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ABSTRACT. The impact of a power plant cooling system in the Bahia Blanca estuary (Argentina) on the survival of target
zooplanktonic organisms (copepods and crustacean larvae) and on overall mesozooplankton abundance was evaluated over time.
Mortality rates were calculated for juveniles and adults of four key species in the egtoarija tonsaDana, 1849 andurytemora
americanaWilliams, 1906 (native and invading copepods), and larvae of the @halsmagnathugranulata Dana, 1851and the

invading cirripedBalanus glandulaDarwin, 1854. Mean total mortality values were up to four times higher at the water discharge site
than at intake, though for all four species, significant differences were only registered in post-capture mortality. Tde Shalin

no evidence of greater larval sensitivity. As expected, the sharpest decrease in overall mesozooplankton abundance wae&sund in
close to heated water discharge.
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RESUMEN. Impacto del sistema de enfriamiento de una central termoeléctrica sobre la supervivencia de copépodos y
meroplancton (estuario de Bahia Blanca, Argentina)El impacto del sistema de enfriamiento de una planta termoeléctrica
ubicada en el estuario de Bahia Blanca, Argentina, fue evaluado en el tiempo, sobre la supervivencia de especies zoeplancténica
seleccionadas (copépodos y larvas de crustaceos) y la abundancia general del meso-zooplancton. Se calcularon tasasl die mortalid
juveniles y adultos de cuatro especies clave en el estuAdartia tonsaDana,1849 yEurytemora americanaVilliams,1906
(copépodos nativo e invasor), y larvas del cang@jasmagnathugranulata Dana, 1851 y del cirripedio invas@&alanus glandula

Darwin, 1854. Los valores medios hallados de la tasa de mortalidad total, fueron hasta cuatro veces mas altos en laedescatga q

agua de entrada al sistema. Sin embargo sélo se registraron diferencias significativas entre estos dos sitios, end®sneatatiesd
post-captura obtenidos para las cuatro especies. Los resultados del estudio no demostraron una mayor sensibilidad lawal. Como
esperaba, la disminucién mas pronunciada en la abundancia general del meso-zooplancton fue observada en la zona del estuarit
cercana de la descarga de agua sobrecalentada.

PALABRAS-CLAVE . Copépodos, meroplancton, estuario, sistema de enfriamiento, mortalidad.

The use of estuarine water in power plants forariations and their tolerance range. For instance, a 50 %
cooling purposes is common practice in a number aofortality rate was observed Atartia tonsaDana, 1849
countries and has a major effect on water temperaturetaken in winterfrom Biscayne Bay, USA, when the
the estuary, causing depletion of the plankton and fiskmperature was maintained at 32 °C for 3h in the
populations (VdLrr, 1990). This negative impact on thelaboratory (Reve & Cosper 1970). In the same studg.
survival and abundance of circulating plankton antbnsashowed acclimation to temperatures similar to those
ichthyoplankton was studied during the 70s and 8@ its natural habitat in summer and less than 25 %
(HEINLE, 1969; S)IcHANEK & GRossmaN, 1971; GrPENTER — mortality occurred when the temperature was maintained
etal, 1974; ERrigHT, 1977; Giou et al, 1981) and more at 36 °C for 6 h. In a study carried out on zooplankton
recently (GccaLpl, 1988; Groni et al., 1995; MaHyew et survival at the Anclote power plant (Florida, USA) during
al., 2000; MeLToN & Serviss, 2000) in Europe and USA. spring, variable survival rates fér tonsa(40 to 100%)

The biological effects of the damage can be seen amd crab larvae (20 to 100%) were recorded at the
increased instantaneous and delayed mortality, tlwendenser station, where average temperatures were
occurrence of synergistic processes related to toxietween 29.6 and 38.1°C with a difference of temperature
chemicals and a decrease in biomassidtr, 1977; (AT)ranging from 5.7 to 7.3°C (ffron & Serviss 2000).
Capuzzo, 1979; HuH, 1980). This is the first study in the region aiming to:

Owing to their eurythermic characteristics,determine the impact of the power plant cooling system
zooplankton estuarine species usually display mon the survival response of four target species in the
tolerance to this type of stress than do species from otlestuary during summer-winter conditions of 1991 and
more stable marine environments. Plankton is expect&892; test the hypothesis of higher sensitivity of larval
to be more sensitive to thermal stress during thf®@rms; and evaluate the impact on overall
development stages, and meroplanktonic forms of benthitesozooplankton abundance in areas close to and at a
species (crabs, other crustaceans and invertebrates) distance from the plant.
similarly expected to be less tolerant to cooling system
stress factors than adults. Species react differently to MATERIAL AND METHODS
the thermal stress caused by power plants in accordance
with their degree of acclimation to natural temperature  Study site. The Comandante Luis Piedrabuena
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power plant (two 310 MW turbines) is located on thesometimes performed in order to have sufficient data
Northwestern coast of the inner Bahia Blanca estuaayailable. Overall mesozooplankton samples taken in
(38°48' S, 62°15’ W), Argentina, to the east of Ingenierooincident dates at Ing. White Port were used for the
White Port (Fig. 1). Seawater for the cooling system’'somparative analysis.
condensers is obtained from the estuary at a depth of For mortality assessment, replicated live
about 4 m and flows through the plant at a rate of arouzdoplankton sampling was carried out at the intake and
100,000 m h. Difference of temperature T) was discharge sites on the same dates as the other sampling
calculated to be 8°C in the plant model reference. Thy means of five vertical hauls using the same type of
heated effluent is discharged into an artificial channeélet mentioned above but, equipped with a mesh bag
about 1000 m long, from which it flows into Naposta creelnstead of a bucket. Samples were carefully placed in
and then into the estuary. This discharge site is locatpthstic jars inside an insulated box to avoid temperature
approximately 2 km east of the cooling system’s seawateinanges during transportation to the lab. A staining
intake point. experiment (usingntra vital stain to sort live and dead
Sampling and laboratory procedures. The studypecimens) was carried out immediately after each
was carried out from November 1990 to August 1991 argshmpling to obtain mortality data, following the
from September 1991 to August 1992, with one and tw@arrenTEREL al. (1974)’s protocol with modifications. A
plant turbines in operation, respectively (Fig. 2). FoB | glass beaker was pre-filled with seawater filtered
overall zooplankton analysis, duplicate sampling wathrough a 0.45-um mesh. A stock stain solution (1 g of
carried out by 20 vertical hauls from a depth of 4 m to theeutral red powder in 100 ml of distilled water) was added
surface at the intake and discharge points of the coolitgthe seawater in the beaker yielding a final concentration
system. A 30-cm mouth diameter, 200-um mesh net wat1: 200,000 (ResseLet al, 1972). Each complete sample
used, equipped with a mechanical flowmeter and was placed in the beaker for 24h at 20 + 1°C, sieved
conventional bucket. Samples were preserved in 4fhereafter through a 200-um mesh and preserved in 100
buffered formalin. All sampling was done during the daynl of 4% formalin, acidified by 1 ml of a solution of 1 N
and under ebb tide conditions. Plant operating conditiomasetic acid and 1 N sodium acetate in order to maintain
were constant throughout each sampling period (witthe pH within neutral values.
the cooling system functioning and the chlorination Mortality was documented only for individuals of
system not operating). Aliquots amounting to at leashe four target species present in the samples. Those
25% of each sample were qualitatively and quantitativelyere females, males, and copepodid | -V of the native
analyzed. Two collections within a same month wereopepod A. tonsaand of Eurytemora americana
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Fig. 1. Map of the inner region of Bahia Blanca estuary (Argentina) showing location and layout of the Cdte. Luis Piedoairrena p
plant.
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Fig. 2. Seawater temperature values (°C) at intake and discharge points at the Cdte. Luis Piedrabuena plant and temperature difference
(°C) registered over the study period (November 1990 — August 1991 and September 1991 — August 1992) with one and two turbines

operating, respectively.

Williams, 1906, an invading copepod, as well as larvae of

the crab Chasmagnathus granulara Dana, 1851 and the
invading cirriped Balanus glandula Darwin, 1854, These
rates were recorded within a week after each experiment
by sorting and counting the specimens present. Neutral
red made it possible to distinguish between non-stained
specimens (light and dark at transmitted light) which were
those that naturally died prior to capture (pre-capture
mortality); pale pink-colored ones corresponding to those
which died during the 24-h experiment (post-capture
mortality); and red-orange specimens, which were the
survivors. Mortality of each species (stage/sex) was
expressed as the percentage of its total abundance per
cubic meter. Owing to the fact that the protocol applied
had no standardized individual number and type, in those
cases where none of the four studied species was present
in the sample. relevant data was therefore lacking.

Two-way ANOVA tests were carried out for
evaluating differences in pre-capture and post-capture
mortality between intake and discharge, and among
species (SokaL & Rourr, 1979). In the pre-capture
ANOVA, B. glandula was not taken into consideration
because of the lower number and higher variance
compared with the other species, whereas in the
post-capture ANOVA, all species were considered. Paired
t-tests were applied for testing differences between
copepodids and adults of the two copepods. The other
crustacean larvae could not be analyzed due to the
scarcity of available data.

RESULTS

The temperature difference (AT) between intake
and discharge water ranged from 6.2 to 10.2 °C (Fig. 2).
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Considering only the data interval between November
and April-May for periods 1990-1991 and 1991-1992,
respectively, the mean AT was slightly lower with only
one turbine in operation (8.23°C = 0.6 °C) than as from
September 1991 onwards, when two were operating
(9.42°C £ 0.45°C). No significant differences were found
between the two periods comparing values for when one
turbine was operating with those for when two turbines
were operating.

Total mean mortality values found in the four
considered species were up to four times higher at
discharge than at intake (see the case of E. americana
females in Fig. 3C). The highest mean total mortality at
intake was registered for E. americana copepodids and
at discharge, for E. americana copepodids. A variable
percentage of this total mortality was due to pre-capture
mortality which reached mean levels of around 20% and
30%, at intake and discharge points, respectively (Fig.
3A). The highest mean pre-capture values were registered
for E. americana males at intake and B. glandula larvae
at discharge. Mean post-capture mortality for all species
atintake ever was around or lower than 40%, the highest
values being recorded for E. americana copepodids,
followed by A. ronsa females and C. granulara larvae
(Fig. 3B). The percentage increased to about 50% at
discharge, the highest values being for E. americana
copepodids followed by A. ronsa females and males.
According to the ANOVA test results for mean pre-
capture mortality values, there were no significant
differences between sites (intake and discharge) and
among species (A. tonsa, E. americana and C.

granulata larvae). ANOVA results for mean post-

capture mortality similarly showed no significant
differences among species. However, significant
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Fig. 3. Mean mortality values (+ 1 SD) as a percentage of total abundance for target species (stage/sex) from intakergad discha
samples. A, pre-capture mortality; B, post-capture mortality and C, total mortAlityA¢artia tonsa Bg, Balanus glandula Cg,
Chasmagnathus granulatd&a, Eurytemora americanaf, female;m, male; C I-V, I-V copepodids; |, larvae)

differences were founietween the intake and dischargdo E. americanaandB. glandulalarvae were in winter
sites (p = 0.0291) for all species. No significant differencg3ab. |).

in total mortality data between copepod adults and  The highest overall mesozooplankton abundance
copepodids were found after paired “t” tests at thealues were found at Ing. White Port and the lowest at
discharge area. Seasonally, the highest observed tdted discharge area (Fig. 4). Abundance values registered
mortality values oA. tonsaandC. granulatalarvae were at the intake area were either intermediate or as low as
in the middle of summer, whereas those corresponditigose observed at the discharge area.
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Fig. 4. Mesozooplankton abundance variation at the seawater intake site, Naposta Creek outlet and Ing. White Port @aedgjaesev
along the study period.
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Fig. 5. Estuarine surface water temperatures at six sites, including the area in front of the Cdte. Luis Piedrabuena tpamctingan
White Port, along the main channel of the Bahia Blanca estuary, from October to December 1990. Sites located from theadstuary h
to mouth, shown from left to right.

DISCUSSION estuary area (EcoLo & PeriLLo, 1990) probably plays a

major role in temperature dissipation. Temperature data

The heated seawater effluent flows into the estuagbrresponding to another project (M. S. Hoffmeyer,
through the Naposta Creek outlet (Fig. 1) and the surfagfpubl. data), registered along the estuary main channel
temperature of the receiving waters at the outlet and arggsys. 1, 5), corroborate this trend. Only a 1-2 °C increase
around the main channel are about 1°C below thoseger natural temperatures within ~2-4 km up and down
recorded at the discharge area (pers. observ.). Turbulemnagosta Creek outlet were recorded from October to
caused by wind and tidal action throughout this inndbecember 1990. These values were lower than the
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Table I. Higher total mortality mean values (from two replicates) obtained for target species (stage/sex) from intake ange disch
during the study period. Number 0 indicates no mortality and (-) no occurrence of the species (stage/sex).

01/15/1991 01/22/1991 08/15/1991 08/30/1991 02/05/92 03/19/1992 08/14/1992

INTAKE

A. tonsa(fem) 41.52 39.33 0 17.32 36.9

A. tonsa(male) 50 33.33 0 - 15.49 30

A. tonsa(copep) 50 0 0 - 39.13 21 -
E. americana(fem) - - 0 0 - - 34.6
E. americana(male) - - 0 15.07 - - 40.3
E. americana(copep) - - 0 100 - - 59.58
Grapsidae (larv) - 0 0 - 56.36 22.22 -
B. glandula(larv) - 0 - - 76
DISCHARGE

A. tonsa(fem) 85.42 71.29 100 - 92.3 27.29

A. tonsa(male) 88.1 68.88 100 - 100 12.08

A. tonsa(copep) 0 0 0 - 97 15 -
E. americana(fem) - - 23.63 47.67 - - 93.3
E. americana(male) - - 26.32 36.04 - - 75
E. americana(copep) - - - 51.06 - - 88.4
Grapsidae (larv) 51.28 42.48 - - 98.86 32.13 -
B. glandula(larv) - - 33.33 58.17 - - 89.77

temperature range increase (4-6 °C) predicted by tkeabling it to tolerate a considerable thermal stress
model of this plant’s thermal impact on estuarindGonzaLes, 1974), its maximum tolerance level was
waters (&rMaN & PeTroni, 1985). The highest surpassed during the summer period of the study. This
mesozooplankton abundance at the Ing. White Pagkplains the higher mortality rate Af tonsan summer,
area (ca. 5,000 ind. That summer peaks) at high waterwhen it usually reaches maximum abundance.
confirms this trend, indicating that the site was no€hasmagnathus granulatlarvae demonstrated a
directly affected by power plant discharge during theimilar behaviour toA. tonsa also peaking during
study. The impact of the discharge plume waspring-summer.
apparently restricted to a stretch of only a few km (2-3 In the present study, theT of the power plant
km up and down the creek) in the vicinity of thecooling system and maximum water temperatures at
discharge outlet (Fig. 1). Overall mesozooplanktodischarge were higher than those recorded for the
abundance values for Ing. White Port are in agreemefihclote power plant (MLton & Serviss, 2000). This,
with those reported for the same estuary inner zoraglded to the difference in latitude, differences in the
for 1991 (HbrrMmeEYER, 1994). The decrease innatural seasonal temperature variability and in the
mesozooplankton abundance at discharge waslaptation of the species, may explain the greater impact
evidently a consequence of the following factorebserved on local and invading copepod species, crab
affecting mesozooplankton survival: the direct impacind invading cirriped larvae. Mortality values at
of thermal shock and mechanical damage durindischarge were even higher than at the intake and
entraining, and the indirect impact of increases in watsignificant differences were found in mean post-
temperature in plume and channel areaRr@tsrun, capture mortality data. Furthermore, there was a drop
1983), in this case those areas surrounding thme overall mesozooplankton abundance related with
Naposta Creek outlet, close to the seawater intakiee heating discharge in the Bahia Blanca estuary. High
point. and also variable survival &. tonsaand crab larvae
The temperature difference valued] obtained found at Anclote power plant (Florida, USA) during
during periods with only one or with both turbinesspring (MeLton & Serviss, 2000) suggest that these
operating were in most cases markedly higher (reachisgecies are possibly adapted in that region to a narrow
10.2°C) than those calculated using the model (8 °C) @nge of annual temperature variability (due to the low
the plant. In considering these values, account shoultitude), making them more tolerant to thermal stress
also be taken of the natural temperature variability ithan their counterpart in the Bahia Blanca estuary.
the environment. The highest temperatures registered Balanus glanduleandE. americanaa cirriped
at the discharge area during summer (December &amd a calanoid copepod recently invading in the
March) obviously coincide with the highest naturabstuary (WGNEer et al.,, 1993; FbrFFMEYER, 1994;
temperatures in the estuary (for instance temperaturdsrrmeyeret al.,2000), showed low tolerance to stress
of around 33.8 °C were recorded at the discharge aréaring their planktonic pulses at the end of winter and
on February 8, 1992). The estuary surface temperaturspring, when environmental temperatures were
can reach 25 to 26°C during hot summer days, causihgtween 8 and 19 °C. Since these species are winter-
the final temperature values at the discharge areagpring forms, some of the high temperatures caused
be as high as 34-36°C. These values are close tobyr the condensers were likely above their upper
higher than the upper critical tolerance level of modblerance level. Despite their different origin, of all
marine species. For example, thoughtonsahas an tested species, the copepods tonsa and E.
exceptional eurythermic adaptation (-1°C to +32°Chamericanaappear to be just as sensitive to thermal
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stress as the meroplanktonic crustacean forms. Of
these latter, B. glandula larvae seem to be the most
sensitive. However, in the case of the two copepods.
the lack of any significant difference in total mortality
between copepodids and adults did not enable us to
establish whether larval forms are more sensitive than
adult forms.

A number of factors hinder comparison of the
mortality rates reported in different studies: the
different geographic location and design of the power
plants involved; differences in AL, the time elapsed
during passage through the condensers, and plankton
characteristics. The study performed at the Millstone
Plant in Long Island Sound (USA) (CARPENTER ef al.,
1974) was considered for comparison mainly because
of the similar latitudes of the two locations (Long Island
Sound, 41° N and Bahia Blanca estuary, 38.5° S). Our
results are in agreement with the reported overall loss
of copepods (70- 90%) at this power plant. The higher
zooplankton mortality recorded several days after
passage through the plant with respect to that recorded
immediately after entraining (CARPENTER et al., 1974)
could also have contributed to the decrease in
mesozooplankton abundance observed at the Cdte.
Luis Piedrabuena Plant discharge-intake plume zone.
The above results would also indicate probable
negative long-term effects on the population growth
trend of the studied species as well as indirect effects
on all plankton structure and functioning.

Recent studies report instantaneous mortality
rates lower than those reported in most papers from
the 70s and 80s (MeLToN & SErviss, 2000; MAHYEW ef
al., 2000). This could be due either to the use of better-
designed sampling tools such as the “larva table
sampling”, which avoids sampling damage (MAHYEW
et al., 2000), or to the possibility that marine organisms
are biochemically and physiologically adapted to warm
water conditions (Ceccavrpi, 1988). Here we used the
conventional sampling methods of plankton nets and
vertical tows assuming minimal sampling damage.

These results demonstrate for the first time in
this region two serious causes of damage to the
plankton system. Firstly, instantaneous mortality (24
h) produced by thermal shock. Although the possibility
was not addressed in this study, there could also be a
concomitant mechanical effect. Secondly, a drop in
zooplankton abundance in the area adjacent to the
plant discharge produced by instantaneous mortality
and a probable increase in mortality during the days
following passage through the plant. The results show
no evidence of greater sensitivity to shock on the part
of larval forms.

The findings of the present study make evident
the need for organized monitoring of the Cdte. Luis
Piedrabuena plant and similar power plants and for
improvements in the local legislation governing these
facilities.
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