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Abstract. We experimentally tested three alternative hypotheses to explain the low algal diversity
and abundance in an intertidal zone receiving the effluents of the copper mine El Salvador in northern
Chile. Our results demonstrated that algae were able to grow at the levels of dissolved copper detected
in coastal waters of the area. During the assays, growth and regeneration in several red, green and
brown adult algae and juvenileLessonia nigrescenswere normal at copper levels of 150µg L−1 or,
in some cases, higher. We also found that the coastal sea water mixed with the effluent was not lethal
to algae, although in some cases minor effects on growth were detected. These results indicate that
today’s low algal diversity and abundance can not be explained by the current copper levels in the
area nor by the effect of the effluent. Exclusion of grazers, however, resulted in a fast colonization
by various algal species. This, together with atypically high grazer density at the areas under the
influence of the effluent, strongly suggests that herbivory, a factor not directly related to the mining
operation, is likely to be responsible for the low algal diversity and abundance in the studied locality.
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1. Introduction

Copper production in Chile has increased from ca. 700 000 metric tonnes in 1970
to more than 3 500 000 metric tonnes in 1996, representing 25% of the world
production and almost US$ 5800 million in annual returns to the Chilean econ-
omy (Anonymous, 1997). Copper mining in Chile is based mainly on 10 open or
underground mines, spread along the Andes mountains from 22 to 34◦S, usually
at altitudes higher than 2000 m above sea level. In most of the mining operations
the ore extraction, processing, smelting and tailing disposal take place around the
mine pits; the mine El Salvador is an exception. It began operating in 1938 and until
1975, the untreated tailings were dumped directly onto the sandy beach in Chañaral
Bay, causing major beach aggradation (Castilla, 1983; Paskoff and Petiot, 1990) as
ca. 150 million tones of disposed materials accumulated in the area (see Castilla
and Correa, 1997).
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In 1976, the discharge at Chañaral Bay was diverted to a rocky beach known
as Caleta Palito (26◦15′S, 69◦39′W), ca. 10 km north from the original site. From
1976 to 1989, this beach received an estimated of 130 000 million metric tones
of solids. This waste disposal ended in 1990, when the company built a sedimen-
tation dam, 80 km inland, from where the sediment-free effluent or ‘clear water’
is pumped and channeled through the desert to Caleta Palito. Copper remains as
the main single pollutant in the discharge and according to the current Chilean
environmental legislation, its concentration cannot exceed 2000µg L−1 measured
as total metal.

From an ecological stand point, the most important effects of the disposal of
untreated tailings included increased copper concentrations in the sea water at the
impacted beaches, beach aggradation, and the total elimination of invertebrates
and algae around the dumping sites. The loss of species resulted in a reduced
biodiversity and disruption of trophic chains (Castilla, 1983, 1996).

Today, the intertidal zone immediate to the discharge point is dominated by the
green algaEnteromorpha compressa(Castilla, 1996; Castilla and Correa, 1997).
The areas colonized byE. compressaalternate with large areas of bare rock. Thus,
although the disposal of untreated wastes ceased in 1990, the intertidal community
at the impacted area remains with a low diversity and abundance of marine algae.
In today’s scenario, it is still not known whether the current low algal diversity
and abundance is determined by the toxic factors associated with the sediment-free
effluent from the mine, or by other factors unrelated to the mining operation.

In this study, we experimentally tested three alternative hypotheses in order to
explain the low abundance and diversity of algae at the intertidal zone of Caleta
Palito. The first hypothesis postulated that copper alone, measured as Cu (II), at
the concentrations occurring at the bare rock sites, prevented the growth of algal
species which, according to their geographic patterns of distribution (i.e. they are
present in northern and southern unpolluted sites; Santelices, 1989), should be
present in the area. Our previous studies (Correaet al., 1996; Castilla and Correa,
1997) recorded ca. 30–40µg L−1 as the values of dissolved copper at the bare
rock sites. These values are much higher than those recorded in unpolluted sites
along the coast of northern Chile, which range from 0.5 to 6.5µg L−1 of dissolved
copper (Castilla and Correa, 1997). The second hypothesis stated that sea water
at the impacted site, after mixing with the clear water discharged from the dam,
becomes unsuitable for algal growth. The polluted sea water at Caleta Palito is en-
riched mainly with copper, although several other metals, including Cd, Zn and Pb,
have been detected (Correa unpubl.). The rationale behind the second hypothesis
was that even though copper alone might not be responsible for preventing algal
growth, the complex combination of substances in the whole effluent could be toxic
enough to render the coastal sea water unsuitable for algal growth. Finally, the third
hypothesis postulated that the present levels of algal diversity and abundance at the
bare rock sites were the result of a factor not related to the mining operation (i.e.
herbivory). Preliminary observations supporting this hypothesis included, a) the
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Figure 1.Representative individuals ofScurria(arrows) from the bare rock sites, with a)Enteromor-
pha compressaand b)Scytosiphon lomentariaattached to their shells.

presence of viable algal propagules of species other thanEnteromorpha compressa
in the water column from the impacted area, b) large densities of patelloid herbi-
vores on the bare rock sites, and c) qualitative records indicating that whenever
algae were detected on the bare rock sites, they were growing on the shells of the
herbivores (Figure 1) and therefore, unavailable to other grazers.
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TABLE I

Values of dissolved copper in seawater and culture
media

Locality Seawater Medium

(µg L−1) (µg L−1)

Las Crucesa 1.06 6.1

Caleta Palitob 29.3

Caleta Palitoc 14.13 15.9

Caleta Zentenob 3.1

Standardsd 0.692

a Mean value from two samples.
b From Correaet al., 1996.
c This study; mean value from 8 samples.
d Certified concentration 0.675µg L−1.

2. Materials and Methods

2.1. COPPER TOLERANCE OF ALGAE IN IN VITROASSAYS

Copper tolerance was tested using 4–5 mm long apical fragments ofCentroceras
clavulatum, Gelidium lingulatumand Gracilaria chilensis (Rhodophyta),Glos-
sophora kunthiiandHalopteris hordacea(Phaeophyta), andChaetomorpha linum
and juvenile individuals ofUlva lactuca(Chlorophyta). Culture medium SFC (Cor-
rea et al., 1988) was enriched with copper additions of 1.5, 15, 150, 1500 and
15 000µg L−1 from a Titrisol solution (CuCl2, Merck p.a.). The SFC medium
was modified by excluding the EDTA-metals mixture from the final solution. To
quantify the basal levels (i.e. without addition) of Cu (II) (Table I), seawater and
freshly prepared SFC culture medium were treated and processed as indicated for
water samples by Correaet al. (1996). Briefly, the procedure consisted of filtration
through 0.45µm Sartorious membrane filters and fixation with nitric acid (Merck,
supra pur). Fixation was done by adding 0.25 mL of concentrated nitric acid to each
of the filtered, 250 mL samples. Dissolved copper was quantified by potentiometric
stripping analysis in stationary solution, using a computerized Radiometer ISS 820
analyzer. Material used to collect and store media samples was acid-cleaned and
EDTA-treated. Copper certified standards from the National Research Council of
Canada were run simultaneously to the samples.

For each algal species, three 100 mL flasks (replicates) with 75 mL of culture
medium and containing 10 apical fragments each, were incubated at a photoperiod
of 12:12 h L:D, 14◦C, and 40µmol photon m−2 s−1. The experiments lasted 15
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days and the culture medium was changed every third day; the same sea water
batch was used to prepare the medium for the entire experiment.

Daily growth rate (DGR) was calculated according to the formula

DGR = [(Lf − Li) · 100] · t−1

where Li is the initial length, Lf is the length at the end of the experiment and t is
the number of days.

Regeneration was estimated as, a) the percentage of fronds with new apices,
and b) the number of new apices per fragment. In the case ofChaetomorpha linum,
whose thallus structure consists of a single unbranched filament, regeneration was
estimated as the percentage of fragments with newly formed rhizoidal cells.

Manipulations in the laboratory were performed under sterile conditions pro-
vided by a laminar flow hood and all glassware was autoclaved. Because data
did not fulfill the requirement of homocedasticity of variances, regardless the type
of transformation, a Kruskal-Wallis non-parametric test anda posteriorimultiple
comparison analysis were used (Sokal and Rohlf, 1981).

2.2. SEAWATER TOXICITY TO ALGAE

Sea water from Caleta Palito was chosen to assess the toxicity to algae. The locality
was selected because the effluent from the mine reaches the sea at this point on the
coast (Correaet al., 1996; Castilla, 1996), and therefore it is potentially the point
with the highest level of toxicity to algae.

Seawater was collected in the vicinity of the discharge canal, at the bare rock
sites, stored in high-density polystyrene containers pre-treated with HCl and EDTA,
and transported to the laboratory within 24 h. Unpolluted seawater from Las Cruces
(33◦30′S, 71◦30′W) was collected simultaneously and following the same proce-
dure. Culture media were prepared according to indications for the SFC medium
outlined by Correaet al. (1988), using seawater from either Caleta Palito (SFC-
Palito) or from Las Cruces (SFC-Standard). As above, the EDTA-metals mixture
was excluded from the media preparation. A single batch of seawater from each
locality was used to prepare the culture medium used throughout these experi-
ments. Basal levels of Cu (II) (Table I) were measured in SFC-Palito following the
procedures outlined in the previous section.

Biological material consisted of vegetative apical fragments, 4–5 mm long, of
7 algal species which were individually incubated in plastic culture tubes, each
containing 10 mL of culture medium. The selected species wereChaetomorpha
firma, C. linum, Gelidium lingulatum, Gracilaria chilensis, Centroceras clavu-
latum, Glossophora kunthiiandHalopteris hordacea. Laboratory-raised juvenile
sporophytes ofLessonia nigrescensBory (Phaeophyta), up to 5 cells in size, were
also included in the tests. A total of 15 juvenileL. nigrescensand 15 apical frag-
ments of each of the remaining species were used as replicates. Experimental
manipulations, assessment of DGRs and quantification of regeneration were done
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as in the tolerance experiments. The experiments lasted 20 days and culture me-
dia were changed every third day. Culture conditions were 14◦C, photoperiod of
12:12 h L:D and 40µmol photon m−2 s−1. Water agitation was provided by orbital
shakers maintained at 70 rpm throughout the assays.

2.3. GRAZERS EXCLUSION

The main herbivores on the bare rock sites are two species of patelloid gastropods:
Scurria araucanaand S. cebrina. To assess the effect of these grazers on algal
abundance and diversity, seven discs made of epoxy resin (Poxy Putty, Permalite
Plastics, CA) and fringed with plastic spikes, were fastened to the rocky platforms
using 8-cm anchoring screws. The discs, 6 cm in diameter, were held at 3 cm above
the surface of the rocks. After a period of 8 weeks fastened to the rocks, the discs
were taken to the laboratory to record algal cover and diversity. Visual estimates
of the algal cover and species diversity were made of the rock adjacent to the discs
(controls).

To assess the density of patelloid gastropods, 15–16 quadrants (25× 25 cm)
were randomly sampled at each of four sites, located at the bare rock areas in
Caleta Palito, 50 m apart from each other (sites 1 and 2), Caleta La Lancha, at
about 8 km north from Caleta Palito (Site 3), and Caleta Zenteno, about 70 km
south from Caleta Palito (site 4). Caleta Zenteno is considered as a control site, with
no history of pollution. In each quadrant, all the grazers visible with the naked eye
were counted. Simultaneously, algal cover was recorded within the same quadrants
using the point intersection method.

3. Results

3.1. COPPER TOLERANCE OF ALGAE IN IN VITROASSAYS

Our results showed that all species grew well in SFC medium with additions of up
to 150µg L−1 of copper (Figure 2). At additions of 1500µg L−1 only some species
maintained positive DGRs, likeCentroceras clavulatum(48.9µm d−1), Halopteris
hordacea(34.4µm d−1), Glossophora kunthii(13.5µm d−1) andChaetomorpha
linum (3.1µm d−1). The remaining species either ceased growth or showed neg-
ative values due to degradation of the tissues. At higher concentrations of copper,
the decline in growth rates was either gradual, as inC. clavulatumandH. hordacea,
or abrupt as inGelidium lingulatumand the green mutant ofGracilaria chilensis.

Species that normally grow by producing new branches were all able to issue
new axes at copper additions of 150µg L−1 or lower (Figure 3). Some species, like
Centroceras clavulatum, Halopteris hordacea, andGlossophora kunthii, produced
new branches at 1500µg L−1. The unbranchedChaetomorpha linumregenerated
rhizoidal cells at copper additions of up to 150µg L−1.
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Figure 2.Growth responses to copper additions displayed by selected Chilean algae. Different letters
along the response curves indicate statistically significant differences (p<0.05) between means.
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Figure 3.Regeneration responses to copper additions displayed by selected Chilean algae. Different
letters on the bars indicate statistically significant differences (p<0.05) between means.
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Figure 4. Branching responses to copper additions displayed by selected Chilean algae. Different
letters along the response curve in each species indicate statistically significant differences (p<0.05)
between means.

The production of new apices inCentroceras clavulatumwas not affected by
copper additions of up to 150µg L−1 and only minor changes occurred at 1500µg
L−1 (Figure 4). However, inGracilaria chilensis, Glossophora kunthii, Gelidium
lingulatumandHalopteris hordacea,the number of new branches was normal only
at copper additions of up to 150µg L−1; at 1500µg L−1 of added copper the pro-
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duction of new apices ceased. Because of their naturally high rate of branching, the
effect of copper additions was better noticed inC. clavulatumandG. lingulatum.

3.2. SEAWATER TOXICITY TO ALGAE

The basal concentration of Cu (II) in SFC-Palito was 15.9µg L−1 and in SFC-
Standard was 6.1µg L−1 (Table I). Our laboratory assays showed that DGRs
of Chaetomorpha firma, Glossophora kunthii, Halopteris hordaceaandGelidium
lingulatumwere significantly lower (p<0.05) when incubated in SFC-Palito (Fig-
ure 5a). The remaining species showed no significant differences when incubated
in SFC-Palito or SFC-Standard.Centroceras clavulatumwas the species displaying
the highest DGR. Regardless of the treatment, none of the experimental fragments
in the assays showed signals of tissue damage at the end of the trials.

Whether incubated in SFC-Standard or SFC-Palito, most fragments of those
species characterized by branched anatomy, likeGelidium lingulatum, Centroceras
clavulatum, Gracilaria chilensis, Glossophora kunthiiand Halopteris hordacea,
issued new branches during the trials. Values ranged from 80% inG. lingulatum
to 100% inC. clavulatumand G. kunthii (Figure 5b). Thalli ofC. clavulatum,
H. hordaceaandG. lingulatumincubated in SFC-Standard issued a significantly
higher (p<0.05) number of new branches than individuals of the same species in-
cubated in SFC-Palito (Figure 5c). On the other hand, we did not detect significant
differences (p>0.05) in the number of new branches when comparing individuals
of G. kunthiiandG. chilensisgrown in SFC-Palito to their counterparts incubated
in SFC-Standard (Figure 5c).

3.3. GRAZERS EXCLUSION

After 8 weeks, the upper surface of the discs was completely covered by algae.
Enteromorpha compressawas the most abundant species although several other
green, brown and red algae also developed as part of the turf (Figure 6). No grazers
were recorded on the surface of the discs, and no algal development was recorded
on the rock surface below or around the discs.

The mean values forScurria density at the bare rock sites ranged from 560
to 805 individuals per m2, decreasing to about 200 individuals per m2 at Caleta
La Lancha (Figure 7a). NoScurria were detected during the sampling at Caleta
Zenteno (Figure 7a). Algal cover, on the other hand, increased from 3.7–5.6% at
the bare rock sites to ca. 80% at the undisturbed Caleta Zenteno. Similarly, the
number of algal species increased from 4 at Caleta Palito to 18 in Caleta Zenteno.
The shells of bothScurria araucanaandS. cebrinaare commonly used by algae
as primary substratum; ca. 75% of the grazers at sites 1 and 2 were recorded with
their shells colonized by algae (Figure 7b).
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Figure 5.Growth rate (a), regeneration (b) and branching (c) responses of selected Chilean algae.
Culture media prepared either with seawater from Caleta Palito (SFC-Palito) or from Las Cruces
(SFC-Control). Asterisks on the bars indicate statistically significant differences (p<0.05) between
means in each species.



276 J. A. CORREA ET AL.

Figure 6. Algal species which colonized the surface of discs from where grazers were excluded.
Algae were absent from the surface below and around the discs.

4. Discussion

Based on the copper tolerance assays, we rejected the hypothesis that copper alone,
at the concentrations occurring in the vicinity of the discharge point in Caleta
Palito, is the responsible for preventing the growth of a variety of algae which,
according to their range of geographic distribution, should be present in the area.
Values of copper in near-shore waters vary greatly, with concentrations ranging
from 0.005µg L−1 in the Black Sea (Haraldsson and Westerlund, 1988) to an
unusually high level of 600µg L−1 in Restronguet Creek, U.K., an area receiv-
ing acidic drainage from past and present mining activities (Bryan and Langston,
1992). Values of 1–5µg L−1, however, are the most common for dissolved cop-
per in seawater from coastal unpolluted areas (Nriagu, 1979; Davies and Bennett,
1985). Information on copper concentration in Chilean coastal waters is scarce and
available data indicate it ranges from 1.06µg L−1 in central Chile (this study)
to 3.1–6.5µg L−1 in northern Chile (Correaet al., 1996; Castilla and Correa,
1997), in areas with no history of copper pollution. On the other hand, Cu (II)
in seawater from Caleta Palito, collected within 50 m from the discharge point,
varies through time: 14.1µg L−1 (this study), 29.3µg L−1 (Correaet al., 1996)
and 40.7µg L−1 (Castilla and Correa, 1997). All these levels, however, are well
below the concentration at which the algae began to show the deleterious effects
of the metal in the assays. Thus, it seems unlikely that the low algal diversity at
Caleta Palito results from the copper fraction in the effluent. In this context, the
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Figure 7. (a) Algal cover and diversity at Caleta Palito (sites 1 and 2), Caleta La Lancha (site 3)
and Caleta Zenteno (site 4) and their relationship withScurriaspp density. The numbers in squares
indicate the number of algal species recorded in each site. Algae-herbivore relationships. (b) Shells
of Scurriaspp. colonized by algae in the bare rock sites at Caleta Palito.

responses of Chilean algae to copper enrichments inin vitro experiments indicate
their high tolerance to the dissolved fraction of the metal. Positive growth rates
and an almost normal regeneration at 150µg L−1 copper displayed by all but
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TABLE II

Algal assays designed to test copper tolerance

Species Duration End point Reference

of the assay

(days)

Ectocarpus siliculosus 35 Growth (plant volume) Russell and Morris (1970)a

Ectocarpus siliculosus 14 Growth (wet weight) Hallet al. (1979)b

Ascophyllum nodosum 9 Growth (elongation) Strömgren (1979)

Pelvetia canaliculatus 9 Growth (elongation) Strömgren (1980)

Fucus spiralis 9 Growth (elongation) Strömgren (1980)

Fucus serratus 9 Growth (elongation) Strömgren (1980)

Fucus vesiculosus 9 Growth (elongation) Strömgren (1980)

Laminaria saccharina 1–6c Sporulation Chung and Brinkhuis (1986)

9 Sporophyte Chung and Brinkhuis (1986)

(1–3 cm) growth

9 Sporophyte Chung and Brinkhuis (1986)

(8–10 cm) growth

Macrocystis pyrifera 16–20 Sporophyte formation Andersonet al. (1990)

16–20 Sporophyte growth Andersonet al. (1990)

Enteromorpha compressa 9 Growth Reed and Moffat (1983)

6 Regeneration Reed and Moffat (1983)

6 Cell viability Reed and Moffat (1983)

Enteromorpha compressa 14 Growth (elongation) Correaet al. (1996)

14 Rhizoid production Correaet al. (1996)

14 Photosynthesis Correaet al. (1996)

Champia parvula 2 Cystocarp production Thursby and Steele (1995)

a Values represent two localities.
b Values represent two light intensities.
c Hours.

one species,Gracilaria chilensiswild type, support this view. Recently reported
information (Correaet al., 1996) regarding copper tolerance by another Chilean
alga,Enteromorpha compressa, which maintained a nearly constant growth rate at
copper additions of up to 100µmol L−1, is consistent with our current results.

Direct comparisons within vitro tolerance responses to copper displayed by
algae from other latitudes is difficult due to experimental differences in aspects
such as duration of the assays, the abiotic conditions used during the trials and the
end points considered (Table II), all having an effect on the final definition of the
tolerance limits in a given species. For example, light increase resulted in a stronger
effect of copper on growth inEctocarpus siliculosus(Hall et al., 1979) and the
duration of the experiment (i.e. the time at which the end point is measured) could
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have modified the recorded value for oxygen production inEnteromorpha com-
pressa(Reed and Moffat, 1983). In the same context, and within a single species
(i.e. Macrocystis pyrifera), germination appears as a relatively tolerant feature,
whereas sporophyte production and growth were revealed to be quite susceptible
traits (Andersonet al., 1990). However, in spite of the restrictions imposed on a
direct comparison of our results with those available in the literature (Table II), the
latter still support the conclusion that a number of Chilean algae are highly tolerant
to copper enrichments.

The second hypothesis linked the low diversity and abundance of algae at the
bare rock sites with the combined negative effects of metals and other unknown
compounds present in the effluent. Our results, however, do not support such hy-
pothesis and, by the contrary, show that seawater receiving the effluent is not lethal
to algae. None of the 120 individuals belonging to the 8 tested species died during
the experiments. Although death did not occur, some species showed a statistically
significant decrease in the tested responses. In species likeGelidium lingulatum
andHalopteris hordacea, however, the decrease in DGRs of individuals grown in
SFC-Palito was minor in comparison to the DGRs recorded for the same species
grown in SFC-Standard. The lack of toxicity showed by the seawater from Caleta
Palito was also apparent in the regeneration trials, where positive responses were
recorded in all species. Together with elongation, the capacity of issuing new
branches is an important developmental feature in algae, and its persistence in ex-
perimental individuals reflects the normality of physiological processes, including
cell differentiation and cell division at the meristems. The apparent lack of toxicity
to algae displayed by the coastal waters at Caleta Palito is consistent with our
results from transplant experiments in the field (unpubl.). In these experiments,
rock fragments withLessonia nigrescens, Gelidium lingulatumandHildenbrand-
tia lecannellieriwere transplanted from Caleta Zenteno (unpolluted beach, 70 km
south from the impacted area) to Caleta Palito. Foliose algae remained in healthy
conditions for more than 8 weeks, until removed by wave action. The crustoseH.
lecannellieri, on the other hand, was still healthy after 6 months of transplantation.

Why then, if the coastal seawater in Caleta Palito appears not to be lethal for the
species considered in this study, the whole intertidal fringe remains as large areas
of bare rock alternated with patches ofEnteromorpha compressa? Results from the
experiment where grazers were excluded support our third hypothesis and strongly
suggest that today, herbivory may be playing an important role in determining the
low diversity and abundance of algae in the area under the influence of the mine
tailings at Caleta Palito. The rapid development of an algal turf on the surface of
the discs (grazers excluded) and the absence of the same algae from the rock sur-
face around and below the discs (grazers present) is clear evidence that herbivory
pressure is quite high. Further support to the third hypothesis is that in the impacted
sites, most of the detectable algae occur on the shells of the herbivores, where they
can escape from the activity of other grazers. Herbivory has been long recognized
as an important factor shaping the structure of intertidal algal assemblages (see
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reviews by Santelices, 1990; Lobban and Harrison, 1994) and the case of Caleta
Palito and surroundings is in agreement with this body of knowledge. In this con-
text, densities as high as 805Scurria spp per m2 were recorded at the bare rock
sites, as compared to the almost absence of these herbivores in the control site at
Caleta Zenteno. The relationship between algal diversity and abundance, detected
in our survey, is consistent with the experiments where grazers were excluded. The
algal turf developed in the absence of grazers included a number of species, in ad-
dition toEnteromorpha compressa, indicating that herbivores also maintain a lower
diversity in the impacted area. This information is in agreement with previous
findings where viable algal propagules of several brown, green and red algae were
collected by filtrating sea water from Caleta Palito and, subsequently, developed
in algal turfs in the laboratory (Broitman, Correa and Vergara, unpubl.). Thus, it
seems likely that the high grazing pressure due to the large number of herbivores
maintains the low algal cover on the rocks, with the fugitiveE. compressaas the
main species able to remain in the area, by forming patches fluctuating in time and
space.

In summary, our study suggests that, in spite of the massive and negative ef-
fect that the mine tailings had in the past on the algal intertidal assemblages in
Caleta Palito and nearby beaches, today’s situation regarding algal diversity and
abundance appears to be under the control of another regulating factor, namely
herbivory. The question which now remains to be answered is what makes the her-
bivores so abundant in the studied area. The obvious hypothesis is that herbivores
do not have predators regulating their population sizes. Preliminary observations
tend to support this view, and controlled introduction of starfish and carnivore
gastropods in the area will assess the existence of a top-down effect (i.e. Hunter and
Price, 1992), where algal abundance and diversity is directly regulated by herbivory
and indirectly by carnivory.
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