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Abstract

In 1996/97, a study was carried out wo evaluate several variables related to the potential ecological effects of soluble
copper and iren released as the result of direct dumping of mine tailing into the littoral zone of the Pacific Ocean

off northern Chile. Variables studied included:

. conlent of copper and iron in mining discharges;
. distribution of Cu and Fe in seawater at study sites;

Wy =

and holdfast);
4, alterations in Lessonia morphology; and

. distribution of Cu and Fe in the seaweed Lessonia trabecufata and in its alginates (obtained from frond, stipe

5. variability in the macroinverlebrate community associated with Lessonia holdfasts and the inter-plant subtidal

communmity.

The vartables were evaluated for different depths and distance from discharge sources, as well as for control
areas far from any mining activity. [t was observed that tailings from copper mining caused more ecological
perturbation than those from iron mining: however, the lack ol organisms very close to tailing discharges could
be caused by stress produced by loading of fine sediments rather than by the presence of heavy metals. This work
shows that the concentrations ol heavy metals in scawater, plants, and alginates of Lessonia in contaminated and
control sites were highly variable, decreasing with depth and distance from the contamination scurce. What were
originally considered as control areas far from anthropogenic metal release, showed high concentration of heavy
metal due to natural orogenetic processes occurring along the Chilean coast,

Introduction

In studics of the effects of mine tailings on littoral
marine communities in the south-east Pacific, the gen-
cral trend has been L refer almost exclusively w
the comparative occurrence of heavy metals in dif-
ferent organisms {algae, invertebrates and fish) and
sediments {Boré et al.. 1989; Trucco et al., 1990:
Vermeer & Castilla, 199]: Lecaros & Astorga, 1992;
Ahumada. 19%4; Visquer & Guerra, 1996}, How-
ever, most of these studies are difficult to compare
due to the lack of methodological standardization and

the lack of data for uncontaminated areas. This latter
point is particularly relevant in northern Chile, where
natural orogenetic processes, voleanic activity and cli-
matic conditions may produce clevated levels of heavy
metals in the environment, unrelated to mining activity
{Vila & Sillitoc, 1991 Visquez & Gucerra, 1996).
Although the literature suggests that contamination
by heavy metals may cause dramatic ecological im-
pacts on coastal marineg environments, these effects are
rarely documented except in cases of overt contam-
ination {Bryan & Langston, 1992). As suggested by
Morrisey et al. (1996), the lack of evidence is partly
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due to the way i which these perturbations have heen
investigated. Truditionalty, the etfects of contantinants
in marine environments have been approached in two
WUys
[. ccotoxicalogical studies may identify the celfeets
ol contaminants under controlled laboratory con-
ditions, and

[

- lield studies may show correlation between dis-

tribution ol contaminants and the composition of

benthic faunal assemblages which demonstrate en-
vironmental variability.

Unfortunately. the former (vpe of study does nol
repraduce the range of potential environmental factors
that regulate the magnitude ol the elfect. The latter
type of study does not generally include the interme-

diate effects proper to an environmental gradient of

periurbation distribution. and the eventual response
of a population and/or communities o this gradient.
Therelore, the actuul impact of these contaminants
in nuture can diller widely Trom that repored un-
der Taboratory conditions, In this context. Bryan &
[angston (1992} suggested that the effects of Cu and
Zn on species distribution, although evident. were not
as apparent as would be predicied under controlled
lahoratory conditions. For example, in the field, some
deleterious effects on benthic organisms that could be
dircedly attributed o specilic elfects of metallic con-
taminants we very scarce compeared 1o those reported
for equivalent Iaboratory axsays.

Chile is 2 country of enormous mining potential.
in which copper is the main export product accounting
tor over 60% ol the wtal inconwe. Between 187 and
307 8, mincral deposits include over 25% ol the cop-
per, 404% of the moelybdenum, and 30% of the lithium
world reserves. Morcover. in the same zone there are
important deposits ol Au, Feo Ag Mn, Co. He, Tu. Ph
and Zn (Corvalan. 19851 Although there is cvidence

ol serious environmental impact by the deposition of

fine sediments resulting from Cu and e mining (e.g.
Chaitaral in northern Chile, 25 000 wns ™! from 1939
o 1973). lew data have been oblained on the elleats
ol such discharges m marine communities (Castilla
& Nealler, 1978; Castilla, 1983 Vilsquer & Guerra,
1996). These authors reported changes in the specics
composition of intertidal arcas affeeted by Cu tailings,

Belween 187 and 427 8§, subtidal rocky botton en-
virornents w 35 m depth are dominated by Lessenia
trehecdata (Villoua & Santelices, 9860 Visquer.

19923, Holdlusts of £ frabecilata, ke those of other

brown macroalgae, are micro-habitats, which promete

larval settlement. reeruitment, and physical shelier
against bottom currents and  predawors, A high di-
versity ol macro-invertebrates and lish communities is
wssociated with these habitats (Visgues & Sanichces,
l9s4: Opedy & Suntelices. 1984 Visques., 1993),
Haoldlasts ol brown algae, o spatially and naturally de
limited habitat, have heen widely used as a hiological
madel for the functioning ol discrete communitics
{Visquez & Santelices. 1984: Snider. 19851 Visquer,
1993), and as study units o assess the ellects ol con-
taninution (Siuth & Simpson. 1993 Smith. 1996),
In northern Chile, these environmenis have ofien heen
affected by tatlings of Coand Fe mintng. Clonsidering,
the logistical problems met when experimentally in-

Jecting (see Morrisey el al. 1990) heavy metals inio

exposed rocky environments, d vahid method o ex-
perimentally study the etifiect ol mine ilings in these
communities is 1o determme the distribution of the
contiminants over a gradient from a contamination
focus, evaluating the effects on populations and/or
communtities related to their distanee from the focus,
assuming o dilution effeet. This natural experiment
may allow deterntination of i sirg effects of imining
tulings, withoul scparating out possible co-variation
cllfects Trom natural envirommental variables such as
temperature, salimity, pH, wave exposure and water
movenmenl, The method infars the existence ol a grudi-
ent i the magnitude of the perturbations o which the
hiological communities are subjected (o i the natural
cnvironment.

The present work  characterizes some subtidal
cnvironments contaminated by Cu and Fe mining
through the quantification of these catons in sca wa-
ter and in L. frabecifaia plants and alginades. 10 also
evaluates the temporal and spatial elfects of Cu and
Fe wailings on Lessesia populations. and on rocky
subtidal communitics in northern Chile.

Material and methods

Rocky subtidul cnvironments receiving solid and h-
quid talings (roncopper (Michilla 227 487 S) and iron
mining {Chapaco 28° 287 81, were sampled seasonally
hetween June 1996 and August 1997, Simultancously.
two locaditics 60 km north of Chapaco (Carrizal Bajo
I8Y 057 Sy and 100 ki south of Michilla (Caleta
Conslitucién 237 257 8) were evaluated as unexposed
control arews (Figure 1)y Samples of seawater and
of the dominant subtidal populations and communit-
s were laken m the stody arcas. and at permanent



stations located along a distance gradient from the
contamination source {0, 1, 2. 3 and 5 km) and a
depth gradient (0. 10, 20 and 30 m) facing the min-
ing discharges at Michilla and Chapaco. The subtidal
localities correspond Lo rocky arcas exposed to pre-
dominant SW winds, with coastal currents of northern
direction and with bottom communities dominated by
L. trabeculata (Visquez, 1992).

Chemically, the study areas were charactlerized by
the concentration of Cu?' (Michilla) and Fe2— (Cha-
paco} in bottom seawater obtained by SCUBA. The
damps and outfalls that carry mining residucs to the
shore were simultaneously cvalualed in all the study
areas.

Heavy meals in seawater

The pre-concentration of the seawater samples was
carricd out according to Berndt et al. (1985). A 500
ml sample was filtered (.45 pom millipore) at pH 4--
5 (Na Acetate-acetic acid) and treated with 80 mg
1 ! ammeonium pyrrolidine-dithiocarbamate (APDTC)
dissolved in 2 ml water. [t was then vigorously stirred
and filtered drop by drop through activated carbon.
‘The metallic complexes adsorbed by the carbon were
dried at 120 °C for 20 min. Atfter the system had
cooled, it was treated with Iml HNO3z heated and
dried. Finally, the carbonaceous residue, with the
metallic cations, was suspended in 1.5 ml 4.5M HNG3
and centrifuged at 10000 rpm for 153 min. Analyt-
ical readings were done with 200 p] aliquots of each
sample by atoemic absorption spectroscopy (Perkin
Elmer 2380) using 1000 pg ml™' metallic Cu and
Fein 0.3 M HNOs (I.T. Baker-INSTRA-ANALYZED
Reagent) as standards.

Heavy metaly in alginates and plants of L, trabeculata

For each study area. the heavy metal content of
samples of fronds. stipes and holdfasts were ana-
lysed. Additionally, the concentration of Cu and Fe
were determined in alginate samples. Algac were
oven-dried for 26 h at 65 “C, cut into small picees
with a plastic knife and ground in a porcelain mortar.
Samples weighing approximately 2 g were ashed in
a mutfle furnace for 45 min at 700 °C. The ash was
digested with 20 ml distilled water und filicred through
Whatman N°® 54 paper. The volume of the filtrate was
adjusted to 50 ml with distilled water and stored in
polyethvlene flasks. Heavy metal concentrations were
measured as above, Results are expressed as g of
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metal per g of dried alga (algal content) and pg of
metal per g of alginate (alginate content),

Population and community effects

[n order to determine the elfects of the mine tailings at
the community and population level. the subtidal pop-
ulations of L. trabeculata, the communities on hard
substrata among Lessonia plants, and the invertcbrate
communtties associated with L. trabeculata holdlasts,
were sampled along the same spatial and temporal
gradients where metal samples were obtained.

L. trabeculata plants were sampled in site: 339 at
Chapaco. 57 at Carrizal Bajo (Chapaco-control), 160
at Michilla and 50 at Caleta Constitucion (Michilla
control). The following measurements were taken for
cach plant: maximum length, holdfast basal diameter,
numbers of stipes. and total weight. Frequency ol re-
productive plunts was evaluated at each locality. Using
these variables, size distribution, density, biomass,
and distribution of reproductive plants representing the
total of the sampled population were calculated,

The eftects of Cu and Fe tailings on the structural
changes of the communities associated with 1., rrabee-
wlata holdfasts were evaluated in Michilla (n = 53),
Caleta Constitucion (100 ki south of Michilla, n =
49), Chapaco (r = 61) and Carrizal Bajo (60 kin north
of Chapaco, # = 57). The holdfasts were removed by
Scuba diving using crowbars, fixed in the field with
8% formaldehyde in scawater and taken to the labor-
atory for analysis. The fuuna were extracted from the
central cavity, identified when possible to the species
level, counted, weighed and measured.

In each study area and throughout the distance
gradicnt from the contamination source. the com-
munitics from hard bottoms amongst L. trabeculata
plants were evaluated using transects of 50 m length
parallel to the shore, at 10 m depth. The transects
{Michilla n = 6. Chapaco n = 8) were sub-divided
each 10 m, and the cover andfor density (2 replicates at
random every 10 m) evaluated with 0.25 m” quadrats,
with 100 interception points.

Spatial changes of the subtidal comnunilies
between Lessonia plants were evaluated by monitoring
species richness, diversity, total density, total bio-
mass and cover. Duc to the lack of seasonal responses
with mining discharges, population and community
variables were grouped according to the distunce and
depth gradients, To estimate differences in the popu-
lation and community parameters, one way ANOVA

~and @ posteriori Tukey tests {Sokal & Rolf, 1981)
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were pertformed. Confidence intervals for diversity
index were estimated by Jacknife (Jucksic & Medel,
1987).

Results
Heavy metals in seawater

The spatial distribution of Cu and Fe in seawater, at
sites in the vicinily of mine tailings, decreased with
depth (0-30 m) and with distance (0-3 km} [rom the
contamination focus (Figure 2). At Michilla, the mean
values of Cu were higher in the dam (D =36 ugl )
and outfall {Ou =25 ng I~ than in the intertidal areas
(18 g 1 1), These values did not change significantly
{p = 0.05) until 3¢ m depth. Fe in seawater showed a
similar pattern at Chapaco, where higher valucs occur
in the dum and outfall {80 and 100 pg -1, respecl-
ively). These values were significantly different (p <
0.035) from those ohserved between (0 and 30 m depth,
which fluctuated between 20 and 30 g 1™ I (Figure 2).
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Between ( and 5 km from the discharge scurce,
Cu and Fe concentrations decreased at the twa localit-
ics studied (Figure 2). Both Cu and e had maximum
values at 0 m depth (intertidal arcax), and decreased
significantly (p < 0.03) over the first km from the
contamination source. However, between 1 and 5 km
from the contamination source, the values did not vary
significantly (p = 0.05) (Figure 2).

Cu and Fe concentrations at control areas in Caleta
Constitucidn (100 km away Michillay and Carrizal
Bajo (60 km away Chapaco)} showed similar valucs
io those of Cu at 30 m depth (23 g =1, and were
significantly higher (p < 0.05) than those 5 km trom
the contamination source. Fe concentrations (80 pg
11 in controls arcas. were significantly higher (p <
(0,05) than those observed at the limits of the depth and
distance gradients at the discharge sites.

Between 0 and 30 m depth, and ¢ and 5 km from
the contamination source, there was no seasonal pat-
tern of change in Cu and Fe concentrations al either
Michilla or Chapaco (Figure 3). There was greater
variability with depth than with distance from the mine
tailings. Cu and Fe valucs increased in the winter
months at 0 m depth and 0 km at both sites.

Heavy metals in plants and alginates

Concentrations of Cu and Fe in fronds, stipes and
holdfasts of L. frabeculara and in alginates showed no
clear pattern as a function of distance from the source
of contamination (Figure 4). Lessonia showed variable
maximum Cu concentrations in the different parts ana-
lyzed. At the control area, alginates extracted from
stipes and fronds had significantly (p < 0.03) higher
Cu values (20 pg ¢ ) than alginates from holdfasts
ot the same plants (Figurce 4).

At Chapaco. Fe concentrations in the ditferent
Lessonia structures did not vary significantly over the
distance gradient studied. The high variability of metal
concentrations in both the plants and extracted al-
ginates from the study and control sites was notable
{Figure 4).

Population effects

Al Michilla and Chapaco, no L. frabecufata plants
were found between 0 and 30 m depth. Within this
depth range at ¢. 1 km from the source a fine sediment
that precludes settlement and growth of algal spores
and invertebrate larvae covers the rocky substratum.
The first Lessonia plants appeared at 3 km from
Michilla, whereas a number of plants were found
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only a few metres from the Fe tailing outfall at Cha-
paco (Kigure 5). At the Michilla site. the population
descriptors [or Lessonia suggest that populations con-
sist of individuals not exceeding 1.8 m in length and
20 ¢m holdfast diameter, with less than 10 stipes per
plant and a mean wet weight of 5 kg. However, mean
plant density is high, with over 35 plants per 10 m?
{(Figure 5).

At 5 km from Chapaco, individuals of L
trabeculata can exceed 2 m in length, 25 cm in mean
holdfast diameter and |5 kg wet weighl. The mean
density increases, and the mean number of stipes per
plant decreases with distance from the contamination
source (Figure 5). '

The higher density of juvenile plants close to the
oulfall of mining activities, the increase in plant size
{Figure 6), and increase in the reproductive plant fre-
quency with distance from the contamination source
{(Figure 7). suggest a longer survival of adult planis
with decrease of the perturbation eflect. Although
these patterns could be produced by sediment-cltect
rather than heavy metal concentrations, Cu Lailings

produce greater perturbations than do I'c, at the popu-
lation fevel.

Communiry effects

The communities of macroinveriebrates associated
with L. trabeculara holdfasts show a significant (p <
0.05) reduction in numnber of species, density and bio-
mass 10 areas closer to the Cu contamination source
compared with control areas (Figure 8), Mucroin-
verlebrate communities associated with Lessonia in
cnvironments contaminated by Fe tailings. show no
significant differences (p > 0.03) with those in con-
trol areas. or with those inhabiting Lessonia holdfasts
between 1 and 5 km from the contamination source
(Figure 8). Communilies on hard substrata between
Lessonia plants showed similur responses to those
observed in intra-holdfast communities at both study
sites except that at 2 kin from Michilla diversity on
the hard bottom was high in the absence of Lessonic
(Figure 9). Greatest effects of mining pollution werce
observed in areas closest to the Cu and Fe discharges.
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Discussion

This work contains the first data on the effects of minc
Lailings on marine subtidal populations and communit-
ics of the south-eastern Pacific. The spatial distribution
of Cu and Fe in seawater, close o mine lailings.
showed values that decrcased with depth and with
distance from the contamination source. In contrast,
concentrations of Cu and Fe in fronds. stipes and
holdfasts of L. trabeculata and in extracted alginales
showed no clear paticrn as a function of distance from
the conlamination source.

Tailings from Cu mining appear to Cause Imore eco-
logical perturbations than those from Fe mining. At
Michilla (Cu etfect) and Chapaco (Fe elfect), no f.
frabeculata plants were detected between 0 and 30
m depth. In this depth range. a fine sediment that
precludes settbement and growth of benthic organ-
isms covers the rocky substratum. The communitics of
macroinvertebrates associated with Lessonia holdfasts
in the vicinity of Cu tailings show a greater reduc-
fion in species richness, density and biomass than

the holdfast communitics close to the Fe contamina-
tion source. Communilics on hard bottoms between
Lessonia plants showed similar responses to those
observed in intra-holdfast communities at the study
sites.

Even though the mining activitdes at Michilla
between 1971 and 1994 evacuated an annual mean
of 415 155 wns of solids dircetly to the sea, perturb-
ations are restricted to less than 3 km distance from
the contamination source. The lack of algae and other
benthic organisms over the depth gradient adjacent to
Cu and Fe mine tailings was probably caused by the
accumulation ol fine sediments rather than the hcavy
metal content per se. The 9.2 x 10° Mt of sedi-
ments dumped into the sea over 19 years at Michilla
is undoubtedly the cause of the damage 1o the sub-
tidal benthic communities at the study area. Castilla
& Nealler (1978) have documented similar ecological
damage for intertidal communities near the Bl Sal-
vador copper mine in northern Chile. Resuspension
of sediments during winter storms is one imporiant



224

Nu ot Silpes T Ind [ WAt LAD L .
diameter (Cm) Wet Weight (kg) Total Iength (m)

per holdfast

Density
(N° of plants/10m?)

MICHILLA (Cu)

40

20

30 )

20 -

80

20

=
[
fA
LU}
]

Distance from discharge (km)

AN

CHAPACO (Fe)

20

15 |

10

a0 -

30

20

20

10-

B0
60
40

20-

o 4

3

a4

=

Distance from discharge (km)

Figure 5. Spatial variability of morphological variubles ol Lessonia trabeculaia populations exposed to ditferent Cu and Fe concentrations in
the field. C = contred area. Bars = standard error.



-t

100
ao—f
50
40

20

CHAPACO (Fe)

X =14.23
sd=5.17
n =30

100

80

T

[} 5

T T

10 15 20 25 3% 35 4

X =25.62
sd=574
n =61

100

A0

Frecuency ( %)

60—_
40

20 |

4 5§ 10 15 20 25 20 35 40

X =34.13
sd=7.78
n =151

5.8 8 8

ha
=]
L

0 B 10 45 20 25 80 85 40

X =3289
sd—6.93
n =154

Sllinn

o

Figure 6. Spatial variability of size froquency in subtidal Lessowia trabeculota populations exposed o different Cu and Fe concentrations in

the ficld.

O & 10 18 20 25 30 35 40

Holdfast diameter {cm)

100 4

80

60

20+

MICHILLA (Cu)

X =13.85
sd=12.49
n =143

100+
80

60 —

40

20

Q 5 10 15 20 35 30 35 40

X =25.54
sd=574
n =67

0 & 10 15 20 25 30 35 40

Hoidfast diameter {cm)



226

—
100 ] ¢ MICHELA (Cw)

B CHAPAGO {Fe)

oy . »
< 8o ‘ -
hd Lg—
c | T
- N — #
& 80 .
] £
é 40 | .
Q r
= . »
LtH]
2 201
0 ’
0 1 2 3 4 5 C

Distance fram discharge (km)

Figure 7. Frequency of reproductive planis in subtidal populations
ol Lessenia trabeculuta at the study arcas. C = control area. Bars =
standard error.

factor that must be considered in the distribution and
variability of heavy metal concentration in seawater
and algac. During winter, the possibility of higher
heavy metal concentration could be minimized by the
greater water movement (dilution effect) causcd by the
predominant SW wind and surge common during this
time of the year. Our data on temporal variability may
reflect this phenomenaon.,

Tailings from Fe mining do not generate severe
modifications of the subtidal populations and com-
munitics in the studied areas. Only a few meters from
the tailing cutfall, Lessonia populations have a mor-
phology and abundance similar to those of more dis-
tant sites, and to populations in the control localities.
No effects on the fauna associated with Lessonia hold-
fasts were detected in the sampling gradient. Though
the concentrations ot Cu and Fe exceed the ‘normal’
values lor seawater in other latitudes (Lewis, 1994),
they do not seem to generatc modifications per se.
This study shows that there arc subtidal communil-
ies dominated by macroalgae (c.g. Lessonia) in areas
with high Cu and Fe concentrations in scawater, as
in the case ol Carrizal Bajo (28° 05’ 8), Calcta Con-
stitucidn (237 25° 8), or those reported by Visquez &
Guerra (1996 lor ather localities of northern Chile.
The high levels of heavy mctal concentration in arcas
without mining pollution arc possibly duc to orogen-
ctic processes, high frequency of volcanic activity
and climatic conditions which naturally increase its
availability (Vila & Sillitoe, 1991). Other factors (not
documented). which may increase the heavy metal
concentrations in pristine areas of northern Chile are
the runoff of summer rain from the slopes of the

nearby Andes Mountains, the frequency and intens-
ity of ENSO (El Niito Southern Oscillation), and
the high degree of coastline exposure. In this con-
text, the high levels of heavy metals all zlong the
Chilean coast. might have resulted in adaptation in
ruderal macroalgal species (sensu Visquez & Guerra,
1996) allowing them to occur in coastal environments
receiving high loads of anthropogenic pollution.

The sediments associated with high concentrations
of heavy metals from mine tailings probably produce
a greater effect than the toxic cations themselves. The
kind of physical perturbations that limit the anount
of light and maximize abrasion phenomena have not
been asscssed in the Chilean littoral, and are poorly
documented for other parts of the world.

Binding of melal ions to polyphenols has been de-
scribed by several authors (e.g. Ragan ct al., 1979;
Pedersen, 1984), Karez & Pereira {1995) found that
concentrations of Zn, Cd, Pb. Cr and Cu were as much
as two orders of magnitude higher in polyphenolic
fractions than in whole plants of Padina LYHIROSPOTU
trom south-eastern coast of Brazil coast. In general,
at the most contaminated arca. Cu and Ph werc more
concentrated in polyphenols than Zn, Cd and Cr.

Results presented here indicate that the Cu and
Fe contents of extracted alginates are higher than the
plants of L. trabeculaza at the study sites. These rep-
resent the first report of heavy metal contents of alginic
acid. although Paskins-Hurlburt et al. (1976) reported
the metal binding properties of fucoidan.

The analysis of Cu and Fe contents in the different
structures of L. trabeculata, particularly in alginates,
shows that this macroalga is a good indicator of the
heavy metal levels in seawater. although they do not
disclose clear-cut variability patterns, The wide distri-
bution range of 1. trabecutara in subtidal communitics
of the south-west Paciflic (Villouta & Santelices, 1986)
mukes this species a useful tool as study unit, not only
because its individual and population characteristics
may help to evaluate chemical perturbations within a
distribution gradient, but also because their holdfasts
contain a rich community ol associated macroinver-
tebrates (Visquez, 1992). These communities are dis-
crete and biologically delimited. allowing replication
over latitudinal and bathymetric gradients. Moreover,
the populations occurring inside them respond differ-
entiaily as a function of the perturbation to which they
are exposed, and 1o different perturbations according
to their own tolerance ranges.

This work shows that the values of heavy metals in
scawater, plants and alginates ol L. trubeculata from
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Figure & Spatial variability of macroinvertebrate tuina associated with Lessonia trabecriutg holdfasts cxposed 1o ditterent Cu and Te
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contuminated and control sites are highly variable. In
intertidal areas adjoining the tailing ducts, the high
values of Cu and Fe similar to those found in areas
with the same contaminant agents in other localities of
the Chilean coast (Visquez & Guerra, 1996; Correa et
al., 1996).

In luboratory experiments, exposure o the metal
concentrations encountered at the study areas would
resultin inviabilily or & dramatic decrease ol the repro-
ductive and growth potentials of individuals (Bryan &

Langston, 1992; Anderson & Kautsky, 1996; Gledhill
etal,, 1997), It is important that the influence of envir-
onmental factors such as: temperature. wind intensity,
tidal regimes, water movement, wave impact, coastal
circulation, local orogenetic processes, tectonic move-
ments, shore topography, coastal upwelling and global
oceanographic phenomena like ENSO, should all be
considered when assessing the intensity ot the effects
of contaminant agents on marine coastal communit-
ies, Future field studies should assess the effects of
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contaminants along an intensity gradient in order to
evaluate the mechanisms by which organisms, popu-
fations and communities minimize the effects ol these
agents of environmental perturbation.
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