahia Blanca city’s effluent, in particular,
has been physically and chemically characterized
(Lara et al. 1985; Tombesi et al. 2000; Hoffmeyer et
al. 2004) and its effects on the biota have been
evaluated through bioindicators such as bacteriae
(Baldini and Cabezali 1988; Baldini et al. 1999) and
planktonic ciliates (Barria de Cao et al. 2003) in
different areas of the estuary. The composition,
structure and dynamics of meso- and macrozooplank-
ton fractions related to environmental features of
Bahia Blanca estuary are well-known (Cervellini
1986, 2001; Hoffmeyer 1983, 1994, 2004; Hoffmeyer
and Cervellini 2004; Sabatini 1989, among others).
However, there are no previous studies done on
sewage effluent effects upon bio-ecological character-
istics of planktonic fractions in this area.

In this context, we think that the mesozooplankton
community is being negatively affected by the Bahia
Blanca city’s sewage effluent and the mesozooplank-
ton taxa richness, abundance and diversity decrease
towards that impacted area. So, the objective of this
study was to evaluate the effects of sewage effluent
from Bahia Blanca city on the mesozooplankton
community through information from a monitoring
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study performed during winter—spring 1995. This
study contributes with new information on the
usefulness of mesozooplankton as an indicator of
water quality in estuaries and also provides a
comparative baseline to contrast with recent monitoring
data for this estuary.

Materials and methods
Study area

The Bahia Blanca estuary (38°44'-39°27" S and 61°
45'-62°30' W) (Fig. 1) is a mesotidal, temperate and
turbid estuary, located in the southwestern Atlantic
Ocean and with a total area of ~2,300 km” at high
tide. The inner area of this estuary is partially mixed
with a strong tendency to be vertically homogeneous
under low freshwater discharge, and partially strati-
fied under high-discharge conditions. The outer area
is sectionally homogeneous with mean salinities
typical of shelf waters (Perillo et al. 2001). Water
circulation is dominated by a semidiurnal tidal wave
and winds strongly affect this estuarine circulation. In
general, winds blowing from the NW sector reduce
sea level and SE winds generate the opposite effect
(Perillo et al. 2004).

The most important freshwater tributaries to this
estuary are Sauce Chico River and Naposta Grande
stream, both located in the northern area. The former
discharges its waters at the estuarine head, whereas
the Naposta Grande stream discharge is located in the
mid-area of estuary. Their annual mean runoffs are 1.9
and 0.8 m’ s ', respectively. Other less important
affluents are Galvan, Saladillo de Garcia and
Maldonado streams, whose altogether volumes do
not reach that of the Napostd (Perillo et al. 2004).
The following cities and towns are situated on the
northern coast of the estuary: General Cerri, Ingeniero
White, Punta Alta and Bahia Blanca. Cuatreros,
Galvan, Ingeniero White, Belgrano and Rosales
ports are also located in this coastal area. The
inner zone of this estuary is the most exposed to
anthropogenic pressure. In the last 25 years, Bahia
Blanca city has suffered a strong demographic
expansion, increasing the maritime traffic, non-treated
wastewater discharges, dredging and a significantly
important growth of industrial and petrochemical
activities (Perillo et al. 2001).
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Fig. 1 Map of Bahia Blanca estuary showing the sampling stations: Canal Vieja, Boya 31, Ing. White Port and Cuatreros Port

Sampling and data analysis

The present study was carried out in the inner zone of
the Bahia Blanca estuary. This sector extends from the
area affected by sewage effluent discharge to an arca
located near to the head of the estuary. Twenty-four
mesozooplanktonic samples were collected from four
sampling stations on a monthly basis, from June to
November 1995. These stations were: Canal Vieja (CV),
a discharging point of the sewage duct collector of Bahia
Blanca city’s treatment plant, Boya 31 (B 31), Ingeniero
White Port (IWP) and Cuatreros Port (CP) (Fig. 1).
Mesozooplankton samples were collected with a
200-pum mesh, 0.30-m open-mouth net containing a
mechanical flowmeter. Sampling was carried out by
means of horizontal tows on the surface layer during
ebb tide, and samples were preserved in 4% formalin,
neutralized with sodium borate (2%). Temperature
(Temp) and transparency (SD, Secchi disk depth)
were measured using a surface thermometer and a
Secchi disk, respectively. Water samples were collected

with a Van Dorn bottle at each sampling station.
Nitrate (NOs), nitrite (NO,), phosphate (PO4) and
silicate (SiO,) were determined using a Technicon II
autoanalyser following Eberlein and Kattner (1987),
Grasshoff (1983) and Treguer and Le Corre (1975).
Salinity (Sal) was measured using a Beckman
salinometer, and particulate organic matter (POM)
was determined following Strickland and Parsons
(1968). Chlorophyll-a (Chlor-a) and phaeopigments
(Phaco) concentrations were spectrophotometrically
analysed according to Lorenzen (1967).
Mesozooplankton samples were qualitatively and
quantitatively analysed under a Wild M5 stereomicro-
scope. These samples were totally analysed, and meso-
zooplankton abundance was expressed as individuals per
cubic metre (ind. m™>). Specific diversity and dominance
were calculated using the Shannon—Wiener (H') and
Simpson (A) indexes (Pielou 1975), and it was
performed using Primer 5 program (Clarke and Warwick
1994). Furthermore, two-way ANOVA without replica-
tion and least significant differences (LSD) tests were
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used to determine differences in abundance among the
sampling stations. The Spearman’s rank correlation
coefficients were calculated between environmental
and biological variables (total abundance, abundance
of the most important taxa Eurytemora americana and
Acartia tonsa and Shannon diversity) to determine the
degree of association among them.

Results
Environmental variables

Temperature varied from 5.6°C at CV (June) to 20.2°C
in IWP (November). The lowest salinity values were
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observed at CV in August and the highest at B 31 in
November (19.7-36.1, respectively). Transparency
values ranged between 0.26 m at IWP in November
and 1.15 m at CP in July. Chlorophyll-a concentra-
tion ranged between 1.50 pg L' in October (CP)
and 23.89 pg L' in July (IWP). Phacopigments
concentration reached a maximum of 23.37 ug L™" at
B 31 (July). POM concentration was lowest at B 31
in October and highest at CV in August (725 and
7,836 ug L', respectively) (Fig. 2). SiO, concen-
tration was lowest (35.81 pZM) in IWP in August
and highest (156.87 uM) in CP in June. PO,
concentration was lowest (0.64 puM) in CP and
highest (50.05 uM) at CV; both values were recorded
in August. NO, concentration ranged between 0.04
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Fig. 2 Environmental variables: temperature (°C), Salinity, transparency (metre), chlorophyll-a (microgrammes per litre), phacopigments
(microgrammes per litre) and particular organic matter (POM, microgrammes per litre) in Bahia Blanca estuary during the study period
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and 1.88 uM; the latter was recorded at CV in
August. NO3 concentrations ranging from 0.18 to
10.60 uM were recorded in CP in August and
November, respectively (Fig. 3).

Mesozooplankton composition, abundance
and diversity

Thirty-five mesozooplankton taxa were found, all of
which belonged to six phyla, namely Arthropoda,
Annelida, Cnidaria, Mollusca, Nematoda and Chor-
data. Within mesozooplankton, 24 taxa corresponded
to Copepoda. In addition, the 25% of the total
mesozooplankton abundance belonged to holoplank-
ton, 35% to meroplankton and 40% to adventitious
plankton. Mesozooplankton abundances were found
to be much lower at CV than at the other sampling
stations, except in November when the highest value
was recorded (Fig. 4a). Holoplankton was lower at CV
(3.77 ind. m>) and higher at IWP (89.99 ind. m>),
while meroplanktonic abundance varied from 17.84 to
323.15 ind. m> (B 31 and IWP, respectively).
Regarding adventitious plankton, the abundance was
lowest at CV and highest in IWP (0.13 and 4.81 ind. m ™,
respectively) (Fig. 4b). Within holoplankton, the most
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abundant taxa were E. americana and A. tonsa (29.74
and 7.50 ind. m>, respectively). Larvae of Balanus
glandula, Neohelice granulata and the family Spionidae
were the most abundant taxa within meroplankton
(143.30, 4.96 and 4.76 ind. m>, respectively) (Fig. 5).
Total mesozooplankton abundance varied from 23.26 at
CV to 417.96 ind. m > at IWP. Mean diversity index
values varied from 1.17 at CV to 1.73 in IWP. The
dominance index showed an inverse pattern of diversity
(Fig. 6).

The ANOVA revealed significant differences in the
abundances between the sampling stations (F=6.86,
p<0.05). Major differences between CV and CP
stations were detected by LSD test (p<0.05). The
latter also revealed that there were not significant
differences in mesozooplankton abundance among B
31, CP and IWP stations.

Association among environmental and biological
variables

The Spearman’s rank correlation coefficients between
environmental variables were shown in Table 1. The
only Spearman’s rank significant correlations between
environmental and biological variables were total
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Fig. 3 Environmental variables: phosphate (PO,4, micromolar), nitrite (NO,, micromolar), silicate (SiO,, micromolar) and nitrate (NO;,

micromolar) in Bahia Blanca estuary during the study period
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Fig. 4 Temporal variation of mesozooplankton fractions during the study period (a), spatial variation of mesozooplankton fractions (b), in

Bahia Blanca estuary

mesozooplankton abundance which correlated nega-
tively and significantly with PO, concentration (r=
—0.589, n=24, p<0.05). Shannon diversity index was
positively correlated with NO, and NO; (r=0.41, n=24
and r=0.51, n=24, respectively) and negatively corre-
lated with Phaeo (r=0.47, n=24). A. tonsa abundance
was negatively correlated with POM concentration but
positively correlated with salinity (r=—0.60, n=18 and
r=0.44, n=24, respectively, p<0.05). E. americana
abundance showed a negative correlation with POy
concentration as well as with SiO, concentration (#=
—0.57 and r=-0.49, respectively, n=24, p<0.05).

Discussion
Environmental variables

According to previous research, the scarce spatial
variation of water temperature among the stations during
the sampling period seems to be due to a higher influence
of air temperature on water temperature in the inner area
of the Bahia Blanca estuary as a result of the low depth of
this sector (Freije et al. 1981; Pucci et al. 1979). On the

@ Springer

other hand, the lowest salinity values recorded at CV and
CP stations could be due to the effect of (1) freshwater
contributions from the Napostd stream at the sewage
effluent discharge zone (CV) and (2) those from the
Sauce Chico river in the area of CP (Pucci et al. 1979).
Interestingly, in August, salinity values at CV were
found to be much lower than those at the other sampling
stations. This could be a consequence of the increase in
both the sewage discharge and the freshwater flow from
the Naposta stream, due to the strong rain prior to that
sampling date (Servicio de Hidrografia Naval, http://
www.hidro.gov.ar). Both water temperature and salinity
followed the typical temporal pattern known for the
inner zone of the estuary with large seasonal tempera-
ture amplitude and salinity oscillations derived from
precipitations in the basin. Transparency values were in
general very low; product of the high contents of
particulate matter in suspension composed of silt and
clay, which derived from winds and tide that produce
turbulence and a turbidity increase (Perillo and Piccolo
1991). On the other hand, occasional dredging oper-
ations are an anthropogenic factor which usually
produces a great sediment resuspension increasing the
turbidity in this estuary (Piccolo and Perillo 1990).
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Fig. 5 Temporal and spatial abundances of the most important taxa: A. tonsa, E. americana, B. glandula, N. granulata and family

Spionidae in Bahia Blanca estuary

Chlorophyll-a values increased during winter
and at the beginning of spring as a result of the
typical phytoplankton bloom in this estuary which
is mainly represented by diatoms. Moreover, in
July, at all sampling stations, maximum concen-
trations of this photosynthetic pigment were
observed and this seasonal behaviour agreed with
that reported for the inner zone of the estuary
(Gayoso 1983; 1988; Freije and Ganoso 1988;
Popovich 2004; Popovich and Marcovecchio
2008). An inverse correlation was observed be-
tween Chlor-a concentrations and temperature—
salinity in this study, coinciding this with those

correlations reported for other estuaries, during
phytoplankton blooms periods (Li et al. 2006;
Uriarte and Villate 2004). Previous studies in the
Bahia Blanca estuary demonstrated that lowest
water temperatures during winter produced a strong
decrease in zooplankton (Hoffmeyer 1994, 2004).
This would cause a lower grazing pressure on
phytoplankton, thus contributing to give rise to a
typical winter phytoplankton bloom (Popovich
2004). On the other hand, phaeopigments showed
an inverse pattern to that of chlor-a that may be
indicative of zooplankton grazing, in agreement
with the observations reported by Spetter (2006) at
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Table 1 Coefficients of Spearman’s rank correlation (r5) between the environmental variables

Environmental variables Temp  SD Sal POM Chlor-a Phaco NO, NO, PO, Si0O,
Temp \m .
SD -0.43* NN

Sal
POM
Chlor -a
Phaco
NO,
NO,
PO,
Si0,

A\

-0.49*

-0.48*

Temp temperature (°C) (n=23), SD Secchi disk (metre) (n=23), Sal salinity (n=24), POM particulate organic matter (microgrammes
per litre) (n=18), Chl-a chlorophyll-a (microgrammes per litre) (n=24), Phaeop phaeopigments (microgrammes per litre) (n=24), NO;
nitrate (micromolar) (n=24), NO, nitrite (micomolar) (n=24), PO, phosphate (micromolar) (n=24), SiO, silicate (micromolar) (n=24)

O #5<0.05 significant difference;  **p<0.01 high significant difference

The highest POM values found at CV station
(reaching a peak of 7,835 ug L' in August) was
possibly the result of both a higher freshwater
discharge from the Napostd stream and sewage
discharge, coinciding with the one mentioned by
Barria de Cao et al. (2003). An inverse relationship
between POM and salinity and transparency was
considered as indicator of sewage pollution in Bilbao
and Urdaibai estuaries on the Basque coast (Bay of
Biscay) (Uriarte and Villate 2004). The inverse
relationship found between POM and salinity and
transparency (0.70 m) at CV station during August
confirms the pattern reported by these authors and
strongly supports our previous hypotheses.

Furthermore, a decrease in nitrate and nitrite in the
area close to CV station during winter agrees with
Pucci et al. (1979); however, maximum concentra-
tions found in August could be attributed to a higher
input by the sewage effluent joint to the Naposta
stream. That decrease recorded in winter agreed with
the winter phytoplankton bloom which was followed
by a decrease in phytoplankton in late spring
(Popovich and Marcovecchio 2008) when regenera-
tive processes of these nutrients begin jointly with the
increases of temperature (Freije et al. 1980; Spetter
2006). In this study, both inverse and highly signif-
icant relationships were detected between the concen-
tration of these nutrients and Chlor-a, thus giving
support to the marked decrease of nitrite and nitrate in
winter. The maximum values of phosphate and silicate
found at CV station in August were probably due to
the same abovementioned reason for nitrate and
nitrite. A high-positive significant correlation was
detected between silicate and nitrate, nitrite and

phosphate indicating the same pattern behaviour
during the period of study. The latter agrees with the
consumption behaviour of phytoplanktonic organisms
(Barria de Cao et al. 2003). Furthermore, the high
concentration of silicate in CP probably related to the
Sauce Chico river freshwater input, is in agreement
with the findings of Lara and Pucci (1982), who
reported an inverse relationship between silica con-
centration and salinity.

Mesozooplankton response

The general decreasing pattern of mesozooplankton
abundance and Shannon diversity values towards CV
station seemed to correspond to the typical spatial
distribution area of the taxa observed within the
estuary, i.e. E. americana, A. tonsa, B. glandula, N.
granulata and the family Spionidae, according to
their seasonal succession. However, this pattern
possibly was accentuated by the presence of high
concentrations of toxic substances (such as heavy
metals, polyaromatic hydrocarbons, etc.) that are
discharged into the estuary with sewage, thus affect-
ing directly and indirectly the survival of organisms
(Fleeger et al. 2003; Thompson et al. 2007).

Both E. americana (exotic species) and A. fonsa
(native species) were found to be the most abundant
copepods within holoplankton, whose abundances
were lowest at CV station. 4. fonsa was recorded
from June to November, coexisting with E. americana
until October, after which, the latter began to decrease
until it completely disappeared in November. The
decrease in abundance of these copepods recorded
from the inner area of Bahia Blanca estuary to CV
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station could be due to the coastal-estuarine charac-
teristics of these species (Hoffmeyer 1994, 2004),
which allow them to easily adapt to the fluctuating
conditions of the innermost stations (CP and IWP).
However, E. americana and A. tonsa were the only
species within holoplankton that contributed signifi-
cantly to the abundance at CV station, being this
indicative of their resistance to altered environmental
conditions. Furthermore, the presence of the genera
Acartia and Eurytemora has been related with
contaminated areas (Caulleaud et al. 2009; Uriarte
and Villate 2004; Uye and Fleminger 1976). In this
respect, A. tonsa has been proposed to be a
bioindicator in areas with a high degree of eutrophi-
cation (Bianchi et al. 2003). The latter is indicative
that these copepods tolerate high organic loads and
high concentrations of phosphate, nitrate and silicate,
which explains their permanence in the estuary,
particularly in CV station.

The presence of nutrients (phosphate, nitrate, nitrite
and silicate) at CV station induces phytoplankton
growth in the estuary in winter and early spring. As
we know, phytoplankton, which is mainly characterized
by the presence of diatoms, was associated with a
decrease in nitrate, phosphate and silicate during the
period from May to August 2002 due to the consump-
tion of these nutrients (Popovich and Marcovecchio
2008). This finding coincides with results from our
study. On the other hand, E. americana was negatively
correlated with the concentration of phosphate and
silicate, both of which are necessary nutrients for the
development of diatoms (Margalef 1977). Its mostly
herbivorous habits as well as its adaptation to cold
temperatures and intermediate salinities would facili-
tate its presence at CV station (Avent 1998; Hoffmeyer
and Prado-Figueroa 1997; Sage and Herman 1972).
Unlike E. americana, A. tonsa has omnivorous habits
and feeds on algae, flagellates and ciliates (Petipa
1959). In a previous study conducted at CV and B 31
stations (1995-1996), it was observed that ciliate
abundance is low in winter while it increases in spring
and reaches a peak in summer (Barria de Cao et al.
2003). Furthermore, total abundance of aloricate
ciliates correlated positively with salinity but negative-
ly with POM in agreement with the correlations
evidenced by 4. tonsa, thus justifying its presence
mainly at CV station.

B. glandula, is an introduced species whose
population has greatly increased since it was settled
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in Bahia Blanca estuary and which competes with
Balanus amphitrite (Hoffmeyer 2004; Wagner et al.
1993). In our study, this species showed the highest
abundance values within meroplankton and was
followed by larvae of N. granulata and the family
Spionidae. B. glandula larvae were found mainly in
IWP and CP with maximum abundances in winter
and early spring (Hoffmeyer and Cervellini 2004).
This is related to the typical winter—spring phyto-
plankton bloom previously mentioned in this work.
On the other hand, the fact that maximal abundances
occur in IWP and CP stations is probably due to
differences between benthic and pelagic habitats
(Sautour and Castel 1995). Since Bahia Blanca
estuary is dominated by muddy depths, benthonic
communities use the fixed and floating structures of
IWP and CP, among others (Bremec et al. 2004).
Larvae of B. glandula, N. granulata and those of the
family Spionidae were the only taxa of the meroplank-
ton recorded at CV station, although their abundance
values were minimal compared to the other sampling
stations. Larvae of Polychaeta seem to constitute the
organisms within mesozooplankton that best evidence
the degree of pollution in estuaries (Uriarte and Villate
2004). Spionidae larvae, which seem to be particularly
adapted to brackish environments (Bochert et al. 1996;
Lardicci et al. 1997) with high tolerance to toxic
substances (Sarda and Martin 1993) and oxygen deficit
(Fritzsche and von Oertzen 1995), were the dominant
group within the Polychaeta in this study. In addition,
this group is considered as opportunistic organisms and
very abundant in areas with a high concentration of
organic matter (Mayer-Pinto and Junqueira 2003). The
latter was probably the reason of the presence of
Spionidae larvae at CV and B 31 stations, favoured by
the great amount of particulate suspended matter at
these stations.

Common taxa and similar abundances were found
in CV and B 31 stations in most of the study period.
Dissimilarity between stations was mainly due to the
differences in mesozooplankton abundance between
the discharge zones (CV) (low abundance) and the
farthest station from the latter (CP) (high abundance).
Probably, the higher concentrations of nutrients,
particularly nitrite values, in CV station than in CP
produced a different pattern distribution of mesozoo-
plankton abundance. In CV, there were also higher
concentrations of organic matter and lower tempera-
ture and salinity conditions. The general pattern of
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low diversity and high abundance of opportunistic
taxa which are more tolerant to nutrient enrichment
from an untreated sewage is a common scenario in
worldwide estuaries (Danulat et al. 2002; Siokou-
Frangou and Papathanassiou 1991; Vecchione 1989).
These authors concluded that in the point of dis-
charge, both diversity and total abundance of zoo-
plankton community decrease, thus inducing the
presence of a high number of individuals of few
opportunistic species. In our study, 4. fonsa, E.
americana and Spionidae larvae are adapted to
tolerate higher levels of organic enrichment.

However, other factors than those analysed in this
research, which may induce changes in the mesozoo-
plankton structure in the study area, must be taken
into account. The inner zone of Bahia Blanca estuary
is an environment affected not only by sewage
effluents but also by other type of effluents with toxic
substances such as heavy metals, pesticides and
hydrocarbons (Arias et al. 2009, 2010; Fernandez-
Severini et al. 2009; Marcovecchio et al. 1986). Tides
also exert their influence on the physical and chemical
conditions of the water body and on the spatial and
temporal distribution of mesozooplankton. Winds and
rains directly exert their influence on water conditions
and circulation as a result of the tidal effect and they
also indirectly operate on plankton communities
(Menendéz in press).

Conclusions

The present study shows that sewage discharge affects
the physical and chemical water composition in the
discharge zone of Bahia Blanca estuary (CV station).
This, in turn, affects both directly and indirectly the
composition, diversity and abundance of mesozoo-
plankton in the area of highest impact. This is why
marked differences were observed in the composition,
abundance and diversity of the mesozooplankton
between the highest impact area and the sampling
stations located in the headwaters of the estuary,
particularly in CP. Furthermore, the high organic and
inorganic nutrients and the alleged presence of toxic
substances in the discharge area seem to induce a low
overall abundance of mesozooplankton and domi-
nance of certain taxa such as the copepods A. tonsa
and E. americana which favourably adapt to these
conditions. These phenomena explain the low species

diversity recorded in this area with respect to those
recorded at the other sampling stations.

Finally, this work not only emphasise the importance
of an environmental monitoring study in the Bahia
Blanca estuary but also highlight the importance of
ecological analyses as an essential tool for the evalua-
tion of anthropogenic effects on ecosystems.
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