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The study of Chilean sandy beach organisms is today limited, in spite of the large
distribution of some species along ca. 4.600 km of coast (Fernandez et al. 2000). In
general, the Chilean coastal marine environments induce an increasing interest to
developing new methods and programs for ecotoxicological assessment, especially
using native species (Z0figa et al. 1995; Riveros et al. 1996; Larrain et al. 1999,
Heméndez et al. 2000). As a first approach, it is important to develop studies that
permit the identification and future use of biomonitoring species.

Emerita analoga (Stimpson 1857) is a small suspension-feeder that lives in high-
energy coastal beaches (Barron et al. 1999a). This species shows a bipolar
geographical distribution between North and South American coasts, being absent
in equatorial areas (Efford 1976). In North America it is found from Karluk (Alaska) to
Magdalena Bay (California), and in South America from Salaverry (Pert) to the
Estrecho de Magallanes (Chile), crossing through the Atlantic and extending their
distribution throughout to False Bay (Argentina) (Efford 1976). The wide geographical
distribution could be a consequence of the E. analoga having a zoea stage with a long
persistent time in the plankton going from several weeks to months and a megalope
stage living several weeks in the plankton (Efford 1970). This crustacean species could
be an important potential ecological receptor of pollutants, especially because is
one of the most abundant species in the intertidal zone and is an important source
of food for coastal birds and fishes (Dugan et al. 1994, 1995). In the coast of
California, E. analoga may reach densities higher than 52.000 ind m® (Dugan et al.
1995). This situation has also been reported for Chilean sandy beaches (Hernandez et
al. 1998; Jaramillo 1987, 1994).

Populations of £. analoga have been employed for environmental quality
biomonitoring (Wenner 1988) and this species can also accumulate heavy metals and
petroleum hydrocarbons from the environment (Burnett 1971; Rossi et al. 1978;
Wenner 1988). Taking into account results from cadmium acute toxicity, Hernandez et
al. (2000) have suggested that £. analoga could be a good bicindicator for monitoring
Chilean coastal environments. In spite of the high number of toxicity test studies with
crustaceans, the sand crab has received a limited attention in the ecotoxicological field
(Barron 1999a).
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Siegel and Wenner (1984) described abnormal reproduction of E. analoga near a
nuclear power plant and Boese et al. (1997) reported that this species showed an
intermediate sensitivity when was exposed to fluoranthene and cadmium compared to
six other marine crustacean species.

The main objective of this work was to estimate the sensitivity of £. analoga to copper
through a 10-day acute toxicity test under controlled laboratory experimental
conditions and to discuss the potential use of this species for biomonitoring heavy metal
pollution in Chilean coasts. Copper was used as a reference toxicant because during the
last decade there was an increased interest to quantify copper effects in Chilean marine
organisms and to relate them to seawater and sediment copper concentrations
(Salamanca and Camafio 1994; Zifiiga 1998). Recently, the Chilean government has
developed a particular interest in establishing environmental quality criteria. It is evident
that the first step to fulfil it is to have quantitative scientific results with standardised
toxicity tests using native species.

MATERIALS AND METHODS

E. analoga, sediment and seawater, were collected from Pingueral beach (36° 30'
S; 72° 54' W) in December 1999. Pingueral is situated at 46 km to the North of
Concepcion and was selected as collection site because of its low degree of
anthropic intervention and exposure to the open sea. Seawater and sediment (passed
through a 4 mm screen sieve in the field to remove debris and indigenous organisms)
were taken from the collection site and transported to the laboratory for toxicity tests.
Sand crabs were collected during low tide and transported to the laboratory at densities
lower than 100-ind m™ in boxes of 5 L with oxygenated seawater. Acclimation was
done for 10 days at 15 £ 1 °C in a 50 L aquarium with filtrated seawater over 5 cm of
sediment. Photoperiod was 16:8 (using a tungsten lamp of 10-20 puE/m’s). Seawater
was replaced each 48 h and sand crabs were fed with ground fishmeal (0,5 g d).
Individuals with erratic behaviour during acclimation (e.g. not buried or with bad
swimming) were discarded.

The experimental design corresponded to a modification of ASTM standard
toxicity tests with amphipods (ASTM 1990), adapting the experimental conditions
to £. analoga. The sand in the toxicity tests showed a medium size particle of 0.65
mm and an organic matter content of 0.49% (determined following Buchanan
1984). At the moment of the organism collection, seawater showed a mean
temperature of 15°C, a mean salinity of 30 ppt, a mean pH of 7.90 and a mean
dissolved oxygen concentration of 8.9 mg L™,

Mean size of experimental organisms was between 8-10 mm with a mean weight of ca.
0,1 g. The experimental chambers were charged with not more than 1 g of live
individuals per litre of seawater. Individuals of this size are sexually immature,
characteristic diminishing possible variations associated to the sex. The experiments
were made in static chambers with an exposure time of 10 d. A random experimental
design was used with 4 replicates per treatment and 10 individuals per chamber.
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Nominal concentrations of Cu"> were 0 ppm (control) and 0.5, 0.75, 1.0, 2.0, 4.0, 6.0
and 10.0 ppm. Experimental copper concentrations were prepared from a stock
solution of copper chloride Tritrizol Merck dissolved in filtrated seawater (0.45 um).
Toxicity tests were made in 1 L glass chambers, using a sand-substrate of mean size of
0.65 mm, free of organic matter. Elimination of organic matter was made through
calcination at 550°C during 3 h and washing with filtrated seawater to eliminate ashes.
Then, the sediment was dried at 70°C for 48 h. Thus, the ASTM method (ASTM
1990) was modified eliminating the highest possible quantity of pollutants from
experimental sediments before starting the toxicity tests, which is very difficult to
manage in sediment toxicity tests (Ditsworth et al. 1990).

Taking into account that . analoga is a benthic suspension-feeder, the metal was put
in the seawater column, leaving the sediment practically free of pollutant and avoiding
copper uptake from the sediment, which made the organisms more sensitive during the
development of the tests (DiToro et al. 1990).

Toxicity tests were static and executed in a room under a controlled temperature to 15
+ 1°C and a photoperiod similar to acclimation. Experimental chambers were disposed
in a random distribution and were continuously oxygenated during the 10-day tests.
Mortality was quantified daily, using as a criterion for death when an individual
mechanically stimulated did not show mobility. The LCsy was calculated using the
maximum likelihood Probit method (Barron et al. 1999b).

RESULTS AND DISCUSSION

The results showed that E. analoga have moderate sensitivity to dissolved copper
in seawater. Mortality was not found in the control treatments after 10-days
exposure. After 24 h first acute toxicity was detected at copper concentrations of
4.0 ppm or higher (2.5 % mortality) (Figure 1). 100% mortality was reached after
48 h at copper concentrations of 10.0 ppm. After 10-days exposure, copper
concentrations of 0.5, 1.0 and 2.0 ppm showed lower mortalities than higher
copper concentrations. In the lowest copper concentration (i.e., 0.5 ppm) first
acute effects were detected after 9 days of exposure.

Daily LCs, estimates were between 8.6 £1.1 ppm at 24 h and 2.4 £ 0.3 ppm at 72
h. From 96 h to 10-day exposures, LCs, values progressively decreased from 2.0 +
0.2 ppm to 1.2 + 0.1 ppm (Figure 2). No results on copper toxicity tests for E.
analoga have been reported before this work. However, comparing obtained LCs-
24h with previous literature values for another 32 coastal marine species of North
America (Gauthier and Early 1998), the sensitivity of E. analoga to copper is
relatively low. This species can be located in the upper logarithmic quartile of
species sensitivity (1 — 10 ppm), only being overpassed by Rangia cuneata.

Similar to the coast of California (Barron et al. 1999a), . analoga could be used as a

heavy metal biomonitoring species to assess environmental quality of sandy beaches
along the Chilean coasts. However, owing to the differences in climatic and
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Figure 1. Cumulative mortality (%6) of juvenile sand crabs (Emerita analoga) from
Southern Chile exposed to different dissolved copper concentrations in seawater.
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Figure 2. Variation in copper LCs (mg/L) with juvenile sand crabs (Emerita analoga)
from Southern Chile. Vertical bars show confidence intervals at 95%.

oceanographic characteristics between the two sites, it is likely that the specific-
pollutant responses of E. analoga will show local variations related to site-specific
population dynamics. Regarding this point, to compare results with populations
obtained in different localities along the coast of Chile, it could be a requisite to verify
the local-specific population sensitivity through the comparison of the toxicity
responses with a reference toxicant, using similar standard experimental conditions.
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According to Chuecas (1998), biomonitors or bioindicators are organisms employed to
quantify pollutant abundance or bioavailability through the pollutant measurement in
their tissues. According to assumptions of Phillip (1990), E. analoga fulfils four
fundamental requisites to be a biomonitoring species: a) sessile or sedentary being
representative of any sand beach study area; b) tolerate high levels of pollutants (e.g,,
heavy metals), wide range of salinity (i.e. can be found in estuaries) and adequate
species for laboratory studies (e.g., toxicity tests and perhaps in studies of pollutant
kinetics); c) abundant in the study area, easily identifiable, can be sampled in high
numbers and provide sufficient soft tissues for pollutant analyses, and d) resistant to
manipulation stress in laboratory studies and perhaps to the field transplants. Currently,
no information is available for this species dealing with the relationship between
environmental concentrations and soft tissues concentrations of pollutants.

L. analoga is an important ecological link having high densities in sandy beaches of
high energy and is an important food resource for coastal birds and fishes (Jaramillo
1994). Otherwise, sand crabs have the capacity to bioaccumulate different pollutants
from the environment (Wenner 1988). The low sensitivity of . analoga to copper and
cadmium and their potential capacity to accumulate heavy metals, makes it an adequate
biomonitoring species to assess the bioavailability of heavy metals, such as been
postulated for Chilean mussel bivalves (Valdovinos et al. 1998). Crustacean species
more used in toxicity tests or monitoring programs in North America are Mysidopsis
bahia and Holmesimysis costata, and are representative of estuarine and subtidal
coastal seawaters. However, these species do not have the ecological relevance that £.
analoga shows in sandy beaches (Barron 1999a).

Several behavioural ecological aspects of £. analoga indicated that this is an adequate
biomonitoring species. Their post larval stages show a limited and aggregated spatial
distribution in the intertidal (Cubit 1969). Hydrocarbon slides produced by oil-spills
sometimes cover the sandy beach sediments, resulting in a potential risk for crab
populations, because the individuals have a vertical migration with tides through a
continuous process of emergence and boring (Cubit 1969).

In addition to the uptake of pollutants from the pore water phase of sediments, the
characteristic of suspension feeding (Efford 1976) permits to £. analoga the possibility
to incorporate pollutants through the food. The establishment of biomonitoring species
to assess the Chilean sandy beach “health” and in a larger scale the entire Chilean coast
is a priority necessity for the environmental marine risk assessment of coastal
ecosystems. The development of accurate and standardised sediment toxicity tests and
the field use of sediment bioaccumulation studies (Burnett 1971; Rossi et al. 1978;
Wenner 1988) through one or more common Chilean intertidal species could become
strong tools for the assessment and monitoring of coastal anthropogenic impacts.
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