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Abstract Groups of the mussel Perna perna were trans-
planted to two points and at three different depths in the
coastal region close to the Itajai-Acu River mouth, an
impacted river in the south of Brazil. With the objective of
evaluating the physiology changes in the organisms in
relation to the control area (origin of the organisms), the
clearance, respiration and excretion rates, absorption effi-
ciency and growth were estimated. The levels of metals in
the organism tissue were determined in an attempt to
explain the physiological changes occurring in the study
area. Organisms from Point 2 placed near the bottom
showed physiological changes in comparison to the control
and the transplanted organisms from Point 1. Point 2
showed greater sediment resuspension and availability of
trace metals to the organisms closer to the bed. The
increase in Cr concentration in the tissues of the organisms
(up to 0.21 mg kg~ ww) was not sufficient to explain the
decrease in the inhibition of clearance (28.8%) and in the
absorption efficiency (15.7%), or the increased excretion
rate (282.5%), which led to the organisms having a reduced
scope for growth (48.6%). This indicates the possible
presence of other contaminants, which were not measured,
and which probably had synergistic action with the trace
metals investigated.

Keywords Metals - Bivalve physiology -
Sub-lethal effects - Coast - Pollution effects

C. Resgalla Jr. (P<)) - C. M. Radetski - C. A. F. Schettini
CTTMar/UNIVALI, Cx.P. 458, Itajai, SC 88302-202, Brazil
e-mail: cresgalla@univali.br

Introduction

The determination of ecotoxicological potential is most
realistically carried out in situ due to the integration
between contaminant effects, between contaminants and
natural water constituents, and between biological pro-
cesses (Clements and Kiffney 1994). In this regard, bio-
active monitoring, such as organism transplantation, is
fundamental to understanding environmental impacts
(Rand 1995). The Itajai-Acu River basin is subjected to
demographic pressure with the presence of 3,000 industrial
plants, including textile, metal-mechanical, fishing, meat,
paper, and leather, industries, as well as other smaller
industries (Pereira Filho et al. 2003). Also, the river basin
comprises more than 160 thousand hectares of cultivated
land in the rural zone, where the main crops are irrigated
rice, corn, tobacco, onion, and banana (Gommersbach
2000). As a result, the Itajai-Agu River estuary receives all
of the sediments and pollutants from the basin, and it is
also a densely populated and highly industrially develop-
ment area. The Port of Itajai, installed nearly 4 km from
the estuary mouth, is the main trade route of the state, as
well as being one of the most important ports in Brazil.
It is expected that there is a high quantity of contami-
nants flowing into the Itajai River, such as those originated
from effluents with high levels of organic matter (BODs,
P-PO,’") from the fish processing industry and domestic
sewage; chrome and zinc from the textile and metal-
mechanical industries; and effluents containing halogenated
composites (AOX; Rorig 2005). However, the estuary has
the capacity to neutralize the majority of contaminants such
as N-NH,4*, surfactants and total copper in the water,
through adsorption and sedimentation processes (Rorig
2005) transferring the organic and metallic contamination
to the sediment (Laitano and Resgalla 2000). The fine
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sediment trapping in the estuary is strongly regulated by the
river discharge. During periods of low fluvial discharge,
most of the fluvial material is retained within the estuary
(Schettini et al. 2006). However, during periods of moderate
to high fluvial discharge, most of the material is transported
directly to the adjacent shelf (Schettini and Toldo 2006),
forming a buoyant plume, spreading out from the inlet
mainly towards the north-northeast (Schettini et al. 1998;
Trochimczuk and Schettini 2003).

The objective of this study was to evaluate the influence
of the river plume and the quality of the sediment on the
mussel Perna perna transplanted to two points in front of
the mouth of the Itajai-Agu estuary, in order to investigate
the environmental impact of the levels of river/estuary-
borne contaminants to the coastal zone.

Materials and methods

The ‘field laboratory’ of this study was the Itajai-Agu River
which is located in the north of the state of Santa Catarina
(southern Brazil), and flows out to the Atlantic Ocean
(Fig. 1). It is the largest river basin in the state, with an area
of 15,111 kmz, corresponding to 25% of the total area of
the state (Schettini et al. 1998). The mean river discharge is
228 + 282 m® s7!, therefore low discharge prevails most
of the time, with short events of high discharge that usually
exceed 1,000 m’s™'. The estuary of the Itajai-Acu River
presents highly stratified circulation, and the stratification
is correlated with the rainfall, which presents a high sea-
sonal and interannual variability (Schettini 2002), typical
of the subtropical mesothermic wet climate.

The organisms were obtained from the Armacdo do
Ttapocoroy Bight (26°47'S-48°36'W), the largest mussel
cultivation site in southern Brazil, nearly 20 km to the north
of the study area, which was considered the control area
(Fig. 1). This bight is influenced by the Brazil Current
(temperatures higher than 26°C) during the summer and
from the west boundary of the Subtropical Convergence
Zone, and consequently, from the Falklands Current (tem-
peratures lower than 17°C) during the winter (Carvalho
et al. 1998). The salinity variation in Itapocoroy Bight is
attributed to the Itajai-acu River discharges (Schettini et al.
1999), which do not present any clear seasonal pattern in
terms of flow rate. The seston is influenced by the resus-
pension of matter from the seabed, caused by the action of
waves brought by the wind shear, mainly from the east
(Resgalla and Schettini 2006).

Six groups of the mussel P. perna were transplanted at
two points and three water depths off the Itajai estuary inlet
(Fig. 1). The period of exposure was ca. 50 days (January—
March 2003), in the Austral Summer when higher precipi-
tation levels are expected in the basin. Each group consisted
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of 60 organisms with an average (+standard deviation) total
length of 36.2 (£2.3) mm. Taking into account the diffi-
culties encountered in mooring independent systems, a
navigation buoy was used (Point 1) and a hazard buoy
(Point 2) to fix the organisms. Point 1 was 2 km from the
inlet (26°54'38"S; 48°37'23"W) and Point 2 was 1.5 km
from the inlet (26°55'15"S; 48°37'23"W), being 1.5 km
apart. The mussel groups in the water column were packed
in nylon bags, fixed by a steel cable anchored to the bottom
sediment and suspended by a surface floating system. The
groups were positioned in the water column at 9, 6, and 3 m
below the surface. The aim of using the group fixed at a
depth of 3 m was to avoid contact with the Itajai Agu River
freshwater plume, which is 2 m in depth. The groups at 9 m
were almost 1 m above the bed on average, varying
according to the tides. Additionally, one control group was
fixed in Armacdo do Itapocoroy Bight and positioned only
I m below the surface level under the same conditions
described above and fixed according to the longline type
system. This exposure placement was adopted to: (1)
maintain control organisms under the same original condi-
tions before introduction of transplanted groups; and (2)
avoid contact of the control organisms with resuspended
material from the bottom sediment due to the lower depth of
the bight (7 m).

Vertical profiles of salinity, temperature and suspended
particulate matter (SPM) were acquired at the control point
and at the two points on five occasions during the exposure
time, using a conductivity, temperature and depth recorder
(CTD; Saiv A/S, model SD202) with an optical backscatter
sensor to record the turbidity (Schettini et al. 2005). Esti-
mates of the organic matter content of the SPM were car-
ried out from water samples taken with a Ninskin bottle, at
the control and test points, at all transplantation depths,
with laboratory analysis following the methodology of
Strickland and Parsons (1972).

At the end of exposure time, three organisms from each
control and test point and from all depths were frozen for
later determination of the metals Fe, Mn, Pb, Zn, and Cr.
The trace metal determination methods adhered to the
recommendations of Greenberg et al. (1992) with the
digestion of the whole soft tissue of the organisms in nitric
acid under heating. The resulting solution was filtered and
the volume determined was adjusted before analytical
determination. Readings were taken on a Varian atomic
absorption spectrophotometry (AAS), model Spectra
AA/S55, with a Varian steam generating accessory model
VGA 77 and a Varian SIPS peristaltic sample introduction
system. The detection limits for each metal were: 0.25 mg
Fe kg~', 0.05 mg Mnkg™', 1.50 mg Pb kg™ ', 0.15 mg
Zn kg~', and 0.15 mg Cr kg~ "

The physiological rates of the mussels were estimated in
the laboratory after a period of 24 h to acclimatize to the
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Fig. 1 Coast of Santa Catarina state (southern Brazil) with Armag¢do do Itapocoroy Bight (control area) and mouth of the Itajai-acu River,
highlighting the two points of transplantation of the mussels (Points 1, 2) on nautical signaling buoys for ships entering the Port of Itajai

filtered seawater at 20°C and a photoperiod of 12:12
(Resgalla et al. 2006). The clearance, respiration, excretion
and absorption efficiency rates were calculated according to
the methodology presented by Resgalla et al. (2006, 2007a).

The clearance rate was estimated in static form, in fil-
tered seawater (0.5 um), at constant temperature (20 £
2°C) and with inoculation of a known concentration of a
monospecific phytoplankton culture (Chaetoceros gracilis;

Smaal and Widdows 1994). The method consisted of esti-
mating the removal rate of phytoplankton cells by the
mussels in 1,000 mL test bottles, with 10 replicas (for each
point and depth), one mussel per bottle, plus two control
bottles without mussels. At the start and end of the exper-
iment, with an incubation period of 1 h, 50 mL aliquots of
incubation water were removed from the flasks and their
fluorescence stimulated in a Turner Designs® fluorimeter
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model TD-700. The clearance rate was estimated through
the difference between the initial and final readings, with
the application of the equation:

R % { [(m C,OA—Tln c,l)} - f} 0

where CR, clearance rate (1 hfl); N, number of organisms
per test flask (=1); V, volume of the test flask (I); In C,,
natural logarithm of the fluorescence of the inoculated
phytoplankton; In C,, natural logarithm of the fluorescence
of the inoculated phytoplankton at time #; AT, incubation
period (h); f, Correction factor, calculated with the same
formula as that used for the control flasks, and related to the
decantation of the phytoplankton or the precision of the
method.

The tests for respiration rates (RR) were carried out under
the same conditions as those of the previous experiments,
with two control bottles (no mussels) and ten test bottles
containing one mussel per bottle (for each point and depth),
incubated in filtered sea water without phytoplankton and
under static conditions. The reduction of dissolved oxygen
occurring in the flasks was measured using an YSI digital
oxymeter model 58, for at least 3 h. Two readings were
taken, one at the start and the other at the end of the test. The
oxygen uptake by the mussels was calculated using the
equation of Widdows and Johnson (1988):

RR = [(ct0 —Cy) x AL] —f (2)

where RR, respiration rate (mL O, h_l); C0), concentra-
tion of oxygen at time zero (mL O, Lfl); C1), concen-
tration of oxygen at end time (mL O, L™"); V, volume of
the test flask (liters); AT, incubation time interval; f, Cor-
rection factor for the control flasks (calculated using the
same formula as that described above, but in flasks not
containing mussels).

To determine the excretion rate (ER), the organisms were
kept immersed in 300 mL of filtered seawater at 0.5 pm,
without inoculation of food (phytoplankton). At the initial
time () and after 3 h (73), 15 mL samples of incubation
water were collected to determine the total ammoniacal
nitrogen, using the Merck Spectroquant® equipment and
method. The increase in ammonium in the 10 test flasks (for
each point and depth), and the 2 control flasks, enabled the
ER to be estimated through the equation:

\%
ER = |(C/q —Cy) X —| — 3
(€= o) x ] =1 ®)
where ER, excretion rate (ug NH," h); C0), concentration
of ammonium at time zero; C), concentration of ammo-
nium at end time; V, volume of the test flask (liters); AT,
incubation time interval; f; correction factor in the control
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flasks (calculated by the formula given above, but in flasks
without the presence of mussels).

The CR values were expressed in L h™' g=' of dry
weight of soft tissue of the test organisms (biomass) using a
correction factor of b = 0.48, the RR values were expressed
in mL of O, h™' g™' using a correction factor of b = 0.66,
and the ER values were expressed as pg N-NH, h™' g™!
using a correction factor of b = 0.91, as proposed by Res-
galla et al. (2006).

The absorption efficiencies (AE) were determined under
the same conditions as the tests for clearance rates, but with
a duration of 24 h. The estimate proposed by Omori and
Ikeda (1984) consisted of comparing the content of the
organic matter present in the phytoplankton, with the
organic matter eliminated in the feces collected in the bot-
tom of the test flask. The proposed ratio was:

AE = [(i_?xl] x 100% (4)

1

where AE, absorption efficiency (%); I, percentage of
organic matter in the food offered (phytoplankton); F,
percentage of organic matter in the feces.

In order to improve the precision of the estimate, the
feces produced by two organisms submitted to the same
treatment were combined, totaling five replicates for the
control area and for each depth for the two points in the
study area. Three replicas of the aliquots of the phyto-
plankton culture were filtered, as was the feces collected, in
fiberglass filters (GF/F) previously dried and weighed. After
washing the filters, the dry weight of the material retained
was estimated by drying in an oven at 60°C for 12 h and
placing in a desiccator for 8 h to obtain constant dry weight.
The filters were calcinated in a muffle oven at 500°C for 2 h
(Strickland and Parsons 1972) to obtain the ash-free dry
weight (organic matter).

The scope for growth (SFG) was estimated using the
energy conversion factors presented by Bayne et al. (1985)
and an organic matter mass of 2.1 mg L™' of phyto-
plankton used in the experiments, where 1 mg of organic
matter = 23.50J; 1 mL O, respired =20331J; 1 pg
N-NH, " = 0.0249 J; and SFG was estimated in Joules,
according to the equation:

SFG = [CR x AE x MS] — [RR + ER] (5)

where SFG, scope for growth (J h! g_l); CR, clearance
rate (L h™! g_l); AE, absorption efficiency (%); MS,
Seston in weight of organic matter (J L™"); RR, respiration
rate (J h™! gfl); ER, excretion rate (J h! gfl).

The relationship between respiration and excretion (O:N
ratio) was estimated to determine the nutritional state of the
organisms in relation to the different conditions in which
they were maintained and to compare with the SFG (Bayne
et al. 1985).
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The growth rates (mm day™') of the mussels in the
control and study areas were estimated through the dif-
ference between the average total length at time zero
(before transplantation) and after maintaining them at the
transplantation site for a period of time.

The data for the physiological rates of the different
groups of mussels were compared using analysis of vari-
ance (ANOVA), and the Bonferroni t-test a posteriori
according to Zar (1996). For the comparison of physio-
logical rates, only data from the experiments in which the
organisms showed high activity were used, according to the
recommendations of Smaal and Widdows (1994).

Results

Table 1 gives the environmental data for the three points at
which the mussels were fixed, as averages of the five
samples obtained after ca. 50 days of exposure time.
Salinity and temperature variations between Points 1 and 2
(for the three water depths) were not pronounced, while a
considerable variation was observed in the SPM values for
the two points. For the point located at the mouth of estuary
(Point 2) the SPM values increased with increasing depth
from the surface, with SPM values for Point 2 (mean for

the water column of 5.79 mg L™') being higher than
those for Point 1 (mean for the water column of
3.32 mg L"), while the control point showed intermediate
SPM values.

The analysis of mussel tissue for trace metals did not
indicate major differences between the control area and
study area for Pb and Zn (Table 2). In spite of the low
number of samples analyzed, there is a clear tendency of
transplanted organisms from Point 1 (at 3 m depth) and
Point 2 (at 9 m depth) to accumulate the metals Fe, Mn and
Cr. In the same manner, a tendency toward changes in the
physiological rates of the mussels from the transplantation
points compared with the control area was observed
(Table 3). In this regard, the mussels from Point 2 showed
a 15.7% decrease in the absorption rate and a 282.5%
increase in the excretion rate for the organisms placed at
greater depth (9 m). These mussels showed reductions of
28.8% in the clearance rate and 55.6% in the O:N ratio,
resulting in a 48.6% decrease in the SFG compared with
the organisms from the control area. Table 1 shows that
mussels from all groups studied had the same decreasing
tendency for the growth rate. On the other hand, the
mussels transplanted at Point 1 showed the lowest RR and
the lowest energy expense. No mortality was observed in
any case during the experimental exposure.

Table 1 Average and standard deviation values for temperature, salinity, suspended particulate matter (SPM), organic matter content of the
SPM (OM) of the water from five sampling events and growth rate (GR) of the mussels obtained after ca. 50 days of exposure time at the control
site (Armacgéo do Itapocoroy Bight at 1 meter depth) and at the two test points of the Itajai-acu River mouth at three different depths

Temperature EC) Salinity (ppt) SPM (mg LY OM (%) GR (mm day_')
Control I m 26.65 £+ 0.72 32.31 £0.75 3.51 £ 1.31 30.56 £ 4.63 0.133
Point 1 3m 26.18 & 0.52 33.35 +£ 0.84 1.53 £ 0.76 35.85 £ 5.65 0.243
6 m 25.92 + 0.54 33.57 £ 0.85 236 £ 1.18 31.12 £ 6.16 0.209
9m 25.82 + 0.49 3475 £ 0.74 6.08 £+ 1.67 21.30 £+ 2.56 0.145
Point 2 3m 26.01 £ 0.33 32.82 £ 1.29 355+ 215 27.20 £+ 5.80 0.145
6 m 26.25 + 0.59 33.43 £+ 0.95 4.15 £ 2.70 26.25 £ 6.62 0.124
9m 25.81 + 0.45 33.56 £+ 0.87 9.66 £ 4.03 18.33 £ 3.37 0.100

Table 2 Average concentration (mg kgq

of wet weight) and standard deviation of trace metals in the tissues of the mussel Perna perna in the

control area and after ca. 50 days of exposure in the mouth of the Itajai-acu River, at two points and at three transplantation depths (n = 3)

Metals Control Point 1 Point 2

3m 6 m 9m 3m 6 m 9 m
Pb ND ND ND ND ND ND ND
Cr ND 0.17 &+ 0.17 ND 0.15 £ 0.13 0.05 + 0.09 0.07 £ 0.11 0.21 &+ 0.18
Fe 11.3 £ 0.9 102.8 + 57.7 404 £+ 6.8 574 £ 21.6 3903+ 11.8 43.0 + 6.8 90.6 + 42.2
Mn 0.6 £04 3.0+ 1.0 1.3 £0.2 1.8 £03 1.9 £ 0.7 14+04 23+£0.7
Zn 16.5 + 3.3 141 +12 153 £ 0.8 162 £2.0 144 £ 1.7 159 £+ 3.1 142 £23

ND not detected
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Table 3 Average and standard deviation values for the physiological rates of mussels in the control area and after ca. 50 days transplanted at
two points in the Itajai-agu River mouth, at different depths

CR RR ER AE O:N SFG
Control 1.84 + 0.51 0.63 + 0.08 45.32 £ 43.20 84.68 + 2.48 42.86 £ 12.39 61.75 £ 20.68
Point 1
3m 2.32 + 0.54 0.55 £ 0.06* 53.62 £ 14.51 81.16 £ 5.14 28.47 £ 6.61 67.05 £ 9.91
6 m 1.94 + 0.25 0.50 £ 0.02* 64.20 £+ 19.50 85.25 + 2.36 21.22 £ 9.62 72.81 £ 7.38
9m 2.06 + 0.60 0.47 £ 0.03* 85.04 + 30.89* 83.61 £ 5.07 2536 £ 11.63 79.07 £ 10.81
Point 2
3m 1.70 £ 0.33 0.59 + 0.03 54.29 + 36.53 68.40 + 2.32%* 31.99 + 11.03 46.01 £+ 8.99
6 m 2.13 £ 0.14 0.58 + 0.01 98.03 + 26.38* 71.64 £ 6.85* 28.72 + 10.22 58.08 £ 7.71
9m 1.31 £ 0.20* 0.60 + 0.02 128.04 £ 46.68* 71.37 £ 10.63* 19.03 + 13.64* 31.73 £ 4.90*
F 3.977 10.668 4.105 5.644 2.240 19.709
df 6,28 6,28 6,27 6,27 6,25 6,29

CR clearance Rate (L h™! gfl), RR respiration Rate (mLO, h™! gfl), ER excretion Rate (ugN-NH,4 h! gf'), AE absorption efficiency (%),
O:N O:N ratio and SFG scope for growth based on 2.1 mg L~" of organic matter of the phytoplankton used in the experiments (J h~! g_l)

* The results of the analysis using ANOVA and Bonferroni t-test a posteriori, for the control and test points/depths, for a significance level of

P < 0.05. F Fisher value, df degree of freedom (vy, v»)

Discussion

Despite the proximity of the two transplantation points and
similarity of the hydrographic conditions (salinity and
temperature), Point 2 presented a higher concentration of
SPM. The similar hydrography indicates that the two sta-
tions are subject to the same water masses at the same time.
However, the hydrodynamic conditions of the stations are
not necessarily the same. Point 1 is located in front of the
estuary mouth, in the access channel of the port, while
Point 2 is closer to the coast, although both are a similar
distance from the river mouth (Fig. 1). However, the haz-
ard buoy at Point 2 indicated the presence of submersed
shallow rocks, which potentially increases the interaction
of the currents and waves with the sediment. This inter-
action of the seabed with the waves can lead to resuspen-
sion of sediments, while the currents help retain these
sediments in the water column. Since Point 1 is subjected
to a lower sediment resuspension, organic matter can
accumulate at this point, values being near those observed
in the control bight.

The greater hydrodynamics at Point 2 can lead to the
maintenance of higher levels of metals in the water col-
umn, due to the suspension of the metal-rich sediment, with
a greater influence on the organisms closer to the bed. This
hypothesis is based on observation of the concentrations of
Fe and Mn in the tissues of the organisms placed at 9 m
depth. Likewise, the Cr concentration in the organism tis-
sue showed a tendency to increase in relation to the control
area. According to Rorig (2005), Cr is an important con-
taminant in the Itajai-A¢u River and it is responsible for the
observed toxicity of the sediment toward sea urchins and
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mysidacea (Laitano and Resgalla 2000). But this metal
alone cannot explain the variations observed in the physi-
ological rates of the organisms studied, as the concentra-
tions obtained in the tissues of the mussels collected from
the two transplantation points did not show variations.

The coastal region bottom sediment enrichment of trace
metals is likely to originate from the contribution of the
Itajai-agu River through the buoyant plume (tissue accu-
mulation in Point 1 at depth of 3 m) and dredging activity
in the harbor as potential sources. The maintenance
dredging of the access channel and turning basin of the Port
of Itajai is carried out using a water injection system
dredge. The dredging is quasi-continuous, in order to keep
the bed unconsolidated, generally being carried out for
3-4 days every spring tide, preferentially during the ebb.
The fate of the dredged material has not yet been assessed
but it may have a significant ecological influence on the
coastal region close to the river mouth.

The variability observed in the physiological rates of the
mussels can be attributed to four factors: salinity, temper-
ature, availability of food in the form of SPM, and the
presence of contaminants. Variations in the physiological
rates of the mussel P. perna due to salinity and temperature
have previously been investigated by Resgalla et al. (2007a)
and no significant alterations were observed with values of
25-35 for salinity and 20-25°C for the temperature.

Regarding the organic material available as food, Point
2 had the highest concentrations, mainly near the bed.
However, the organic matter was diluted to a higher pro-
portion with the inorganic fraction, which would lead to
higher clearance rates and lower absorption efficiency, but
with no effect on the respiration and excretion rates
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(Resgalla et al. 2007b). With the exception of absorption
efficiency, the other physiological rates did not behave in
the expected manner in terms of SPM variation and their
percentage of organic matter.

The results suggest that the organisms transplanted at
Point 1 (in front of the river mouth) were under conditions
of less stress (lower respiration rate) than the organisms at
Point 2. For this second point, the rate relating to the
obtaining of energy (AE) was lower and the excretion rates
(ER—Iloss of energy) were higher than those obtained for
the control area. A decrease was also observed in the SFG at
a transplantation depth of 9 m, i.e., closer to the bottom.
These results have the same trend as the growth rate data
(Table 1).

It is hypothesized that the source of contamination of the
organisms is the sediment, although the nature of the
contaminant responsible for the alterations in the physio-
logical rates of the mussels is unknown. However, the
analysis of the tissue carried out on the samples obtained
before transplantation suggests that Cr is responsible for
these alterations. As an essential trace metal, Cr should be
easily regulated by the organism, but in the presence of
other trace metals and over a long period of exposure to
contaminants, this regulating capacity may be lost (Bellotto
and Francioni 2008).

The effects of metals on the physiological rates of
mussels in the environment have been investigated by
several authors and for different species (Martin et al.
1984; Widdows and Donkin 1992; Smaal and Widdows
1994). A reduction in CR and SFG is normally reported in
these studies, associated with an increase in the concen-
tration of trace metals in the tissues. However, variability
according to the type of contaminant, concentration in the
environment, and exposure time of the mussels has also
been observed (Widdows et al. 1997).

Laboratory experiments carried out on the physiological
rates of P. perna exposed to trace metals have also indicated
variability in the responses (Resgalla and Moraes 2008) and
the metabolic parameters normally affected in bivalves are
the clearance rates (Widdows and Johnson 1988) and
excretion rates (Bayne et al. 1985), as observed by Watling
and Watling (1982) with a reduction in CR under the effect
of Cr. According to Pessatti et al. (2002), sub-lethal con-
centrations of Pb could stimulate the CR and inhibit the RR
of P. perna, however, under conditions where other trace
metals are also present and/or with longer exposure times
the CR may be inhibited (Resgalla and Moraes 2008).

All these points suggest that the organisms transplanted
at Point 2 and close to the bottom were exposed to sub-
lethal concentrations of trace metals, altering the energy
balance and the SFG. However, the presence and tissue
concentrations of Cr are not sufficient to explain this stress,
since this element is also present in the transplanted

organisms at Point 1. Thus, it is probably that other non-
quantified contaminants may be acting synergistically on
the organisms, causing the alterations observed in this
study.
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